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Preface

The territory is the interaction place of different kind of systems, namely the social and
natural systems. The use and perception of the territory are essential components of
the organization and development of modern society. The understanding of the
territory allows a multidisciplinary view of the world. The territory interpretation and
analysis can be developed with the support of the cartography, unavoidable tool for
modern world. The growing needs for using the cartography has experienced a wide
and important impulse nowadays.

The increase of the modern processes to acquirer information with a particular
evolution on remote sensing represents a great impulse to the evolution of the modern
cartography. This development requires an impressive demand of mathematical
procedures and informatics means. The process of acquiring information is a software
and hardware exigent task that has been subject to important evolution. Larger
amount of data in a shorter period of time can be processed due to scientific advances.
The technological evolution gives us the possibility to acquire information on objects
far away of the users, otherwise impossible to obtain. The information available to
build the cartography is wider and more accurate.

Dealing with space and territory the importance of the cartography affects almost all
areas of human activity and knowledge. This may be the main reason why a wide
range of activities in the modern society uses the cartography. It can be used on areas
such as the autonomous-land-vehicles, historical and archeological research,
geopolitical analysis, natural and environmental issues, landscape assessment,
modeling natural processes. Almost all areas of the knowledge need various
contributions of the cartography, both in the analytical process or in the representation
of data.

This growing need of cartography implies an accurate process of validation of the
information at our disposal and that represents nowadays a crucial issue. Regarding
the wide spectrum of the areas using cartography, the relationship producer/user must
be analysed and monitored. Technics of monitoring the relationship producer/user
have been developed in order to increase the efficiency of the cartography and achieve
the main objectives of the cartographer. More over the efficiency of the access to data
can be improved monitoring the frequency of public assessment.
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Preface

The texts presented in the book are referred to a wide range of issues related with
cartography. The SAR radar images, the GPS positioning and the analysis of remote
sensors are examples of the modern processes of data acquisition allowing the
acquisition of data without direct contact with the study object. This is the main
stream of modern cartography supported on an important evolution of the
mathematic processing and an effective integration in Geographical Information
Systems. The application of cartography to the systems for autonomous land vehicles
reveals the importance of the cartography in modern technologies.

Five of the chapters are related with Historical/Cultural issues revealing the crucial
importance of cartography as a tool to support research, inventory, databases or
simply allows to understand the past by the study of the techniques associated to the
cartographic building process.

Two chapters are related with the studies of natural processes and their relationship
with the social dynamics. The modelling of natural dynamics can be directly related
with de susceptibility analysis of the territory to natural processes and to the building
of the cartography of the most affected areas.

Finally, two texts are related with the evaluation of the relationship producer/user of
the cartography. An objective analysis of the main areas of interest of a map are
assessed using eye tracking and the frequency of use of specified areas gives important
indicators to establish an priority of the information to be processed.

The book provides contributions to very different areas related with cartography:
building of cartography, acquisition of information, environmental issues, natural
hazards, cultural aspects, historical research and the perception on cartography use.
The cartography has an important role on the systemic approach to the territory
analysis. More over represents a transversal tool in a world with a multitude ways of
looking to the reality.

Prof. Carlos Bateira

Department of Geography

Faculdade de Letras da Universidade do Porto
Portugal



Chapter 1

Mathematical Analysis in Cartography
by Means of Computer Algebra System

Shao-Feng Bian and Hou-Pu Li
Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/50159

1. Introduction

Theory of map projections is a branch of cartography studying the ways of projecting the
curved surface of the earth and other heavenly bodies into the plane, and it is often called
mathematical cartography. There are many fussy symbolic problems to be dealt with in map
projections, such as power series expansions of elliptical functions, high order differential of
transcendental functions, elliptical integrals and the operation of complex numbers. Many
famous cartographers such as Adams (1921), Snyder (1987), Yang (1989, 2000) have made
great efforts to solve these problems. Due to historical condition limitation, there were no
advanced computer algebra systems at that time, so they had to dispose of these problems
by hand, which had often required a paper and a pen. Some derivations and
computations were however long and labor intensive such that one gave up midway.
Briefly reviewing the existing methods, one will find that these problems were not
perfectly and ideally solved yet. Formulas derived by hand often have quite complex and
prolix forms, and their orders could not be very high. The most serious problem is that
some higher terms of the formulas are erroneous because of the adopted approximate
disposal.

With the advent of computers, the paper and pen approach is slowly being replaced by
software developed to undertake symbolic derivations tasks. Specially, where symbolic
rather than numerical solutions are desired, this software normally comes in handy.
Software which performs symbolic computations is called computer algebra system.
Nowadays, computer algebra systems like Maple, Mathcad, and Mathematica are widely
used by scientists and engineers in different fields(Awang, 2005; Bian, 2006). By means of
computer algebra system Mathematica, we have already solved many complicated
mathematical problems in special fields of cartography in the past few years. Our research

I NT EC H © 2012 Bian and Lj, licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited.
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results indicate that the derivation efficiency can be significantly improved and formulas
impossible to be obtained by hand can be easily derived with the help of Mathematica,
which renovates the traditional analysis methods and enriches the mathematical theory
basis of cartography to a certain extent.

The main contents and research results presented in this chapter are organized as follows. In
Section II, we discuss the direct transformations from geodetic latitude to three kinds of
auxiliary latitudes often used in cartography, and the direct transformations from these
auxiliary latitudes to geodetic latitude are studied in Section IIl. In Section IV, the direct
expansions of transformations between meridian arc, isometric latitude, and authalic functions
are derived. In Section V, we discuss the non-iterative expressions of the forward and inverse
Gauss projections by complex numbers. Finally in Section VI, we make a brief summary. It is
assumed that the readers are somewhat conversant with Mathematica and its syntax.

2. The forward expansions of the rectifying, conformal and authalic
latitudes

Cartographers prefer to adopt sphere as a basis of the map projection for convenience since
calculation on the ellipsoid are significantly more complex than on the sphere. Formulas for
the spherical form of a given map projection may be adapted for use with the ellipsoid by
substitution of one of various “auxiliary latitudes” in place of the geodetic latitude. In using
them, the ellipsoidal earth is, in effect, transformed to a sphere under certain restraints such
as conformality or equal area, and the sphere is then projected onto a plane (Snyder, 1987). If
the proper auxiliary latitudes are chosen, the sphere may have either true areas, true
distances in certain directions, or conformality, relative to the ellipsoid. Spherical map
projection formulas may then be used for the ellipsoid solely with the substitution of the
appropriate auxiliary latitudes.

The rectifying, conformal and authalic latitudes are often used as auxiliary ones in
cartography. The direct transformations form geodetic latitude to these auxiliary ones are
expressed as transcendental functions or non-integrable ones. Adams (1921), Yang (1989,
2000) had derived forward expansions of these auxiliary latitudes form geodetic one
through complicated formulation. Due to historical condition limitation, the derivation
processes were done by hand and orders of these expansions could not be very high. Due to
these reasons, the forward expansions for these auxiliary latitudes are reformulated by
means of Mathematica. Readers will see that new expansions are expressed in a power
series of the eccentricity of the reference ellipsoid e and extended up to tenth-order terms of
e . The expansion processes become much easier under the system Mathematica.

2.1. The forward expansion of the rectifying latitude

The meridian arc from the equator B=0 to B is

X =a(1-¢*)[! (1~ ¢ sin’ B)*/%dB (1)
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where X is the meridian arc; Bis the geodetic latitude; a is the semi-major axis of the
reference ellipsoid;

(1) is an elliptic integral of the second kind and there is no analytical solution. Expanding
the integrand by binomial theorem and itntegrating it item by item yield:

X=a(l- ez)(KOB +K,sin2B+ K, sin4B + K, sin6B + K; sin8B + K, ,sin10B) (2)
where

Kyt et 850, 175 0 1025 8659
4 64 256 16384 65536
30 15, 525 o 22055 72765 y
8 32 1024 4096 131072
K215 0, 105 o 2205 5 10395 g
256 1024 16384 65536 3)
Koo 35 5 105 5 10895
3072 4096 262144
315 3465
131072 524288
693 1
0= ¢
1310720

K, =

The rectifying latitude y is defined as

X =
y-—rZ @)
x% 2
2
Inserting (2) into (4) yields
¥ =B+a,sin2B+a, sin4B + o, sin6B + ag sin8B + a,;,sin10B ®)
where
a, =K, /K,
a, =K, /K,
a, =K, /K, (6)
ag =Ky /K,
oy =Ky /K

Yang (1989, 2000) gave an expansion similar to (5) but expanded y up to sin8B. For

simplicity and computing efficiency, it is better to expand (6) into a power series of the
eccentricity. This process is easily done by means of Mathematica. As a result, (6) becomes:
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3o 34 111 ¢ 141 5 153 4
8 16 1024 2048 32768
o = 15 4 15 o 405 4 165 1
256° 256" 8192° 409"
o 35 6 35 5 4935 1 "
3072 2048 262144
" = 3155 315
131072 65536
- 693 10
1310720

a, =-

2.2 The forward expansion of the conformal latitude

Omitting the derivation process, the explicit expression for the isometric latitude 4 is

. e/2
i- 4B=In tan[zij[ﬂ]
(1-¢*sin” B)cos B 4 2 )\1+esinB (8)

=arctan h(sin B)-e -arctan h(esin B)

For the sphere, putting e =0 and rewriting the geodetic latitude as the conformal one ¢, (8)
becomes

q= In{tan(% + %)} = arctanh(sing) )

Comparing (9) with (8) leads to

tan(Z+2) = tan(Z + 2y L= e5 Byer2 (10)
4 2 4 2 '1+esinB
Therefore, it holds
7 B_1-esinB T
2arctan tan—+ e L R 11
o= { ( 2)(1+esmB) } 2 b

Since the eccentricity is small, the conformal latitude is close to the geodetic one. Though
(11) is an analytical solution of ¢, (11) is usually expanded into a power series of the

eccentricity
2 30 9
o(B,e) = p(B,0)+ 22 +la— 2+1a R i)
de |, 2! ge? 3! a¢? 91 oe°
- (12)
g 10% 10
+_
10! 8@10
e=0
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as the conventional usage in mathematical cartography.

Through the tedious expansion process, Yang (1989, 2000) gave a power series of the
eccentricity e for the conformal latitude ¢ as

@=B+ B,sin2B+ f3,sin4B + . sin6B + B, sin8B (13)

Due to that (11) is a very complicated transcendental function, the coefficients g, , B, , 5 , bs
in (13) derived by hand are only expanded to eighth-order terms of e . They are not accurate
as expected and there are some mistakes in the eighth-order terms of e .

In fact, Mathematica works perfectly in solving derivatives of any complicated functions. By
means of Mathematica, the new derived forward expansion expanded to tenth-order terms
of e reads

@ =B+ p,sin2B+ B,sin4dB+ B, sin6B + f; sin8B + f,,sin10B (14)

The derived coefficients in (13) and (14) are listed in Table 1 for comparison.

Coefficients derived by Yang(1989, 2000) Coefficients derived by the author
B _ 1o 5,4 36 281 5 7 w0
g Lo 54 36 139 4 220 24 32 5760 240
22 24 32 53760 B 54 76, 097 5. 9B w0
5 4.7 ¢ 689 4 Y48 80 11520 2240
P8 50" "o o 18 o 61 o 16
13 4 1363 4 6 480 13440 53760
Po="220° 53760° g 127 5 131
5= 677 s ® 161280 10080
17520 By - 367 10

161280

Table 1. The comparison of coefficients of the forward expansion of conformal latitude derived by
Yang (1989, 2000) and the author

Table 1 shows that the eighth order terms of e in coefficients given by Yang(1989, 2000) are

erroneous.

2.3. The forward expansion of the authalic latitude
From the knowledge of mapping projection theory, the area of a section of a lune with a

width of a unit interval of longitude F is

anz(l—ez)jB cosB dB=a2(1-¢) sin B 1. 1+4esinB

2 S LA P i (15)
0 (1-e?sin® B)* 2(1-¢*sin®?B) 4e 1-esinB

where F is also called authalic latitude function.
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Denote

PR R T
2(1—-¢*) 4e 1-e

(16)

Suppose that there is an imaginary sphere with a radius

R=ay(1-¢}A (17)

and whose area from the spherical equator $=0 to spherical latitude ¢ with a width of a
unit interval of longitude is equal to the ellipsoidal area F, it holds

R*sin9=a*(1-¢*)Asing=F (18)
Therefore, it yields
9 = arcsin| - snB  1,,1+esinB (19)
Al 2(1-¢*sin?B) 4e 1-esinB

where 4 is authalic latitude. Yang(1989, 2000) gave its series expansion as
9=B+y,sin2B+y,sin4B +y,sin6B + y, sin8B (20)

(19) is a complicated transcendental function. It is almost impossible to derive its eighth-
order derivate by hand. There are some mistakes in the high order terms of coefficients y, ,
V4, Ver Vs -The new derived forward expansion expanded to tenth-order terms of e by
means of Mathematica reads

9=B+y,sin2B+y,sin4B + y,sin6B + y,sin8B + y,,sin10B (21)

The derived coefficients in (20) and (21) are listed in Table 2 for comparison.

Coefficients derived by Yang(1989, 2000) Coefficients derived by the author
182 31 84 59 66 126853 88 ]/2 — _162 _264 _266 _ 42811 38 _ 605399 e-lO
Vp=—oe ——e ——e - 3 180 560 604800 11975040
3 180 560 518400 17 4 61 4 76969 o 215431 4
17 , 61 3622447 yo=——ett——e+ e+ e
V=t —e®———e 360 1260 1814400 5987520
32(;3 1262688039;1089600 383 , 3347 1751791
Ve =— e — e — e
Vo=- e’ - ¢ 45360 259200 119750400
43560 658627200 6007 201293
= e + e
e = __27787 s 75 = 3628800 59875200
23522400 5839 4
=——————¢€
70 = 17107200

Table 2. The comparison of coefficients of the forward expansion of conformal latitude derived by
Yang (1989, 2000) and the author
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Table 2 shows that the eighth-orders terms of e in coefficients given by Yang(1989, 2000) are
erroneous.

2.4. Accuracies of the forward expansions

In order to validate the exactness and reliability of the forward expansions of rectifying,
conformal and authalic latitudes derived by the author, one has examined their accuracies
choosing the CGCS2000 (China Geodetic Coordinate System 2000) reference ellipsoid with
parameters a=6378137m, f =1/298.257222101 (Chen, 2008; Yang, 2009), where f is the

flattening. The accuracies of the forward expansions derived by Yang (1989, 2000) are also
examined for comparison. The results show that the accuracy of the forward expansion of
rectifying latitude derived by Yang (1989, 2000) is higher than 10", while the accuracy of
the forward expansion (5) derived by the author is higher than 107". The accuracies of the
forward expansion of conformal and authalic latitudes derived by Yang (1989, 2000) are
higher than 10", while the accuracies of the forward expansions derived by the author are
higher than 10" . The accuracies of forward expansions derived by the author are improved
by 2~4 orders of magnitude compared to forward expansions derived by Yang (1989, 2000).

3. The inverse expansions of rectifying, conformal and authalic latitudes

The inverse expansions of these auxiliary latitudes are much more difficult to derive than
their forward ones. In this case, the differential equations are usually expressed as implicit
functions of the geodetic latitude. There are neither any analytical solutions nor obvious
expansions. For the inverse cases, to find geodetic latitude from auxiliary ones, one usually
adopts iterative methods based on the forward expansions or an approximate series form.
Yang (1989, 2000) had given the direct expansions of the inverse transformation by means of
Lagrange series method, but their coefficients are expressed as polynomials of coefficients of
the forward expansions, which are not convenient for practical use. Adams (1921) expressed
the coefficients of inverse expansions as a power series of the eccentricity e by hand, but
expanded them up to eighth-order terms of e at most. Due to these reasons, new inverse
expansions are derived using the power series method by means of Mathematica. Their
coefficients are uniformly expressed as a power series of the eccentricity and extended up to
tenth-order terms of e .

3.1. The inverse expansions using the power series method

The processes to derive the inverse expansions using the power series method are as
follows:

1. To obtain their various order derivatives in terms of the chain rule of implicit
differentation;

2. To compute the coefficients of their power series expansions;

3. To integrate these series item by item and yield the final inverse expansions.
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One can image that these procedures are quite complicated. Mathematica output shows that
the expression of the sixth order derivative is up to 40 pages long! Therefore, it is
unimaginable to derive the so long expression by hand. These procedures, however, will
become much easier and be significantly simplified by means of Mathematica. As a result,
the more simple and accurate expansions yield.

3.1.1. The inverse expansion of the rectifying Latitude

Differentiation to the both sides of (1) yields

dx a(1-e?)

= (22)
dB  (1-e¢*sin® B)*?
From (4) and (2), one knows
X =a(1-e*)Kyy (23)
Inserting (23) into (22) yields
B _ (1-¢*sin” B)*/? (24)
K dy
To expand (24) into a power series of siny , we introduce the following new variable
t =siny (25)
therefore
dy__1 (26)
dt  cosy
and then denote
f(t)= dB__ (1-e¢*sin® B)*/? 27)
K, dy

Making use of the chain rule of implicit differentiation

, df dBdy df d , df' dBdy df' d
g dBdy dfdy e df dBdy dfdy - (28)
dBdy dt dy dt dBdy dt dy dt

It is easy to expand (27) into a power series of siny

F(0)= FO)+ FO) 42 FOF 42 FIOF +--v — FOOF 4 (29)

Onmitting the detailed procedure, one arrives at
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Kdg =1+A, sin® v+ A, sin* W+ A sin® v+ Ag sin® v+ A, sinl® % (30)
o
where
A, = —Eez —Ze4 —@36 _ 4329 &8 — 381645 o0
2 8 128 512 32768
A4 _ 264 n @66 + 11987 o8+ 757215 RU

8§ 64 512 16384
_ 1515 775 5 621445 4

° 3 32 8192
- 1097 5 57607 1
128 1024
8011
T

31)

Multiplying K, and integrating at the both sides of (30) give the inverse expansion of
rectifying latitude as

B=y +a,sin2y +a, sindy +a, sinby + a5 sin8y + a,,sin 10y (32)

where

3, 3, 213 ¢ 255 4 20861
ay=—e"+—¢e" + e+ e e
8 16 2048 4096 524288
a, = 284 +£e6 +—533 et +—197 el
256 256 8192 409
151 4 151 5 5019 1
= e + e + e

ag = (33)
6
6144 4096 131072
1097 5 1097 1o
ag = e’ + e
131072 65536
8011 4
Ay = e
2621440
3.1.2. The inverse expansion of the conformal latitude
Differentiating the both sides of (10) yields
2
dp__ 21 - dB (34)
cos¢ (1-e”sin” B)cosB
Therefore, it holds
22
d_B:(l e”sin” B)cos B (35)

do (1-e*)cosp
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For the same reason, we introduce the following new variable
t=sing (36)
and then denote

_4dB _ (1—¢?sin® B)cos B

(®) (37)
/ do (1-e*)cosp
Using the same procedure as described in the former section, one arrives at
dB_1+B.2+B.4 B.6 B-8 B-lO 38
%_ﬁ ,sin“ @+ B, sin” ¢ + B, sin” ¢ + Bgsin® ¢ + By sin™ ¢ (38)
where
B, =-2¢’ -1—21e4 216 178 0510
Bl 820, 1069 0 3005
3 3 24 24
B, =20, 6145 8909 0 (39)
5 9 20
B, - 8558 o 7367 P10
315 35
_ 4174 o0
10 63
Integrating the both sides of (38) gives the inverse expansion of conformal latitude as
B=¢p+b,sin2¢+b,sindp +b, sinb6g + by sin8¢ + b;, sin10¢ (40)

where

b, = le2 + i64 +ie6 +£€8 +i€10
2 24 12 360 160
A 2164 +236 +ﬂes +ielo
48 240 11520 2240
b =8 + L8 4 3029 1o (41)
120 1120 53760
- 4279 oo 883 P10
161280 20160
2087 P10

10~ 761280

3.1.3 The inverse expansion of the authalic latitude

Inserting (18) into (15) yields
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AsinS:J-BLdB (42)
0 (1-e*sin® B)?

Differentiating the both sides of (42) yields

dB _ A(l- ¢?sin® B)? cos 4

43)
ds cosB
For the same reason, we introduce the folllowing new variable
t=sind (44)
and then denote
2 . 22
f(t):d_B:A(l—e sin” B)“ cos 3 (45)

dg cosB

(45) can be expanded into a power series of sin$. Using the chain rule of implicit function
differentiation, one similarly arrives at

f(t)= Z—z =A+C,sin® $+C,sin* 9+ C,sin® 9+ Cysin® ¢+ C,;sin'’ 9 (46)
where
C - 40 41, 4108 o 58427 5 28547
37 15 945 9450 3465
C,- 92 4 6574 223469 5 2768558 o
45 945 14175 93555

Co=- 3044 o6 — 28901 oS 21018157 Q10 (47)
945 1890 467775
24236 g 2086784 P10

s = e’ +
4725 66825
_ 768272

107" 93555

To get the inverse expansion of the authalic latitude, one integrates (46) and arrives at

B=38+c,sin29+c,sin49+ ¢, sin63 + cg sin88 + ¢, sin109 (48)

1
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where

1, 31, 517 , 120389 4 1362253 4
C,=—e +—e" + e’ + e’ + e
3 180 5040 181400 29937600
23 , 251 , 102287 4 450739 44
Cp=—re + e+ e+ e
360 3780 1814400 997920
‘. - 761 5 47561 g 434501 @)
45360 1814400 14968800
6059 5 625511 4
CSZ e + e
1209600 59875200

48017 4
10 = 59037¢00 ¢
29937600

3.2. The inverse expansions using the Hermite interpolation method

In mathematical analysis, interpolation with functional values and their derivative values is
called Hermite interpolation. The processes to derive the inverse expansions using this
method are as follows:

1. To suppose the inverse expansions are expressed in a series of the sines of the multiple
arcs with coefficients to be determined;

2. To compute the functional values and their derivative values at specific points;

3. To solve linear equations according to interpolation constraints and obtain the
coefficients.

The detailed derivation processes are given by Li (2008, 2010). Confined to the length of the
chapter, they are omitted. Comparing the results derived by this method with those in 3.1,
one will find that they are consistent with each other even though they are formulated in
different ways. This fact substantiates the correctness of the derived formulas.

3.3. The inverse expansions using the Lagrange’s theorem method

We wish to investigate the inversion of an equation such as

y=x+ f(x) (50)

with | f(x)| <<|x| and y=x. The Lagrange’s theorem states that in a suitable domain the
solution of (50) is

0 n gn-1
x:y+z(_1) d

bt 7’[! dyn—l

Lf)I” 1)

The proof of this theorem is given by Whittaker (1902) and Peter (2008).

The processes to derive the inverse expansions using the Lagrange series method are as
follows:
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1. To apply the Lagrange theorem to a trigonometric series;
To write the inverse expansions of the rectifying, conformal and authalic latitude;

3. To express the coefficients of the inverse expansions as a power series of the
eccentricity.

The detailed derivation processes are given by Li (2010). Confined to the length of the
chapter, they are also omitted. Comparing the results derived by this method with those in
3.1 and 3.2, one will find that they are all consistent with each other even though they are
also formulated in different ways. This fact substantiates the correctness of the derived
formulas, too.

3.4. Accuracies of the inverse expansions

The accuracies of the inverse expansions derived by Yang (1989, 2000) and the author has
been examined choosing the CGCS2000 reference ellipsoid.

The results show that the accuracy of the inverse expansion of rectifying latitude is higher
than 10", while the accuracy of the inverse expansion (32) derived by the author is higher
than 107". The accuracies of the inverse expansion of conformal and authalic latitudes
derived by Yang (1989, 2000) are higher than 104", while the accuracies of the inverse
expansions derived by the author are higher than 10%”. The accuracies of inverse expansions
derived by the author are improved by 2~4 orders of magnitude compared to those derived
by Yang (1989, 2000).

4. The direct expansions of transformations between meridian arc, isometric
latitude and authalic latitude function

The meridian arc, isometric latitude and authalic latitude function are functions of
rectifying, conformal and authalic latitudes correspondingly. The transformations between
the three variables are indirectly realized by computing the geodetic latitude in the past
literatures such as Yang (1989, 2000), Snyder (1987). The computation processes are tedious
and time-consuming. In order to simplify the computation processes and improve the
computation efficiency, the direct expansions of transformations between meridian arc,
isometric latitude and authalic latitude function are comprehensively derived by means of
Mathematica.

4.1. The direct expansions of transformations between meridian arc and
isometric latitude

4.1.1. The direct expansion of the transformation from meridian arc to isometric latitude

Inserting the known meridian arc X into (23) yields the rectifying latitude y . Using the
inverse expansion of the rectifying latitude (32) and the forward expansion of the conformal
latitude (14), one obtains the conformal latitude ¢. Inserting it into (9) yields the isometric
latitude g . The whole formulas are as follows:

13
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R S
a(1-e*)K,
B=y +a,sin2y +a,sindy +a, sin6y +agsin8y + a,,sin10y (52)

@=B+ f,sin2B+ B, sindB + B sin6B + f;sin8B + B, ,sin10B
g = arctanh(sin ¢)

Since the coefficients a,,, £,; (i=1,2,---5) are expressed in a power series of the eccentricity,
one could expand g as a power series of the eccentricity e at e=0 in order to obtain the
direct expansion of the transformation from X to g. It is hardly completed by hand, but

could be easily realized by means of Mathematica. Omitting the main operations by means
of Mathematica yields the direct expansion of the transformation from meridian arc to
isometric latitude

y= X
a(l—eZ)K0 (53)
g = arctanh(siny) + & siny + & sin 3y + & sinby + &, sin7y + &, sin9y
where
& :—le2 —ie4 + ! e® + 3 e+ 2363 el?
4 64 3072 16384 1310720
£, = —ie‘l 13 o6 — 13 s 1057 P10
96 3072 8192 1966080
£ = 11 o5 29 o 2897 10 (54)
7680 24576 3932160
£ =- 25 o 727 P10
86016 1966080
5 1o
=- e
% = 737280

4.1.2. The direct expansion of the transformation from isometric latitude to meridian arc

The whole formulas for the transformation from isometric latitude to meridian arc are as
follows:

@ =arcsin(tanh )
B=¢+b,sin2¢+b, sindp +b, sinbg + bg sin8¢ + b, sin10¢

55
v =B+a,sin2B+a, sin4B + a,sin6B + agsin8B + a;,sin 10B (55)

X =a(1-e*)Ky

Expanding X as a power series of the eccentricity e at e=0 by means of Mathematica
yields the direct expansion of the transformation from isometric latitude to meridian arc
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(56)

@ = arcsin(tanhg)
X= a(jogo +j,8in2¢ + j, sindg + j, sin6g + jo sin8p + j, sinlO(p)

where

o = 1o 3,40 5 6 175 5 441 o
4 64 256 16384 65536
].2=162_ie4_ 9 5 901 g 16381
8 96 1024 184320 5898240
],4:£e4+ 17 311 5 18981
768 5120 737280 20643840 (57)
.6l 899 o 14977
Jo = e+ e’ + e
15360 430080 27525120
49561 ¢ 175087 1o
Js = e’ + e
41287680 165150720
34729 10

J0 = 82575360

4.2. The direct expansions of transformations between meridian arc and authalic
latitude function

4.2.1. The direct expansion of the transformation from meridian arc to authalic latitude
function

The whole formulas for the transformation from meridian arc to authalic latitude function
are as follows:

w- X
a(1-e*)K,
B =y +a,sin2y +a, sin4y +a, sinby +ag sin8y + a,, sin10y (58)

8=B+y,sin2B+y,sin4B + y,sin6B + y;sin8B + y,,sin10B
F=R’sin8

Expanding F as a power series of the eccentricity ¢ at e=0 by means of Mathematica
yields the direct expansion of the transformation from meridian arc to authalic latitude
function

yo X
a(1-e*)K, 59)

F=a* (81 siny + &, sin3y + &;sindy + &, sin7y + &,sin%y + &4 sinlly/)

where

15
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5,2 17 4 121 o 137 5 1407 g
16 256 4096 8192 131072
1o 1, 108 5 1775 g
48 384 196608 3145728
& = 3 et + 43 e® + 17 b+ 467 el
1280 30720 24576 1572864 (60)
37 ¢ 5 5 563
& = e+ e’ + e
86016 10752 1572864
59 5 1853
6‘92 e + e
589824 11796480
1543 1o

M= oo zan
57671680

g =1

&3

4.2.2. The direct expansion of the transformation from authalic latitude function to
meridian arc

The whole formulas for the transformation from authalic latitude function to meridian arc are
as follows:

9= arcsin(iz)

B=38+c,sin24+c, sin49 + ¢, sin63 + ¢g sin84 + ¢;, sin104 (61)
v =B+a,sin2B+a,sin4B + a,sin6B + agsin8B + a;,sin 10B

X =a(l-e*)Ky

Expanding X as a power series of the eccentricity ¢ at e =0 by means of Mathematica yields
the direct expansion of the transformation from authalic latitude function to meridian arc

. F
9= arcsm(P) 62)

X =a(ky9+k,sin29+k, sin49 + k sin69+ kg sin89 + k;, sin109)
where

o1 L B 5 e T s 4y
4 64 256 16384 65536

Lo 7 4 6L o 2719 4 30578453 4

—e - e’ - e+ e’ +
24 1440 107520 8294400 61312204800
29 4 1411 , 180269 4110829 o

k, =— e e’ - e’ —
4 11520 967680 232243200 10218700800 (63)
1003 4 341 4 36598301 P10

6772903040 921600 122624409600

40457 ¢ 3602683 1

5~ 76193152000 35035545600
1800439 4

10 7122624409600
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4.3. The direct expansions of transformations between isometric latitude and
authalic latitude function

4.3.1. The direct expansion of the transformation from isometric latitude to authalic
latitude function

The whole formulas for the transformation from isometric latitude to authalic latitude
function are as follows:

@ =arcsin(tanhg)
B=¢+b,sin2¢+b, sindep + b, sinb6g + by sin8¢ + by, sin10¢

64
9=B+y,sin2B+y,sin4B + y,sin6B + y,sin8B + y,,sin10B 64

F=R’sind

Expanding F as a power series of the eccentricity e at e=0 by means of Mathematica
yields the direct expansion of the transformation from isometric latitude to authalic latitude
function

{¢ = arcsin(tanh g) (65)

F=ad* (771 Sing + 17, sin 3¢ + 77, sin 5¢ + 17, Sin7 ¢ + 17, 8in 9 + 17, sin11¢)

where

et e Lp 7 e 13 7
4 12 192 5760 560

1, 7 ¢ 1 3 43610

Ny=-—e ——e ——e ———
12 960 192 13440
e Lot Ly Lo 13
60 192 20160 11520 (66)

31 ¢ 7 g 41
n, = e+ e’ + e
6720 2304 40320

41 ¢ 1 4
=———-2=e +——e
T = 6880° " 640
167 10
= e
" = 595680

4.3.2. The direct expansion of the transformation from authalic latitude function to
isometric latitude

The whole formulas for the transformation from authalic latitude function to isometric
latitude are as follows:

17
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. F
4= arcsm(F)

B=39+c,sin29+c,sin49 + ¢, sin63 + ¢ sin89 + ¢, sin109 (67)
@=B+f,sin2B+ f,sin4dB + B sin6B + f; sin8B + B,,sin10B
q = arctanh(sin ¢)

Expanding g as a power series of the eccentricity at e =0 by means of Mathematica yields
the direct expansion of the transformation form authalic latitude function to isometric
latitude

. F
9= arcsm(F)

(68)
g =arctanh(sin 9) + [, sin 9 + 1, sin39 + I; sin53 + [, sin7 9 + I, sin 9.9
where
I - —lez —ie“ 1 o 107 oo 1513 o0
3 30 1890 32400 1663200

L= —ie4 _ 61 o6 2321 5 1021 U

790 11340 907200 831600

L= 1 ¢ 5 g 151 P10 69)

756 4032 166320
pel Tl A
302400 123200
61 1o
g =— e
1197504

4.4 Accuracies of the direct expansions

The accuracies of the indirect and direct expansions given by Yang(1989, 2000) derived by
the author has been examined choosing the CGCS2000 reference ellipsoid.

The results show that the accuracy of the indirect expansion of the transformation from
meridian arc to isometric latitude is higher than 10", while the accuracy of the direct
expansion (53) is higher than 107". The accuracy of the indirect expansion of the
transformation from isometric latitude to meridian arc is higher than 102 m, while the
accuracy of the direct expansion (56) is higher than 107 m. The accuracy of the indirect
expansion of the transformation from meridian arc to authalic latitude function is higher
than 0.1 km?, while the accuracy of the direct expansion (59) is higher than 10~°km?. The
accuracy of the indirect expansion of the transformation from authalic latitude function to
meridian arc is higher than 10> m, while the direct expansion (62) is higher than 10* m. The
accuracy of the indirect expansion of the transformation from isometric latitude to authalic

latitude function is higher than 0.1 km?, while the accuracy of the direct expansion (65) is
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higher than 107km? . The accuracy of the indirect expansion of the transformation from
authalic latitude function to isometric latitude is higher than 10", while the accuracy of the
direct expansion (67) is higher than 10-". The accuracies of the direct expansions derived by
the author are improved by 2~6 orders of magnitude compared to the indirect ones derived
by Yang (1989, 2000).

5. The non-iterative expressions of the forward and inverse Gauss
projections by complex numbers

Gauss projection plays a fundamental role in ellipsoidal geodesy, surveying, map projection
and geographical information system (GIS). It has found its wide application in those areas.

X

—_—

\
(=]
<

Figure 1. Gauss Projection, where x and Y are the vertical and horizontal axes after the projection

respectively, O is the origin of the projection coordinates.

As shown in Figure 1, Gauss projection has to meet the following three constraints:

@ conformal mapping;

@ the central meridian mapped as a straight line (usually chosen as a vertical axis of x)
after projection;

(3 scale being true along the central meridian.

Traditional expressions of the forward and inverse Gauss projections are real functions in a
power series of longitude difference. Though real functions are easy to understand for most
people, they make Gauss projection expressions very tedious. Mathematically speaking,
there is natural relationship between the conformal mapping and analytical complex
functions which automatically meet the differential equation of the conformal mapping, or
the “Cauchy-Riemann Equations”. Complex functions, a powerful mathematical method,
play a very special and key role in the conformal mapping. Bowring (1990) and Klotz (1993)
have discussed Gauss projection by complex numbers. But the expressions they derived
require iterations, which makes the computation process very fussy. In terms of the direct
expansions of transformations between meridian arc and isometric latitude given in section

19
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IV, the non-iterative expressions of the forward and inverse Gauss projections by complex
numbers are derived.

5.1. The non-iterative expressions of the forward Gauss projection by complex
numbers

Let w be complex numbers consisting of isometric latitude g and longitude difference !
before projection, z be complex numbers consisting of corresponding coordinates x,y

after projection.

{w =q+il 70)

zZ=x+1Y

where i = \/—71 .

In terms of complex functions theory, analytical functions meet conformal mapping
naturally. Therefore, to meet the conformal mapping constraint, the forward Gauss
projection should be in the following form

z=x+iy = f(w)= f(q+il) (71)

where f is an arbitrary analytical function in the complex numbers domain. According to
the second constraint, when /=0, imaginary part disappears and only real part exists, (71)
becomes

x=f(@) (72)
(72) shows that the central meridian is a straight line after the projection when /=0.

Finally, from the third constraint, “scale is true along the central meridian”, one knows that
x in (72) should be nothing else but the meridian arc X, and (72) is essentially consist with
the direct expansion of the transformation from isometric latitude to meridian arc (56).
Substituting X in (56) with x gives the explicit form of (72)
{go =arcsin(tanh g) 73)

X= a(jo(p +j,8iN2¢p +j, sindp + j, sin6p + jgsin8p + j; sinlOgo)

(73) defines the functional relationship between meridian arc and isometric latitude. If one
extends the definition of 4 in a real number variable to a complex numbers variable, or

substitutes q withw=gq+il, the original real number conformal latitude ¢ will be

automatically extended as a complex numbers variable. We denote the corresponding
complex numbers latitude as @, and insert it into (73). Rewriting a real variable x at the
left-hand of the second equation in (73) as a complex numbers variable z=x+iy, one

arrives at
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{CD = arcsin(tanhw) (74)

Z=x+1y = a(jogo+j2 sin2¢ + j, sin4e + j, sin6g + j; sin8¢p + j,, sinlOgo)

(74) is the solution of the forward Gauss projection by complex numbers. Its correctness can
be explained as follows:

The two equations in (74) are all elementary complex functions. Because elementary
functions in their basic interval are all analytical ones in the complex numbers domain, the
mapping defined by (74) form w=g+il to z=x+iy meets the conformal mapping
constraint. When [ =0, the imaginary part disappears and (74) restores to (73). Therefore,
(74) meets the second and third constraints of Gauss projection when [ =0. Hence, it is clear
that (74) is the solution of the forward Gauss projection indeed.

5.2. The non-iterative expressions of the inverse Gauss projection by complex
numbers

In principle, the inverse Gauss projection can be iteratively solved in terms of the forward
Gauss projection (74). In order to eliminate the iteration, one more practical approach is
proposed based on the direct expansion of the transformation from meridian arc to
isometric latitude (53).

In order to meet the conformal mapping constraint, the inverse Gauss projection should be
in the following form

w=q+il=f(z)= f(x+iy) (75)

where f™' is the inverse function of f. According to the second constraint, when [=0,
imaginary part disappears and only real part exists, (75) becomes

q=f"(x) (76)

Finally, from the third constraint, one knows that x in (76) should be the meridian arc X , and
(76) is essentially consist with the direct expansion of the transformation from meridian arc to
isometric latitude as (53) shows. Substituting X in (53) with x gives the explicit form of (76)

X
Y=—""7—
a(1-e*)K, (77)
g =arctanh(siny) + & siny + &, sin3y + & sin5y + &, sin7y + & sin 9y

If one extends the definition of x in a real number variable to a complex numbers variable,
or substitutes x withz=x+iy, the original real number rectifying latitude w will be
automatically extended as a complex numbers variable. We denote the corresponding
complex number latitude as ¥ , and insert it into (77). Rewriting a real variable q at the left-
hand of the second equation in (77) as a complex numbers variable w =g +il , one arrives at
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. x+iy
a(1-e*)K, (78)
w =g +il =arctanh(sin V') + & sin¥ + &, sin3¥ + & sin5Y + &, sin7¥ + &, sin9¥

Therefore, the isometric latitude g and longitude | is known. Inserting 4 into (78) yields
the conformal latitude

@ =arcsin(tanhq) (80)

Then one can compute the geodetic latitude through the inverse expansion of the conformal
latitude (40).

(77) is the solution of the inverse Gauss projection by complex numbers. Its correctness can
be explained as follows:

The two equations in (78) are all elementary complex functions, so the mapping defined by
(78) form z=x+iy to w=q+il meets the conformal mapping constraint. When /=0, the

imaginary part disappears and (78) restores to (77). Therefore, (78) meets the second and
third constraints of Gauss projection when [=0. Hence, it is clear that (78) is the solution of
the inverse Gauss projection indeed.

6. Conclusions

Some typical mathematical problems in map projections are solved by means of computer
algebra system which has powerful function of symbolical operation. The main contents and
research results presented in this chapter are as follows:

1. Forward expansions of rectifying, conformal and authalic latitudes are derived, and
some mistakes once made in the high orders of traditional forward formulas are pointed
out and corrected. Inverse expansions of rectifying, conformal and authalic latitudes are
derived using power series expansion, Hermite interpolation and Language’s theorem
methods respectively. These expansions are expressed in a series of the sines of the
multiple arcs. Their coefficients are expressed in a power series of the first eccentricity of
the reference ellipsoid and extended up to its tenth-order terms. The accuracies of these
expansions are analyzed through numerical examples. The results show that the
accuracies of these expansions derived by means of computer algebra system are
improved by 2~4 orders of magnitude compared to the formulas derived by hand.

2. Direct expansions of transformations between meridian arc, isometric latitude and
authalic latitude function are derived. Their coefficients are expressed in a power series
of the first eccentricity of the reference ellipsoid, and extended up to its tenth-order
terms. Numerical examples show that the accuracies of these direct expansions are
improved by 2~6 orders of magnitude compared to the traditional indirect formulas.

3. Gauss projection is discussed in terms of complex numbers theory. The non-iterative
expressions of the forward and inverse Gauss projections by complex numbers are
derived based on the direct expansions of transformations between meridian arc and
isometric latitude, which enriches the theory of conformal projection. In USA, Universal
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Transverse Mercator Projection (or UTM) is usually implemented. Mathematically
speaking, there is no essential difference between UTM and Gauss projections. The only
difference is that the scale factor of UTM is 0.9996 rather than 1. With a slight
modification, the non-iterative expressions of the forward and inverse Gauss
projections can be extended to UTM projection accordingly.
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1. Introduction

Web mapping has become a popular way of distributing online mapping through the Internet.
Multiple services, like the popular Google Maps or Microsoft Bing Maps, allow users to
visualize cartography by using a simple Web browser and an Internet connection. However,
geographic information is an expensive resource, and for this reason standardization is
needed to promote its availability and reuse. In order to standardize this kind of map
services, the Open Geospatial Consortium (OGC) developed the Web Map Service (WMS)
recommendation [1]. This standard provides a simple HTTP interface for requesting
geo-referenced map images from one or more distributed geospatial databases. It was
designed for custom maps rendering, enabling clients to request exactly the desired map
image. This way, clients can request arbitrary sized map images to the server, superposing
multiple layers, covering an arbitrary geographic bounding box, in any supported coordinate
reference system or even applying specific styles and background colors.

However, this flexibility reduces the potential to cache map images, because the probability
of receiving two exact map requests is very low. Therefore, it forces images to be dynamically
generated on the fly each time a request is received. This involves a very time-consuming
and computationally-expensive process that negatively affects service scalability and users’
Quality of Service (QoS).

A common approach to improve the cachability of requests is to divide the map into a discrete
set of images, called tiles, and restrict user requests to that set [2]. Several specifications have
been developed to address how cacheable image tiles are advertised from server-side and
how a client requests cached image tiles. The Open Source Geospatial Foundation (OSGeo)
developed the WMS Tile Caching (usually known as WMS-C) proposal [3]. Later, the OGC
released the Web Map Tile Service Standard (WMTS) [4] inspired by the former and other
similar initiatives.

I NT EC H ©2012 Garcia et al, licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited.
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Most popular commercial services, like Google Maps, Yahoo Maps or Microsoft Virtual Earth,
have already shown that significant performance improvements can be achieved by adopting
this methodology, using their custom tiling schemes.

The potential of tiled map services is that map image tiles can be cached at any intermediate
location between the client and the server, reducing the latency associated to the image
generation process. Tile caches are usually deployed server-side, serving map image tiles
concurrently to multiple users. Moreover, many mapping clients, like Google Earth or Nasa
World Wind, have embedded caches, which can also reduce network congestion and network
delay.

This chapter deals with the algorithms that allow the optimization and management of these
tile caches: population strategies (seeding), tile pre-fetching and cache replacement policies.

2. Tiling schemes

Maps have been known for a long time only as printed on paper. Those printed cartographic
maps were static representations limited to a fixed visualization scale with a certain Level Of
Detail (LOD). However, with the development of digital maps, users can enlarge or reduce the
visualized area by zooming operations, and the LOD is expected to be updated accordingly.

The adaptation of map content is strongly scale-dependent: A small-scale map contains
less detailed information than a large scale map of the same area. The process of reducing
the amount of data and adjusting the information to the given scale is called cartographic
generalization, and it is usually carried out by the web map server [5].

In order to offer a tiled web map service, the web map server renders the map across a fixed
set of scales through progressive generalization. Rendered map images are then divided into
tiles, describing a tile pyramid as depicted in Figure 1.

Coarse
resolution .

Detailed
resolution

Figure 1. Tile pyramid representation.
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For example, Microsoft Bing Maps uses a tiling scheme where the first level allows
representing the whole world in four tiles (2x2) of 256x256 pixels. The next level represents
the whole world in 16 tiles (4x4) of 256x256 pixels and so on in powers of 4. A comprehensive
study on tiling schemes can be found in [2].

2.1. Simplified model

Given the exponential nature of the scale pyramid, the resource consumption to store map tiles
results often prohibitive for many providers when the cartography covers a wide geographic
area for multiple scales. Consider for example that Google’s BigTable, which contains the
high-resolution satellite imagery of the world’s surface as shown in Google Maps and Google
Earth, contained approximately 70 terabytes of data in 2006 [6].

Besides the storage of map tiles, many caching systems also maintain metadata associated to
each individual tile, such as the time when it was introduced into the cache, the last access to
that object, or the number of times it has been requested. This information can then be used to
improve the cache management; for example, when the cache is out of space, the LRU (Least
Recently Used) replacement policy uses the last access time to discard the least recently used
items first.

However, the space required to store the metadata associated to a given tile may only differ
by two or three orders of magnitude to the one necessary to store the actual map image object.
Therefore, it is not usually feasible to work with the statistics of individual tiles. To alleviate
this problem, a simplified model has been proposed by different researchers. This model
groups the statistics of adjacent tiles into a single object [7]. A grid is defined so all objects
inside the same grid section are combined into a single one. The pyramidal structure of scales
is therefore transformed in some way in a prism-like structure with the same number of items
in all the scales.

3. Web Map Server workload

In order to deal with this complexity some cache management algorithms have been
created. However, the efficiency of the designed algorithms usually depends on the service’s
workload. Because of this, prior to diving into the details of the cache management policies, a
workload characterization of the WMS services need to be shown. Lets take some real-life
examples for such characterization: trace files from two different tiled web map services,
Cartociudad! and IDEE-Base?, provided by the National Geographic Institute (IGN)® of
Spain, are presented in this chapter.

Cartociudad is the official cartographic database of the Spanish cities and villages with their
streets and roads networks topologically structured, while IDEE-Base allows viewing the
Numeric Cartographic Base 1:25,000 and 1:200,000 of the IGN.

Available trace files were filtered to contain only valid web map requests according to the
WMS-C recommendation. Traces from Cartociudad comprise a total of 2.369.555 requests

L http:/ /www.cartociudad.es
2 http:/ /www.idee.es
3 http:/ /www.ign.es/ign/main/index.do?locale=en
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Figure 2. Percentile of requests for the analyzed services.

received from the 9 December of 2009 to 13 May in 2010. IDEE-Base logs reflect a total of
16.891.616 requests received between 15/ March and 17" June in 2010.

It must be noted that the performance gain achieved by the use of a tile cache will vary
depending on how the tile requests are distributed over the tiling space. If those were
uniformly distributed, the cache gain would be proportional to the cache size. However, lucky
for us, it has been found that tile requests usually follow a heavy-tailed Pareto distribution,
as shown in Figure 2. In our example, tile requests to the Cartociudad map service follow the
20:80 rule, which means that the 20% of tiles receive the 80% of the total number of requests. In
the case of IDEE-Base, this behaviour is even more prominent, where the 10% of tiles receive
almost a 90% of total requests. Services that show Pareto distributions are well-suited for
caching, because high cache hit ratios can be found by caching a reduced fraction of the total
tiles.

Figure 3 and Figure 4 show the distribution of tile requests to each resolution level of the
tile pyramid for the analyzed services. The maximum number of requests is received at
resolution level 4 for both services. This peak is due to the fact that this is the default resolution
on the initial rendering of the popular clients in use with this cartography, as it allows the
visualization of the whole country on a single screen. As can be observed, the density of
requests (requests/tile) is higher at low resolution levels than at higher ones. Because of this,
a common practice consists in pregenerating the tiles belonging to the lowest resolution levels,
and leave the rest of tiles to be cached on demand when they are first requested.

4. Tile cache implementations

With the standardization of tiled web map services, multiple tile cache implementations have
appeared. Between them, the main existent implementations are: TileCache, GeoWebCache
and MapProxy. A comparison between these implementations is summarized in Table 1.

As can be seen, TileCache and MapProxy are both implemented in Python (interpreted
language), while GeoWebCache is implemented in Java (compiled language). These three
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Figure 4. Distribution of requests along the different resolution levels for IDEE-Base service.

services implement the WMS-C, TMS and KML service interfaces. GeoWebCache and
MapProxy also offer the WMTS service from OGC. In addition, GeoWebCache can recombine

and resample tiles to answer arbitrary WMS requests, and can also be used to serve maps to
Google Maps and Microsoft Bing Maps.

All these services offer the possibility of storing map image tiles directly in the file system.
TileCache and GeoWebCache also support the MBTiles speficication* for storing tiled map
data in a SQLite database for immediate use and for transfer. MapProxy supports the Apache
CouchDB®, a document-oriented database that can be queried and indexed in a MapReduce

4 http:/ /mapbox.com/mbtiles-spec/
5 http:/ /couchdb.apache.org/



30 Cartography - A Tool for Spatial Analysis

TileCache GeoWebCache MapProxy
Company Metacarta Labs 0OSGeo Omniscale
Implementation ~ Python Java Python

WMS, WMS-C, TMS

Supported services WMS-C, TMS, KML WMTS, KML, Google WMS, WMS-C, TMS

Maps, Bing Maps WMTS, KML
Disk, GoogleDisk,
Tile storace Memcached, Disk Disk, MBTiles
3 Amazon s3, ' CouchDB
MBTiles
Tile metadata No Yes Yes
storage
Replacement LRU LRU, LFU None
policies
bounding box bounding box
Seeding regions 5 . bounding box WKT polygons
center and radius
any OGR source
Supports
Meta Tiles Yes Yes Yes
Supports Yes Yes Yes
Meta Buffer
Reprojection . .
on-the-fly No Yes (with Geoserver) Yes (native)

Table 1. Comparison of features between different open-source tile cache implementations: TileCache,
GeoWebCache and MapProxy.

fashion, as backend to store tiles. Moreover, TileCache can store map tiles in the cloud through
Amazon S3° or to maintain them in memory using Memcached”.

GeoWebCache maintain tile metadata, such as the last access time or the number of times
that each tile has been requested. By using this metadata, it supports the LRU and LFU
replacement policies. TileCache supports LRU by using the operating system’s time of last
access.

These services allow to specify a geographic region for automatically seeding tiles. For
example, TileCache can be configured to seed a particular regions defined by a rectangular
bounding box or a circle by specifying its center and radius. GeoWebCache supports only the

® http:/ /aws.amazon.com/es/s3/
7 http:/ /memcached.org/
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former. MapProxy offers three different ways to describe the extent of a seeding or cleanup
task: a simple rectangular bounding box, a text file with one or more polygons in WKT format,
or polygons from any data source readable with OGR (e.g. Shapefile, PostGIS).

These three services support both metatiling and meta-buffer methods. The meta-buffer adds
extra space at the edges of the requested area.

When a request of a tile in an unsupported coordinate reference system (CRS) is received, both
GeoWebCache and MapProxy supports the reprojection on the fly from one of the available
CRSs to the specified one. The former achieves this using GeoServer, while the latter offers it
natively.

5. Cache management algorithms

Significant improvements can be achieved by using a cache of map tiles, like the ones
discussed above. However, adequate cache management policies are needed, especially in
local SDIs with lack of resources. In this section, our contributions to the main cache strategies
are presented: cache population (or seeding), cache replacement and tile prefetching.

5.1. Cache population

Anticipating the content that users will demand can guide server administrators to know
which tiles to pregenerate and to include in their server-side caches of map tiles. With this
objective in mind, a predictive model that uses variables known to be of interest to Web map
users, such as populated places, major roads, coastlines, and tourist attractions, is presented
in [8].

In contrast, we propose a descriptive model based on the mining of the service’s past history
[7]. Past history can be easily extracted, for example, from server logs. The advantage of this
model is that it is able to determine in advance which areas are likely to be requested in the
future based exclusively on past accesses, and it is therefore very simple.

In order to experiment with the proposed model, real-world logs from the IDEE-Base
nation-wide public web map service have been used. Request logs were divided in two time
ranges of the same duration. The first one was used as source to make predictions and the
second one was used to prove the predictions created previously. Due to the difficulty of
working with the statistics of individual tiles, the simplified model presented in Section 2 has
been used. Concretely, the experiment was conducted with the simplified model to the grid
cell defined by the level of resolution 12.

Figure5 shows the heatmaps of requests extracted from the web server logs of IDEE-Base
service, propagated to level 12 through the proposed model. These figures demonstrate that
some entities such as coast lines, cities and major roads are highly requested. These elements
could be used as entities for a predictive model to identify priority objects, as explained in [8].

These figures show that near levels are more related than distant ones, but all of them share
certain similarity. This relationships between resolution levels encourages the use of statistics
collected in a level to predict the map usage patterns in another level with detailer resolution.
For example, as shown in Figure5(c) and Figure5(e), resolution levels 14 and 16 are very
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Figure 5. Heatmap of the requests to the IDEE-BASE service propagated from levels 12-19 to level 12.
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correlated. It is easier to work with the statistics of level 14 than with those of level 16 which
has much more elements.

Table 2 represents the hit percentage achieved by using this model for the IDEE-Base service.
This table shows the percentage of hits obtained for the level identified by the column index
from the statistics collected in the level identified by the row index. Last column shows
the resources consumption, as a percentage of cached tiles. Last row collects the results of
combining the statistics of all levels to make predictions over every level. Shadowed cell in
Table 2 indicates that using retrieved statistics of level 13 as the prediction source, a hit rate
of 92.1573% is obtained for predictions made in the level 18, being necessary the storage of a
25.8049% of the tiles in cache.

12 13 14 15 16 17 18 19 resources
12 198.6417]98.9362199.3573199.4737199.6901|99.2637|99.2993 (94.7561 |40.2172
13 |87.8163(93.5760(95.8939|96.4146|97.4372(95.2686 | 92.1573|75.5073 | 25.8049
14 |53.0529|61.5825|86.7783|88.2709|91.1807|81.6460|63.4527 {43.9129(9.3302
15 |37.1553|47.9419|77.9136|84.0861|83.7095|69.9489|57.0746 |33.3348|5.2354
16 |46.9387|57.5640(84.3110(86.7747|91.8272|78.7670|64.3781 |41.8433|7.7686
17 130.2021|37.6348|57.0138|60.1330{62.2834|69.5106|55.5134 |23.4647|3.2676
18 |23.5791|25.5913|41.7535|46.1559|45.8693 |41.450261.9763 |33.3799|2.3291

19 [8.8690 |8.6848 [12.4556|13.1338|14.3302|12.2756|13.6932 (44.1113|1.2295

|prop|98.9340]99.3080]99.6074]99.6321]99.776399.4244]99.4308 [97.2315[41.3647 |

Table 2. Percentage (%) of cache hits through the simplified model obtained from IDEE-BASE logs,
using the mean of the normalized frequencies as the probability threshold.

Nevertheless, it must be noted that the main benefit of using a partial cache is not the
reduction in the number of cached tiles. The main benefits are the savings in storage space
and generation time. As explained in [8], the amount of saved tiles is bigger than the storage
saving. It reveals that the most interesting tiles come at a bigger cost. Mainly, popular areas
are more complex, and it is necessary more disk space to store them.

Figure6 and Figure7 represent the cache hit ratios obtained by the simplified model for the
IDEE-BASE service. This model bases its operation on the knowledge of past accesses,
assuming a certain stationarity of requests; it assumes that map regions that have been
popular in the past will maintain its popularity in the future. However, from a certain
percentage of cached objects, identified by the continuous vertical line, the simplified model
is not able to make predictions. Tiles situated at the right of this line correspond to objects that
have never been requested so are not collected in server logs. To complete the model, these
never-requested tiles have been randomly selected for caching, yielding a linear curve for this
interval.

Results demonstrate that the simplified model obtains better results for predicting user
behavior from near resolution levels. For low-resolution levels high cache hit ratios are
achieved by using a reduced subset of the total tiles. However, descending in the scale
pyramid, the requested objects percentage decreases, so the model prediction range and its
ability to make predictions decrease too. For future work, instead of randomly selecting
objects for caching in this interval, interesting features could be identified and used to define
priority objects.
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5.2. Tile pre-fetching

For a given tile request, tile pre-fetching methods try to anticipate which tiles will be
requested immediately afterwards. There are several works in the literature that address
object prefetching in Web GIS: [9, 10] approximate which tiles will be used in advance based
on the global tile access pattern of all users and the semantics of query; [11, 12] use an heuristic
method that considers the former actions of a given user.

3x3 metatile
requested to
the WMS server
Tile requested
by the client

Figure 8. Metatile 3x3 centered in the requested tile.

We propose another pre-fetching strategy, known as metatiling, that works as follows [13]:
when the proxy receives a tile request from a client and a cache miss is produced, it requests a
larger image tile (called metatile) to the remote backend. This metatile includes the requested
tile and also the surrounding ones contained in a specified buffer, as shown in Figure 8.
Then, the proxy cuts the metatile into individual tiles, returns the requested tile to the client,
and stores all these fragments into the cache, as shown in Figure 9. The main advantage of
metatiling is that it can reduce the bottleneck between the proxy cache and the remote Web
Map Server.

_ Proxy Cache _
getMap(tile) 0 (cache miss) getMap(metatile)
1—P 2 pr—3
Is in cache? D D D re mote
<« 6 < 5[l (] 4 WMS

= e (0 [

requested tile | cache |osmseres

Client metatile  roquested tile

Figure 9. Tile request flow with metatiling.

Moreover metatiling reduces the problem of duplicating the labeling of features that span
more than one tile. This problem is illustrated in Figure 10. Depending on the WMS server’s
configuration, this feature can be labeled once on each tile (Figure 10(a)). By increasing
the geographic bounding box of tile requests, the WMS server avoids label duplicates
(Figure 10(b)).
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Figure 10. WMS labelling issues. (a) Requesting individual tiles yields duplicate labels between adjacent
tiles. (b) With metatiling labels are not duplicated.

The analyzed tile cache implementations (see Section 4) allow users to configure the size
of metatiles. For a given request, the cache orders a metatile of pre-configured size to the
WMS server, centered on the requested tile. Considering a scenario where the cache is neither
complete nor empty, this selection of the area to generate may not be very efficient, because it
is probable that some of the tiles contained in the metatile would already be cached.

Under the assumption that the surrounding area of the requested tile is not uniformly cached,
a novel algorithm for the optimal selection of the metatiles to generate has been developed.
This procedure, illustrated in Figure 11, seeks to obtain, based on the current state of the
cache, the metatile that contains the requested tile (but not necessarily centered in it) and that
provides the system with the maximum new information.

In order to validate the hypothesis that a performance improvement can be achieved by using
metatiles, the following experiment has been realized. A total of 2000 different tiles have been
requested to the CORINE (CoORdination of INformation of the Environment) service® proxied
by the WMSCWrapper tile cache. The experiment has been repeated for different metatile
sizes, always starting from an empty-cache state. The mean latencies measured for each
configuration are collected in Table 3.

8 http:/ /www.ign.es/ign/layoutIn/corineLandCover.do
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buffer (B) Tm,metutile Tm,metutile_n Gmnmetutiling

0 (no metatiling) 1454,10 ms 1454,10 ms 1

1 (metatile 3x3) 2933,94 ms 325,99 ms 4,46

2 (metatile 5x5) 5660,63 ms 226,42 ms 6,42

3 (metatile 7x7) 9561,54 ms 195,13 ms 7,45

Table 3. Mean latencies to obtain an object from the WMS original service for different metatile sizes.
Proxy cache: WMSCWrapper; remote WMS: CORINE Land Cover.

The first column of the table shows the mean latency of a cache miss T, a1l for different
metatile sizes. This delay includes the transmisission and propagation delays in the network,
the map image generation time in the remote web map service and the processing time in
the proxy cache. The values of the second column T, yyetatite » are computed by normalizing
those of the first column by the number of tiles encompassed by each metatile ([2B + 1]?). The
last column shows the cache gain achieved by the use of metatiling, computed as the average
acceleration in the delivery of a tile versus not using metatiling, as depicted in Equation 1.

. T, metatile_n (O)

Gammetutzlmg(B) Tm,metatile_n (B) (1)
Results reflect that the latency involved in the request of a metatile increases with the buffer
size. However, it increases in less proportion than the number of tiles it is compossed by.
Therefore, the mean latency to obtain each individual tile decreases when increasing the size
of the metatile requested to the remote web map service. In other words, it is faster to retrieve
a metatile composed by 1 x n tiles than the n? tiles individually.
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Figure 11. Metatile selection algorithm.

A limiting factor when choosing the metatile size is the overhead in memory consumption
required to generate the map image. For example, by default the maximum amount of
memory that a single request is allowed to use in Geoserver is 16MB, which are sufficient to



Web Map Tile Services for Spatial Data Infrastructures: Management and Optimization 39

render a 2048x2048 image at 4 bytes per pixel, or a 8x8 meta-tile of standard 256x256 pixel
tiles.

Table 3 shows the maximum gain that can be achieved by the use of metatiling techniques.
This maximum gain occurs when the whole metatile is used to cache new tiles that were not
yet cached. While this is the case when automatically seeding tiles in sequential order with
non-overlapping metatiles from an empty cache or in the early startup of the service, it would
be useful to evaluate metatiling in the most general scenario where the cache is partially filled.
In that case, each metatile is likely to add redundant information, since it is probable that some
of the tiles encompassed by the metatile were already cached, thus reducing the effective gain
of this method.

The performance of metatiling during dynamic cache population with users’ requests has
been evaluated using the WMSCWrapper tile cache, described in Section 4. Simulations were
driven by trace files from the public WMS-C tiled web map service of Cartociudad. Being
traces recorded in a real, working system, these logs represent a more realistic pattern of user
behavior than a synthetic pattern. The CORINE WMS service was used as remote backend.
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Figure 12. Cache-hit ratios obtained for different buffer sizes and metatile configurations.

A total of 1.000.000 requests were made to the cache. The experiment was repeated for
different metatile configurations. For each configuration, the cache-hit ratio and the number of
cached tiles after task completion have been collected, starting from an empty cache. Results
are shown in Figure 12 and Figure 13.

As can be shown, both the cache-hit ratio and the number of cached tiles grow with the buffer
size. For a fixed buffer size, both metatiling strategies (centered and minimum-correlation)
obtain similar results. However, the number of cached objects is significantly improved with
the minimum-correlation configuration. The improvement increases with the metatile size.

Thus, the advantage achieved with the minimum-correlation metatile configuration is that,
maintaining the cache misses, and therefore maintaining the number of requests to the remote
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Figure 13. Number of cached tiles for different buffer sizes and metatile configurations.

WMS server, a broaden population of the cache is achieved. These extra pre-generated map
image tiles stored in the cache will allow a faster delivery of future requests.

5.3. Cache replacement policies

When the tile cache runs out of space, it is necessary to determine which tiles should
be replaced by the new ones. Most important characteristics of Web objects, used to
determine candidate objects to evict in Web cache replacement strategies, are: recency
(time since the last reference to the object), frequency (number of times the object has
been requested), size of the Web object and cost to fetch the object from its origin
server. These properties classifies replacement strategies as recency-based, frequency-based,
recency/frequency-based, function-based and randomized strategies [14]. Recency-based
strategies exploit the temporal locality of reference observed in Web requests, being usually
extensions of the well-known LRU strategy, which removes the least recently referenced
object. Another popular recency-based method is the Pyramidal Selection Scheme (PSS)
[15]. Frequency-based strategies rely on the fact that popularity of Web objects is related
to their frequency values, and are built around the LFU strategy, which removes the least
frequently requested object. Recency/frequency-based strategies combine both, recency and
frequency information, to take replacement decisions. Function-based strategies employ a
general function of several parameters to make decisions of which object to evict from the
cache. This is the case of GD-Size [16], GDSF [17] and Least-Unified Value (LUV) [18].
Randomized strategies use a non-deterministic approach to randomly select a candidate object
for replacement.

For a further background, a comprehensive survey of web cache replacement strategies is
presented in ([14]). According to that work, algorithms like GD-Size, GDSF, LUV and PSS



Web Map Tile Services for Spatial Data Infrastructures: Management and Optimization 41

were considered “good enough” for caching needs at the time it was published in 2003.
However, the explosion of web map traffic did not happen until a few years later.

In this section, we propose a cache replacement algorithm that uses a neural network to
estimate the probability of a tile request occurring before a certain period of time, based on the
previously discussed properties of tile requests: recency of reference, frequency of reference,
and size of the referenced tile [19, 20]. Those tiles that are not likely to be requested shortly
are considered as good candidates for replacement.

5.3.1. Related work

The use of neural networks for cache replacement was first introduced by Khalid [21], with the
KORA algorithm. KORA uses backpropagation neural network for the purpose of guiding
the line/block replacement decisions in cache. The algorithm identifies and subsequently
discards the dead lines in cache memories. It is based on previous work by [22], who
suggested the use of a shadow directory in order to look at a longer history when making
decisions with LRU. Later, an improved version of the former, KORA-2, was proposed [23, 24].
Other algorithms based on KORA were also proposed [25, 26]. A survey on applications of
neural networks and evolutionary techniques in web caching can be found in [27]. [28-32]
proposes the use of a backpropagation neural network in a Web proxy cache for taking
replacement decisions. A predictor that learns the patterns of Web pages and predicts the
future accesses is presented in [33]. [34] discusses the use of neural networks to support the
adaptivity of the Class-based Least Recently Used (C-LRU) caching algorithm.

5.3.2. Neural network cache replacement

Artificial neural networks (ANNSs) are inspired by the observation that biological learning
systems are composed of very complex webs of interconnected neurons. In the same way,
ANN:Ss are built out of a densely interconnected group of units. Each artificial neuron takes a
number of real-valued inputs (representing the one or more dendrites) and calculates a linear
combination of these inputs. The sum is then passed through a non-linear function, known as
activation function or transfer function, which outputs a single real-value, as shown in Figure 14.

In this work, a special class of layered feed-forward network known as multilayer perceptron
(MLP) has been used, where units at each layer are connected to all units from the preceding
layer. It has an input layer with three inputs, two-hidden layers each one comprised of 3
hidden nodes, and a single output (Figure 15). According to the standard convention, it can be
labeled as a 3/3/3/1 network. It is known that any function can be approximated to arbitrary
accuracy by a network with three layers of units [35].

Learning an artificial neuron involves choosing values for the weights so the desired output
is obtained for the given inputs. Network weights are adjusted through supervised learning
using subsets of the trace data sets, where the classification output of each request is known.
Backpropagation with momentum is the used algorithm for training. The parameters used
for the proposed neural network are summarized in Table 4.

The neural network inputs are three properties of tile requests: recency of reference, frequency
of reference, and the size of the referenced tile. These properties are known to be important
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Figure 14. Artificial neuron.

Inputs Input Hidden Hidden Output Output
layer layer 1 layer 2 layer
X1
X2 0(X1,X2,...,Xn)
Xn

Figure 15. Proposed two-hidden layer feed-forward artificial neural network.

in web proxy caching to determine object cachability. Inputs are normalized so that all values

fall into the interval [—1,1], by using a simple linear scaling of data as shown in Equation 2,

where x and y are respectively the data values before and after normalization, x,,;,;, and Xy

are the minimum and maximum values found in data, and ysx and y,,;,, define normalized

interval so y,,in < Y < Ymax. This can speed up learning for many networks.
X = Xmin

Y = Ymin + (ymax - ymin) X )

Xmax — Xmin
Recency values for each processed tile request are computed as the amount of time since the
previous request of that tile was made. Recency values calculated this way do not address the
case when a tile is requested for the first time. Moreover, measured recency values could be
too disparate to be reflected in a linear scale.
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To address this problem, a sliding window is considered around the time when each request
is made, as done in [28]. With the use of this sliding window, recency values are computed as
shown in Equation 3.

max(SWL, AT;) if object i was requested before

3
SWL ©

recency = {

otherwise

where AT; is the time since that tile was last requested.
Recency values calculated that way can already be normalized as stated before in Equation 2.

Frequency values are computed as follows. For a given request, if a previous request of the
same tile was received inside the window, its frequency value is incremented by 1. Otherwise,
frequency value is divided by the number of windows it is away from. This is reflected in
Equation 4.

frequency + 1
frequency 1
AT, 7

SWL

if AT; < SWL

frequency = )

max [ } otherwise

Size input is directly extracted from server logs. As opposite to conventional Web proxies
where requested object sizes can be very heterogeneous, in a web map all objects are image
tiles with the same dimensions (typically 256x256 pixels). Those images are usually rendered
in efficient formats such as PNG, GIF or JPEG that rarely reach 100 kilobytes in size. As
discussed in [8], due to greater variation in colors and patterns, the popular areas, stored
as compressed image files, use a larger proportion of disk space than the relatively empty
non-cached tiles. Because of the dependency between the file size and the “popularity” of tiles,

Parameter Value

Architecture Feed-forward Multilayer Perceptron
Hidden layers 2

Neurons per hidden layer 3

Inputs 3 (recency, frequency, size)

Output 1 (probability of a future request)

Activation functions

Error function
Training algorithm
Learning method
Weights update mode
Learning rate

Momentum constant

Log-sigmoid in hidden layers, Hyperbolic tangent
sigmoid in output layer

Minimum Square Error (mse)
Backpropagation with momentum
Supervised learning

Batch mode

0.05

0.2

Table 4. Neural network parameters
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tile size can be a very valuable input of the neural network to correctly classify the cachability
of requests.

During the training process, a training record corresponding to the request of a particular tile
is associated with a boolean target (0 or 1) which indicates whether the same tile is requested
again or not in window, as shown in Equation 5.

target — { 1 if the tile is requested again in window 5)

0 otherwise

Once trained, the neural network output will be a real value in the range [0,1] that must be
interpreted as the probability of receiving a successive request of the same tile within the time
window. A request is classified as cacheable if the output of the neural network is above 0.5.
Otherwise, it is classified as non cacheable.

The neural network is trained through supervised learning using the data sets from the
extracted trace files. The trace data is subdivided into training, validation, and test sets, with
the 70%, 15% and 15% of the total requests, respectivelly. The first one is used for training the
neural network. The second one is used to validate that the network is generalizing correctly
and to identify overfitting. The final one is used as a completely independent test of network
generalization.

Each training record consists of an input vector of recency, frequency and size values, and the
known target. The weights are adjusted using the backpropagation algorithm, which employs
the gradient descent to attempt to minimize the squared error between the network output
values and the target values for these outputs [36]. The network is trained in batch mode, in
which weights and biases are only updated after all the inputs and targets are presented. The
pocket algorithm, which saves the best weights found in the validation set, is used.

Neural network performance is measured by the correct classification ratio (CCR), which
computes the percentage of correctly classified requests versus the total number of processed
requests.

CartoCiudad IDEE-Base

training 76.5952 75.6529
validation 70.2000 77.5333
test 72.7422 82.7867

Table 5. Correct classification ratios (%) during training, validation and testing for Cartociudad and
IDEE-Base.

Figure 16 shows the CCRs obtained during training, validation and test phases for
Cartociudad and IDEE-Base services. As can be seen, the neural network is able to correctly
classify the cachability of requests, with CCR values over the testing data set ranging between
72% and 97%, as shown in Table 5. The network is stabilized to an acceptable CCR within 100
to 500 epochs.
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Best Validation CCR is 70.20% at epoch 146. Best Validation CCR is 77.53% at epoch 111.

©
o

fesl

o
T
@
o

\‘
=) =
M
4)
\
R

-
o
T

Correct Classification Ratio (%)
Correct Classification Ratio (%)

60 60

50 X Train 50 % Train
0 Validation 0 Validation
O Test O Test

40 . . . ; 40 . . . n

0 100 200 300 400 500 0 100 200 300 400 500
Epochs Epochs
(a) Cartociudad (b) IDEE-Base

Figure 16. Correct classification ratios achieved with the neural network for CartoCiudad and
IDEE-Base.

6. Conclusion

Serving pre-generated map image tiles from a server-side cache has become a popular way
of distributing map imagery on the Web. However, in order to achieve an optimal delivery
of online mapping, adequate cache management strategies are needed. These strategies can
benefit of the intrinsic spatial nature of map tiles to improve its performance. During the
startup of the service, or when the cartography is updated, the cache is temporarily empty and
users experiment a poor Quality of Service. In this chapter, a seeding algorithm that populates
the cache based on the history of previous accesses has been proposed. The seeder should
automatically cache tiles until an acceptable QoS is achieved. Then, tiles could be cached
on-demand when they are first requested. This can be improved with short-term prefetching;
anticipating the following tiles that will be requested after a particular request can improve
users’ experience. The metatiling approach presented here requests, for a given tile request,
a bigger map image containing adjacent tiles, to the remote WMS backend. Since the user is
expected to pan continuously over the map, those tiles are likely to be requested. Finally, when
the tile cache runs out of space, it is necessary to determine which tiles should be replaced by
the new ones. A cache replacement algorithm based on neural networks has been presented. It
tries to estimate the probability of a tile request occurring before a certain period of time, based
on the following properties of tile requests: recency of reference, frequency of reference, and
size of the referenced tile. Those tiles that are not likely to be requested shortly are considered
as good candidates for replacement.
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1. Introduction

Nowadays, modern cartography employs various techniques and methods, which were
deemed inconceivable just two decades ago. The GIS technology is particularly important
among these, a technology that advanced cartography to the highest standards of graphical
(visual) representation. 3D laser scanning is one of the most notable new cartography
techniques that is part of this "new wave". This instrument, specifically a Leica LIDAR
scanner, capable of monitoring land dynamics with an accuracy of 1 mm/1 mm from a
distance of 300 m, as well as its use, are the subject of the present paper. In the field of
physical geography and geo-archaeology, the 3D laser scanner can be used to map and
monitor soil degradation processes (ravine-creation, surface erosion, landslides, etc.), the
erosion and aggradation of a river's channel and valley, shore and slope processes, beaches
and escarpments, dunes, caves and man-made excavations (including salt mines), iceberg
dynamics, archaeological sites and the spatial position of the archaeological finds, heritage
buildings and structures, works of art (sculptures, reliefs, etc.) etc.

Even though the 3D laser scanning technique is relatively old, i.e. from the '90s, it has
enjoyed increased use in physical geography and in geo-archaeology only during the last
few years. Most of the cartography projects employing the 3D laser scanner focus on the
morphology and dynamics of the slope geomorphological processes, as well as on river
bed and shoreline dynamics. Up until the advances in technology allowed the 3D
scanners to become widely available and practical enough for cartographic use, countless
attempts to use "modern" cartographic methods were made, but, in most cases, they
proved to be inexact and cumbersome. Therefore, most of the studies employed the

I m Ec H © 2012 Romanescu et al,, licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited.
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classical, rudimentary, methods which rely on wooden or metal markers and analog data
collecting.

This study will present several examples from eastern Romania: the Moldavian Plateau, the
Bend Subcarpathians, the Danube floodplain, etc. (Figure 1). The geomorphological
processes that are active throughout the Moldavian Plateau are carefully watched by
specialised institutions but, unfortunately, the necessary equipment is lacking or is
unsuitable, and the results are therefore unsatisfactory. By using a 3D scanner, many of the
results expected from dynamic geomorphology and geo-archaeology will be accurate and
the database much enriched.
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Figure 1. The location of the main sites on Romanian territory scanned with a 3D scanner

The eastern part of Romania is extremely rich in Neolithic, Chalcolithic, Ancient and
Medieval remains, and it is strongly affected by surface geomorphological processes and,
wich is critical, by powerful floods. Elaborating a study on the dynamics of the relief from
Eastern Romania implies the development of a specific methodology for the 3D scanner, as
well as the acquisition of correct data, on a millimetre or centimetre scale, on the changes
that can occur in very short time intervals.

The correlation between the data acquired via 3D scanning and that obtained through
classical methods will certainly lead to improvements in the manner in which
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geomorphologic risk phenomena are prevented and combated, and how the historical
conditions of the evolution of human habitation can be better interpreted (Figure 2).
Concurrently, the aim is to make the technique versatile enough as to be employed in
various domains: geomorphology (land degradation), agronomy (landscaping, irrigations),
environmental protection, land management, architecture, civil engineering, etc.

" s “_n me

Figure 2. The point-cloud obtained from the measurements conducted in the gully impacting a
Chalcolithic archaeological site from Cucuteni culture

Since 2000, the international literature in the field of laser-based 3D technologies grew
continuously. At the present, certain fields of research, such are geo-archaeology,
geomorphology, photogrammetry etc. created their own methodologies and the papers
published in these fields are greatly sought after. From this point of view, it is important to
mention the use of the 3D scanner in geomorphology [1-25], hydrology [26-29], architecture
[30-32], archaeology [33-35], cartography and topography [36-37], methodology [38-54], etc.

The relief dynamic from Eastern Romania is extremely active and most of the major
archaeological sites are affected by gullying or landslide processes [55-67] (Figure 3). The
ultimate objective of the present undertaking is to elaborate cartographic material
(approximately 25 colour and B&W illustrations) representative and suggestive enough to
demonstrate the dynamic nature of the environment and its impact on relevant and
significative locations. To this purpose, a series of cartographical representations will be
produced, depicting the dynamics of a gully and the effects of several landslides which
affected some Chalcolithic sites belonging to the Cucuteni culture (specifically, Cucuteni-
Baiceni and Habasesti-Holm, Iasi County, Romania), and a river (the Danube) which
affected the morphology of a Chalcolithic tell (an archaeological mound created by
successive human occupation and abandonment of a location over several centuries),
belonging to the Gumelnita culture, from Harsova (Constanta County).
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Figure 3. The final cartographic product for the investigated gully

For a better monitoring of relief dynamics, the use of the GPS is imperiously necessary. This
tool can delimit with accuracy the spatial limits of the phenomenon. These coordinates
constitute the backbone of the morphological analysis of a dynamic land form.
Unfortunately, the 3D scanner cannot precisely identify by itself the border between one
area and another. By using the 3D scanner we are able to move to the next step of the
analysis of the dynamics of the relief and man-made forms. The accuracy of the obtained
data and the exceptional cartographical representation means that the 3D has a long use-life
and a greatly-diverse usability (Figure 4, 5).

For the study of the geomorphological processes we selected an area in the Moldavain
Plateau that is affected by intense gullying. The complex analysis of the Cucuteni Ravine
aims also at the impact it has on the Chalcolithic site. For all the other examples we
presented only the fields of research they pertain to, while the results will be included in
several future papers.

2. Materials and methods

The phenomena of gullying are affecting, on a global scale, large areas in the tropical and
temperate regions [68-76]. In Romania, these are specific to the Moldavian Plateau, the
Transylvanian Depression and the Getic Plateau [60-61, 65-66, 16, 77]. Apart from the
archaeology and architecture applications, which are more visible to the public, the 3D
ground laser scanning is successfully used in monitoring the processes of ravine-creation
in eastern Romania. This technology was also used with promising results in monitoring
the riverine valleys and the landslides [78, 5, 79, 38, 80-83]. As a result of its performance,
it can be used successfully to assess the state of the environment, especially in land
mapping and with limited extension in measuring the rate of erosion in certain land
surfaces [33, 84-85].
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Figure 4. The detailed cartographic representation of the upper sector or the gully

Figure 5. The final cartographic representation of the gully (100 m grid)

In terms of definition, the 3D laser scanning is one of the new technologies, by which the
geometry of an object or surface can be automatically measured, without the aid of a
reflector, with speed and precision well above the ones of the classic solutions. The ground-
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based laser scanner records the tridimensional points by measuring the vertical and
horizontal angles, as well as the distance to each point. Even though there are largely
different technologies, the field-use of the 3D scanner uses elements of the work
methodology of the total station. In case the morphology of the scanned object is complex,
more than one station points will be used. Thus, all its surfaces will be scanned. In case the
shadowed surfaces are not reached by the laser beam, the software captures such areas
automatically then integrates them to the scanned object. The process relies on registering
distances and angles, and the data thus produced is used to compute the points' coordinates.
The ability to register a massive amount of 3-D information in a relatively short time is the
main advantage of this instrument, in contrast with classical equipment such as the total
station [24, 10].

The methodology used for the analysis of Cucuteni Ravine is strongly influenced by its
impressive size and the local topography, which required, in the end, the use of 17 station
points. To merge the 17 positions, 6 reflective tie-points (Figure 6) were used for each of
them, except for the last one. Nevertheless, for the entire model we used 24 tie-points, since
some of the scanning positions were referenced to tie-points also used by other station
points, where the physical distance allowed. Terrestrial laser scanning (TLS) generates
several point clouds, with local coordinates and additional info (the light intensity in the
reflected beam, and the RGB values obtained from an external or internal photographic
camera). The point clouds, after having been registered from different positions, must be
merged as to obtain a complete model of the scanned target. This procedure is called
"registration" and involves merging the point clouds through the use of reflective tie-points,
specially built and delivered by the manufacturer, which are automatically recognized by
the scanner when a very fine scan is performed.

Figure 6. The round target used as tie-point

For the current project, in all of the three scanning sessions, we employed a Leica
ScanStation HDS 3600 3D scanner. It is a time-of-flight active scanner, which works by
timing the round-trip time of a pulse of light. The operation range is 270° horizontally and
360? vertically (Figure 7), and the active distance is 300 m. With a resolution of 6 mm at a
distance of 50 m, and due to its ability to register approximately 2000 points per second, the
ScanStation HDS scanner is among the most effective equipment of its type. The average
resolution for all of the scans was of approximately 6 mm, and the registered points
numbered millions, despite the fact that the majority of positions overlapped. Although an
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external photographic camera can be attached to the scanner, we thought it to be no better
suited for the task than the internal camera [86].

Figure 7. The visual field of the scanner

A particularly important phase of the fieldwork facet of the project was the geo-referencing
of the point clouds. Using a reference station positioned on fixed known spot and a Leica
1200 GPS receiver, we referenced the point cloud established as the basis for the 3D model
to the national coordinates system (Stereographic 1970). In fact, our methodology was
based, for all of the three sessions, on computing the differences between the obtained geo-
referenced models using CAD and GIS. In respect to the raw data processing, it was carried
out by filtering the data using the Cyclone dedicated software program, registering the data
(see above), reducing the point cloud, creating a mesh by triangulation, and texturing the
model. The final results of the analysis were produced by exporting sections, transverse and
longitudinal, of the three tridimensional models obtained in each session.

As a case study, the selection of the Cucuteni-Baiceni Ravine for the present paper was
based on its high level of activity and its lack of arboreal vegetation, which could have
partially impeded the measuring of the volumetric parameters. The undergrowth vegetation
had then to be erased using the technical methods allowed by the software. Furthermore, for
increased accuracy, the edge of the gully was outlined during each session by using the two
"traditional” instruments mentioned above (the reference station and the 1200 GPS receiver,
both produced by Leica). The operation was somewhat cumbersome, because in such cases
the data must be collected from extremely numerous positions, as to take into account all of
the inflexions [44, 10]. All of the positions were geo-referenced and corroborated with older
measurements. In this way, we were able to estimate the rate of soil erosion in the gully, for
each of the measurements taken. The conjoint use of these two types of measurements (GPS
and 3D scanner) means that the risk of error was much diminished.

Another stage worth mentioning is, in the lab phase of the project, the filtering and
modeling of data, to the aim of producing results compatible with the complementary
software we used (CAD, GIS). Data filtering is a compulsory stage of the analysis, as the
vegetation present at the scanning site, together with the very large amount of data, could
result in errors in the Digital Terrain Model export-for-GIS process, as well as during the
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volume calculation of the whole resulting model. In the first step, the tridimensional model
was trimmed by removing the points lying outside the analyzed area, in order to reduce its
originally large size. Concurrently, the model was scaled down in order to be more easily
handled by the software. All these steps were carried out within the Cyclon platform, the
proprietary software of the scanner, which was specially designed to handle the point-
clouds in a 3D environment. The large number of axial and cross-sections of the model were
produced at the same time, together with the various graphic, image and video exports.

The stage of interpolating the scanner-produced points, to the aim of achieving a Digital
Elevation Model, was carried out within the GIS platform (using the ArcGIS suite). Based on
the resulting DEM, several derivates were produced (contour lines, volume calculations,
various graphs and diagrams etc.) The proprietary software of Leica is also providing export
functionality, but the options are more oriented toward GIS and CAD formats. In order to
reduce to minimum the error margin of the volume calculations for the three models (of
three successive years), which is the definitive element for outlining the timeline of change
between the three scans, we used the Cyclon software. Following this procedure, there were
no major, visible differences between the employed calculation methods.

The Cucuteni gully was selected for the present research because it is extremely active. The
area occupied by the gully is very sparsely covered by vegetation, and the trees are virtually
absent; therefore, nothing prevented volumetric measuring. The very sparse shrub
vegetation was removed using the techniques made available by the dedicated software.
The reason behind the selection of the gully for our investigation was due to the fact that the
gullying process is affecting a very important archaeological site dating back to circa 5000
B.P. This made it easier to assess the rate of erosion over a period of great lengths.

Three consecutive measurements were performed at relatively equal intervals in 2008, 2009
and 2010 (Figure 8, 9, 10, 11). The last measurement was made in spring 2010 after a solid

Figure 8. The 3D scanner in action on the Cucuteni-Baiceni Ravine
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Figure 9. The 3D model and the map of the Cucuteni Ravine in 2008 (100 m grid)

Figure 10. The 3D model and the map of the Cucuteni Ravine in 2008 (10 m grid)

winter precipitation and high rainfall in spring. For the historical evolution of gullies,
topographic maps and military plans of the Romanian Army were consulted. During the
Second World War the Army had placed a battery of guns in the area of the unit studied.
Unfortunately, it has only been possible to make use of zoning maps from after 1950. The
maps drawn earlier are not accurate and they are often for orientation only, with a high
degree of generalization.

Meteorological data on precipitation, daily and monthly, were provided by the
Meteorological Centre, Iasi, Moldavia. They were focused on Cotnari Meteorological
Station, located near the Cucuteni-Baiceni ravines. The most important stations were rather
uniformly distributed on Moldavian territory (Eastern Romania) [87]. Certain old
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cartographic material was provided by the Military Topography Directorate in Bucharest.
The orthophoto maps and the military maps dating from WW II were supplied by the
ANCEPI (The National Agency for Surveying and Real Estate Publicity) in.

Figure 11. The model used for volume calculation for the eroded and transported material (50 m grid)

3. Results

There were several thematic maps elaborated for the Cucuteni-Baiceni Ravine, emphasizing
its dynamics. The morpho-graphic and morpho-metric maps were built on the basis of the
3D scans (Figure 12), which were further used as basis for the spatial yearly analysis of the
ravine. In this case the erosion and accumulation sectors were outlined on the walls of the
ravine or on the bottom of the cut (Figure 13, 14). The measurements included three
consecutive years: 2008, 2009 and 2010.

The Cucuteni Ravine was extremely active during the years 2008-2010, due to the high
frequency of torrential rainfall. The selected site can be regarded as representative for the
whole Moldavian Plateau, as its relief energy is high and the loess deposits of its
subbasement are very friable [16, 58].

Along the gullying processes, the monitoring could include also the gravitational processes,
such as landslides (Figure 15). Due to the loess subbasement and the general deforestation in
the Moldavian Plateau, large tracts of farmlands are subject to large-area landslides [62, 64].
As in the case of gullying, the landslides can be scanned successively, monitoring the
reference points in order to assess the dynamics of the phenomenon. In the present paper,
the case of Holm Hill, near the village of Habasesti (lasi County), presents a complex
situation due to the presence of an archaeological site (Cucuteni culture). The application of
the 3D scan-based analysis proved to be salutary, as the combined derivates produced using
the point-cloud enabled a successful monitoring of the interest area. The use of 3D graphic
modeling software (3D Studio Max) resulted in the creation of models useful for studying
the topography and planimetry of the prehistoric settlement. All the modeling processes
were based on the available archaeological data and the tridimensional model produced by
scanning (Figure 16).



Use of Terrestrial 3D Laser Scanner in Cartographing and
Monitoring Relief Dynamics and Habitation Space from Various Historical Periods 59

]
& Legend E
. 24TI80 w30, 01-385 f'-'
B 250.01-258 70 ZR5.04. 200 []
E 1550160 290.01.208 [

260.07-268 F85.01-300
ZRE01-2T0 300.01-305
1= - e S - -] 1] B
i 5010 '9:'—..-_— rEE
>1100% maters

26'55'30"E

altitude (meters)

100
I cross section 2008 lenght (meters)

1 cross section 2010

Figure 13. Cross-section through the Cucuteni-Baiceni Ravine, with the indication of the 2008 and 2010
measuring sessions (erosion only)
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Figure 14. Cross-section through the Cucuteni-Baiceni Ravine, with the indication of the 2008 and 2010
measuring sessions (erosion and accumulation)

Figure 15. Landslide on the Habasesti-Holm (50 m grid)
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Figure 16. The prehistoric site of Habasesti following point-cloud processing

The 3D scans are also instrumental in monitoring the riverbanks and in analyzing the
dynamics of the riverine valleys and channels (Figure 17). The most useful measurements
include the lateral erosion, especially at flood times, as well as the accumulation processes
along the riverbed and at river-mouths. In the latter case, the measurements should be taken at
much shorter intervals, as the accumulation and erosion processes can affect the navigation. It
is recommended that the measurements be carried out after each flash-flood. In this case, the
riverbank and riverbed processes can be successfully monitored, especially the thalveg ones.

Figure 17. The channel of Trotus river at Onesti (30 m grid)

The steep riverbaks are easier to monitor, particularly in the case of highly friable
subbasements (Figure 18, 19). The spasmodic character of rivers in the Moldavian Plateau
bestows a high level of dynamicity to their channels. The solid alluvia of the eastern
Romanian rivers are volumetrically high, while the geomorphologic processes result in
bank-collapse and large accumulations. The use of a large palette of colours in process-

61



62 Cartography — A Tool for Spatial Analysis

modeling may increase the accuracy of interpretation of the hydro-geomorphologic
phenomena, as it outlines the erosion and accumulation areas, the wetter or drier layers, the
finer or coarser grained strata, etc.

Figure 18. Detail of Dofteana river banks — 1 (10 m grid)

Figure 19. Detail of Dofteana river banks — 2 (10 m grid)

One of the first uses given to the 3D scanner was the study of archaeological sites. As such,
the excavations and the tracking of the finds were recorded accurately in time and space
(Figure 20, 21). The archaeological use of the 3D scanner included the sites of Bucsani, Ibida,
the tells of Harsova, and Tangaru, the walled town of Ulpia Traiana and the defensive ditch
of Silistea, Neamt County. For the future, we plan to monitor in this way all the
archaeological excavations in Moldova and Dobruja.
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Figure 21. The walled town of Ibida — the archaeological excavations (200 m grid)

The 3D scanning on archaeological sites applies not only to the excavation area but to the
location and tracking of finds as well. The most remarkable results were achieved in the
field of architectural reconstruction of the built space. The Romanian territory conceals a
veritable archaeological treasure, with several hundreds of major sites. In spite of this
richness, most of the excavation projects are still at the level of intention or slow startup.

In a first phase, we carried out the measurements required to outline the features of a tell
(ex: Tangaru) (Figure 22). To delineate the excavation stages and to accurately locate the
finds, several successive scans are carried out on the site, as is the case of the sample
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research stage at the tell of Harsova, on the right bank of the lower course of Danube (Figure
23). The outstanding importance of the Harsova tell resulted in its close and adequate
monitoring, as well in its promotion on the international heritage scene.

Figure 22. The morphologic features of the tell of Tangaru (during the data-modeling) (50 m grid up, 5
m grid bottom)

Figure 23. The tell of Harsova, on the right bank of the Danube (5 m grid)

The 3D scans carried out at the site of the ancient walled town of Ulpia Traiana in the Orastie
Mountains unveiled a large and well-provisioned urban settlement, au par with the better
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known contemporary Roman towns. The tridimensional image can help in filling the unknown
areas and in the clarification of certain issues of urban zoning (Figure 24). The complete image
of a settlement is useful in carrying out a succesfull synchronic comparative study.

Figure 24. The walled town of Ulpia Traiana in Orastie Mountains (30 m grid)

On the archaeological site of Silistea (Neamt County), the 3D scanning was directed on the
defensive ditch of the settlement (Figure 25), making important contributions to the
monitoring of the cultural landscape.

Figure 25. Silistea, Neamt County — the defensive ditch (30 m grid)
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The architecture and art history benefit also from the 3D scanning, which opens new
directions of research for them. In this regard, the scans are useful for studying the relation
between a statue and its environment (Figure 26) or the makings of a building (Figure 27,
28) (on the small scale), or for analyzing the center of a city (on the large scale) (Figure 29).

Figure 26. Prince Alexandru Ioan Cuza statue, in Union Square, Iasi (2 m grid)

Figure 27. The Cantacuzino Palace, in Bucharest (5 m grid)
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Figure 29. Iasi city-center (10 m grid)
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The 3D scanner is also an instrumental aid in designing the land networks (Figure 30):
forestry roads, county and national roads and motorways, or other land-based facilities: ski
tracks, bobsleigh courses, golf fields, power, gas and oil transport networks, etc.

Figure 30. Road-building in Rarau Mountains (Suceava County) (50 m grid)

4. Conclusions

The 3D scanner is the most powerful and versatile instrument used in monitoring the
natural and man-related processes on short term scale. The processing/production times are
short and the mapping products are flawless.

On a large scale, it can be useful for a wide range of activities. Up to the present, it was used
for dynamicity analyses in geomorphology (gullying, landsliding, bank- and slope- collapsing,
riverine dynamics etc.), archaeology, architecture, civil and military engineering etc.

The first practical application on the Romanian territory was carried out on the Cucuteni
Ravine (Iasi County), in the Moldavian Plateau.

For small items, with minute change over time, the most recommended resolution is
1Imm/Imm. For lare areas, with active dynamics over time, the most recommended resolutions
are 5-6mm/5-6 mm (reducing significantly the scanning time — two or three times faster).

The mapping products resulted following the interpretations of the 3D scanning results are
much more accurate that the ones produced using classic methods.
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1. Introduction

Cartographic Heritage consists in the whole amount of ancient cartographic documents (not
only maps, but also atlas, planispheres, globes, ...) the history has brought us, today
perceived as a cultural value to be necessarily preserved due to its historical and
geographical content as well as its artistic value. It is a great but often poorly known
heritage, because usually ancient cartographic documents are kept in places closed to the
public, and only occasionally they are proved valuable outside of specific research activities.

The recovery of ancient cartography is intended to save, and possibly to spread throughout
a wide public, Cartographic Heritage, making use of the potential it offers. Unfortunately,
ancient cartographic documents often suffer from preservation problems of their analogue
support (an organic material, thus subject to wear), mostly due to aging. Therefore, the
recovery of ancient cartography firstly consists in traditional restoration, intended to
safeguard the analogue support against the damaging effects of time. Beside this, a recovery
of the content of historical documents is also possible, carrying the cartographic document
to a different support, usually a digital one. In such a way, regeneration of ancient
cartography in a digital environment is an interesting way of Cultural Heritage preservation
and valorisation.

Digital regeneration is not exhaust by the digitization step: modern digital techniques allow
new chances of using the map information, which would be unachievable on an analogue
support. In particular, georeferencing and analysis of map deformations help in metric
analysis of ancient cartography. In fact, usually the metric precision of an ancient
cartographic document can be very different from that of a present map, due to an amount
of deformations and errors that can be very high with respect to our standards. For example,
graphical deformations can be induced by the old type of cartographic transformation (if
one exists, it can be different from the modern ones), whereas other deformations can be due

I m Ec H © 2012 Cremonini et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited.
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to an alteration in the analogue support; other errors can be recorded in the cartographic
document, for instance errors that were made by the cartographer during survey or draft
steps, or errors inherent to the surveying instruments at that time. In order to compare an
ancient cartographic document to a modern one (usually a modern map used as reference),
a georeferencing process is performed in a digital environment, assigning cartographic
coordinates to a number of still existing and recognizable Ground Control Points (GCPs).
This way, the native metric content of the map can be reproduced in the digital image, and
furthermore an analysis of the existing map deformations is allowed. Thus, it becomes
possible to understand the characteristics of metric precision of the original product (e.g. the
projection type) in respect to the present reference cartographic base, as well as to evaluate
and represent the degree of deformation recorded in the ancient document. The historical
map, now in digital form, can be easily exploited and compared with other cartographic
databases, thanks also to current web services; change analysis and analytical procedures
can be performed through GIS applications.

This way, regeneration of ancient maps in digital form appears to be useful for many users:
not only the public and institutions who collect them, but also experts who exploit this kind
of documents to derive information for their studies, ranging from urban development to
geomorphological or environmental topics. Many institutions today are digitalizing their
cartographic heritage, in order to preserve and catalogue it and give online access to it
(Adcock et al., 2004). On the evidence of growing interest in the argument, the International
Cartographic Association (ICA) instituted in 2007 the “Commission on Digital Technologies
in Cartographic Heritage”, whose aim is to encourage digital approaches to cartographic
heritage.

The present research would demonstrate the usefulness of the digital regeneration of ancient
cartography; it provides an example of studies that can be performed after digital
regeneration of ancient cartography, with a non-conventional approach mainly focused on
technical considerations about the map-making procedures.

2. Materials

In this study, a set of three maps, depicting the northern coast of the Adriatic Sea along the
Po river delta (South of Venice, Italy) at the end of the 16% century, is analysed (Figure 1).
The first two maps were both drafted in the year 1592, whereas the third one was drafted
few years later (1599).

The maps represent a rare case where the authors of documents are known. The same
cartographer, Ottavio Fabri, was author of the first map (hereinafter “F map”) and co-author
in the other two (hereinafter “P map” and “L map”), in which the main authors were
Gerolamo Pontara and Bonaiuto Lorini, respectively. All of them were very famous land-
surveyors in Renaissance Venice (Savi ed Esecutori delle Acque della Serenissima Repubblica).

The dimensions of these documents are very large, and their average scales range between
about 1:12,000 and 1:13,000, not being constant throughout the entire maps. The original
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documents are kept today in the Venice National Archive (ASVe), and two of them (F and L
maps) have been examined on site. The original documents are drawn on several watercolor
papers stuck on canvas supports. For the aim of the present study, digital copies of the
originals, made by ASVe, were used: high resolution (300-400 dpi) copies were derived from
high quality scanning (F and L maps), and a lower quality copy was derived from
digitization of photographic images (P map), the original paper support being afflicted by
wear problems. No images may be reproduced, in any form or by any means, without
permission of the Venice National Archive; it is necessary to apply to the Photo-
reproduction Section of the Venice State Archive in order to obtain the release of copies.
Granted for these reproductions: n. 81/2010.

A further fundamental tool of analysis was the book edited by the main author, Fabri,
containing the description of the so called squadra zoppa (or squadra mobile, i.e. mobile
square), a new topographical instrument probably invented and used by Fabri himself
(Panepinto, 2009). That instrument was useful for performing every type of topographic
measurement (i.e. heights, distances, depths) in urban and land surveying, and also for map
drawing (reporting the measurements on the paper). Surprisingly, the handbook seems to
be a powerful record of the author’s whole technical experience originated by the surveying
operations performed in the geographical areas depicted in the maps here studied (Figure
2). A copy of the book, today preserved at the Dore Library of the Engineering Faculty of the
University of Bologna, has been examined on site (Fabri 1673).

3. The reasons of the choice and the previous studies

Even if the above mentioned existence of a textbook probably related to the chosen maps
would not be taken into account, other strong motivations appear to exist to focus our
analysis on those cartographic samples.

As these maps were made during the very short period between the years 1592 and 1599, i.e.
the lapse of time immediately forerunning a series of very important works aiming at the Po
river channel diversion, they stimulate a compelling geomorphological analysis (Cremonini
2007a; Cremonini & Samonati 2009) focused on the easternmost peripheral areas that today
no longer exist, due to erosional dynamics of seashore evolution developed during the last
four centuries (Cremonini 2007b; Cremonini 2010). A further problem arises, due to the fact
that the maps depict in a quite different manner the same landforms, although they appear
to have been drawn in the same years by the same author or co-author (Ottavio Fabri). For
these reasons the maps have already been studied from various viewpoints and metrically
analysed in a digital environment (Bitelli et al. 2009, 2010), to try to overcome the merely
qualitative comparison between the available maps.

Although the modern digital techniques, in particular georeferencing of the cartographic
samples coupled with a study of the map deformations, help in metric analysis of ancient
cartography, in pre-geodetic cartography studies specific analytical tools need to be used,
e.g. in the step-by-step solution here proposed.
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{a) F map

(c) Lmap

Figure 1. The three analyzed maps proportionally scaled (red bar = 1 m): a) Delta del fiume Po, by
Ottavio Fabri, 1592. Savi ed esecutori delle acque, serie Po, dis. 9bis. Size: about 3.5 x 2.5 m; b) Delta del fiume
Po, by Gerolamo Pontara, Ottavio Fabri, 1592. Savi ed esecutori delle acque, serie Po, dis. 8. Size: about 2.9 x
1.6 m; c) Delta del fiume Po, by Bonaiuto Lorini, Ottavio Fabri, Gerolamo Pontara, Alessandro Betinzuoli,
Bartolomeo Montini, 1599. Savi ed esecutori delle acque, serie Po, dis. 10. Size: about 2.3x1.4 m.
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Figure 2. Images derived from O. Fabri, L'uso della squadra mobile (1673 edition, kept in the Engineering
Faculty Library of the University of Bologna): (a) a picture of the squadra mobile; (b) measurement of
river widths; (c) an exercise of forward intersection.

3.1. The quantitative approach
3.1.1. Georeferencing

Georeferencing is the technique of inserting a map into a reference system, usually a
modern cartographic one. The process is performed by selecting in the ancient map a proper
number (usually as large as possible) of peculiar points (GCPs, Ground Control Points), still
existing today, and deriving their cartographic coordinates from the present cartography or
a specifically designed survey. In the peculiar case of ancient cartography, the task can be
very difficult or also impossible, because of the remarkable landscape evolution over time
(Benavides & Koster, 2006).

When a sufficient number of points is available, a one-fo-one correspondence between the
two set of control points lying on two different plane surfaces (i.e. points on the digital
image of the ancient map, expressed in image coordinates, and reference points, expressed
in cartographic coordinates) is established through a “best-fit” process, that finishes with the
calculation of the transformation parameters. The number of involved parameters can varies
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with the transformations, each transformation requiring a different number of control
points.

In fact, many kinds of georeferencing methods exist, and they produce results that can be
qualitatively and quantitatively different. In particular, the georeferencing algorithms can be
grouped in two different classes: global and local transformations (Balletti 2006; Boutoura &
Livieratos, 2006). In a global transformation (conformal, affine, projective, generic order
polynomial) the unknown parameters are calculated for the whole area. On the other hand,
in a local transformation (finite elements, morphing) the unknown parameters are calculated
for a small area, defined by a small number of control points or close to each control point.
The best georeferencing method probably do not exist, because the choice of a specific
georeferencing method depends on the specific case (map characteristics, number of
available GCPs, etc.) and on the purpose which the georeferenced images will be used for.

By means of a georeferencing process, the native metric content of the map being
reproduced in the digital image, the historical map can be compared with the present
cartography or other cartographies (also coeval ancient maps) in the same reference system.
The process generates a new aspect of the ancient map, showing the typical deformation
induced by its cartographic characteristics (and partly by the applied algorithm): in this way
it is possible to understand the metric quality of the map representation (e.g. by means of
the residuals errors associated to each single point, output by the geroreferencing process)
and the projection features of the historical map, but also to perform many other kinds of
analysis, e.g. studies related to change of the landscape.

In this specific case, after careful analysis of the three cartographic samples, a set of about 80
common GCPs, clearly identifiable also on the IGM (Italian Military Geographic Institute)
topographic sheet, was recognized on the three ancient maps. It has to be stressed that in
this phase a great deal of problems arose, concerning the basic characters of the points
themselves (e.g. their planimetric precision, their graphic representation on the ancient
maps, etc.), in addition to the difficulty in finding points that are still existing. North and
East coordinates were attributed to each selected point according to the UTM-ED50 (fuse 33)
grid. Different georeferencing methods were tested on the three map samples, and the most
useful in order to compare them with the present landscape resulted polynomial
transformations. In particular, the second order polynomial transformation resulted a good
compromise between adaptation of the ancient maps to inland area details of the present
landscape, on one hand, and constraint of deformations (indicated by the mean residual
errors) throughout the maps, on the other (Bitelli et al. 2009).

Polynomial transformations coincide with a linear transformation (6-parameter affine) in the
first order, and a non-linear one at higher degrees. A linear transformation corrects for scale,
offset, rotation and reflection effects, whereas a non-linear transformation (for example, the 24
order polynomial transformation) corrects for non-linear distortions: the final result depends
very much on the number of control points and their spatial distribution in the image plane.

In Figure 3 an overlay of the three maps on present high resolution satellite images (in Bing
Maps™ environment) is reported. The mean residual error (expressed as RMS, Root Mean
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Squared error) was about 588 m in F and P maps, ranging between 18 and 1,320 m in F map
and between 85 and 1,650 in P map; it was more constrained in L map (mean: 452 m; range:
29 + 1,068 m). The residuals appear to be lower in the map centre, whereas they increase in
size in the peripheral areas. This is the classical border effect due to the polynomial
transformation associated to the lack of reference points in the area. But in this specific case
it can be supposed that the effect can be due also to other reasons, such as the survey
technique locally adopted, accidental or intentional drawing errors, etc.

{a) A red cirche indicates
the Po river delta area (Ilaly)

(b} F map (e} P map (e} L mnap

Figure 3. Overlay of the three ancient maps, georeferenced by means of a second order polynomial
transformation, on present high resolution satellite images (in Bing Maps™ environment).

3.1.2. Study of map deformation

Comparing an ancient map with a present one allows evaluation and representation of the
deformation degree of the former. Map deformations can be induced by physical
alteration of the analogical support (a very frequent case for ancient maps) or by the old
type of cartographic transformation (that frequently is unknown to us, and usually quite
different from that used today and inducing less constrained deformations), or finally by
surveying and drafting errors. Map deformations can be very high for ancient
cartography; therefore, their assessment is essential in order to use the old samples for
further studies (Livieratos, 2006). The assessment of map deformations consists in
calculating some parameters from a comparison of the ancient map with a modern one as
a reference (usually a present cartography to an appropriate scale, i.e. comparable with
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the scale of the ancient map), such as the rotation angle with respect to the present
cartographic North, the scale variation throughout the map and the distortion of the
present cartographic grid as resulting after its adaption onto the old map. The process is
performed recognizing in the ancient map a proper number of still existing points, whose
cartographic coordinates can be derived from the present cartography. A specifically
designed software tool can result very useful for analysis of map deformations, allowing
the calculation of all the aforementioned parameters and their subsequent drafting in an
intuitive way (Jenny & Hurny, 2011).

The study of map deformation characterising the cartographic samples here analysed
showed scale factors quite variable throughout the maps, being slightly more
homogenous in F map than in P map. The average scale resulting from the calculation was
1:12,300 (1:14,300 + 1:10,300) and 1:13,400 (1:16,600 + 1:10,200) in F and P maps,
respectively. Notwithstanding this, the former map showed two severe anomalous
variation areas near the northern and southern delta lobe corners (Bitelli et al. 2009). In
particular, the northern gross deformation affecting F map is supposed to derive from a
shift of the drawing, intentionally made by the author for unclear reasons. L map
presented a bit more constrained scale factor (mean 1:11,200, range 1:13,200 + 1:11,200)
and a smaller deformation than the other two, but it has to be taken into account that L
map depicts a smaller area in respect to F and P maps (Figure 4). Moreover, the calculated
rotation angles were 15.7°, 8.9° and 3.6° for F, P and L maps, respectively: they indicate an
angular displacement of about 7° between the first and the second map, and 12° between
the first and the third map.

In this specific case, where large areas, depicted in the maps, correspond to disappeared
coastal (i.e. peripheral) belts, points suitable to be used as GCPs cannot be found in the
present landscape, and the insertion of GCPs all around the deltaic area becomes obviously
impossible. The metric analysis that was possible to perform on the set of maps highlighted
gross deformations in all maps (especially in F and P maps). Notwithstanding some
differences in the results showed by the maps, this analysis alone resulted insufficient to
state which map has to be considered as the most faithful to the real asset of the ancient
landscape.

Thus, a question still remains open: why does exist a family of so severe deformations?

4. A second approach: a search for survey and draft step details

Due to their representation scale and their aims, the maps could be regarded as true
precursors of the modern “technical maps”. But it is likely that these wide-sized maps were
simply due to a scenic use of the products (e.g. for a good view during technical meetings
held in the presence of political authorities) rather than to a real technical need.
Unfortunately, up to now we possess neither the original field drafts nor the related field
notebook that could allow us to do an enormous quality jump in the detailed inspection of
the map generation process. Thus, any other analytical attempt must be taken into account
to try to find out information about survey and draft phases.
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(b) P map
Scale: 1:16.600 = 1:10,200

"1k el (c} Lonap
A T om— =W Scale: 1:13,200 + 1:11,200
Figure 4. Graphical results from a deformation analysis performed on the three maps (see Jenny &
Hurny 2011 for software description): in blue the UTM-ED50 grid (mesh size = 2 km), in red the residual
vectors on the GCPs, in yellow the scale isolines, in orange some values of the calculated map scale.
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In order to achieve this aim, late Renaissance land-surveying techniques (in particular the use of
the squadra zoppa probably invented by Fabri himself) were studied and linked to technical signs
preserved in the maps. Various signs, preserved either in the palimpsest of the maps or in their
final drawing, were taken into account, and nine classes of evidence have been recognized
(Bitelli et al. 2010): i) written information; ii) technical grids; iii) topographic measurements; iv)
sighting tracks; v) “lost landmarks”; vi) preparing/correcting/updating drawings; vii) additional
iconography; viii) unresolved questions; ix) restoration problems. The meaning of some signs is
partly explained in the legend, whereas the meaning of others can be inferred by Fabri’s
methodological textbook. They will be briefly analysed in the next paragraphs.

4.1. Written information

In their cartouche, F and L maps state that the documents were made by merging some
previous maps or other cartographic drawings and partly by means of direct topographic
measurements (Figure 5). This kind of capital information helps us to understand that pre-
geodetic maps can be composite products (at least in the case of large scale maps), therefore
they can be very difficult to be analyzed and their usual georeferencing could be partially
inappropriate. L map cartouche states that different surveying techniques were adopted
according to the different interest level of the various topographic domains (see Paragraph
4.3). Unfortunately, due to the low resolution of the digital image, on P map we cannot read
the text content; moreover it seems to be an unfinished product regarding the cartouche
decorations. Besides, the fundamental message is that the maps can be considered a sort of
patchwork probably generated by merging some local maps, previously surveyed by the
authors themselves or other colleagues, or partially ad hoc surveyed.

R
FFrETITE 3

{a) F map

Figure 5. The cartouche in the three maps.
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4.2. Technical grids

A small-sized square mesh grid, drawn in charcoal, is distinctly visible on all the three maps
(Figure 6a). The grids are characterized by different cell sizes: 10 cm on paper (about 1 km in
world) in F map, 7.7 cm (about 1 km) in P map, 4 cm (about 400 m) in L map. In the first
case, the cell size is exactly as long as half of the scale bar. This kind of grid covers the whole
map and is drawn parallel to the North branches of the compass-card and to the map edges.
Hence, the grid was probably helpful in assisting the transposition of the field-bearings onto
the map support. We cannot state if the numbering of the grid squares (characterising the P
map) had been used for this or other purposes, such as a mere scale reduction for copying.

Another very large sized grid exists on F map alone, and it is characterized by cells about
five times larger than those of the previous one (Figure 6b). The grid orientation does not fit
with the magnetic North, but coincides with a topographic direction clearly identifiable with
the most rectilinear street reach located along a wide artificial canal (Rettinella) between the
towns of Loreo and Tornova. It can be supposed that the canal was the starting baseline for
the survey of the central part of the mapped lands, according to the forward intersection
scheme showed by Fabri in his textbook (Figure 2c), assuming the still existing Loreo and
Tornova bell towers as main reference points (Figure 2c, A and B points). Therefore, this
second grid could have probably been used by the map-maker to draw on the map the
azimuths measured in field and the sighting tracks toward all the noticeable points.

It is not possible to state whether the field survey strategy was the same for the other maps,
as in them a similar large grid does not exist. If it was, the same baseline would have
probably been used in P map (where it is clearly recognizable) but not in L map (where the
Rettinella canal is roughly drafted in a marginal area of the map).

() Thee Titihie-sied grid (b} The big-sized grid

Figure 6. Linedraw of the technical grids visible in F map, superimposed on the map. In (b) the
Rettinella canal is highlighted in red.

4.3. Topographic measurements

Topographic measurements can be subdivided into three classes (Figure 7):
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i.  explicit length measurements, which are clearly written as numbers of ancient Venice
paces (1 Venice pace = 1.738674 m, as stated in Martini, 1883), e.g. in the area of the
Pertegado ditch, whose name properly means “measured”;

ii. implicit length measurements, e.g. along the riverside where the points are graphically
located in order to define the width and the geometry of the riverbanks;

iii. local bathymetric surveys and some selected riverbed transects, in particular at the river
mouth of the Tramontana branch.

In the latter case, the mapmaker clearly highlighted which topographic reaches are the best
surveyed, by means of red lines drawn onto the map. In those reaches pickets were certainly
located and their related distances measured. According to that, each of these points had to
be further sighted from a standpoint lying on the opposite riverside.

Therefore, this class of evidences states the fundamental technical character of the maps as a
whole or for some selected subareas.

(b} Poinls along the rh:emﬂe
and red reaches
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Figure 7. Topographic measurements in L map.
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4.4. Sighting tracks

Some sighting tracks (sometimes identified by a number and a letter) are clearly visible, in
particular in L map (Figure 8) and occasionally in P map. These tracks are preserved in sea
areas lying between the Po delta and the continental coast reaches in the northern and
southern part of the delta lobe. They try to define the correct distance existing between
selected points lying on the fast-prograding delta coast and well-visible landmarks lying on
the opposite coastal domain, e.g. Mesola defense towers and Chioggia bell towers. The length
of the longest tracks is about 10 km, a plausible value for field surveys in marine
environment free of the vegetative mantle (thus characterized by a good inter-visibility of
the points).

This kind of information could suggest the author’s need to control the existence of gross
errors in the conclusive survey phase.
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Figure 8. Examples of sighting tracks visible in L map.

4.5. “Lost landmarks”

Other signs of unclear value are visible in F map. They are not preserved in today
landscape, thus they should have not been true landmarks (Figure 9): for this reason we
prefer to use the term lost landmarks for their identification. They consist in few small crosses
and a large one located at the diffluence point of two river branches of the Po di Levante. The
large cross was probably a real reference-point as this object gave its name to a salt marsh
(Polesine de la Crose) and to a still preserved building. The small crosses are located in desert
areas of the E and SE realms of the delta lobe, along a red double curvilinear track. The
meaning of the curvilinear tracks has been deduced from the comparison with another map
of the same area dating back to the year 1608: they define the boundaries of the lands
confiscated by the Venice Government in 1588.

This class of evidences highlights how difficult the ancient land surveying was, due to
lacking of tall and fixed benchmarks in high-speed changing areas. On the other hand, it
highlights how much important, from an economic point of view, those new generated
areas were for the local government, thus suggests a possible reason to start the survey
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works. A question remains open: were those landmarks the only ones existing or are they
simply a selected set?

{a) The: large cross {b) A little cmg_;z
Figure 9. Signs of unclear value (lost landmarks) drawn in F map: a large cross at the diffluence point of

two river branches, and a small cross lying on a red double curvilinear track.

4.6. Preparing/correcting/updating drawings

In each map, former drawings of topographical elements can be observed at various places.
They represent details of riverbeds or local ways and were probably drawn as a first
approximation of topographic elements. In the last definitive drawing, they appear
corrected in their shape and/or location (Figure 10).

It may be believed that they represent the first attempt at defining the topographic design in
those parts of the map derived from previous cartographic documents (as stated in the
cartouche of F and L maps, see Paragraph 4.1). In some other cases, these kinds of correction
probably referred to real environmental changes developed over time, as in the case of the
minor branches of the Scirocco Po branch near Mea place (e.g. in P map, see Figure 10a).

It is difficult to conceal that these features represent an interpretative problem, as they
suggest a high approximation degree in the drafting of the topographic details.

4.7. Additional iconography

In F map a very particular detail consists in a number of appliqués showing ancient vessels
(Figure 11a). It was possible to notice such a detail only thanks to a direct consultation of the
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original analogical document in ASVe. We could ask ourselves why these symbols were
stuck on the map and not directly drawn on it, whereas a very beautiful fish image (a
sturgeon) was drawn in front of the Tramontana branch mouth (Figure 11b).

The question is not out of sense because it can suggest chronological problems, also related
to tracking of the reference grid (Figure 11a).

o Lo, TRl |
=

{a) Applicquis of andient vessels i) Image of a sturgeon

Figure 11. Examples of additional iconography in F map: appliqués showing ancient vessels and the
image of a sturgeon.

4.8. Unresolved questions

Each map derives from the assemblage of single sheets on a canvas, clearly identifiable
thanks to the visible seams (Figure 12). As a result, the homologue tracts of the drawing do
not always fit well together. Hence, a problem arises concerning the age of the last sheet
assemblage: does the assemblage date back to the original edition of the map or to a more
recent one, being related to a series of restorations?
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(b) F map (c) L.map

Figure 12. Visible seams in F and L maps, due to the assemblage of single sheets on the canvas: the
homologue tracts of the drawing do not always fit exactly together.

As what we can see today is the product of the long lifespan of the maps, a fundamental
question arises concerning type, number and entity of the restorations performed on them.
Each restoration probably slightly changed the map almost imperceptibly. This may be true
also for the smallest details, and it could partially deny the possibility of performing a
correct diachronic study of the original document.

5. A discussion and a proposal

Notwithstanding some still open questions, the whole set of the discussed details highlights
a very interesting class of information related to the hidden steps of pre-geodetic map
construction. In particular, these details highlight the presence in the map of areas surveyed
by means of different methodologies. This fact can explain the different entity of
georeferencing residuals characterising different areas as well as the presence of high
deformations in some particular areas rather than in others. The use of different survey
methodologies can be due to various reasons, such as different levels of interest in the
representation of different zones (e.g. areas confiscated by the Venice government, or areas
planned for the forthcoming Po river diversion), or difficulties in surveying some others
(e.g. areas too far from a selected reference baseline, or without well-recognizable
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landmarks), or, finally, the involvement of more than one person in the surveying works. As
explicitly stated in some cartouches, the morphology of some depicted land areas can have
been taken from other previously developed cartographies; those areas are not explicitly
highlighted by the authors, but it is possible to infer their locations by excluding zones
where explicit signs refer to specific surveying techniques (i.e. sighting tracks, length
measurements, red reaches, bathymetric surveys). It can be hypothesized that some
topographical elements characterized by former drawings (e.g. in L map, see Paragraph 4.6)
were derived from previous cartographic documents. In fact, some visible former drawings
(e.g. Figure 10b) are placed in peripheral areas where residuals from the georeferencing
process are higher than those obtained in other areas of the map.

Other kinds of former drawings probably refer to corrections made by the authors over
time: they can denote real environmental changes in shape and/or location of the
topographic elements, or also intentionally-made corrections. The first ones can be
highlighted by a roughly deletion of previously drawn elements (see Figure 10a), whereas
the second ones seem to have been hidden by the authors by means of a brush stroke
covering. This is the case of an astonishing map “correction”, well recognizable in F map
(Figure 1a), probably done at an early drawing stage. For that detail it was thought that the
northern cluster of islands had been northward-shifted by the author for an unclear reason.
This could be supported by both the comparison with the other maps and the existence of a
wide area with no clear topographic detail lying immediately south of the delta coast.
Hence, a possible verisimilar original map appearance could be that shown in Figure 13: it is
a true “false case”, generated by means of a simple “surgical” operation performed in a
digital environment, in the opposite direction compared to the alleged author intervention.
It must be noticed that the southward-shifted cluster of islands coincides perfectly in its
morphology with the part of islands remained untouched.

The above described operation could now be attempted in all the other areas of F map with
already evidenced anomalies (Cremonini & Samonati, 2009), allowing a complete
regeneration of this ancient map. This could be an interesting way of approaching the study
of pre-geodetic maps.

5.1. Georeferencing of the “false case”

The presence of intentionally-made corrections could explain why some areas, differently
represented in F map in respect to P map (whereas in L map the represented land is
smaller), maintain an unclear post-georeferencing deformation in F map. In order to
demonstrate this assumption, a comparison of the new product (the “false case”) with
present cartography via modern georeferencing methods was made. In Figure 14 the
overlay of the “false case” on present high resolution satellite images (Bing Maps™
environment) is reported; the map was georeferenced by means of a second order
polynomial transformation, as done for the original map (see Figure 3b). An analysis of
residuals of georeferencing could be the best way to check a real improvement in metric
quality of the new cartographic product in respect to the original one, but in this particular
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case the test results impossible, due to the lack of still existing reference points in the deltaic
area. Therefore, only a comparison between coeval maps is allowed. In Figure 15 the
comparison between the “false case” and the georeferenced P map (by means of a second
order polynomial transformation) is showed. In this case, the increase in correspondence for
the northern cluster of islands details between the two maps is very high (see Figure 15b).
For the purpose, a vectorization of P map was used in order to better visualize the overlay.
Unfortunately, L map covers a smaller land area, and other coeval maps depicting the same
deltaic area do not appear to exist: thus, the comparison with P map only is possible and
significant.

Figure 13. A true “false case”: the first attempt at restoring the possible original appearance of the
former real map configuration before the alleged author intervention (in yellow the part translated and
rotated from the white original location). North is right.

5.2. Towards possible future developments

The quite simple analysis above proposed could be considered as a stimulus toward a new
way of approaching the study of pre-geodetic cartography: an approach capable to deeply
enter the factual map genesis processes. In fact, a mere mathematical approach could not be
satisfying for situations similar to the above discussed. As shown in Figures 16 and 17, the
attempt of mutual comparison among the georeferenced coastline locations for the three
studied maps could remain widely questionable. In these case, in fact, a gross discrepancy in
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the location of the same coastline (2 up to 3.5 km) in the same year 1592 remains between F
and P maps, therefore neither reliable coastal erosion rates (Figure 16) nor a correct point-
by-point response of the ancient beach line to the wind-induced long shore currents (Figure
17) can be believably proposed.

Figure 14. Overlay of the “false case”, georeferenced by means of a second order polynomial
transformation, on present high resolution satellite images (Bing Maps™ environment).
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Figure 15. Overlay of a georeferenced vectorization of the P map (in blue) on the “false case”.

To overcome this impasse, a complex methodological approach would be adopted: it would
be capable to check and take into account the metric information still preserved in the
ancient maps, though partially hidden, and finally to regenerate the lacking topographic
details or relocate them in a more reliable way. Only at that stage, a new phase of the study,
based on a new and more reliable ancient map, will be triggered for various classes of
researchers.
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Figure 16. Coastline shape from the georeferencing of F, P and L maps on Italian modern cartography

(Cremonini and Samonati, 2009; Cremonini 2010, Fig. 2).
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Figure 17. Long shore current directions induced by Bura and Sirocco winds on F map coastline profile
(Cremonini and Samonati 2009; Cremonini 2010, Fig. 1).

6. Conclusion

In the study, careful recovery and analysis of some data concealed in three sixteenth century
maps were done, and various technical signs preserved in them were identified and
discussed. All these details show interesting information concerning the original survey
performed to generate the maps, and help to comprehend the differences in the represented
coastal areas among the analysed coeval maps. Notwithstanding the analysis cannot
comprehensively explain all questions concerning the eroded coastal areas, due to the fact
that existing landmarks cannot be found in disappeared areas, an attempt to explain the
difference in the morphology of the coast was made. On the base of the recognition of a
gross deformation in one map, a good example of a possible alleged author’s intervention
was given, attempting to restore the original appearance of the possible former map
configuration. Finally, a comparison of the new product with present cartography and other
coeval maps, via modern georeferencing methods, was able to support the hypothesis.
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Finally, the study shows that pre-geodetic maps usually should not be regarded as
completely original technical products but rather as an assemblage of various data-sets
coming from previous sources. Thus, a study of ancient cartography should start from a
philological analysis of the maps (i.e. search for origin, target, models, cultural atmosphere
of that time) and it should subsequently become a “stratigraphic” reading of both
relationships existing among the drawing details and accidents affecting the maps. A
thorough knowledge of the ancient field surveying techniques (i.e. pathways, distances,
contemporaneous use of various kinds of instruments, previous cartographic sources, etc.) is
essential in order to understand genesis and size of the surveying errors recorded in the
map, and therefore it is also essential to direct the georeferencing techniques towards the
definition of the real topography and morphology of those areas that today no longer exist,
e.g. due to natural environmental processes. In other words, the technical approach to
ancient cartography cannot be reduced to a simple georeferencing attempt; the
georeferencing should rather act as an essential support for a deep analysis of the maps, that
in this way can become a more useful tool to various classes of researchers.
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1. Introduction

Mapmakers and cartographers perceive maps differently than the target group of users. In
the case map is created by someone else than a professional cartographer the process of
making maps suffers by considerable degree of subjectivity. Despite the several-hundred-
years effort of objectification of map making process, cartographers sometimes have
difficulties to imagine the way how the user will use the map, especially the way of map
perception, reading, analysis and interpretation [1]. Cartographers often lack the reasoning
for the decision-making in balancing the map design and layout, designing a map
symbology, choosing the cartographic method of visualization or level of generalization [2].
For these reasons it is necessary to carry out a research on user perception of maps.

According to Golledge and Stimson [3] the perception is function of a cognition (thinking),
which can be understood as a way of encoding, storing and integrating information into
existing knowledge. In order to study reading and using maps the perception is very
important, because it helps to structure the area depicted on the map.

Several approaches of the research on user perception and evaluation of the applicability
and effectiveness of maps exist. The eye-tracking is one of the rarely used. Based on results
of eye movements analyses, many questions, that were not yet been discussed in
cartography adequately, can be answered. For example, how users obtain information from
the map, what is the strategy of map reading, how often users look to the map legend, how
easily can be map symbols interpreted, etc. Analyses of maps usability can help in
optimizing the map symbology, composition or design, so the new maps can be created in
order to respect the specific user's requirements.

The main sensory channel for cognitive processes is vision [4]; therefore the research on map
visual perception is necessary

I m Ec H © 2012 Brus et al,, licensee InTech. This is a paper distributed under the terms of the Creative Commons
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2. Usability studies

The term usability is defined as “the effectiveness, efficiency, and satisfaction with which
specified users achieve specified goals in particular environments” [5]. Satisfaction
quantifies subjective users’ impressions dealing with such indicators as operability and
learnability of a given task. Efficiency and effectiveness metrics are objective performance
measures of speed and accuracy. [6]

Nielsen [7] defines usability as a quality attribute that assesses how are user interfaces easy
to use. Usability can reveal qualities of the product as well as lack of its functionality, which
usually arises during the design phase of a product. [8] The assessed product can be an
image, web page, text or a map. To be able to derive qualitative or quantitative measures of
the user experience (usability), a number of evaluation methods is possible to use. Li et al.
[9] mentions these methods of usability evaluation:

e focus group studies,

e interview,

e  direct observation,

¢ think-aloud protocol,

e retrospective think-aloud protocol,
° screen capture,

e eye-tracking.

Each method has its advantages and disadvantages. Frequently a combination of methods is
used in the research. For example, see [10, 11, 12].

The method of focus group studies and interview are based on direct contact with the user.
They are based on a targeted questioning and recording of discussions and responses of
individuals or groups.

The method of direct observation leads to the detection of subject’s behaviour in its natural
environment without any interference by the observer. For observation various technical
utilities, especially recorders, cameras and camcorders, are used. Direct observation
sometimes leads to problems in professional ethics, especially when observed people are not
acquainted with the fact that they are the subject of observation.

A frequently used method is "Think-Aloud". Its principle lies in the verbalization of the
process performed by the user during solving a specific problem. Participating test subjects
verbally describe the process of solving specific tasks and also their feelings [13]. This
method is very quick and inexpensive, nevertheless, participant is not aware of all cognitive
processes, and not all processes can be simply expressed in words. This method is very
subjective in the term of observed subjects, who describe their experiences, and also in the
term of the evaluation of their response. Detail usage of this method is discussed by
Somersen [14]. Similar to the "Think-Aloud" method is a retrospective variant, when the
subject describes a workflow after the task is completed.

The screen capture method of usability study was in the field of cartography and GIS used
for example in Haklay et al. [15]. They assessed the usability of GIS software using
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screenshots that users had posted. On these images the windows of application were
captured in the middle of the workday and composition of opened toolbars was analysed.

The last mentioned method, which is in the focus of this chapter, uses a device to monitor
eye movements. Eye-tracking method can be considered to be objective, because it is not
influenced by the opinion of the monitored person [16].

3. Eye-tracking technology

Eye-tracking technology is based on the principles of tracking movements of human eye
while perceiving the visual scene. The measurement device used for measuring eye
movements is commonly known as eye-tracker. [17]

When users are searching for the information in unknown environment (text articles, web
pages, maps etc.), typically two types of processes occur: a perceptual one (the user should
locate/notice the target) and a cognitive one (the user cognitively computes the visual input
and understands the function of the target). Eye movement analysis provides valuable
quantitative and qualitative information on both stages of visual search. [16]

Qualitative information describes the way in which user explores the stimuli. They can
reveal areas of maximum interest, disruptive elements and strategy of searching for a
specific element. Quantitative information describe the time spent by observing a particular
phenomenon, speed of identifying information and several derived gaze data metrics.

3.1. Methods of eye-tracking

In general, there are two types of eye movement monitoring techniques: those that measure
the position of the eye relative to the head, and those that measure the orientation of the eye
in space, or the “point of regard”. [18]

According to Duchowski [6], methods of eye movement tracking can be categorized into
three main groups:

e electrooculography (EOG),
e scleral contact lens/search coil
e remote eye-tracking.

EOG is a method which was popular about 40 years ago. Its principle lies in measuring of
skin’s electric potential differences of electrodes placed around the eye. By recording quite
small differences in the skin potential around the eye, the position of the eye can be tracked.
[19]

The method of scleral contact lens or search coil uses an attachment to the eye, such as a
special contact lens with an embedded mirror or magnetic field sensor, and the movement
of the attachment is measured with the assumption that it does not slip significantly as the
eye rotates. Both mentioned methods measure eye position relative to the head and they are
not generally suitable for point of regard measurements.
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Currently the most exploited eye movement measurement method is remote eye-tracking,
also called the Pupil and Corneal Reflexion method. It relies on the measurement of visible
features of eye, e. g. pupil, iris-sclera boundary and corneal reflection of a closely situated
direct light source (often infra-red). The reflected light is recorded by a video camera or
specially designed optical sensor. The information is then analyzed to extract eye rotation
from changes in corneal reflections. The resulting corneal reflexion is also known as “glint”
or the 1st Purkinje reflexion (P1) [20].

There are at least four Purkinje images (figure 1). The first Purkinje image (P1) is the
reflection from the outer surface of the cornea. The second one (P2) is the reflection from the
inner surface of the cornea. The third one (P3) is the reflection from the anterior surface of
the lens and the last one (P4) is the reflection from the posterior surface of the lens. [21]

Eye position and gaze direction are estimated using information from an image sensors
picking up reflection patterns on the cornea and other information points. By image analysis
and mathematics a gaze point on a reference plane can be calculated.

P4
P3

P2
Pl

A

Figure 1. Four Purkinje images - the reflection (L) on different parts of the eye: P1 from the outer
surface of the cornea, P2 from the inner surface of the cornea, P3 from the anterior surface of the lens, P4
from the posterior surface of the lens. [22]

3.2. Eye movements and algorithms of their detection

Human eyes can only perceive a limited fraction of the visual world at one point in time.
Both eyes together provide a roughly elliptical view of the world which is approximately
200° of visual angle wide and 130° high. [23]

However not all parts of this view are perceived with equal acuity because the retina of the
eye has a varying structure and composition. The fovea, part of the retina, is responsible for
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sharp central vision (also called foveal vision), which is necessary during reading, watching
television or movies, driving, and any activity where visual detail is of primary importance.
The really high-resolution area covers only about 2° of the visual field. The fovea is
surrounded by the parafovea belt and the perifovea outer region [24]. The vision supported
by this part of the eye is so called peripheral vision, which in comparison with foveal vision
seem to be blurred [25].

Eye movement is not smooth. The eye moves in spurts and rests between each movement.
During a fixation, eyes are relatively steadily looking at one spot in the visual scene. In order
to achieve the most accurate visual impression of a visual scene, eyes move rapidly in
mostly ballistic jumps (i.e., saccades) from one spot to another. Among those rather large
saccadic eye movements that an attentive person can easily observe from his or her own
experience, there are three other, much shorter eye movements, i.e. tremor, drift, and
microsaccades. Their purpose is to avoid saturation effects of the visual receptors on the
retina which would lead to fading perception. However, people are unaware of those tiny
movements and they can be hardly detected by state-of-the-art unobtrusive eye-trackers.
[23]

The analysis of fixations and saccades requires some form of identification that results from
the processing of raw eye-movement data. Fixation and saccades identification is an
inherently statistical description of observed eye movement behaviours.

It is important to define the exact detection algorithm for eye movement analysis, because
different parameterizations of an algorithm might lead to different results [26]. Plenty of
algorithms exist, but mostly used are I-VT and I-DT. In the case of the I-VT (Velocity-
threshold fixation identification) algorithm, the eye-velocity value is compared to the
threshold. If the sampled velocity is smaller than the threshold, the corresponding eye-
position is marked as a part of a saccade, otherwise the eye-position sample is assigned to be
a part of a fixation. The I-DT (Dispersion-Threshold Identification) algorithm takes into
account the close spatial proximity of the eye position points in the eye movement trace. [27]

Based on statistical analysis of fixations, saccades, their mutual relationship and other
characteristics, it is possible to identify certain attributes of respondent behaviour.

For example, long average fixation durations can be interpreted in two different ways as
either: (1) the user has difficulties extracting information; or (2) the user is more engaged
with interpreting a representation [28]. Hence, distinguishing between the two is case
specific.

Saccade/Fixation ratio describes the ratio between search activity (represented by the
number of the saccades) and processing activity (represented by the number of the
fixations). A small saccade/fixation ratio indicates that the user is spending more “cognitive
resources” on the task and less cognitive resources on gathering important background
information [16].

A large number of saccades indicate a low degree of search efficiency or poor interface
layout. User roams from place to place finding no satisfactory answer. Saccadic amplitude
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together with ScanPath duration and ScanPath length can refer to a strategy of user
cognition style, or quality of examined layout [23].

3.3. Eye-tracking device

According to fundamentals of examined problem it is necessary to use a proper eye-tracker.
Individual devices differ from one another by precision given by the spatial resolution and
accuracy of the point of view. An important parameter is the time resolution, which is
expressed in hertz (Hz). Department of Geoinformatics, Palacky University in Olomouc
owns static SMI RED 250 Eye-tracker (figure 2) with sample frequency of 120 Hz, so data are
recorded approximately every 8 ms.

Device parameters (resolution, mobility) must respect the purpose of the application for
which the device is used. Research on sportsmen or driver concentration, or arrangement of
goods on the shelves requires a mobile device mounted on the head of the subject (the
headset). Evaluation of stimuli on the computer screen or television will rather use the static
device.

Figure 2. Laboratory setup with static remote SMI RED 250 eye-tracker at Department of
Geoinformatics, Palacky University in Olomouc.

3.4. Current eye-tracking based research on cartographical issues

Anatomy of the human eye is known for hundreds of years, but scientific interest in the
processes of visual perception began only during the 19% century [29]. After the Second
World War, one of the first measures of gaze direction was done in 1947. The research was
focused on the behaviour of military pilots during aircraft landing. It was carried out by
analyzing the video with more than 500 000 film frames [30].

With the improvements of the eye-tracking technologies, eye-tracking tools gain their
impacts on the usability field and nowadays they are accepted as a tool to improve
computer interfaces [11]. Currently eye-tracking is utilizable in many areas of human
activity - psychology, medicine, marketing, commercial, etc.
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One of the research goals of contemporary cartography is the investigation of perception
processing of maps, not only from the commercial point of view, but also in planning, crisis
management and rescue operations.

On the one hand, map is very important carrier of information that readers need to
assimilate as quickly as possible and undistorted, so cartographers labour for its highest
possible accuracy. On the other hand map design and its visual appearance are
determinants of user popularity.

In both cases, the key to success is to answer a number of highly debated issues - for
example how readers follow the information in the map, in which order and how fast they
read the information, which compositional elements they read earliest, how many times
they look back to the map legend, which map elements are easy and which difficult to
handle, what affects the legibility of the map, etc. These findings can facilitate to evaluate
the quality of the map composition, symbology and map content, and thus define the
methodology for creating maps that will correspond with requirements of users.

With respect to the investigatory device, maps evaluation using eye-tracking technology is
available both for analog maps and the digital cartographic outputs.

One of the first publications focused on the application of eye-tracking methods in
cartography is Eye Movement Studies in Cartography and Related Fields [29], in which the
author summarizes the results of various studies in the late 80’s of the 20% century. It deals
with the general knowledge of tracking of the human eye, studies on evaluation of specific
graphic outputs, emphasizing the impossibility to generalize the findings in the behalf of
dissimilar studies. He described several universal conclusions and highlighted the
importance of distinguishing between user groups according to their age and education.

It is possible to separate the evaluation of information content of maps from the map design.
However complex evaluation is more logical, because the information value of maps (e. g.
content) can be increased or degraded by technical or artistic design.

An example of a complex evaluation of maps was presented by Alacam and Dalci [11], who
compared four map portals (Google Maps, Yahoo Maps, Live Search Maps and MapQuest).
Results of eye-tracking experiment revealed considerable variance in the strategy of solving
particular quest in different map portals environment. Basic assumption of this study was
that the lower the average duration of fixation, the more intuitive the environment. It was
found, that users average fixation duration at the Google Map stimuli is statistically
significantly lower, than in the case of other evaluated portals.

Coltekin et al. [31] in their research deal with the evaluation of user interface of cartographic
software. Test subjects were ask to create a complex map in two different map applications.
The study was designed as a between-subject experiment and eye movement analysis was
coupled with traditional usability metrics to identify possible design issues. Initial analyses
included statistical tests for satisfaction, effectiveness (accuracy of response), and efficiency
(response speed).
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In a different study the same authors [32] deal with a generic evaluation approach
combining theory and data-driven methods based on sequence similarity analysis. The
approach systematically studies users’ visual interaction strategies when using highly
interactive map interfaces. The result was that the participants generally follow a sequence
that agrees with the hypothetical sequence representing user’s strategies.

Another application of eye-tracking in cartography appears in the study of Opach and
Nossum [33] where authors have explored the suitability of eye-tracking on two different
semistatic and traditional cartographic animations of temperature and weather. Contrary to
the author’s previous web based experiment, analysis of the eye-tracking data revealed that
the viewing behaviour were surprisingly similar. Three of the metrics used (fixation counts,
observation length and time to first fixation) indicated very similar viewing strategies and
behaviour during viewing different kind of cartography animations.

Fuhrman, Tamir and Komogortsev [34] have dealt with an assumption that three-
dimensional topographic maps provide more effective route planning, navigation,
orientation, and way-finding results than traditional two-dimensional representations. The
eye-tracking metrics analysis indicates with a high statistical level of confidence that three-
dimensional holographic maps enable more efficient route planning.

Popelka and Brychtova [35] used eye-tracking together with questionnaire investigation for
evaluation user’s attitudes toward interactive methods of virtual geovisualisation of changes
in the city built-up area. Five approaches of visualization were assessed - textual description
of changes, comparison of historical and recent pictures or photos, overlaying historical
maps over the orthophoto, enhanced visualization of historical map in large scale using the
third dimension and photorealistic 3D models of the same area in different ages.

Technologies and methods of eye-tracking have not yet been fully utilized in cartography,
even though the possibilities are wide. Cartographic research in the field of eye-tracking
currently focuses explicitly on improving the user quality of maps. Future potential expansion
of eye-tracking technology can be seen in the activity of the International Cartographic
Association, especially the Commission on Use and User Issues [36] and the newly established
Commission on Cognitive Issues in Geographic Information Visualization [37].

4. Methods of eye-tracking data visualization

Results of eye-tracking measurements are presented as a text file containing a timestamp
and a number of specifications describing coordinates of the point of regard, the pupil size,
the angle of the eye position etc. First of all, it is necessary to classify the data, with a
specified algorithm, as fixations and saccades (see chapter Eye movements and algorithms
of their detection). Then, the data are even visualized in a suitable way, or can be
statistically analysed.

There are several basic methods of the eye-tracking data visualization. Holmqvist et al. [20]
present the main techniques of gaze data visualization as follows: ScanPath (GazePlot),
Attention (Heat) maps and the AOI (Area of Interest) Analysis.
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Following chapters will present different possibilities of visualization and eye-tracking
measurements on concrete examples from cartography. In this way, methods of eye-tracking
will be shown. All examples are based on source data, which are results of several authentic
experiments on cartography rules evaluation.

All presented case studies were performed using the SMI RED 250 remote device with the
sampling frequency of 120 Hz. Eye position was measured every 8ms.

Respondents were chosen from university students of Geoinformatics and Cartography and
also from other studying fields which are not related to cartography.

4.1. ScanPath

ScanPath is defined as a route of oculomotor events through space within a certain time-
span [20]. Thanks to ScanPath, it is possible to display raw data as well as calculated
fixations and saccades. Circles of different sizes represent fixations (their radius corresponds
with their length) and lines which connect the circles represent saccades [38].

When a larger amount of data is displayed, this method becomes restraining. Overlapping
parts of individual fixations cause that it is not possible to identify their number visually.
Figure 3 shows an example of a ScanPath. Respondents were asked to find the highest peak
on one of the maps. The aim of this experiment was to compare two types of visualization -
perspective 3D display and a classical orthogonal map supplemented with the shading. Raw
data are displayed on the left of the picture, fixations and saccades on the right. From both
pictures, it is evident that this particular respondent preferred the three-dimensional
visualization. His answer is displayed by a red dot which represents the mouse-click.

. e %
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Figure 3. ScanPath showing raw data (left) and fixation and saccades (right)

4.2. ScanPath comparison

There is a great need for robust and general method for ScanPath comparison existing in
many fields of eye-tracking research [39]. Privitera and Stark [40] introduced ScanPath
comparison based on string editing. Fixations are replaced with characters standing for the
AQI’s they hit and the ScanPath is represented as character string. It is one of the first
methods comparing not only the loci of fixations, but also their order. The principle of this
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method is the transformation of two-dimensional data (X, Y coordinates of fixations) to one-
dimensional data (character string). Each ScanPath is recorded as a string of letters where
each letter corresponds to the area of a current fixation location.

Two or more character strings are then compared and their similarity is measured. Defined
by an optimization algorithm, string editing assigns a unit value to three different character
operations: deletion, insertion, and substitution. Characters are then manipulated in order to
transform one string into another and character manipulation values are tabulated [41].
String edit algorithm determines the number of operations needed to transform one
sequence to another - the operations being insertions, deletions and substitutions. The
calculated metric will be a measure of how different two sequences are. This method uses
the Levenshtein algorithm to produce a string-edit distance between each sequence [42].
Example of the Levenshtein distance measure is in the figure 4. Character string comparison
methods are widely used in bioinformatics to align DNA and protein sequences.

+ Similarity discovery

Search within sequences 51, 58, 53, 54, 59, 56, 57, 54, 59, 510, 511
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Figure 4. Result of the Levenshtein distance measure between group of eleven geoinformatics while
observing a map. Gridded AOI with grid of 5*5 cells was used

Depending on specific tasks, it is important to distinguish between gridded AQI and semantic
AQI approaches. When using the Gridded AOI, stimulus is split into areas of equal size
(rectangles) with no relation to semantics. The second approach, Semantic AOI uses the Area of
Interest which corresponds to specific areas in stimuli. In cartography, Semantic AOI is generally
more advantageous because it corresponds to map composition elements like title, legend, etc.

4.3. Attention maps

Attention maps, also called HeatMaps, are used for visualization of quantitative
characteristics of the user’s gaze. Thanks to attention maps, it is possible to identify to which
area user pay attention and which are rather neglected. In eye-tracking, HeatMaps enable
the creation of a brief summary of areas which are in the spotlight and so they are needed to
be analyzed more thoroughly. Except of the function of visualization, they might be used as
a background for AOI creation. When plotting AOI around a small object, fixations of some
of the respondents could be noted outside the created AOI because of inaccurate
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measurement or calibration deflection. By means of HeatMaps, it is possible to get an
overview of possible measurement inaccuracies and so to adapt the Area of Interest.

HeatMaps produced by SMI software BeGaze are created in two steps. The software first
scales each pixel in proportion to the durations of all fixations landing on it. Typically, this
results in a very sparse “Fixation Hit Map”, since only a small proportion of the pixels have
been “hit”. In next step, the hit map is convolved with a Gaussian kernel with certain width.
A wider kernel gives a smoother, less pointy appearance to the attention map [20].

Figure 5. HeatMap created from fixations of seven respondents

4.4. Area of Interest

Areas of Interest (AQI) are regions in the stimulus which the researcher is interested in. The
most important AOI metric is the dwell time defined as one visit in AOL from entry to the
exit. The dwell has its own duration, the starting point, the ending point, dispersion etc. In
several ways, it is similar to a fixation, but it is of much larger entity, both in space and time
[20]. It is also possible to follow the order in which the respondent looked at particular areas
or the transition, the movement from one AQI to another etc.

In cartography the Areas of Interest analysis can be used advantageously. AOI analyses are
based on evaluation of concrete parts of a map (legend, scale, title, specific phenomena in
the map, etc.). When evaluating influence of a composition on the map reading, the
application of AQI is very useful. By indicating and evaluating particular compositional
elements as AQI, several characteristics can be find out - e.g. for how long the respondent
was observing the given area, in which order he visited them etc.

The results can be visualized with use of the Sequence Chart, which displays observed areas
in different colours on a timeline. Figure 6 shows results of an experiment, whose objective
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was to reveal differences in reading of a simple map by a group of students of cartography
and cartography amateurs. Three different map compositions are displayed in figure 6.
Maps (presented in the first row of figure 6) were projected in 5s intervals during which the
respondents have to observe maps without answering any question. The second raw in the
Figure 6 shows a sequence chart for a group of students of Geoinformatics and cartography,
who have attended several cartography courses. The last row represents data given by
cartographic amateurs, students of psychology, zoology etc.

Each stimulus was preceded by a short cross used to locate beginning of all trajectories at
the same place (in the middle of the picture). That is why the AOI representing the map field
is always pictured in first 500 ms. After this time; most geoinformatics students
automatically read the title of the map, or rather noted fixations representing it in AOL
Cartographic amateurs did not do so. It is evident especially in the first column, where the
stimulus was the “ideal” map composition [43]. In following columns, the composition was
not in accordance with cartographic rules. Despite this fact, students of geoinformatics were
trying to find the title of the map.

Map composition # 1 Map composithon # 2 Map composition # 3

== ===
== == ==—

Figure 6. Sequence chart visualization. Sample data of the Esri were used for the creation of stimulus
maps

The Sequence Chart is illustrative and easy to interpret, but it is necessary to evaluate the
data by statistical approach.

The objective of the statistical hypotheses testing is to evaluate the data gained from
experiments and the suitability of the purpose given before the testing. Statistical hypothesis
is a certain purpose about the distribution of accidental quantities of a basic file.
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In statistics, the result is called statistically significant when it is unlikely to have occurred
by chance alone, according to a pre-determined threshold probability, the significance level.
Critical tests of this kind may be called tests of significance. When such tests are available,
we can say whether the second sample is/ is not significantly different from the first one
[44].

From a more detailed evaluation of different types of basic eye movements (fixations and
saccades), or gaze data metrics such as dwell time, it is possible to deduce a series of
numeral metrics suitable for other statistical testing.

Different composition perception with two different groups of map users (experienced
cartographers and non-cartographers) was verified by the testing of measured results by a
two sample t-test, which is a method of mathematical statistics making possible to verify the
null hypothesis that the means of two normally distributed populations are equal.

Differences of the mean dwell time of two groups of users were tested on particular Areas of
Interest of the map list - title of the map, the map, the legend, the imprint and secondary
maps. A zero hypothesis HO was tested: mean values of particular choices are the same.
Concrete results are illustrated in table 1.

mean of | mean of non-
t df |p-value| alpha statement
carto [ms] | carto [ms]
Main map | -2,2189 | 33,374 | 0,0334 | 0,05 2375,58 3080,11 Rejecting HO
Map —
. 3,7546 | 51,501 | 0,0004 | 0,05 631,27 230,78 Rejecting HO
heading
Aijgl;/e 0,0963 | 36,715 | 0,9238 | 0,05 387,84 376,47 Fail to reject HO
Aijgllve -0,1874 | 40,321 | 0,8523 | 0,05 | 260,59 284,08 | Fail to reject HO
Masthead | 1,1999 | 36,275 | 0,2380 | 0,05 127,27 57,57 Fail to reject HO
Map . .
0,2211 | 45,702 | 0,8260 [ 0,05 99,50 84,33 Fail to reject HO
legend

Table 1. Results of two sample t - test of dwell time on particular compositional map elements of two
different user groups.

By comparing the mean dwell time in particular AOI it is evident that both groups spent
most time on the main map field. Extremely long time was noticed at students of
cartography in AOI covering the map title. The same AOI was on the 4 position with non-
cartographers.

The t-test result disproved the zero-hypothesis saying that the values of the mean dwell
time were the same with AOI map heading and the main map field. The visit rate of the
main map field was significantly higher with non-cartographers. On the contrary, the map
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title visit rate was higher with cartographers. There was no difference of the dwell time
statistically proved with other observed AOL

4.5. Space-Time-Cube

Data sets created as a result of the eye-tracking are often very large, which limits their
visualization possibilities by means of methods mentioned above. When displaying larger
data sets with the ScanPath visualization, overlapping parts are created and the follow-up
interpretation of results is not possible. The cause of this problem is displaying of three-
dimensional data (X, Y, time) into two-dimensional space (X, Y).

With relatively smaller data sets, it is possible to use colours to differentiate fixations
according to their order. During the visualization, transparency can be used to identify
overlapping fixations.

Another possible solution is to neglect the time. Two dimensional data (X, Y) can be then
displayed by means of HeatMap method which displays only the number of fixations,
without their order. However, the loss of the information can make the analysis of results
impossible in many cases.

Thanks to Space-Time-Cube (STC) which is the most important element of the Hagerstrand
time-space model, the data can be effectively visualized without neglecting any of the data
files [45].

In its basic appearance, the cube has on its base a representation of the geography (X, Y), while
the cube’s height represents time (Z) [46]. As it is evident from figure 7, if the location of the
observed object or phenomenon does not change in time, the line is always perpendicular to
the base of the cube. The steeper the line between two vertices, the slower the change in the
position of observed object/phenomenon. Today there are softwares that automatically creates
a Space-Time-Cube from the data in the database. It is also important that it is possible to
interactively rotate the cube and select the best perspective for data analysis.

By means of Space-Time-Cube, it is possible to portray any space-time data. These might be
for example data recorded by a GPS device, statistic data containing information about
location and time, or data detected with eye-tracking.

In this case, coordinates X and Y describe the distribution of fixations in space, and time is
described by the axis Z. Thanks to Space-Time-Cube it is possible to reveal different
behaviour of particular users. On the other hand, ScanPath cannot identify in which
direction the user moved when reading the picture. Up to now, application of Space-Time-
Cube with analysis of eye-tracking data was examined only by [9, 47, 48].

Space-Time-Cube visualization is presented in this chapter on testing the user’s perception
of the map legend. Respondents were given the task to mark flax growing areas on the map.
The aim of the test was to find out the proportion of respondents (%), which use the map
legend to fulfil the task. Trajectories of eye movements of two respondents are displayed in
figure 8. It is evident that during the first two second of solving the task, the respondents
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followed almost the same gaze trajectories. One of the first fixations of both respondents are
localised in the legend. Then, the respondents tried to answer the given question and started
to explore the map.

3

Figure 8. Use of Space-Time-Cube visualization for investigation of ScanPaths from two respondents

5. Conclusion and prospects

Up to now, technologies and methods of eye-tracking in cartography were not fully utilized
despite their great possibilities in cartography. A cartographical research in the field of eye-
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tracking recently focuses on the improvement of the user quality of a map, particularly on
the map composition improvement. However, there is a question how to define the user
quality of a map or a “good” map composition. In the main, the user has to be able to
interpret the content of the map correctly and accurately. A correct but a too long
interpretation of a map cannot be considered as a sign of high user quality of the map. A
method of the map content interpretation or the way of internal recording and later recalling
of the information are related to its structure of cognitive and mental maps [49, 50, 51]. That
is why the improvement of the user quality of a map is considered necessary if we want to
perceive into cognitive processes going on during work with maps. In this field, eye-
tracking can enable the user to do a research of cognitive maps. Nevertheless, it is necessary
to respect the fact that maps have its own special dimension which cannot be neglected
during the research because it is essentially connected with the user’s map-content
interpretation.

Thanks to easier (but not easy) access to high-performance eye-trackers, we can expect, in a
short time period, more numerous and deeper researches on different aspects of map
reading. In the field of map creation, there exist certain short and long-term rules. Many of
them are respected without any international convention, for example a blue colour used for
waters [52].

High initial investments on high quality equipment and a non-existence of a single
methodology for preparing and evaluation of tests limit the implementation of the described
technology in cartography research. It is also necessary to cooperate with a professional
psychologist.

Cartographic research with eye-tracking methods will considerably contribute to
argumentation of a high number of empirically based rules and instructions for map
creation and the map language will be internationalized. By implication, it will enable
geographers to present better results of their researches and studies.
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Chapter 6

Unexpected 16th Century Finding
to Have Disappeared Just After Its Printing -
Anthony Jenkinson’s Map of Russia, 1562

Krystyna Szykuta
Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/50224

1. Introduction

Nowadays it is rather not common to find 16" century map to be unknown for five
centuries. In case of Jenkinson’s map of Russia (1562), it was well known by historians of
cartography, however, only from their renditions. It occurs possible thanks to the
outstanding Flemish 16 century cartographer and editor Abraham Ortelius. One day he
simply decided to collect the maps of his times to create an atlas. In this way the first atlas in
a quite new editorial form came into existence, equally becoming a rich historical source for
the scientists of different fields. Ortelius collected the maps of different regions of the world
made by different excellent cartographers of his times. One of the maps that gained his
interest was the map being a result of the first English travels to explore the way to China
and India by water. English traders travelled along the north-east passage. At the same time
Ortelius has just learned that the map of Moscovia has been printed in London by a king’s
printer, Reginald Wolf. Twenty-five copies of the map in question have been sent to him by
Nicolaus Reinoldus to Antwerp, what the latter mentions in his letter. One of the copies has
been assigned to be remade in the form of rendition and to fit the size by Ortelius’ new Atlas
“Theatrum Orbis Terrarum”, first edition (1570).

2. The map itself, its author, his travels and the differences among the
genuine copy and its renditions. The importance of its recovery
The map of Moscovia — today’s western Russia, by Anthony Jenkinson with the 1562 date is

hand-colored copper-cut and it measures 101,7 x 81,7 cm including 6 cm decorative border.
It is considered by historians as a wall map and has been made in the north orientation.

I m EC H © 2012 Szykuta et al,, licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited.
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Doubtful in this respect is only Finland Gulf (“Sinus Finlandicus” in the map), which is
situated north-south instead of rather east-west.

In the north part of the map there is today’s north-western coast of Russia. Far eastern part
of the coast in geographical sense reaches the Ural mountains and the lower course of the
Ob river. The river discharges into so-called North Sea (“Mare Septentrionale”) — today’s Kara
Sea. The source of the Ob river in the map is in mysterious Chinese Lake (“Kitaia Lacvs”). On
the opposite side of the lake, i.e. from the south, the river continues its course, however not
as the Ob but the Sur river, which bifurcates in its upper course in the “Shamarghan” and
“Baida"regions. The tributary of the Sur is “Amow "river.

Figure 1. Jenkinson’s genuine copy, 1562 (size of the map see in text). From Wroctaw University
Library cartographic collection

An eastern part of the map, i.e. east of Ob and Sur rivers, covers quite a wide space of this
part of the map. However, geographically this is a rather poor fragment. Namely, there are
only names of the following regions, going from the north: “Casackia”, “Samoyeda” and
“Molgomzaia”, “Baida” and “Colmac”. In the south part of the map we can see the name
“Persin” and in the lower right-hand corner there are “Mhoghol” and “Kirges”. To the north
there is “Taskent”, where the Sur river takes its source. In the most south-eastern end of the
map there is a city called “Audeghen”. In south-western part is the Black Sea but it has been
almost wholly covered by the cartouche with the dedication for the sponsor of the map.
Above this cartouche we can read the names of “Lithuania” and “Livonia”. In the western
part is the above mentioned Finland Gulf and White Sea, named not as it is today but as the
gulf of the “North Sea” (“Mare Septentrionale” on the map)
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Figure 2. Ortelius’ rendition, one of the edition in his “Theatrum orbis Terrarum” (here much enlarged to
Jenkinson’s original copy above — size of the map see in text). From Wroctaw University Library
cartographic collection

Characteristic feature of the genuine copy of the map in question is its unusually rich
decorativeness. It is undoubtedly worth wider discussion. The variety of the content of the
map we can study is especially interesting. There are ethnographic, religious, military and
historical elements. Finally, the map can be examined in respect of its rich fauna, too. These
features make the map an outstanding document of the epoch of the territory portrayed
here. The decorative border with metal design is an additional element which makes the
map even more interesting. We can find the special value of the map in the numerous texts
distributed all over it. These decorative elements are of historical value, too. Mentioned texts
are boxed in different cartouches.

The author of the map in question — Anthony Jenkinson (1525/29/30?-1611) is one of the first
English travelers, and simultaneously a member of the founded in the years 1552-1553 and
chartered in 1555 Muscovy Company. The Company, the society of the English merchants
has been later called the Russia Company, English Trading Company, Company of
Merchant Adventures or differently. Its purpose was to penetrate and to explore the north-
east sea passage to reach China and India.

Sebastian Cabot (ca. 1482 - 1557), Robert Thorn (1492-1532) and John Dee (1527-1608) were
the first who became the impellers of this enterprise. As already mentioned, Jenkinson was
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not the first voyager who travelled to Russia. Earlier there were two brothers — Stephen
Borough (1525 - 1584) and William Borough (1536- 1599) who undertook the task to pass the
way to mouth of the Ob river. Richard Chancellor (1520-1556) and Sir Hugh Willoughby
(1516-1554), the explorers of the northern part of Russia were the next travelers, but
unfortunately they both perished in their voyages.

Anthony Jenkinson was the trustworthy agent of the Queen Elizabeth I (1533-1603,
dominated 1558 - 1603). He began his journeys in 1557. First of them were in 1557-1560. The
next: 1561-1563 (to London 28 Sept. 1564), 1566 - 1567 and the latest 1571 - 1572. His map is
dated back to the 1562, however, when we take into account the examinations by Samuel H.
Baron’s (1989)! and Krystyna Szykuta’s, (2000)?, the map in question has been probably
published between 1567 and 1569.

An exciting moment when the genuine copy of the map has been rediscovered was finally
that could be compared with the existing renditions, i.e. made by Abraham Ortelius (1527 -
1598) and Gerard de Jode (1509 - 1591). It was especially exciting because of the different
representations by Ortelius and de Jode which differ with one another. Namely de Jode’s
picture displays only, even not in whole, the left-hand part of the original. Before the
genuine copy was recognized, scholars had discussed who of these two cartographers has
been right. Finally today we know that Ortelius’ representation was correct in respect to the
territorial range.

The size of the three maps — the prototype and its renditions was the essential distinction to
be seen at first glance, because of the quite other way of situating the title and dedication
cartouche. The existence of the dedication has been only mentioned by Ortelius, but we can
learn about its content as recently as from the genuine copy. The same concerns the content
of boxed texts, decorative elements and borders — much more of them and changed in style
in the genuine copy of the map. An appearance of the quite new creators in the main title
cartouche was of the most importance issue. Namely, both of the creators of renditions
placed Jenkinson as an author in their cartouches, but only Ortelius additionally included
the name of Henry Sidney (1529-1586), the sponsor of the genuine map to whom the above
mentioned dedication has been devoted by the editor Clement Adams (1519? — 1587). The
second unknown yet to us was an engraver Nicolaus Reinoldus (Nicolas Reynold). We
already know him thanks to his letter mentioned in the Introduction, unfortunately
undated, which has been estimated to be written about 1573%. The name of the printer of the

! The date has been established by Professor regarding the journeys of Thomas Southam and John Spark, quoted in
their account, in early English: “The way discouered by water by vs Thomas Southam, and Iohn Sparke, from the towne of
Colmogro, vnto the citie of Nouogrode in Russia, conteining many particulers of the way, and distance of miles as hereafter
foloweth. Anno 1566” (Hakluyt, 1589, p. 390)

The date has been established by the author according to “A book of heraldry” at Cambridge University Library, call
number Kk. I. 26 (Szykula, K., 2000). One of the coats of arms have been conferred to Henry Sidney in 1566 and
visually it is undoubtedly connected with the composed under the dedication in the genuine map

3In the light of the recovered map the date is now not possible to be correct, because of the date of the Ortelius” first
edition “Theatrum Orbis Terrarum” (1570), where the rendition has been included. The possible date must be previous
to the first edition, then about 1569 (?). The date 1573 had been estimated before the genuine map has been recovered
and placed in Hessels J.H., 1887 (the mentioned printed collection of the Ortelius” correspondence)
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map has been recovered, too, to be Reginald Wolf(ius) - Dutchman, settled in England since
1530, d. 1573. He was the member of the Muscovy Company, as well, in the following years:
1559, 1564, 1567 and 1572. In the letter we can find one more interesting person, Jan de (van)
Schille (1533 - 1586), who was an Antwerp painter and engraver and could be also engaged
in creating the genuine map, maybe even responsible for the decorative part of it. In the
letter he is the person who was allowed by Wolfius to keep one of the 25 copies of the map.
The original copy of the letter quoted in Hessels’s Ortelius’ correspondence, too (Hessels
J.H., 1887, letter number 43) had been indicated by Peter Barber — then the Head of the
British Library Manuscript Department (Barber, P., 1989). Unfortunately, the letter is still the
only document in which genuine Jenkinson’s map had been mentioned, and even not quite
directly. We can only presume that mentioned 25 copies were not a full size of its edition,
and therefore ask where is the rest (if there were any at all) of the 24 copies which are
missing, if we take into account only those mentioned in the letter.

As far as the above mentioned differences in arrangement and the content of cartouches are
concerned - in Ortelius’ rendition the title cartouche is placed in the left hand bottom
corner, but on the genuine map in the upper left corner. Close to the title cartouche in
genuine copy there is another very important one in which all the regions belonging to
Moscovia at that time are mentioned. De Jode’s title is also placed in the left upper corner but
only with the name of Jenkinson (without information on Henry Sidney). The latter is
distinguished only by name in Ortelius’ title cartouche. Then we can read the comprehensive
dedication to this noble man, as the sponsor of the map, only in its genuine copy.

As far as the dimensions of the three maps are concerned they go are as follows: the genuine
copy — 101,7 x 81,7 cm.#, Ortelius’ rendition — 44 x 35,3 cm®, and de Jode’s — 26,3 x 32,6 cm®.
Quite a long in size horizontally is one more rendition, by brothers Jan and Lucas Deutecum
(Doetecum, too) — 104 x 50 cm”, which the author kindly received from Dr Aleksy K. Zajcev.

3. How and where the Jenkinson’s map of “Moscovia” has been found?

This coincidence took place in the author’s domestic city, Wroctaw (Poland). It was during a
visit in the cathedral library, that the head of the library informed her about one lady, who
brought him a 16t century map. It was obviously extremely exciting news for the author.
The owner of the map, the lady who was a teacher in one of the Wroctaw high schools,
decided to sell it. That is why she brought the map to the author (then the head of the
Wroctaw University Library Department of the Cartographic Collection). An expertise has

+Nova absolutaque Russiae, Moscoviae et Tartariae, descriptio. Authore” Antonio Jenkinsono Anglo, Clemente Adamo édita, et a
Nicolao Reinoldo Londinensi aeri insculpta. Anno salutis, 1562”

3“Russiae, Moscoviae et Tartariae descriptio. Auctore Antonio lenkensono Anglo, edita Londini Anno. 1562 et dedicata illustrip:
D. Henrico Sijdneo Walliae praesidi”

¢” Moscoviae Maximi amplissimi que Ducatus Chorographica descriptio. Authore Anthonio lankinsono Anglo”

7, Regionum Septentrionalium, Moscoviam, Rutenos, Tartaros, eorumgque hordas comprehendentium, ex Antonij Jenkensonij et
Sigismundi liberi Baronis ab Herberstein itinerariis, nova descriptio. 1569; Joa. & Lucas Duetecum tgraefscap vi Holland Anno
1569 geprint i Hollant in des Gravenhage. 1569; Joa. & Lucas Duetecum tgraefscap vi Holland Anno 1569 geprint i Hollant in
des Gravenhage.
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shown that just found genuine map is the one used by Ortelius and de Jode as the basic
picture to their most popular renditions. Additionally in the famous History of Cartography
(Bagrow, L. & R.A. Skelton, 1964, p. 172) , there is only one sentence on the genuine map —
“the map not survived and it is known only from the copies in the atlases of Ortelius and de Jode”.
Then the conclusion was quite clear — that is the only copy of the map in the world! What is
yet more interesting, before bringing the map to the University Library the owner has been
showing it in some eminent libraries but nobody showed any interest in this map. Because
of the great interest of the author finally it had been purchased by the Wroctaw University
Library.

According to information of the owner, the present map has been used by her for years as a
didactic (teaching) aid on her history lessons. Because of its big size it has been folded twice
and finally brought in a plastic bag, simply because the lady was not aware of its value. To
the question of how the map ended up in a teacher’s hands, she answered that it was a gift
from her pupil, who found it after the World War II, probably in some cellar or attic!

Figure 3. The content of the dedication by the editor Clement Adams to Henry Sidney - the sponsor of
the Jenkinson map. Below Sidney’s coat of arms
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4. How could Jenkinson’s map be examined by scholars if the genuine
copy of the map has been lost immediately after its printing? (About the
development of the examination by numerous scholars)

Undoubtedly we have to remember that it happened thanks to above mentioned famous
cartographer Abraham Ortelius as the creator of the first Atlas “Theatrum Orbis terrarum” to
which the Jenkinson’s map had been incorporated, too. Although he did not use it in an
original form, however, thanks to him the knowledge on the map and its author has
survived. On the other hand, to include the map in its original big size was even technically
not possible. He was then obliged to reduce its format, as well as to limit its decorative
elements and the number of boxed texts. However, he never limited the geographical
content of the maps he reworked. He also always put the original authors in them, in spite
of his own authorship as the new author of rendition. The engraver of Ortelius’ rendition
was Franciscus (Frans) Hogenberg.

Apart from the Ortelius” and de Jode’s renditions, another one had been made by above
mentioned Deutecum brothers with the date 1569%. As well as rather mysterious is the
Ortelius’ rendition reworked by Antonio Possevino (1533/34 --1611), in 1587 edition of his
book (reproduction of the map in : Szykula, K., 2000, p. 79). One more rendition, has been
published by B. Langens much later than the first edition of Ortelius” Atlas in Amsterdam
(1598)° .

The first historian of cartography who revealed his interest in Jenkinson’s map was Richard
Hakluyt (1552 — 1616). It resulted in the comprehensive edition of the book entitled “The
Principal Navigations, Voyages and Discoveries of the English Nations”(1589), where he included
Jenkinson’s accounts from his diary about his journeys. Among them he placed the
description on the journey by the first Russian ambassador in England during the reign of
Mary Tudor. The interest in the period of journeys and Jenkinson’s map has reappeared and
raised in 19 century. It was the topic which became the fundament of the work by Edward
Delmar Morgan and Charles Henry Coote and resulted in their book published in 1886 -
“Early Voyages and Travels to Russia and Persia, by Anthony Jenkinson and Other Englishmen”(
Morgan, E.D. & Coote, H., 1886). At the end of the 19t century we can notice a great interest
by Russian scholars, as well. The leading one at that time was the scholar of Russian history
of cartography Veniamin Aleksandrovich Kordt (1899), who has published absolutely
fundamental work on the early maps of his country in which he included their
reproductions, too. At the beginning of the 20™ century another Russian historian of
cartography H. von Michow (1906, pp. 22-25) showed the same interest, and in the interwar
period also Leo Bagrow (1928) — the Russian emigrant settled in Germany and then Sweden.
Again, after the World War II, we can observe an interest in our subject. There are articles by
Dutch historian of cartography Johannes Keuning (1956), and by mentioned Leo Bagrow

8 The map is known as well as “Dashkov map” because the only genuine copy survived in Dashkov collection in
Petrograd (St. Petersburg)

9 Sketch map published by Petrus Kaerius entitled “Ruffia” According to Wikipedia, the map is available in New York
Public Library.
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(1962). In the same year the book by Margaret B.G. Morton had been published, but rather
from the Jenkinson’s private life point of view. Then in turn we have works by: Rybakov, A.
B. (1974), Sager, P. (1974), Bagrow L. (1975) and Oakeshott W. (1984) and finally by still
uncertain to the original finding S.H. Baron, (1989) together with his several works
connected with the epoch in question. So, these are all of the works issued before the
genuine map has been found (1987), i.e. the period when none of the mentioned authors was
aware of the original picture of the Jenkinson’s map, i.e. the period when they had only two
main existing renditions as a proof of the map’s existence to their disposal.

In the year 1987 starts a new epoch for the Jenkinson’s map. The second step of the author
taken was to announce the subject of the rediscovery to Organizers of the next International
Conference on History of Cartography, then it was to be in Amsterdam. Just after the
announcement of the author’s abstract of the subject, Canadian editor of “Cartographica”
Edward Dahl showed an interest in this exciting news. The editor needed the confirmation
that the announcement on the genuine map in an Abstract is trustworthy. It was because of
the next paper which professor Baron prepared for printing, still about the rendition of the
Jenkinson map. Hence, professor Baron had to rework just before delivering the article
(Baron S.H., 1989) to the editor and write in the footnote this sensational news, however as
has been said, carefully informing on the new discovery. The presentation during the
conference brought unexpected effect. Englishmen who noticed the genuine map
reproduction in the poster session called: sensational, incredible, unbelievable. The first post
conference publications on the discovery were: short article in conference book (Szykuta, K.,
1989); conference account (Scott, V.G., 1989), and the same author short information with
small reproduction of the rediscovered map (Scott, V.G., 1990), finally additional
information (Barber P., 1989). At the same time in accounts by Eckhard Jager (1989) and R.
W. Karrow (1989) the copy in question had been announced, too.

In the meantime, there has been established a friendly scientific correspondence cooperation
between Professor Baron and the author which resulted in the Professor’s first article about
the genuine copy (1993). He considered the relations between original and its renditions,
and tried to establish the real dating of the genuine copy.

5. The picture of the Jenkinson’s map. The description and analysis of
the richness of the content

5.1. Historical background of the map

From the historical point of view Jenkinson’s map is the 16%" century document of the epoch
during the reign of Elizabeth I (1533-1603) in England and of Ivan IV Terrible (1530-1584) in
Russia. To be more clear why the map had been depicted we have to go back to the epoch of
Edward VI (1537-1553) and Mary Tudor (1516-1558). The date of the death of Edward is at
the same time the date of establishing the Muscovy Company. The date of the death of Mary
is in turn the period when our Jenkinson had been travelling on his first voyage to Russia
(he left London on May 1557).
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Figure 4. Ivan IV Terrible and Anthony Jenkinson (from the genuine map)

Important dates for the mentioned period were following events as attachment of Khanate of
Kazan (1552) and Astrakhan Khanate (1556), as well as subordination by tsar the Nogai Orda
and Khanate of Sibir. At the time the Russian neighborhood played an important role — Poland
and Lithuania, for instance Ivan’s suffering the defeat in the war with Livonia (1557/1558 -
1570). To have an access to the Baltic coast was the main reason of the battle at that time.

This short introduction to historical epoch of our map of Russia let us take a look at the map
of this point of view. Historical content is reflected in numerous texts on the map, as well as,
for instance in silhouettes of numerous khans which are placed in the right-hand part of the
map in its south-eastern fragment of the territory. In the left-hand part of the map there is
only one figure of khan -“Ismail Sophi” near the Ardevil town (“Ardabil” in the map). This
city is situated close to the other important city, Tabris (“Tenbres”) and in the western
direction there is yet one more important city Kazvin (“Cafby” in the map).

Opposite to the left-hand side of the map, in the right-hand side, are five figures of khans.
There are (going from the south): “Kovrcot chan”- to the north of “montes paraponise” , “Alie
chan”-in “Kirges” region, “Blag chan”- in “Boghar” region, “Azim chan”-in “Turkmen” region
and “Aphis chan”- in “Taskent” region, to the north of “Ta/kent” city.

As far as the content on regions included is concerned the best idea is to quote full list

mentioned in the bottom of the title cartouche, i.e. left hand corner of the map. This goes as
follows:

“Johannes Baflius Dei gratia, Magnus Imperator totius Rupiae, Magnus Dux Vladimiriae,
Mo Jeoviae, Nouogardiae, Imperator Affrachaniae atque Liuoniae, magnus Dux Plafouiae,
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Smolenciae, Tueriae, logoriae, Permiae, Viatiae, Bolgoriae, etc. Imperator et magnus Dux
Nouogardiae Niuociorum, Chernigouiae, Rezaniae, Volotine, Erzeuiae, Bieliae, Jaroslauiae,
Belozeriae, Vdoriae, Obdoriae, Condiniae, et aliarum multarum regionum Imperator atque
...(2)totius Septentrionis dominus”.

As the historical description we can also consider the following one!®: “Haec pars Lituaniae,
hic descripta, Imperatori Ruffiae fubdita” (transl. “this part of Lithuania, here depicted, is
subordinated to tsar”). Similar description concerns the subordination of the part of Livonia.

One of the descriptions is a historical one only at its beginning: “Permiani et Condoriani,
aliquando Ethnici fuerunt, at nunc a Ruporum Caefare perdomiti,...” (transl.”Permians and
Condorians were in past times one nation, but now they have been conquered by Russian
tsar”).

The subsequent text of historical content is: “Crimae funt Mahumetiftae, quibus cum Mo jeouitis
a/fiduum bellum intercedit” (transl. “Crymens are Mahometans, who still proceed the war
against Moscow”), “Cazane Regnum Tartariae fuit Anno 1551 expugnatum ac Imperatori
Rupiae subiectum” (transl. “Cazane kingdom was taken away from Tartaria and subjected
to Russia in 1551”), “Afracan Tartarorum regnum fuit anno 1554 fubactum, ac imperio Ru/fiae
adiectum” (transl. “Tartar region Astrakhan was conquered and attached to Russian
Empire in 1554”).

Here again there is only the beginning of the text which can be interesting from the
historical point of view: “Medi, Per/aeque Mahumetani funt, apidueque cum Turcis Tartarifque
pugna confligunt...”(transl. “Meds and Persians are Mahometans, they are still fighting with
Turkish Tartars”).

Interesting is the description close to Caspian east coast region: “Turcomannorum imperium
inter quinque fratres e/t partitum, quorum qui primas tenet Azim Chan nominatus ef. Reliquero,
Sultani appellatur. Quique jolum oppida uel potius caftra subiectione et imperio suo tennet” (transl.
“Turkmens Empire is divided between five brothers, one of them, the leading one, is called
Azim Khan, the next are designated Sultans. Only five towns or rather camps are
subordinated to them”).

The next text is to be continuation of the previous one and it goes: “Horum Vrgence Principem
locum tenet. Incolae Mahumeticam fectam agno/eunt, uivuntque iuxta Nagaiorum confuetudinem, ac
cum Perfarum Principe (uulgo Sophi nuncupato) continenter belligerantur” (transl. “The period
and place of the Urgench Duchy. Habitants practice the Mahometan religion, and live
according to Nagai customs and with the duke of Persians (so called Sophi), they
permanently wage the war”).

10 Every one of the texts quoted here is transliterated according to the originals. The two exceptions to the rule the
author used are in the cases when the end of the word was for instance “rit”. Than the form “rum” was used or instead
of “e’” in text author used the end “ae”.

For the translated texts of genuine Jenkinson’s map from Latin to Polish the author wishes to thank Dr Wojciech
Mrozowicz from Wroctaw University Institute of History
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Figure 5. Northwards of the Caspian Sea in the genuine Jenkinson’s map

Some other interesting descriptions are as follows: “Vrbs Corafon a Rege Perfico adiuuantibus
Tartaris anno 1558 expugnata fuit” (transl. “The city Corason had been captured in 1558 by the
Persian king, who was supported by Tartars”), “Shamarcandia olim totius Tartariae metropolis
fuit, at nunc ruinis deformis iacet, una cum multis antiquitatis uefigijs. Hic conditus ef =
Tamerlanns ille, qui olim Turcarum Imperatorem Baiazitem captivi aureis catenis uinctum
circumtulit. Incolae mahumetani funt” (transl. “Samarcanda was a capitol of the entire Tartaria,
now is in ruinous state, however with numerous ancient relics. It was founded by Tamerlan,
who in early times conducted emperor of Turks Bajazyd, who was chained in golden
chains. The habitants are Mahometans”), “Boghar urbs ampli/fima, aliquando Perfis fuit
subdita. Ciues Mahumeticam herefim amplexantur, Perficaeque loquuntur. Frequentia hic junt
commercia, tum ex Cataya, India, Perfia, alijsque orbis tractibus” (transl. “Boghar is the most
extentsive city, in early times it was subjected to Persians. The habitants are heretic
Mahometans and they speak Persian. There are often trade fairs, /merchants/ come from
China, India, Persia and from other districts of different countries”), “Rex hic aduer fus
Cajsachios a/fidua bella mouet, quae gens nuper prope exterminata fuerat” (transl. “This King is
still fighting against Khasack tribes. Once they have been close to be chase away”),
“Princeps hic cum Indis plurimae habet certamina, qui ad auftrum illi finitimi funt” (transl.
“This duke is still fighting with Hinduss, who are his neighbours from the south”),
“Cafcarae princeps Mahumetanus est, ac cum Kirgijs bella mouet” (transl. “Duke of Caskhara is
Mahometan and he is fighting against Kirghiz”).

Conclusion: these above mentioned descriptions placed in the map give us quite a rich
material on history of the territory in question.
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Figure 6. Right hand lower part of the genuine map

5.2. Genuine map from the geographical point of view with a short introduction
of the history of cartography of Russia

To examine the subject of the Jenkinson’s map from the geographical point of view, it is
worth devoting some place to history of cartography of Russia. Obviously, this field is best
known by native scholars. One of them is for instance Professor Alexey V. Postnikov. Before
we take into account his publication from 2000, we should go back to the ancient times. Here
should be mentioned for example Hecataeus of Miletus (c. 550 — 480 BC), Herodot from
Halicarnassus (c. 484 — 425 BC), Dicearchus of Messana (c. 350 — 285 BC) or Eratostenes (c.
276 — 196 BC) and of course many others. On the map of the world by Dicaearchus it is the
most amazing because already depicted in south-north extension of the Caspian Sea, and as
we know this error was presented on early maps up until the beginning of the 18t century,
for instance on ].B. Homann’s map in 1720 (“Generalis Totius Impeii Moscoviti”). As well as on
the Dicaearchus map, there is already a symbol of the cartographic net in form of two
perpendicular lines — the meridian which crosses Rhodos Island and parallel, so called
diaphragma, which start from Pillars of Hercules (Strait of Gibraltar), and it runs to the
Himalaya Mountains. The proper shape of Caspian Sea was undoubtedly known by ancient
people, what we can learn from the article by Leo Bagrow!.

On the maps of ancient geographers and cartographers untill the times of Claudius
Ptolemaeus (100 — c.168) one may observe the development of geographical knowledge.

1 Bagrow, L., Italians on the Caspian, Imago Mundi 13, pp. 2-10
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Some information were repeated together with the development from one to the next
generation. This happened with the presentation of the Oxus or Ougus river'? which was so
depicted until the first quarter of the 18t century. As an example can be shown the map by
Christfried Kircher of 1734 or J.B. Homann’s map of Kilania (and different other dates of its
editions)®.

As far as the domestic Russian cartography is concerned, it is necessary to come back to the
above mentioned Alexey V. Postnikov’s article. We read there that the first document of
Russian domestic cartography was so-called “Nikon’s latopis”. The earliest Russian maps
initially were composed for small fragments of areas, for instance a vicinities of rivers,
meadows, then strongholds, and finally cities. The last were created mainly for military
needs. Road maps in turn were created for mission needs to be used by monks. The maps
of northern sea lands were made because of sailors’” and fishermen’s needs. However,
despite of existence of much information in Russian transmissions in maps and drawings,
practically they had not survived. There are, however, many maps, which have been
made by foreign cartographers, who in their diaries or accounts were writing about the
politeness Russian natives showed towards the foreigners. They were particularly very
helpful in every aspect in terrain. It is even possible that they served some sketch maps of
a small parts of a given area like those experienced traders and voyagers of the Muscovy
Company. Professor Postnikov writes about the Polish cartographer G. Maintsky, who,
according to the Professor, was an author of the world map of 1100, where he already
marked Russia as a country situated northerly of the Danube. The next cartographic
document where the Russia territory is marked is the famous Ebstorf map of the end of
13th century. On the map Professor Postnikov notices fourteen times the different names
connected with the region of Russia.

As far as the territory of South Asia is concerned, we should not forget about the voyages by
13 century latest half traveller Marco Polo (1254 — 1324). Together with his brother he
passed the so-called Silk Road (south of the Black Sea and Caspian Sea) and reached China,
and, like Jenkinson, later on, Marco Polo passed the same dangerous Bokhara, as well as
was a guest on the court of Great Khan of Persia.

From the year 1459 comes the world map by Fra Mauro, however, there is a quite detailed
fragment of territory of Russia which is therefore why it should be quoted here (Borodaev &
Kontev, A. V., 2007). Very good picture of the part of the region in the book illustrates the
fragment of the map (p. 20). We find the description on this map on the next page. On
subsequent maps appear more detailed pictures of Sarmatia* — for instance in 1513
Strasburg edition of “Geography” by Ptolemaeus.

2The name Oxus is the Arabic name of Ougus (more read later on)

13 This map has been kindly indicated by Professor Alexander Podosinov

14 Sarmatia is the region situated between Vistula river and Caspian Sea. This name became famous thanks to well-
known Polish classic writer Henryk Sienkiewicz. In 16% century there was another Polish writer — Matthaeus of
Miechov (1457 - 1523, so called Miechowita in Polish), who described this region in his “Tractatus de duabus
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16% Century is a golden age of very comprehensive geographical works where the maps
became quite often illustrations of the texts. The most famous is so-called “Cosmography” by
Sebastian Miinster (1488 — 1552). In its first edition of 1544 in Basilea we can find the map of
Moscovia, as well. However, the real cartography of Russia begins from Dmitry Gerasimov
(c.1465 - ¢.1535), who was the Russian ambassador. He passed his observations on Moscovia
to Paolo Jovio® (1483 — 1552). Next, Battista Agnese (1500 — 1564) published the Jovius map
in his Venice edition of 1554 (reproduction of the map in Szykula’s article, 2000).

The next important map of Russia was prepared by Baron Sigismund Herberstein (1486 -
1566). It is the result of his travels to Russia. He was an Austrian diplomat and the
messenger of the emperor Maximilian I (1459 — 1519). The map has been made in wood by
Augustin Hirschfogel in 1546, and published in 1549 in the book by Herberstein “Rerum
Moscoviticarum commentarii” and it is the first comprehensive report on the Moscovia State.

Dates 1537, 1542, 1555 and 1570 are the years of subsequent editions of the map by Anton
Wied. This one has been made on basis of an information by I(van?) V(asilevich?) Liacky.

Now it is time when the Jenkinson’s map should be already described from the geographical
point of view. The left-hand half of the map which has been already mentioned in this
respect is the richer one than the right. The latter is not only poorer in those physiographical
elements but generally speaking in most degree erroneous in its representation. On the other
hand it is richer in decorative components. As was already mentioned, the Ortelius
rendition is the most faithful to the original map, especially at its left hand part. Vaughan,
Earnest Vancourt (1912) was the one who very accurately analyzed Ortelius’ rendition.

Obviously many other historians were engaged in analyzing the map, too, but still before
the original has been found. After the discovery of the genuine copy of Jenkinson’s map we
can find the first descriptions on the relation between genuine copy and the Ortelius’
rendition: Szykula, K., (1989) in the conference book and Baron S.H. (1993) more
comprehensive description. Next in: Szykula K. (1995), Szykula K. (2000).

Now to attempt to analyze the genuine copy in this respect, it is worth remembering some
common opinion which was expressed by many scholars, that the north-western part of the
map has been made by Jenkinson on the basis of the manuscript map by William Borough
(1558) — reproduction in Szykula’s, K. (2000), south-western part on the basis of Anton
Wied’s, but the most erroneous east part by Anthony Jenkinson himself. Obviously, it
would be nothing strange that Jenkinson should use the existing maps of his predecessors,
but on the other hand such an opinion is to some degree rather unjust. At first, because he
himself personally first overcame the roads so far inside Russia and as a first Englishman
reached Buchara region at the time - previously Bokhara region have been reached only by
Marco Polo. Before the map has been depicted, he has been exploring the western region of

Sarmatiis” (1517) where he paid attention to the error made by Ptolemaeus regarding the Ripheans and Hyperboreans
mountains in lower Moscovia state. However, later on Herberstein in his work (1549) identified them as Ural
mountains.

15See Rybakov B.A., Novoodkrytaja karta Moskovii 1525 g. OteCestvennye archivy, 4. pp. 3-8
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Moscovia three times. This shows his great and rather correct knowledge of the way in
question, to Persia, too. Some proof makes, too, his detailed diary in which we read about
his numerous measurements along the way, by log (distances) and astrolabe (latitudes). He
also gives many concrete data on estimated value of latitudes as well as distances in miles or
in number of days. The north orientation of his map is the next proof of the modern attitude
to cartography, however, known already from the Ptolemaeus atlas, but more innovative to
Wied’s map, which is, according to its author, an eastern one, but south-eastern because of
some elements on the map.

Figure 7. White Sea region on the genuine map

The visual eastern border of the left half of the map reaches the lower course of the Ob river,
“Tiumen "region, east coast of Caspian Sea, crosses the “Ougus”river, and in the southern
part of the territory reaches the north end of the Persia and Hindukush mountains, where
river Ougus takes its source. As far as the descriptions of the rivers here is concerned, the
author asks the reader to be understanding if she will not always follow the principle to
describe them from the upper course as it is usually practiced. To continue the subject and
going from the south-eastern part there is the Black Sea but it is covered by the cartouche
containing the comprehensive dedication to Henry Sidney, as the sponsor of the map. We
can only notice the north part of the Sea, i.e. Azov Sea (“Palus Meotis” in the map). In the
western part of the Sea is the Dnieper river (“Birifines uel neper” in the map). The river goes
from the north reaching its source in the non-existing “volock” lake.

Into the Azov Sea flows Don river (“don uel tanais fl.”). Then it turns to the north-eastern
direction, where from the west it leaves the “Crimea” region. Further the river passes
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“Mordva” and “Reza” regions crossing two lakes — smaller one “Iuan ozera” and the larger
one “ploglar ozera”. Finally it reaches the smallest of them “rezanskoy ozera”.

Between the two mentioned seas runs two mountain ranges marked with small hillocks,
which are almost for sure Kaukaz mountains. The name of this region is marked “Chirkassi
Petigorski”. Below is Kura river (“Cirus fl.”). To finish the description of the left lower part of
the map, it is worth mentioning the cities of the region, but they will be included in the
“Dictionary” of further “Monography “. In this chapter there should be yet considered
Kaspian Sea (“Mare Caspium”) with the estuary of Volga river. It changes its names (“Volga

" or “Volga Rha uel Edel fl.” or “volgha fl.”). The another one is Ural river mouth (“bogthiar”
& “Yaik fl.”). However, coming back to the course of proper Volga going from its estuary in
Caspian Sea - its first half of the course is better shown than in other early maps, however
we can say that there is not one Volga river! The proper course of Volga river goes from the
Caspian Sea under the name “volga fl. and “Volga fl.””. Then from Kazan (“Cazane gorode”) it
turns by 90° angle to the west to Nizhny Novgorod (“Nifwougorod”), next it takes the name
“Volga, Rha, uel Edel, fl.”. Between the city Balachna (“Balaghna”) and Kastroma (“Ca/frome”)
the river takes back the name of “volga fI.” and just behind Yaroslav (“yearaslaue”) it bifurcate
into two Volga rivers. One of them flows to the south (“volga, rha, uel edel, fl.”) and finishes
its course in mysterious “volock lacus” going subsequently through Yaroslav city
(“yearoslaue”) “finishing” its proper course to Tver (“Tuer”) and then to “volock lacus”as
“volga, rha, vel edel, fl.”. The other one (“volgha fl”) reaches White See (“biatla ozera”). In the
mentioned “volock lacus” are also sources of so-called western Dvina and Dnieper river.
“Duina fl” flows through Vitebsk city (“Widep/fy”). To-day it flows to the Riga Gulf and its
source it takes in the Valdai hills (Latvia).Coming back to the Caspian Sea from Volga
toward the east is the river Ural, which today flows through Nagaya region (“Nagaia”), and
in a wider sense Tartaria. In this quarter of the map — in the east side we have yet today
Kara-Bogaz Gulf, in the shape of widely extent and long mouth of the Ougus river (Amu-
Daria). In this part of the map we have many different regions. Going from the south there
are: “Petigorski”, “Astracan”, “Chirkassi”, Crimea”, Mordva”, “Rezane”, “Volodemer”,
“Novogardia”, “Ceremise Gorni”, “ “Ceremise Lowgovoi”, “Casane”, “Vstimia”, “Vologda”,
“Cargapolia”, “Meschora”, “Dvina”, “Permia”, “Condora”, and “Obdora”. Coming back to the
north-western border of the quarter of the map there is east part of Livonia (“Livonia”) and
Lithuania (“Litvania”). Neva river flows into Finland Gulf (“Sinus Finlandicus”). In the map
Neva takes name of “volgha fl.”As far as the west-northern part of the western half of the
map is concerned, there is one more Volga river but this one are today’s Neva and Svir
rivers. There are equally two well known lakes Ladoga and Onega, but in Jenkinson’s map
they change places and sizes with each other. Namely, Onega Lake (“Ourfiock lacus”) is
larger than Ladoga Lake (“Viadijoy lacus”). Further to the north is situated White Lake
(“biatla ozera”), which is on the way of Onega river (“Onega f1.”) and the river finally flows
correctly to the bay of White Sea, today’s Onega Bay. In the north-east fragment of the
western half of the map there are yet three great rivers — North Dvina (“duina”), Mezen river
(“mezena fl”) and Petshora river (“Pechora fl.”). The fourth river Ob makes some kind of the
border between west and east half of the Jenkinson map. All of the rivers mentioned here
have its own tributaries in the map, but not every one of them is named. One more river in
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the western half of the map is Kama river (“Cama fl.”) and Samara river (“/amar fl.”) as the
easternmost tributaries of the Volga river.As has been said, the right hand half of the map is
quite a controversial one. It has to be remembered it had been taken into consideration by
Ortelius, too, but neglected in de Jode’s rendition. In an eastern part of the western
Jenkinson’s map territory we have only the lower course of the Ob. In the map it flows to
North Sea if we translate “Mare Septentrionale”, but its source is in the Chinese Lake (“Kitaia
Lacvs”). From the opposite side of the lake the river called by Jenkinson “/ur” flows into the
lake. Its source in the map is in Tashkent as far as to Tashkent (“Taskent”) and probably it is
to-day Sir-Darya river with its tributary Zeravshan (“Amov fl.”) Today Zeravshan is the
tributary of Amu-Darya river. In the map “Amow” river flows around three relatively big
cities: “Cofin”,“ghudowa”and Bokhara (“Boghar”).The Ougus river with its tributary
“ardock” is situated in the southern part of the map and the source of this river is in
Hindukush mountains (“montes paraponi/i”) at the south-eastern end of the map. There is
the name “Mhoghol” and “Kirges”, too, in the right lower corner of the fragment. In this
part of the map, to begin from the west, are marked following cities: “Shay/fire” and
“Vrgencz”, and in bifurcation of two rivers “ardock” and “Ougus” is the city “Cante”.
Further on the river Ougus there is “Caracoll” and to the south “kw/iy”. Close to the
“montes paraponise” there is a city “balgh”. In the east we have a city “Audeghen”, and a
little higher to the west there are: “Samarcandia” and “Arfow”. Close to the upper course of
the “ur” river is “Ta/kent”, and close to the river “Amow” — “kyrmina”. In this right hand
fragment of the map there are also the names of the regions: “Taskent”, “Marghan”,
“Tvrkmen”, “Boghar”, “Kiata”, and as the biggest one “Tartaria”. Further:“Cassac”,
Molgomzaia”, “Baida”, “Colmack” and again the biggest ones “Samoieda” and “Tvmen” (to
the west of “Kitaia Lacvs”) and finally below “Tumen”- “Nagaia” region. At the end of this
subchapter worth mentioning is one more physiographic element - clusters of forests in
Jenkinson’s map. Here they are represented very picturesquely by smaller or wider
clusters of the forests in the form of the trees which are not distinguished as the
deciduous or coniferous forests, but overlapped one on another. Fauna, the topic which
somebody would include in the physiographic elements, here is to be reviewed together
with the ethnographic content of the map.

5.3. Mathematical basis of the map. Experimental attempt to the method of
examining the differences of the old maps and their cartographical nets by
means of the nets of triangles

The distinctive feature of early maps are different scales on the same map. It is because the
cartographers compiled different maps which were made by using a different scales. Hence,
we can observe numerous errors in several parts of the maps. According to numerous
measurements of the distances made by the author the average scale of Jenkinson’s map
occurred to be about 1: 5 083 871 (Szykuta, 1995). Whereas, the scale which has been counted
on the basis of three scales on the map, i.e. in Russian miles, English and Spanish miles ,
according to professor Baron has been assessed to be between 1:6 000 000 to 1: 7 800 000
(Baron, 1993).
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The other reason of the distortions in the early maps was obviously the imperfection of the
measuring instruments used then. In 16" century there were used so-called logs for
measuring the distances. Jenkinson used it for instance during his journey by Volga river,
whereas for measuring the latitude he used so-called astrolabe, the most popular device in
16 century which enabled him to measure the position of the sun or stars. This instrument
was still modernized and used until the 18% century. As far as the designation of the
longitude is concerned, it was still a very difficult task at that time. Therefore Jenkinson in
his map marked only latitudes on the frames of the map. The map has no cartographical net.
It was the reason why the author used her own method in the form of a rectangular net to
show the differences between the examined maps and in the same way to try to determine
its projection. Simply because well-known distortion net is possible to be used only if the
cartographical net is used. The method the author first time has shown in 1994 during the
implementation of the grant Project given by so-called Polish “State Committee for Scientific
Research” (in Polish KBN). Then, the author invented the method and shown in graphic
form in two poster sessions on Zurich (1994) and Vienna Conference (Szykuta, K., 1995).
Next in a sketch description in the publication from the national Conference in Pobierowo
(Szykula, K., 2008). However, its final graphic result the author is going to present in her
“Monograph” - then to be evidently proven by specialists of geodesy. Now short
description should be presented to the readers to let them see what is a basic principle of
this method.

The nets of triangles have been depicted on every one of the maps, including contemporary
maps, which have been chosen to be compared with Jenkinson’s and other 16" century
maps of different authors. The number of triangles could be assumed by the author himself.
In case of Jenkinson’s map it has been used ten triangles. The points of cities, mouth of
rivers and so on have been used as a vertexes of the triangles. The triangle nets to be
compared were fixed in two position — first in natural position (according to the lower frame
of the map), i.e. the given orientation and the second one according to one of the side of the
triangle which has been chosen by the author, but fixed vertically for every one of the maps
the same. In this way it was possible to observe how the whole given figure turned out and
how subsequent triangles changed its angles, surfaces and sides of the triangles. Sometimes
they changed not only their shape, but also vanished at all or they overlapped. Every figure
with precisely measured angles of the triangles had been then introduced to the computer in
a special Program. The results on the printed triangle nets were noticeable at the first glance.
It was especially interesting when we turned the figures according to the same vertically
fixed side of the given triangle. Then we could define closer an orientation of the map, as
well as to compare the triangle nets depicted on contemporary maps, too.

Summing up the benefits of the method we can shortly mention them as follows: 1/
possibility to identify the non-existing projection, 2/ to notice the differences in the
localization of the subsequent points as cities, mouth of rivers and so on, 3/ to define an
orientation of the map and 4/ to find most uncorrected places in maps of our interest
according to subsequent triangles.
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Figure 8. The triangle net from the Jenkinson genuine map - an initial (basic) figure to be compared
with every other maps (the sketch and legend in Polish because it has been made in Polish Project then)

Figure 9. Triangle nets of the same region from maps of Russia by different authors (author of the
whole conception Krystyna Szykuta, the triangle nets introduced to a computer program by Mariusz
Ozarowski)

Going back to our map, the above mentioned method clearly has shown the innovativeness
of our genuine map and the similarities between renditions and the genuine copy of the
Jenkinson map. Amazing similarity the author has found, too, if a figure of the one of
contemporary maps of the territory in question has been taken. Then it evidently occurred
that possibly Jenkinson used a similar or even the same projection which has been used in
the contemporary map.

From the geometrical point of view Jenkinson’s map is undoubtedly quite innovative. The
same conclusion concerns an orientation of the map when we compare two figures - taken
for instance from Jenkinson’s and Wied’s map.
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Figure 10. Triangle nets depicted on maps of different authors being compared with Jenkinson’s map.
They are fixed vertically according to one common axis Moscow-Azov. The fragment of the poster
presentation in mentioned Zurich and Vienna Conferences

5.4. Ethnographic content on the Jenkinson’s map, including its fauna

As far as the ethnographic elements in Jenkinson’s map are concerned, it is exceptionally
rich, although this is rather typical for the 16t century maps. However, it can be an
outstanding source of information for the specialists of different fields'¢. In this respect the
genuine copy significantly dominates over its renditions. Although fauna is usually joined
with physiography, however, in this article the author decided to join it with ethnography
because the human being from the earliest times has lived with animals to use them as the
means of transport and, unfortunately, as the foodstuffs, too. As the means of transport we
can see numerous camels and as the means of food we can see hunters with their trophies.

16 During the Polish Project 1994/1995 the author found interesting work in Antwerp Plantin Museum by B. Vuylsteke,
entitled “Het Theatrum orbis terrarium van Abraham Ortelius (1595). Een studie van decoratieve elementen en de
gehistreerde voorstellingen (unpublished Ph.D. thesis), Louvain 1984.
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We can also notice the connections between animals and people in so-called numerous
genre scenes. There are camps of Cossacks, Tartars, Samoyeds depending on the given
region in the map. From the human figures there are mostly warriors of different kinds
depending on the region they are depicting. The warriors are equipped with a bows.
Especially in the left part of the map we can notice many warriors who are shooting with the
bows. In the east in turn we have already mentioned procession of the figures of sitting
khans. There are also some dog-teams or deer-teams in the north of the map territory and
camel-teams in the middle of the map — north of the Caspian Sea. In this fragment of the
map we can see herds of sheep and tarpans, too. In the south-eastern part there are even
panthers in Tashkent region. In the east are hordes of Tartars living in characteristic tents.
Worth to draw attention to are two-wheeled carts, to which camels are hitched. Numerous
horses are used to horse riding, furnished with bows or lances.

There are three religious scenes. First of them in the upper right corner close to camp in
“Colmack” region (the Khanate of Sibir at that time), is the scene where the group of a few
believers worships the sun. The comment on the map to this scene goes as follows:
“Molgomzaiani, Baidai, Colmachij, Ethinici Junt, Jolem, uel rubrum pannum, de pertica ﬁf/faenﬁtm
adorant. In castris uitam ducunt, ac omnium animantium, erpenitum, uermiamque, ac proprio
idiomate utuntur.” (transl. “Molgomzaians, Baidais, Colmachias, they are tribes, who
worship the sun or a coat which is erected up on the perch. They lived in strongholds and
use all the creatures as snakes and every of worms, as well as they use their own way of
speaking or language”)

The next object is worshipped by Samoyeds. It is so-called Golden Woman (Zlata Baba in
Russian). The figure of the woman is sitting on some kind of pedestal and holding a small
child. In Jenkinson’s map it is situated in “Obdora” region, between the mouth of Ob toward
the sea and the unnamed mountain range. Undoubtedly it is the North Ural. Quite a long
description on the scene in Latin is placed on the opposite side of Ob river where we read:
“Zlata Baba id ef (aurea uetula) fedet, puerum ad genua tenens, qui nepos dicitur, Jfatua haec, ab
Obdorianis, et logorianis, religiofe colitur. Qui laudati/fimas, et maximi precij pelles Zebellinas Idole
huic offerunt, una cum reliquis ferarum pellibus. Ceruos etiam facrificio mactant, quorum Jfinguine,
os, oculos, ac reliqua fimulachri membra ungunt. Intefina uero etiam cruda deuorant, sacrificij
autem tempore, Jacerdos Idolum consulit, quid ipfis faciendum, quoue /it migrandum, ipfumque
(dictu mirum) certa confulentibus dat refponsa, certique euentus confequuntur.” (transl.: “Zlata
Baba (Golden Woman), is seated and holds a boy-known as the ancestor at her knees.
Obdorians and Iogorians worship the statue of Golden Woman and offer her their most
valuable animal skins. They sacrifice deer to her, smearing the mouth, eyes, and other parts
of the goddess with the animals” blood. They eat the entrails raw. During the sacrificial
ceremony, their priest asks the goddess for advice, and strange to believe - receives credible
answers, and certain incidents follow”, see fig. 6)

Above mentioned pedestal with “Zlata Baba” has been used not only by Jenkinson but by
Herberstein, Mercator and Wied in their maps as well. However, in every of these maps
they differ from each other in subsequent representations. Accompanying descriptions on
every of these representations on these maps are different as well.
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Third interesting religious scene is the picture in Kirgiz region as follows: ”Kirgei gens ef,
quae cateruatim degit, id est in Hordis, apidueque cum mhogholis gerit, habetque ritum iftiufmodi.
Ipsorum untiftes aut facrificus, quo tempore rem diuinam peragit, Jinguine, lucte et fimo
iumentorum acceptis, ac terrae mixtis, ac in uas quiddam infusis, una cum hoc arborem fandit, atque
hinc diu uel populum concionatus, in fultam plebeculum Jpergit. Populus uero in terram pronus,
adorabundu fque, aspersiunculam hanc pro deo colit: firmeque credit, nihil e/l perinde /alutare ac
terram, pecus, armentaque et cum quis inter eos diem obit, loco Jepulture arboribus
Jufpendit.” (transl. “Kirgiz are tribes who live in teams, i.e. hordes, they still are at war with
Mongols and practice their own ritual: their priests when they are serving the God make an
offering. They take the blood, milk and cattle excrements, mix them together with a soil and
pour to the dish. Then, the priest takes this mixture and climbs up a tree and next has a long
teaching talk he spreads the mixture blessing the people. For the people who are bowing to
the ground it means to be worshipping the idol (God?). He probably considers that it is
more important to bless from up than from the ground every animal or people. As far as the
dead people are concerned they are hanging here on the trees instead of being buried.

We can classify the signatures of the cities rather to decorative elements, however they were
popular in 16t century maps. The examples can be picturesque signatures of “V/fiuge”
(Veliki Ustiug), “Tour/ock” (Torzok) or “Cazane gorode”(Kazan)

5.5. Toponymy on the Jenkinson’s map; the language and ortography

Toponymy and the orthography on the Jenkinson’s map has been already considered by the
author in her article (Szykula, K., 2010), published in a special jubilee volume devoted to the
50t work anniversary of Professor of the Stettin University Olga Molchanova = Molczanowa
or Molcanova (Ad Fontes, 2010).

In the first part of the paper the author shared with the readers her remarks, doubts and
difficulties, which accompanied her during the creation of the dictionary being in
preparation. The cause of the difficulties were the differences in the orthography on every of
the examined maps. We sometimes meet interesting phenomenon on some of the maps
where the represented region is not a native for given cartographer. This happens for
instance in case of Mercator’s and de Jode’s map when they marked the same cities many
times because of the different versions of their names they met on several maps. In
Mercator’s map it concerns for instance Polish city Bydgoszcz which takes following names
to be in fact the same city. There are: “Bromberg”, “Bidgostia”, “Bizgelaw” and “Biltgotz”. In de
Jode’s rendition of Jenkinson’s map there are in turn: “Bobrouefo”, “Bobranfo” and
“Bobrouensko” (to-day Bobruysk in Russian).

In the mentioned article the author was comparing the toponymy on different 16t century
maps in their relation to the Jenkinson’s map. Examined in this respect were Wied’s map, by
brother’s Doetecum (so called Daskov'” = Dashkow map), Sigismund Herberstein and

17 Pavel Jakovlevich Dashkov (1849-1910) was the bibliographer and collector of the historical documents to St.
Petersbourg in which the Doetecum map has survived and now is in the State Historical Museum in Moscow.
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Giacomo Gastaldi (1500 - 1566) — map of 1551 (in the map itself the 1550 date has been
written).

When we are examining toponymy we take into account such physiographic elements as:
mountains, rivers, lakes, gulfs or bays, islands, peninsulas but as well as names of cities,
ethnic or administrative names and every other elements that bear the geographical names
in the maps.

The other phenomenon is when the names differ sometimes only in their orthography, but
in some cases there are quite unrecognizable changes to the names. To mention some of
them there are for instance: “Kinieshma” in temporary map, “Kmysma” in the Jenkinson's
map, “Kmijshma” in Ortelius’ rendition and “Kmijshma” in de Jode’s rendition. If we
compare the genuine Jenkinson’s map with Doetecum map there is for instance “Choghloma”
in Jenkinson’s and “Czohloma” in Doetecum map.

The case is very interesting if we compare Jenkinson’s map with Wied’s map. The latter
used so-called Cyrillic script, not only for the names but for the quite comprehensive text
situated in the bottom of the map as well.
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Figure 11. Fragment of the cartouche from the Wied’s map of Russia

The names in question have double forms — in Latin and Cyrillic script. The next question is
how the two editions of the Wied’s map differ from each other. In his map of Moscovia
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published in 1542 there is the city “Wollozeck” , but in the edition from 1570 — there is the
version “Wollo/k”. Interesting as well as is the name of then north sea in Jenkinson’s and
Wied’s maps. Jenkinson called it “Mare Septentrionale”, whereas Wied (1542) — “Mare
Sarmacia”.

Jenkinson’s map in relation to Herbestein’s and Doetecum map gave interesting results in
case of the name “Kiev”: in Jenkinson’s the name of the city is “Kiou”, in Herberstein -
“Kiow”, and in Doetecum - “Kioff”. In Wied’s map we have even a typical Polish letter “¢” in
the sentence “Dux Mo/tovie tranffert”. To summarize, the mentioned subject has been here
only touched. In “Monograph”, however, it will be obviously extended. As far as the
Borough’s manuscript map is concerned we can find the similarities, but not in every
respect. There are some cities or other geographical names which significantly differ
geographically. We then may raise the question if Jenkinson used Borough’s map at all as a

model in this small north-western part of Russia.

6. Intriguing geographical elements in relation to the 16%* century
geographical picture of Russia

Taking into account the most intriguing geographical elements in the Jenkinson’s map we
have to mention: northern Volga river, lakes: “volock lacvs” and “Kitaia Lacvs”, as well as the
rivers “Amow fl.” and “Ougus fl.”

Every of the mentioned elements has been already considered in Polish articles published by
the author (Szykuta K., 1995 & 2000) and in one published in English (2005) — available in
the Internet, too. Unfortunately, the latest has been limited by the editor and therefore it is
there not in its original form and without most of the figures.

The problem of north Volga river has been already described in the subchapter on the
physiographic elements. To remind it, the error is a consequence of the incorrect name of the
Volga river, because instead of “Volgha fl.” it should be there today’s Neva, Swir and
Volkhov rivers. Quite a rich history have already the so-called “volock lacvs”. We can find
some information in very useful 18% century dictionary of geographical names
“Historisch=Politisch=Geographischer Atlas, 1774-1750". This is the German version of the
French Lexicon by Bruzen de la Martiniere. Under the head “Wolochs, Volock” we read there
(in transl.): “the city in Russia, see “Wolocz”, and there: “a small city in State Russia in the
province Rzeva, on the border of the Dutch of Moscovia, not far from the Fronowo Lake, on the outer
edge “Wolkonsky Forest” (Volkonski les in Russian). The description could be correct in
respect of the place of the lake in question in the Wied’s map, however, this author carefully
left this lake without geographical name. Herberstein placed the Fronowo Lake at the source
of Dvina as “Dwina Lacq.” We find another explanation in the history of cartography by well
known Polish historian of cartography Stanistaw Alexandrowicz in his book on the history
of cartography of Lithuania (1989, p. 57, footnote 25). He considers there that the incorrect
information has been found in Polish historiographer’s Jan Dlugosz “Chorographia”, and he
quotes “Annales seu cronicae”, lib. I, p. 99. There the author of the work writes about a big
lake or marsh which lays 30 miles from Smolensk towards Novgorod, where three rivers
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have their mouth: so called western Dvina, Volga and Dnieper. This information has been
used again by famous Polish cartographer Bernard Wapowski. He placed the lake in
question in his not surviving map of the Northern Sarmatia. Then, the information has been
taken over again by Wied and placed in his map. Finally, the lake’s name has been retaken
by Jenkinson. According to Professor Alexandrowicz (1989) the name of the lake comes from
the city “Wysnij Wolocek” (Wyshni Wolochek). In turn in above mentioned map from 1525
(Gerasimow-Jovius-Agnese map) this lake is called “Palus magna”, and there meets Volgha,
Dnieper, Dvina, and additionally to Jenkinson’s representation — the Neva river. Professor
Samuel H. Baron (1993, p. 58, footnote 10) gives some other conception. He claims that this
mistake comes from Gerasimov and then from Miinster’s map. This mistake could be also
explained by the translation of the word “volock”- in Russian language it means “the
carriage across the river”. Then, it could be understood as the lake, especially that the terrain
on which the lake is situated is full of marshes. The lake could be also identified with
mentioned here Fronovo Lake, which is also mentioned by Jovius (Baron, S.H., 1986) and
was confirmed above by the quotation from the Bruzen de la Martiniere Lexicon on the lake.

The next problematical element worth to be considered here is “Kitaia Lacvs” which has been
already discussed several times in many articles, and which representation has been
depicted on numerous maps. The number of conceptions, too, was presented. However, in
spite of so many theories, which based on quite a real research results, it is difficult to resist
an impression that both in shape and in its relation with the river Sur (Sir-Darya today), the
lake can be automatically associated with the Aral Sea. Especially that it does not exist at all
in its proper place in the Jenkinson’s genuine map.

Figure 12. “Kitaia Lacvs” and Ob river in Jenkinson’s map

Quite different but interesting is the attitude of the Russian scholars to this open question. In
“Zapiski” by Herberstein (Gerberstein, S., 1988, footnote 546, 547), there are following
theories presented by different scholars. As far as the Zajsan lake is concerned it has been
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considered by A.F. Middendorf as an “Upsa=Ubsa Nur” or “Uvs nuur” by G. Genning and M.
P. Alekseev, as the Aral sea by G. Michow , L.S. Berg, and K.M. Ber, and as the Teleckoye
lake by A.Ch. Lerberg and D. N. Anucin. To the mentioned conception refer another Russian
scholar, Vadim F. Starkov (1994), who writes about the participation of Gerasimov in
creating the theories, like that of above mentioned professor Baron. Aleksey K. Zaytsev
focuses on “Teleckoye Lake”. He explains that Teleckoye Lake is placed on the way of the Ob
river, or rather its tributary called Bija, which joins with the Kotunia river and they create
the Ob river. The note we can consider as the real one if we take into account mentioned
here “Historisch=Politisch=Geographische Atlas” (Bd. 1, 1744,; Bd.4, 1746,), where under the
entry we read (in transl. from German): “Kitaius lacus”, so is in Latin named a great lake in
the Kingdom of Altin, see “Altin” and then under the entry “Altin” we read — so is named
(by somebody) the lake, which is situated in the eastern part of the kingdom of the same
name. The completion of this information we find in another geographical dictionary
(échekatov, 1808, ¢. 6, v. X, columns 164-165), where under the entry of the “lake” we read
that the lake bears as well the name “Altyn” or “Altaj”'® and is situated in Tomsk Gubernya,
and Kuznieck district. Having so many conceptions, it is necessary to consider their
reliability. Then, we should look at lakes’” geographical placement. Every one of the lakes is
situated in the mountain region, close to the Altai mountains. When we look at the
Jenkinson’s map, east of Kitaia Lacvs, he depicted high mountain range. As has been
already said, Teleckoe Lake is situated on the way of Bija river — the tributary of the Ob
river, whereas the Zaisan Lake on the Irtysh river the tributary of the Ob river, too. Only
Upsa is not connected with the Ob river. The latter is in most degree in the shape of
“Kitaia Lacvs”, because two other have, using the geographical vocabulary, the shape of
finger lakes. There are, however, many indications against these theories on the three
lakes. Mainly because they are situated far away to the east from the territory represented
in the Jenkinson’s map, i.e. above 1500 km. from the Aral Sea. The Altai mountains are
situated to the south-eastern direction, but not in northern Siberia. On the other hand, the
Teleckoye lake could be accepted to be “Kitaia Lacvs” because of the reasonable argument
which has been already mentioned above and quoted from the geographical Lexicon by
Bruzen de la Martiniere. Simultaneously we know that neither Jenkinson nor Herberstein
entered so far in the Asia interior. They had been not able to get in so high ranges of
mountains and because of wild tribes living east of Bokhara region. Then, to be
remembered, there is yet the possibility that the Lake was retaken from Gerasimov, what
has been already mentioned in Starkov’s work (1994) and confirmed by S.H. Baron (see
above).

Then, maybe we should return to the Aral Sea conception. As it was already mentioned
about its shape and the course of river Sur (Syr-Darya) there is “Amow” tributary of “Sur”
river, too. It seems very unlikely if Jenkinson, who travelled across the territory between the
Mare Caspium and Tashkent including Bukhara region, did not notice such a great lake as
the Aral Sea. We are obviously not talking about today’s drying up lake.

18 Special work has been devoted to this “country” by two authors: Borodaev, V.B. & Kontev, A.V., Istoriceskij atlas
Altajskogo kraja. Kartograficeskie materialy po istorii Verchnego Priob’ja i Priirtysja (ot anticnosti do nacala XXI
veka). Vtoroe izdanie, ispravlennoe i dopolnennoe”. Barnaul, Azbuka 2007 (in the Bibliography here, English title, too).
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However, coming back to the previous thought, that is “Kitaia Lacus”, at the times thanks to
brothers Boroughs’ voyages (Baron, S.H., 1989 & Mayers, K., 2005) there was known only
the lower course of the Ob river, and yet before the Jenkinson’s map has been made. Then it
is very probable, that Jenkinson, who did not know the further course of the Ob river, could
add up information acquired by the mentioned brothers with his own information collected
during his second travel to Russia, when he reached Bokhara. Hence, he made similar
mistake as Wied on his map - to join two pieces of news together - because he did not know
the territory between the lower Ob river and the Ougus river. That is why there is also Sur
extended to the south and the Aral Sea shifted too much to the north that was Wied’s some
kind of idea or trick done by eliminating the unknown territory.

Figure 13. Funeral ceremony by Kirghizes

On the other hand there are still many unclear points in the presented “discussion”. We
should raise the question, why under the entry “Arall” in the quoted dictionary by Bruzen
de la Martiniere there is only a short description on the settlement of the same name. “Arall”
as a sea is only briefly mentioned there, however in the same dictionary is that the view is so
great as the sea! Another argument which indicates that the Kitaia Lake is the Aral Sea is the
opinion expressed by zoologist J. Bartmanska'?, who claims that these kinds of animals as
camels, tarpans and sheep should be presented on the latitudes 45°— 52°but not on the 60° -
65%. However, some of them are situated in a correct place, too, for instance in northern
direction of the Caspian Sea in the genuine map. We know that the latitude of the Aral Sea is
about 45° and there is Kyzyl-Kum desert but not the region of the high mountains as it is

19 According to the manuscript expertise made during the Polish grant (1994/95) in the form of the order.
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shown in the Jenkinson’s map. Whereas the existence of the camels and sheep on the same
latitude as “Kitaia Lacvs” and between the mountains steppes indicate in turn the Altai
mountains. Then, as we can see, solving the problem is not so easy and probably it will be
never solved. Some final conclusion could be supported, too, by the description of the name
“Kitaya” in Wikipedia under the entry “Kitay-gorod”.

There is one more interesting geographically questionable element in Jenkinson’s map. This
is the Amu-Darya river which as Ougus flows into the Caspian Sea. The problem have been
already interestingly and accurately described by many authors (Menn G.F.C., 1839,
Alenicin V.D., 1879, Barthold W., 1910). As have been here already mentioned the
representation of the mouth of Ougus river can still be found in the 18t century maps. The
history of the mouth of Amu-Darya from the oldest times had been very accurately
described by G.F.C. Menn in Latin®. There are some interesting testimonies which we can
find in Herodot’s work in following sentence (translated: “the biggest river in this region is
“Arakses” or “Oksos” and that one of the branch flows into the Caspian Sea”). What is
interesting, he also calls the river as “marshes of Aral”. Alenicin in turn asks himself a
question — which way Jenkinson has gone when, as he writes in his diary, he met so-called
“priasna” water, i.e. sweet water. The author comes to conclusion that at some point
Jenkinson had to confuse the directions of the world. Alenicin realized that if Jenkinson met
a sweet water it could be neither the Aral Sea nor the Caspian Sea — it must have been
probably Sary-Kamysh — a big lake situated between the Caspian Sea and the Aral Sea,
because it goes from Mangyshlak peninsula across the Ust’- Urt’. On the 12 page of his book
Alenicin writes about yet another conception. He there claims that in 1878 came into the
Caspian Sea a branch of the river which probably reached it. Interesting description on
Amow river (a tributary of the Sur river on Jenkinson’s map) we read in already quoted
geographical dictionary (transl.: “Amou or Amu it is the river of Asia, which by our contemporary
geographers is named Amu. Because “Ab” word in Persian means water or river. Arabs call it Gibon,
but accurately Balkh, river Balkh, because it flows across city of the same name. The old called it Oxus
and Bactus. This river flows out from the Imaus mountains and directs its course from the east to the
west. As a matter of fact, when it comes close to the Khovarezm country, it runs in meander way, and
seems to flow to its source direction, however it comes back again, and flows into Caspian Sea in the
west”). It is worth here to quote before mentioned Menn (G.F.C., 1839). In his book in the
chapter I entitled “Oxi fluminis vetustae navigationis in mare Caspium documenta” on 5% page
we read (transl.:”...Oxus flows into the Caspian Sea across Scythia...” W. Barthold (1910, s.
68), who discusses the Jenkinson’s map writes (in transl.: “south branch flows to the
lengthened gulf of the Caspian Sea, i.e. Sary-Kamysh” (see Tolstov 1962, pp. 261-267) where
the author writes that the river Amu-daria at the beginning of the 10* century had flown
into the Caspian Sea. This Russian archeologist Tolstov (1953, p. 62) recalls Jenkinson's
opinions from his diary, which are opposite to his map’s picture. Namely, Jenkinson claims
that the water in his times did not flow into the Caspian Sea as it was in the early times. So

2 For translation of the fragment of this interesting work I would here like to express my gratitude to Aleksandra
Krajczyk, the teacher of Latin at the University of Wroctaw.
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we may presume, that the picture of the Ougus river in his map has been simply retaken
from Ptolemaeus’ map of this territory. The history of this early course of Amu-Darya
comprehensively describes S.P. Tolstov in his another book (1962, pp. 17 — 26), where he
gives the bibliography of this subject.

Every one of these theories could be taken into account in the light of the interesting text
quoted in Internet from the famous book by Ryszard Kapuscinski. In this description we are
told a beautiful story of the Uzboj river, which was examinated by yet another Russian
archeologist A.H. Jusupov. The story has been told to Kapuscinski by a local called
“Raszyd”(Rashyd). The author writes: (transl.“Raszyd has shown me on the map the course of
the Uzboy river. The river Uzboy has taken its waters from the Amu-Darya river, the river has
flown across the desert Kara-Kum into the Caspian Sea. It was a beautiful river - long as the
Seine river. This river died, as he said, and from the time of its death the war begun.”)

7. Coclusion

In the article, the author tried to show a kind of sketch of the further full Monograph on the
Jenkinson’s map. The first conclusion which is easily noticeable is that the subject in
question constitutes an inexhaustible material for investigation from different points of
view. What one could notice if we enter more deeply into some of the described questions is
that every one of them opens new paths to be further investigated. After all, we have here
following questions: the history of geographical discoveries in Asia, relations between the
two continents, Europe and Russia in relation to Asia, and next the subsequent regions —
their history, ethnography, especially connected with Cossacks and Tartars, the history of
links between England and Russia?, history of Persia, including the history of consecutive
khans. In this subject it is difficult to neglect the Russian relations to the western frontier
states or historical regions which, especially at that times, were Lithuania and Poland.
Characteristic and equally very interesting is that the stories of several regions and states
connects with one another. Thanks to this phenomenon new topics still emerge and it is
difficult to resist them. New and equally very interesting riddles still arise. The sources
which needed to be compared were very exciting for the author. Such was for instance the
story of the course of the Amu-Darya river and the Aral Sea in connection with the “Kitaia
Lacus” as well. Very interesting is the interdisciplinary character of the subject in question,
too. For instance, some evidence is the participation of the archeologists in the examination
of the bed of the Amu-Darya river, its significance and results. To continue the idea
presented by the author it could be also worth using the infra-red pictures to confirm one
more argument for the theory of the old river-bed of Amu-Darya. We can say the same
about the other questions considered here. The long-lasting investigation of the author and
the rich literature create valuable occasion for scientific contacts with other authors in the
world. It was a very valuable exchange with mentioned here Professor S.H. Baron, Dr. K.

2 This investigation entitled , Cartographical links between England and Russia in mid of 16" century” has been carried out
in the British Academy Project by the author together with Magdalena Peszko in 2011.
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Mayers and Dr. Osipov Igor A. (2008 and 2009). We can notice that the papers by many
other scholars of the western Europe and of the USA already mentioned here that were

issued brought benefits for the subject considered here from the time since the Jenkinson's

map has been rediscovered (1987). The subsequent papers by the author during the period

as well tried to enlarge the field of the investigation and still are bringing new reflections.

Therefore the author hopes that the full version of Monograph will bring much more

valuable results and will do its good for the Jenkinson’s map and its examination.

At the end, summing up the benefit of the rediscovered genuine copy of the map in question

we should answer the question “what has its recovery brought?” There are as follows:

1.

Quite a new image of the Jenkinson’s map — both in general view and its size.

The confirmation of the territorial range which has been portrayed by Ortelius and
territorial discrepancy of de Jode’s rendition.

The differences in arrangement, number and the contents of cartouches and boxed texts
placed in them in every of these maps.

The knowledge of the two new co-creators of the genuine copy of the map. They are the
engraver Nicolaus Reinoldus and the editor Clement Adams, who both to the very
moment of rediscovery were not connected with the map in question. The notice
directed to the printer Reginald Wolf and the painter Jan de Schille should be not
neglected as well.

The knowledge of the much richer content in relation to the original and renditions in
all elements as: genre scenes, boxed texts, decorative borders and so on.

Jenkinson was the first who determined the distance and the direction to China by
means of the description which he placed in the lower right-hand corner as follows (in
translation from Latin to Polish and then to English): “Thirty days of the travel in the
eastern direction from Kashkhar begins the frontiers of the Chinese Empire (Cataye). From this
frontier is three-month of travel to Cumbalcu”(= Cambaluc — the early name of Beijing, now
Peking). However, we also know that in the place of Siberia region “Regnum Cathay”
Waldseemtdiller puts in his world map of 1513. Hence maybe “Kitaia Lacvs” taken his
name.

We can presume, how it happened that the genuine Jenkinson’s copy has been found in
Wroclaw city. Probably it was sent from Antwerp or from Ortelius himself to one of the
learned officials in the city who were in close relation at that time. The author could
drawn this conclusion thanks to the examinations by Curator of maps Joost Depuydt at
Antwerp FelixArchief who carried out the investigation on Ortelius’ activity. However,
this is not yet proved by appropriate document because of the huge amount of
correspondence to be read and dispersed in different places of the world, among others
in Wroctaw University Library or Harry Ranson Humanities Research Center (from the
paper kindly sent to the author by Professor Christian Coppens)

Unfortunately, an information on one more copy of the genuine Jenkinson’s map which
was said to be found in State Library in Leningrad could be sensational if trustworthy.
It appears to be untruthfull, and has been given by Leo Bagrow in his article in Imago
Mundi 5, 1965, p. 62 . Reprint edition of 1925 I.M.
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1. Introduction

This chapter presents a Mobile Slide Monitor (MSM) which can be used for fast geographic
positioning of some objectives or of some of their components that are situated at great
distances from the roadways, (buildings, terrain markings) or are inaccessible in a direct
mode, (dams, bridges, heaps of debris). The system assures an accurate geo-referencing of
the off-road objective characteristics, an important problem for the infrastructure
management at the level of public works administration.

The main applications of this MSM equipment are to estimate and alert, in due time, the
occurrence of great proportion accidents caused by breaking down of civil constructions
(buildings, bridges, tunnels, dams). These accidents are due to natural causes such as
landslides and floods, in the areas with a high risk, or due to some human interventions
such as the erroneous emplacement of some new constructions, the erroneous designing or
even due to the oldness of some constructions.

Moreover, the bridges are part of a country’s transportation infrastructure and are typically
assessed and maintained by the authorities responsible for the appropriate transportation
sector (road or rail). Nowadays, the deterioration of bridge structures is a serious problem
due to issues related to modern society; reliance on the automobile, the increased bridge
traffic, the environmental pollution, and the use of potentially corrosive substances (e.g.
cleaning and de-icing). Bridge monitoring is necessary to ensure the safety of those who
either use, or are affected by the structure itself, and the maintenance of the sector is usually
part of the legislature governing.

Therefore the main objective of the present chapter is to describe a mobile laboratory for the
monitoring of constructions deformations in the incipient phases, deformations that are due

I NT EC H © 2012 Stoica et al,, licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited.
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to terrain sliding from natural or human causes. As opposed to the systems which achieve in
static regime the stability monitoring of the constructions by using some precision optical
systems or GPS equipments with differential regime functioning but to which the follower
receiver is attached in a fixed montage on the surveyed construction, the proposed mobile
monitoring system permits that the measurements be rapidly performed, at a preset time
interval, with a reduced cost on a multitude of objectives and with a minimum delay between
the moment of some defection apparition and the moment of its identification and alarming.

2. Importance and relevance of the technical content

Monitoring of situations and territories with hydro-geological risk represent an institutional
task of the Public Administrations. Therefore, in some areas, it becomes necessary to achieve
systems for real-time survey, which are able to record the alarm signs of a potential risk for
the population. An early-warning system provides, also, the foundation for an effective risk
mitigation plan, given the uncertainties related to the mathematical prediction of the natural
phenomena and the strong public demand for protection against natural hazards.

The World Bank promotes a proactive and strategic approach to managing natural hazard
risk, by taking into account a comprehensive framework, based on the following five pillars:

Risk assessment - includes application of the hazard, exposure, vulnerability, and loss
analyses and provides projections of the average annual expected loss and the probable
maximum loss from a single catastrophic event;

Emergency preparedness. Citizens and government agencies need to be prepared for
breakdowns in essential services, to develop plans for contingencies, and to implement the
plans. They should be encouraged to make resources available for facilities and equipment,
they need to provide emergency personnel, they need training, sponsor exercises, and get
information available for the public;

Investments in risk mitigation. This may include inexpensive investments in increasing
institutional capacity, strengthen enforcement of building codes, provide training, and
involve communities, including mapping, monitoring and warning systems. As investments
in physical infrastructure (flood protection, landslides prevention and retrofitting of
housing and/or public buildings for seismic resistance) are very expensive, the selection of
the most suitable of them should be carried out by applying cost-benefit or cost-
effectiveness analysis;

Institutional capacity building. The efficiency and effectiveness of a comprehensive hazard
risk management system depends on the knowledge, awareness, and capacity of the
stakeholders involved. For that purpose, the following aspects are recommended:

e to create decentralized emergency management systems;
e to ensure community involvement and participation;

e to develop an efficient legal framework, and

e  to provide training, education, and knowledge sharing.
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It is also important to integrate hazard risk management into the economic development
process. Emergency planning and risk mitigation need to be an integral part of the rural and
urban development process, with the participation of all the stakeholders.

Develop a catastrophe risk financing strategy. Countries need to develop and introduce
targeted risk financing strategies for dealing with catastrophic events that can have a severe
impact on their economies. The strategy would address the funding gap caused by the need
to recover economic losses and meet social obligations and other responsibilities, following
a catastrophic event. Developing a risk financing strategy is particularly important for
countries exposed to catastrophic earthquakes.

Therefore, the Regional Public Administrations from a country, which has more or less
accentuated risk for the natural disasters, may have at their disposal the possibility to verify,
at pre-established time intervals, the real state of the geological formations or of the
building, which is suspected to be in danger.

The main application of the MSM equipment presented here, is the estimation and the
alerting in due time regarding the risk of great proportion accidents, by break down of civil
constructions due to some natural causes, such as landslides and floods, in areas with high
risk of accidents.

The final result will be the achievement of a Geographic Informational System (GIS), which
will have to integrate all the information and the all types of data, which are needed for the
natural disasters management, from the prognosis to the post-factum measurements.
Moreover, besides the hazard maps which must be elaborated for the all regions of the
respective country, the local authorities must, also, draw up risk maps which refer to the
most exposed areas to the natural calamities.

3. State of the art

Usually, the measurement of superficial displacement is the simplest way to observe the
history of a landslide and to analyze the kinematics of the movement, so the investigation of
the terrains sliding movements permits, also, the detection of possible precursor elements of
the mass movements.

3.1. Existing fixed mapping equipments

In the past, a various surveying techniques were used to detect the superficial movements of
unstable area. For examples, tapes and wire devices were used to measure changes in
distance, between terrain points or crack walls. Levels, theodolites, Electronic Distance
Measurement (EDM), and total station measurements provide both the coordinates and
changes of target, control points and landslide features. In addition, aerial or terrestrial
photogrammetry provides point coordinates, contour maps and cross-section of the
landslides.
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3.1.1. Leica Smart Station (Scott A., 2006)

A classical example of such optical measurement equipment for observing different targets
with displacement probability is the “Leica Smart Station”, a Total Station with integrated
GPS offered on the market by the “Leica Geosystems AG” company. The introduction of
SydNET, a network of Continuously Operating Reference Station (CORS), allows surveyors
to perform Differential GPS without having to purchase a reference receiver. For distances
of up to tens of kilometres away from the network reference stations, centimetre accuracy
can be achieved, with the RTK-GPS Network.

This equipment involves the optical observation of the proposed object from different static
locations of the operator, locations which are precisely determined by means of the highly
performing GPS receiver. In these conditions, the determination of the geographic
coordinates of a single distant objective involves multiple complex operations and in
consequence, can be considered time consuming.

3.1.2. SEPA’s system (Caporali A., 2008)

Another totally different technical solution for this problem, solution which aims to reduce
the length of the measurement times involved by the use of the optical total stations, is
represented by the “Fixed Satellitary Monitoring System of the Territory and Civil
Infrastructures” (or SAMOS for short) achieved by SEPA company (“Sistemi Elettronici Per
Automazione S.p.A.”) from Torino (Italy).

The SEPA’s system represents a solution for cost effective applications targeting the real
time monitoring and diagnosis of ground deformation; for instance, landslides and the
subsidence, or the infrastructure deformations affecting buildings, bridges, viaducts and
dams, or even both simultaneously.

Based on measurements from a GPS L1-only carrier phase employing commercial receivers
and using the basic principles of interferometric surveying, SAMOS provides continuous
real-time monitoring of the area of interest, reporting the millimetric displacement of each
sensor relative to a reference sensor.

Measurements are taken at a rate of 1 Hz and the processed results are updated using the
same frequency. The system performance is equivalent, on short baselines up to a few km in
length.

This Satellitary Monitoring System, in fact like other this kind of systems, is composed of
two subsystems, namely:

- anumber of Field Sensors, (Fig. 2), deployed to collect the satellite data and which are
fix mounted on different parts of the objective of interest (bridge, dam, building). These
field sensors are continuously relayed by means of a radio connection to

- a Base Station, (Fig. 3), for real-time processing of the data collected from the field
Sensors.

For its protection this Base Station is introduced in a Waterproof box (Fig. 4).
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Figure 1. Fixed Satellitary Monitoring System of the Territory and Civil Infrastructures achieved by
“SEPA Sistemi Elettronici Per Automazione S.p.A.” from Torino (Italy).

Figure 2. GNSS receiver

The Field Sensor uses a single frequency GPS receiver to measure the carrier phase on the L1
GPS signal and an RF Modem for point-to-point communication with the base station via
radio link. A microcontroller supervises the communication and the exchange of data
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between the GPS receiver and the radio modem, and in addition, it supplies diagnostic data
related to the sensor itself.

Figure 3. Base station

Figure 4. Waterproof box of the Base Station

It is also important to mention that, for this SAMOS system, it is necessary that, on the
surveyed objectives, to be assured permanent electrical energy supplies (which can be
constituted from photovoltaic panels or, if this is available, from the mains power supply of
the area). In both cases, a backup battery is included. Moreover, we must notice that the
receivers and the system GPS components remains in field in the majority of cases, without
any surveillance from the operators.

The Base Station includes the network controller, used to receive the GPS data collected via
radio links from sensors deployed in the field, and a computer running the software to
process the data and display the results in real-time. The raw measurement data as well as
the results are stored in a database for possible further processing, if required, or simply
archiving. (Caporali A., 2008)

3.1.3. Conclusions referring to the fixed monitoring systems

In addition to collecting the measurement data, the base station can retrieve status
information from the sensors, such as the accumulator supply voltage, RF link signal
strength and temperature.

The Graphic User Interface (GUI) shows the real-time status of the network (satellites
available and being tracked, nominal antenna locations and network geometry, status of
each sensor) and the results of the data analysis as northing, easting and vertical
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displacements of each antenna with respect to the reference antenna, using diagrams and
tables. The GUI can be tailored to the customer’s requirements, and it will alert the operator
when preset thresholds are exceeded.

The main disadvantage of the SEPA types fixed systems is that this equipment must be
mounted in a fixed position on every point of interest, meaning that for an objective or an
area suspected to present landslides, a great number of equipments of this kind is necessary,
and, in consequence, high total costs.

Taking account of the newest improvements of the GNSS systems regarding the real-time
positioning accuracy, (A. Stoica et al, 2008), the authors of this chapter present the
achievement of a mobile equipment for the monitoring of the field stability as opposed to
the most used in present, static optical total stations, “Leica” or “SEPA” type systems, which
are based on GPS receivers with differential regime functioning but which are fixed
mounted on the surveyed objectives.

3.2. Existing mobile mapping equipments

But one must specify that also for this mobile alternative, which is proposed here for the
monitoring of some objective position, there are various mobile equipments for mapping
and, respectively, for monitoring, introduced on international level, equipments which are
described in the following subsections.

3.2.1. "GPSVision™” achieved by the “LAMBDA TECH International” company
(Guangping He, 1996)

The Mobile Mapping Equipment “GPSVision™” (fig. 5) achieved by the “LAMBDA TECH
International” company from Fort Wayne (USA), which is equipped with a positioning
module composed of a GPS receiver with double frequency, an Inertial Navigation System
(INS) and a linear Distance of running Measuring Instrument (DMI), in combination with four
digital video cameras of high resolution. The digital video cameras are mounted above the
vehicle and they can be oriented forward, to each side or backward in correspondence with the
application needs, so that due to the fact that the video cameras pairs see, at a certain moment,
the same field area from different positions, by using some triangulation algorithms, it is
possible to calculate the locations relative to the lab vehicle of the sighted targets.

The main characteristics of the system are:

e The images are taken according to an operator-defined distance interval to provide full
coverage of the route and its surroundings. By applying a sophisticated
photogrammetric triangulation technology, any point that appears in any set of two
images can be located in a global coordinate system during digitization with Lambda
Tech’s Feature Extraction software;

e  Stereo imaging allows for determining absolute positions of features such as signs in
latitude and longitude to sub-meter accuracy and it also allows very accurate relative
measurements of all visible roadside attributes, such as the width, height and offset of a
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sign. Stereo imagery allows for multiple views of the same object with 3D capabilities
and the ability to recreate image views where the original cameras never took a picture;
GPSVision™ specified absolute accuracy for terrestrial data positions is one meter or
less depending on the distance bewtween the feature to be extracted and the camera
lens. Depending on the image spacing this accuracy can be increased. The GPSVision™
system was designed to deliver sub-meter RMS positions when visible features are
within the camera field of view of both image pairs and no farther than 30 meters in
front of the camera lenses;

From a photogrammetric perspective, GPSVision™ is a fix-based stereovision system
with known position and attitude provided by the GPS/INS component. Just as a
person uses two eyes to determine the distance of an object, every infrastructure feature
that is “seen” by the cameras can be triangulated into a three-dimensional coordinate
and then transferred into a global coordinate system (e.g., latitude, longitude, height);
GPSVision™ Feature Extraction software is executable on Microsoft Windows
operating systems. It is driven by an external rule base and is language neutral. The
user interacts with the software by pointing at features of interest seen in the stereo
image pairs with the mouse or stylus. Then, the software triangulates the relative
position of the selected feature and transfers it into the global coordinate system and
positioned to within one meter or less of their actual location;

From an application perspective, the GPSVision™ system is used to collect digital
images along highways, state roads, residential streets, alleys, and railroads while
traveling at posted speed limits. These geo-referenced digital images are used for video
log applications but most importantly, the software is used to position visible physical
features, such as poles, curb lines, traffic signs, manholes, pedestals and building
locations. In addition, the GPS/INS positioning component creates base maps of the
route network for Geographic Information Systems (GIS) base map and Computer
Aided Drafting and Design (CADD) applications.

Figure 5. GPSVision™ - with four video cameras achieved by the “LAMBDA TECH
INTERNATIONAL” Company (USA) for objectives that are closed to the road arteries
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3.2.2. “GPSVan™" achieved by the “Mapping Center” from the Ohio State University
(Brzezinska et al., 2004)

A similar example of a mobile system for mapping and data collection, which can map
railroads, thoroughfares and transport infrastructures (as for example, roads, circulation
signs and bridges) during its displacement at posted road speeds is represented by
“GPSVan™” system achieved by the Mapping Center from the Ohio State University and
which is also composed of two main components: a positioning module and an imagery
module. This imagery module includes, also, in this case, a stereo metric system with two
video cameras which record the stereo images of the roads during the displacement on the
respective arteries of the lab vehicle. Each video frame is time marked with the GPS signal
and the geodesic coordinates (latitude, longitude and ellipsoidal height, respectively) are
attributed to each image.

From the above presented aspects, it results that both the GPSVision™ and GPSVan™
equipments represent, in their essence, a fix-based stereovision system with known position
and attitude, provided by the GPS/INS component and, respectively, by the GPS/DRS
component. This fixed base is represented by the distance, on the hood width of the lab
vehicle, between the optical distances of the two video cameras, mounting distance which in
the case of both GPSVision™ and GPSVan™ equipments is approximately of 1.2 meters. As
a consequence of the fixed base reduced value, the difference between the angles of sighting
directions of the two video cameras is under the minimum value it can be measured by the
optical system when the sighted targets are situated at a distance, greater then
approximately 40 meters, in respect to lab vehicle. This limitation of the observing distance,
at a quite reduced value, represents in its essence the main disadvantage of the stereo metric
systems, which are based on the use of a pair of video cameras, mounted on the same lab
vehicle.

4. Originality of the proposed Mobile Slide Monitor (MSM)

The static regime systems, previously described, achieve the stability monitoring of the
constructions by using precision optical systems or GPS equipment with differential regime
functioning, but to which the follower receiver is attached in a fixed montage on the
surveyed construction. As opposed to these systems the monitoring system presented here
has the advantage that it permits measurements to be rapidly performed, at preset time
interval, with a reduced cost on a multitude of objectives and with a minimum delay
between the moment of some defection occurence and the moment of its identification and
alarming.

Taking account of the above-mentioned characteristics of the bi-cameral stereo-metric
systems, the INOE 2000 Institute from Bucharest elaborated the Invention Patent RO 126294
A2/2009 whose main objective was to increase up to U200 — 300 metersU, the distance up to
which the sighted targets from the terrain can be positioned.

Conceptually this Mobile Slide Monitor - MSM involves:
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The acquisition of successive images achieved from a moving vehicle by means of a
single CMOS video camera mounted above this vehicle (Fig.6);

Figure 6. Moving vehicle and the CMOS video Camera
[ ]

The determination with a sub-metric accuracy of the vehicle position, by means of a
GPS device at the time of taking the picture (Fig. 7);

b,

Figure 7. Multi-Frequency GPS receiver

The use of an innovative mathematical algorithm based on a triangulation method for
images.

the geographic position computing of every object which appears in two different
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Figure 8. Geographic positioning of the sighted object.

_

4.1. The functioning and the use of the Mobile Slide Monitor

The general assembly of the proposed Mobile Slide Monitor is presented in Figure 9
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Circulation

N, Sign

Figure 9. The equipment assembly during a normal functioning on a tested route

More precisely, the mobile positioning system achieved in conformity with the invention
patent proposes itself to obviate the limits which affect the functioning of the above-
mentioned equipments by introducing the following series of combined measures:

In order to increase up to 200 — 300 meters, the distance up to which the sighted targets
from the terrain can be positioned, the proposed MSM equipment resorts to the use of a
single digital camera of high resolution in a fixed montage on a lab vehicle. This way,
the measurement of the applied stereo-metric method is based not on the width of the
lab vehicle, which uses the bi-cameral method, but on the distance of 20 — 30 meters
between the positions resulted from the lab vehicle displacement and from which the
camera sights the same objective (fig. 10). This single video camera has a telemetric type
objective and a reduced angle of view;

On the basis of the notations entered in the figure 10, it is possible to compute the
geographic position coordinates of the sighted target: Ar, ¢r, hr - longitude, latitude and
height, respectively:

W and Wn, azimuth angles of the sighted target in rapport with two positions of the
Lab Vehicle, angles which are determinated from the two target preloaded images with
the Video Camera;

A1, @1, i and A2, ¢z, h2, the vehicle geographic coordinates determined for the two
positions of the Lab Vehicle by means of its GPS receiver;

Wi, ©1, 1 and W2, @2, O, the vehicle orientation angles determined for the two
positions of the Lab Vehicle by means of its Inertial Navigation System (INS);

M.B. — Measuring Base, namely the distance between the two positions, Pos.1 and Pos.2
of the Lab Vehicle,
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ME. -
Megsuring
Base

Figure 10. Fig.10 The Sighting of the same target from two different positions between which the
Measuring Base - MB is forming.

The geographic positioning of a far away target (200 — 300 meters) involves in a first phase
the use of the video camera which is triggered by the PPS (Pulse Per Second) signal
furnished by the GPS receiver for taking photo images of the respective target from two
different positions of the lab vehicle (about 20 — 30 meters) (Fig.11).

) : 7 .‘fl

Figure 11. The sighting of a far away objective from two positions of the mobile monitoring system.
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Afterwards, in a post processing regime, the pixel coordinates of the point, representing the

target in each of the two images are determined, and, thus, it is possible to establish in each
case the target angular position, relative to the video camera axis (Fig. 12).

:p’:T T

TP
_F
P
ny
Video Camera CMOS Sensor d,=—->b
y YN,

@ , b — linear dimension of the “4” and respectively
%D sides of the CMOS sensor;

N,, My - pixel number from the “a” side and
respectively “D” side of the CMOS sensor;

Ty, 1y - pixel coordinates of the point T which is
marking the target on the CMOS sensor surface;

d . d., - linear coordinates of the point T which is
marking the target on the CMOS sensor suiface;

=
=

Figure 12. The definition of the deviation angles 1 and 0y of the target direction relative to the central
axis of the viewing field of the video camera

- To assure the positioning of the sighted objectives in the frame of the global terrestrial
system of coordinates and their registering in files of GIS (Geographic Information
System) type, at the operator returning at the computing centre, from the obtained
images, series of two images are selected. In these series of two images the same sighted
objective is evidenced in a corresponding mode, which will allow the selection of this
objective in an electronic modality and the determination of the pixel coordinates which
achieves the objective displaying on the monitor screen. These coordinates together
with other data which accompany the two selected images, permit to compute the
geographic and elevation coordinates of the sighted objective with the use of using
triangulation proceedings as well as methods to report to the spherical system of the
terrestrial coordinates.

So, as it is presented in figure 12, in the post processing regime, the pixel coordinates of the
point representing the target in each of the two images are determined, and, on this basis, it
is possible to establish in each case the target angular position relative to the video camera
axis.

- To achieve, in real time, the precise positioning of the lab vehicle, with errors that can
be included between few millimetres and some centimetres, it resorts to the use of a
GPS positioning system with multiple frequencies and with differential RTK (Real Time
Kinematic) regime functioning capability. This means that it has the possibility to be
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connected through the Internet network, to a reference GPS station, at which it is
subscribed and from which it can take the differential corrections. In relation to this, it is
mentioned that the National Romanian Service ROMPOS - DGNSS provides
corrections for the real time kinematic applications with a positioning accuracy
evaluated at the interval between 3.0 and 0.5 meters for the receiver with a single
frequency. The ROMPOS - RTK service delivers corrections for the real time kinematic
applications with a positioning accuracy value situated between 0.5 and 2.0 cm for the
receivers with two frequencies (Stoica, 2008);

To increase the time marking accuracy of the obtained video images, the video cameras
triggering is achieved from exterior by the PPS signal (Pulse Per Second) received from
the GPS satellite system, which, also, contains in its message, besides of the positioning
data, the data regarding the Universal Time — UTC;

4.2. Tightly coupled GPS/INS

In order to continuously maintain the achieved positioning precision, the GPS system is
tight coupled with an IMU (Inertial Measuring Unit) unit, the data of these systems
being distributed through a filtering element of Kalman type. By integrating GPS and
INS, the accurate GPS position is used to update the INS, and the latter then produces
the high rate of accurate position and attitude data of mobile mapping system. The INS
is needed for continuously measure the camera location and orientation. Combining
GPS, INS and Distance Measurement Indicator (DMI) data is a very efficient and
accurate method to determine the position (lat/long/height), azimuth, pitch and roll
angles of the system cameras. The measurements of the INS come from two sensor
triads, an accelerometer block and a gyro block. They are defined as three components
of the specific force vector and three components of the body rotation rate. Integrated
with GPS data, the system geometry data are calculated using the Kalman method.
(Moafipoor S. et al., 2004)

The integrated GPS/INS solution produces continuous, smooth position and orientation of

the system even when the GPS signals are lost due to obstructions such as bridges, trees,

tunnels, mountains, high-rise buildings or limited and sporadic satellite coverage.

Taking into account of the functioning details described here, the figure 13 presents the

complete set of devices which compose our Mobile Slide Monitor.

4.3. SPAN (Synchronized Position Attitude Navigation) technology:
Bidirectional INS/GPS coupling to obtain the objectives positioning with an
improved accuracy and continuity

Inertial Measuring Systems — INS are used on land, at sea and in the air as well as in space to

determine the dynamic properties and trajectory of a moving object. They are, also, used for

navigation, guidance and control or stabilisation of objects.
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and LCD monitor Supplimentary TS-700-212B
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Figure 13. The components of the Mobile Slide Monitor

In general, an INS system uses forces and rotations measured by an IMU (Inertial Measuring
Unit) to calculate position, velocity and attitude. Forces are measured by accelerometers in
three perpendicular axes within the IMU and the gyros measure angular rotation rates
around those axes. Over short periods of time, inertial navigation gives very accurate
acceleration, velocity and attitude output. The INS must have prior knowledge of its initial
position, initial velocity, initial attitude, Earth rotation rate and gravity field. Since the IMU
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measures changes in orientation and acceleration, the INS determines changes in position
and attitude, but the initial values for these parameters must be provided from an external
source. Once these parameters are known, an INS is capable provide an autonomous
solution with no external inputs. However, because of errors in the IMU measurements that
accumulate over time, an inertial-only solution degrades in time unless external updates
such as position, velocity or attitude are supplied.

The GPS receiver provides auxiliary information for the INS, and it is reciprocally aided by
feedback from the INS to improve signal tracking. The feedback from the INS to the GPS
engine is the deeply coupled aspect of the system (Fig. 14).

Output

RTK-GPS INS

A
A 4
\ 4

Figure 14. Bidirectional INS/GPS Coupling

The combined GPS/INS solution of the SPAN (Synchronized Position Attitude Navigation)
integrates the raw inertial measurements with all available GPS information to provide the
optimum solution possible in any situation. By using the high accuracy GPS solution, the
IMU errors can be modelled and mitigated. Conversely, the continuity and the relative
accuracy of the INS solution enable faster GPS signal reacquisition and RTK solution
convergence.

GPS signal reacquisition is dramatically improved when running SPAN. This is a key
performance feature in restricted coverage environments, such as urban canyons, where the
user may have only a few seconds of satellite visibility before another blockage occurs. With
SPAN technology, the user will be able to get GPS measurements in that small window of
visibility. That means the INS will have shorter periods of free navigation and smaller
errors, since the GPS is available more often for aiding (Kennedy and Rossi, 2005).

4.3.1. The IMU unit montage conditions

It is necessary to mount the IMU unit in a fixed location where the distance from the IMU to
the GPS antenna phase center is constant. Also, the use must ensure that the orientation,
with respect to the vehicle and antenna, is also constant. For the attitude output to be
meaningful, the IMU should be mounted such that the positive Z-axis marked on the IMU
enclosure points up and the Y-axis points forward through the front of the vehicle, in the
direction of track and X pointing to right. IMAR-iTraceRT-F200, 2008).

The body coordinate system is defined as given in figure 15:

4.3.2. GPS antenna montage conditions

Mount the GPS antenna close to the IMU housing. It is recommended to mount the
antenna in top of the IMU if the system is mounted on a car, truck, ship or aircraft. In the
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cases in which the geographic positioning of some objectives which are at some distance
from the surveying vehicle, an optimal variant in the case of an aircraft can be constituted
by IMU unit mounting above the video camera in the mode presented in the following

schema:

Figure 15. The reciprocal orientation of the IMU unit and the carrying vehicle.
(IMAR - iTraceRT-F200, 2008)

 GPS anlenna

IMU-=GPS __ .
offsel veclor —— \_\

|
IMU->Camera offsel vecior
+
Angidar misaliignment (AR)

Figure 16. The mounting variant of the IMU unit in a surveying aircraft. (Novatel, Inertial Explorer,
2009)

The lever arm (offset) between IMU and GPS antenna has to be measured in the IMU
coordinate system and with an accuracy better than 1 centimeter. Even slight deviations in
the measurement of the lever arm may lead to significant position errors and will degrade
the total system performance (Fig.17).
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Figure 17. Fig.17 Body Frame Definition for Lever Arm Offset (Novatel Inertial Explorer 8.20, 2009)
The IMU is the local origin of the system and the measurements are defined as follows:

X: The measured lateral distance in the vehicle body frame from the IMU to the GNSS antenna;

Y: The measured distance along the longitudinal axis of the vehicle from the IMU to the GNSS antenna.
Z: The measured height change from the IMU to the GNSS antenna (Fig.18).

op—_
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z_ant-offset

vehicle's forward
direction (y axis)

Figure 18. The definition of the offsets between the IMU unit and the GPS antenna
(IMAR iTrace-F200, 2008)

4.3.3. Complex positioning equipment for the slide monitoring

In the same time it is very important to mention that the necessary accuracies of some
centimetres can be obtained due to the capability of a device such as Novatel GPS which is
to function in a differential RTK (Real Time Kinematic) regime. (Kennedy S. et al., 2007).
This type of operation is obtained by connecting the Novatel GPS receiver via Internet to a
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network of fixed reference base stations as it is the ROMPOS network in Romania, which is
able to transmit to its customers differential correction data.

4.4. Determination of the offset values between the GPS positioning point of the
Inertial Measuring Unit and the central reference point “L” of the video camera

4.4.1. The offset linear components in relation to the reference system (xv, yv, zv) of the lab
vehicle

- The geographic coordinates (longitude, latitude) for the vehicle positioning are
provided by the GPS system, more precisely, for the IMU point in which the Inertial
Measuring Unit is placed (Fig.19);

Figure 19. The relative positioning between the Inertial Measuring Unit (IMU) and the Video Camera
coordinate systems
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- The reference point relatively to which the positioning measurements of the sighted
target are achieved, is constituted by the central point L of the video camera lens, which
is placed at the focal distance f from the video camera matrix sensor;

- It arises the problem to establish the geographic coordinates for the reference point L on
the basis of the same type of coordinates of the point IMU;

- The distance between the points IMU and L presents the following components:

a. Onthe x|, axis of the vehicle coordinate system:

D, =m+ f-cos¥.-cosO; (1)

Xy

b. Onthe yj, axis of the vehicle coordinate system:
Dy;/ =n+ f-sin¥.-cosO; (2)

c.  Onthe zj, axis of the vehicle coordinate system:
D, =p+f-sin@c. 3)

In the above-mentioned relations, by m, n and p were noted the components, on the axis
Xy,Yy,zy, of the distance between the point IMU and the central point C of the video

camera Sensor.
By ¥, and O, were noted the video camera montage (fixed) angles in relation with the
vehicle coordinate system.

D_,D ,D

7
Xy Yv 2y

- In order to compute the offset components, in relation with the reference system
Xy, Yy, 2y, with IMU point as origin, the following group (2) of relations is used:

D, =D, ~(c0s‘1’-Cos<I>—sin®~sin<D-sin‘{’)—D, .
14

% Y,

cos®-sin¥ +D,, -(cosd) -sin¥ -sin® +sin® - cos‘P)
Vv

D =DX, -(Cosd)-sin‘P+sin®-sin(D-cos‘I’)+Dy, .

Yv v v

cos®-cosV + DZ, -(sin@-sin‘P—sin@-cosd)-cos‘l’)
14

DZV =-D, -cos®-sin®+D,, -sin®+D, -cosO-cos®
\4 v \4

In these relations by W, ® and ®, were noted the rotational angles of the lab vehicle, angles

which were measured by the Inertial Unite IMU in relation with the reference system (x, y

and z) of the current location.
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4.4.2. Transformation of the linear offset distances, D, and D, , in circular arcs
v Yv

corresponding to the angular coordinate segments: AL and respectively Ap

A/l[min.] = (360 x 60 x va )/(2 -r-R- cosrp) [meters] (5)

- for the distances on the longitude A direction ;

Ag[min.]=(360x60xD, }/(2:7-R) [meters] 6)

- for the distances on the latitude ¢ direction.

It is also adopted the notation:

D_ = Ah. )

4

On this basis, the geographical coordinates, Ar @ hi of the reference point L which is
constituted from the video camera objective centre, are obtained as follows:

A =A+AL o =+ Ap; by =h+ Ah. (8)

where A, ¢, h, represent the geographical coordinates supplied by the IMU for the point in
which this is situated.

5. The computing relations group with which it is achieved the
determination of the target T geographic position in the horizontal
plane of the referential ellipsoid

At the computing of the linear distances, on the longitude and, respectively, on the latitude
direction, between the video camera successive positions and, respectively, between the
camera positions and the sighted target, it, also, takes account from the fact that this mono-
cameral stereo-fotogrammetric system, permits the sighting of some objectives which are
situated at distances of up to 200 — 300 meters from the lab vehicles. This wayj, it is possible
to adopt the hypothesis consisting in the approximation of the terrestrial globe with an
equivalent sphere with a radius R = 6.367.472 km., as it is presented in the Fig. 20.

The geographic position of the target T in the horizontal plane of the referential ellipsoid is
achieved, by combining the determinations of the absolute angular coordinates,
lyﬂ /®n ,(IDT1 and respectively, ‘{’TZ,G)TZ,CDT2 , of the sighted target, for two different
positions, L, and, respectively, L,, of the video camera, positions which are obtained as a
result of the lab vehicle displacement with a distance in limits of which the target T is
maintained in the video camera viewing field.

In the positioning scheme presented in Figure 20, the following notations were introduced:
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Figure 20. The Lab Vehicle and the sighted target positioning on the equivalent sphere of the terrestrial
globe.

A9, and A4,,p, - the geographic coordinates of longitude and, respectively, of latitude,
which are deduced for two sighting successive positions, L, and respectively L,, of the
video camera from the determinations performed by the GPS-INS group, by introducing the
offset corrections, which correspond to the distances between the emplacement location of
this group in the lab vehicle and the camera objective:

Ar,@p - the target geographic coordinates of longitude and, respectively, latitude;

Adp=2p = A DA, =4 — 4, ; - the angular differences of longitude;
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Ap , =0, — ¢, ; Ap, 1+ =@ — ¢, ; - the angular differences of latitude, between the target and,
respectively, the two positions of the lab vehicle.
Between two circular arcs on latitude, Al and AL , which are delimited by two meridian

circles and which are situated, the first at the latitude 0, and the other at the latitude ¢, the
following relation exists:

A/I(/,T =AA-cosg; 9)

Also on the basis of the scheme from the figure 20 which presents the positioning mode of a
target on an equivalent sphere of the terrestrial globe, the linear distances can be calculated
on the basis of angular coordinate differences by means of an equation set, with the
following form:

AZ[ min.
a[meters] = g 2 -r[meters]— for the distances on the longitude Adirection; (10)
360 x 60
Aq?)[min.} . . .
b[meters] = 60%60 27 - R[meters] — for the distances on the latitude gdirection; (11)
X

where: r=R-cosg.

For the establishment, on this basis, of the computing relations for the geographic position
absolute coordinates of the target T, it resorts to the positioning scheme presented in figure
21, taking account of the fact that due to the relative reduced dimensions of the sighting
field, its spherical curved surface is approximated by in plan projection of this field.

By this, in plane projection of the sighting field, the circle arcs are replaced by linear
segments, as follows:

ALy ALy
a, = ~——.27-R-cosq, = ~——.27-R-cos +A ; 12
1736060 1 = 36060 (02 +80,) (12)
AL, AL,
a, = = . 27-R-cosp, =——=—-27-R-cos(p, + A ; 13
27 360x 60 1 = 360 %60 (0:+40,1) (13)
-
=2 g, (14)
360 % 60
=Tk, (15)
360 % 60

These result in the following expressions for the azimuth angles:

b, +b, _ Apy o+ A, 7 )
a AJ,LT -cos(go2 + A(/’2,T)

tan ‘PTI = (16)
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b A
fan¥, ——2 - Por (17)

2 a4 +a, (Aﬂm + Aﬂj/T) . cos((p2 + Agole)'

From the first expression, we obtain:

Agy, +Ap,
Muir= tan'¥ -cos( +A )’ (1%
T, Pyt APy T
and from the second expression it results that:
Apyr =D, cos(go2 +Agp, T) ‘tan'¥
My = ¥ (19)

cos(qo2 + A("z,T) tan't'y

So by elimianatig the A4, ; parameter, we obtain:

Agy, +Ap, ¢ ~ Apyr =Dy, -Cos((o2 + A(pz/T) -tan ‘PTZ
tan ‘I’Tl tan ‘I’Tz

and :

(Agom + A‘pz,T) . tan‘PT2 =Ap, 7 ~tan‘I’TI —AA, -cos(go2 + A(oz/T) . tan‘PT] -tan‘PTz;

On this basis, the following implicit computing relation of the latitude angular difference
Ag, 1 is obtained:

tan¥V I,

Agole = ~[A(p1,2 + Aﬂ.m ~cos(go2 + A(ple) -tan ‘I’Tl} (20

tan ‘{’Tl —tan ‘I‘T2
and in continuation:

Pr =0, +Ap, ¢ (21)

With the determinated in this mode value of the angular difference Ag, ;, can be calculated
in this phase and the value A7, ; of the longitude angular difference by means of one of the
two explicit relations (7.1) or (7.2).

In similar mode:

Ap =M+ Ay (22)

After obtaining, in the presented mode, of the target geographic coordinates, 4, and ¢, in
continuation it is possible to calculate and the linear distances: a1, a2 and b1, b2, on the
longitude and respectively latitude directions, between the video camera successive
positions and, respectively, between these positions and the sighted target, with the
relations:
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by| Agyz

L(A.¢)
Figure 21. In plane projection of the target sighting field

JAV [min.] A, [min.]
=——=—=.27-R-cos¢p.; a,=—==——=-27-R-cosq,;
177 360x60 Pr = 360 % 60 r
A min. A min.
1:—"’1'2[ ].27[.1{; bzz—(””[ ]-27r-R. (23)
360 x 60 360 x 60

On this basis, it is, also, possible to calculate the direct distances between the target T and
the positions, L, and L,, of the two video cameras by means of the relations:

LT = a2 +(b+b,)" and L,T = (e, +a,)’ +52 (24)

Moreover, in conformity with the schema presented in figure 22, the height k. of the target
T in the horizontal plane O.P. of the reference ellipsoid can also be calculated with one of the
relations:

hy = hL1 +LT- sin@Tlor thy = hL2 +L,T- sin@Tz (25)
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1

O.P.

Figure 22. The diagram for the target height /i, computing.

6. Inertial Explorer post-processing software for the final perfection of
the MSM accuracy data

Waypoint Products Group’s Inertial Explorer post-processing software suite integrates rate
data from six degrees of freedom IMU sensor arrays with GNSS information processed with
an integrated GNSS post-processor (same as GrafNav’s). Inertial Explorer use strapdown
accelerometer (Av) and angular rate (AO) information to produce high rate coordinate and
attitude information from a wide variety of IMUs. (Kennedy S. NovAtel Inc., Canada &
Hinueber E., iMAR GmbH, 2005)

Inertial Explorer implements either a loose coupling of the GNSS and inertial data or tightly
coupled (TC) processing that uses GPS carrier phase to limit error during periods where
satellite tracking is limited or variable (even if only 2 or 3 satellites are visible). It is
important to time-tag the inertial measurements to the GPS time frame during the data
collection process. Proper synchronization is vital. Otherwise, the IMU data will not process.
In NovAtel's SPAN system, IMU data is automatically synchronized and the Inertial
Explorer’s GNSS decoder automatically extracts the IMU data.

7. Conclusions

In order to increase up to 200 — 300 meters, the distance up to which the sighted targets from
the terrain can be positioned, it resorts to the use of a single digital camera of high resolution
in a fixed montage on a lab vehicle, instead of two cameras which usually are used in the
case of classical stereo photogrammetric systems and for which the measurement basis is
limited by the montage distance between the two cameras on the lab vehicle, respectively by
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the dimensional width of the respective vehicle, which is around of 1.2 meters. Due to this
fact, the two viewing lines are not intersected on the sighted target, but only with great
errors and therefore the bi-cameral stereo photogrammetric systems cannot precisely
identify the positions of the objectives that are at distances of more than approximatively 30
meters from the equipment.

So by using a single video camera, the measurement basis of the applied stereo metric
method is constituted from the distance interval of 20 — 30 meters, between two triggerings
of the camera during the lab vehicle displacement, distance from which the camera sights
the same objective.

On this basis, at the returning at the computing center, it follows that from the obtained
images to be selected by two images in which the interesting objective is evidenced in a
corresponding mode, which will permit the selection of this objective in an electronic
modality and the determination of the pixel coordinates, which achieves the objective
displaying on the monitor screen. These coordinates together with the other data which
accompany the two selected images, will permit to compute, using triangulation
proceedings as well as methods for reporting to the spherical system of the terrestrial
coordinates, the geographic and elevation coordinates of the sighted objective.

The immediate result of this equipment functioning is represented by the obtaining of a
series of digital documents structured in GIS format, documents which contain the data
registered in field, with the possibility to update them anytime.

Taking account of its conception, the “Slide Monitor” equipment can be installed not only
on a terrestrial vehicle, but also on any kind of boats for the surveillance from an aquatic
medium of some isolated objectives disposed on an inaccessible border.

Author details

Axente Stoica, Dan Savastru and Marina Tautan
National Institute of R&D for Optoelectronics — INOE 2000, Romania

8. References

Brzezinska D., Ron Li, Haal N. & Toth C., (2004), GPSVan™ Project: "From Mobile Mapping
to Telegeoinformatics: Paradigm Shift in Geospatial Data Acquisition, Processing and
Management,"

Photogrammetric Engineering and Remote Sensing, vol. 70, No.2, February 2004, pp. 197-
210.

American Society for Photogrammetry and Remote Sensing

Caporali A. (2008) . System and Method For Monitoring and Surveying Movements of the
Terrain, Large Infrastructures and Civil Building Works In General, Based Upon the
Signals Transmitted by the GPS Navigation Satellite System. Patent application number:

179



180 Cartography — A Tool for Spatial Analysis

20080204315 (Este (Padova), IT) Assignees: HSEPA-Sistemi Elettronici Per Automazione
S.p.A.

Guangping He (1996). Design of a Mobile Mapping System for GIS Data Collection Lambda
Tech International, Inc. - Waukesha, WI-53188, USA International Archives of
Photogrammetry and Remote Sensing. Vol. XXXI, Part B2. Vienna 1996.

Kennedy S., Hamilton J., NovAtel Inc, Canada & Hinueber E., iMAR GmbH, Germany
(2005). Integration of Inertial Measurements with GNSS - NovAtel SPAN Architecture
Symposium Gyro Technology, Stuttgart 09/2005

Kennedy S., Cosandier D., & Hamilton ]. (2007). GPS/INS Integration in Real-time and
Postprocessing with NovAtel’s SPAN System, NovAtel Inc.,Canada IGNSS Symposium
2007, The University of New South Wales, Sydney, Australia

IMAR - iTrace-F200 — Interface Description —Sensors and Systeme for OEM applications,-
Product Guide, Hwww.inertial-navigation.deH, (2008)

Moafipoor S., Brzezinska D., & Toth, C. (2004). Tightly coupled GPS/INS/CCD integration
based on GPS carrier phase velocity update, Proceedings of the ION 2004 National
Technical Meeting, 26-28 January, San Diego, California.

NovAtel — Inertial Explorer 8.20 , WayPoint — A Novatel Precise Positioning Product, User
Guide , www.novatel.com, (2009)

Scott A. (2006). Precision & Accuracy of Leica SmartStation using Network RTK GPS
“SydNET”

University of New South Wales - Undergraduate Thesis — October 2006

Stoica A., Savastru D. & Tautan M. (2008). The use of High Precision Global Navigation
Satellitary Systems (GNSS) for monitoring deformation of buildings at risk for
landslides, in flooding areas. “Journal of Optoelectronics and Advanced Materials”, 10
(6), 2008, Romania.

Stoica A., Savastru D., Tautan M., Miclos S. & Tenciu D., (2009). Patent: Mobile System and
Mapping proceeding of some objectives which are situated at great distances from the
roads. Patent RO 126294 A2/24.07.2009, Romania



Chapter 8
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1. Introduction

Different cartographic representations are considered fundamental for the Geographic
Science, whose characteristics are related, almost always, with the need for representation
and analysis of spatially distributed phenomena. Therefore, it is fundamental that the
cartographic bases are available, meeting the needs regarding the accuracy and updating, in
different scales.

Generation and maintenance of these bases are considered as highly complex, considering
all the planialtimetric information that they should contain, mainly in the case of a large
country as Brazil, whose territory extends for about 8.5 million km?, with many areas of
difficult access. Furthermore, there is a need for concern also with the thematic maps, whose
origins depend on the cartographic bases themselves, which operate as spatial reference,
besides other inputs originated normally from field surveys and remote sensing. The
diversity of these maps is enormous, creating an immense variety of methods and specialists
involved in their preparation.

With all this progress, cartography is presenting growing changes in the form of preparation
and divulging of its products. The availability of new technologies, for acquisition, storage
and dissemination of spatial data, made the use of maps and images increasingly popular,
reaching not only government organizations and private companies, as habitual, but also
individual users. On the other hand, this same technological progress has entailed a new
context of methodological solutions, some of which presenting themselves as interesting
alternatives for the process of maps generation, despite presenting also many future
challenges. Changes to the way work is carried out are fundamental to attend viable
solutions in ongoing applications, in the long-term, that also require a high level of quality,
as those involving systematic cartography.

It is a fact that the consolidation of the Information Technology in practically all areas of
knowledge, with the consequent cost reduction regarding software and hardware, was

I NT EC H © 2012 Madureira Cruz and Silva de Barros, licensee InTech. This is a paper distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
open science | open minds unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



182 Cartography — A Tool for Spatial Analysis

fundamental in this evolutionary process. Despite the intense and growing offer of
technologies, the adsorption of the new methods and products, which were slowly
converted from analog to digital, involves countless challenges, being slower than expected
or desired. It should be highlighted also that the conversion requires the review of many
concepts that need to be adapted to the new reality, as in the case of the sheets of charts in a
certain scale in view of the challenge of preparation of continuous bases.

Therefore, an interesting new panorama is configured, which presents a diversity of uses
with a growing demand for Geographic Information, associated, increasingly, with the use
of Geographic Information Systems and products originated from Remote Sensing. The lack
of control of individual actions, without the support of a detailed analysis on the real
potentialities of the new products, can entail serious problems caused by inappropriate use
of methods and/or inputs, making a wide discussion on the theme urgent, with
establishment of a set of rules that supports such discussions.

Considering the images from Remote Sensing as growingly important inputs for
cartography, it is emphasized that the diversity of new remote sensors, at different
acquisition levels, and values of resolution and accuracy, allows to meet a variety of
reference and thematic maps, in several scales.

2. Considerations on remote sensing in cartography

The use of remote sensing as important data source has been a reality for several decades, is
ongoing and will probably be part of the everyday life of the population for many years to
come - although most people are not even aware of it. The aerial level has supplied great
volumes of data for cartography since the beginning of the 20th Century, whether in
military or civilian applications, such as reference and thematic maps. In its evolution, it is
also considered that the great revolution of the orbital phase has as main marker the
launching of satellites focused on natural resources in the beginning of the 1970's.

In Brazil, practically all existent officially-based cartography was produced from aerial
photos and, despite receiving satellite images from Landsat on the Cuiaba (MT) land station
since 1973 in [1], only recently its use as input was adopted for the generation of reference
cartographic bases.

The diffusion of micro-information technology also helped to increase the availability of free
or low-cost images aimed at remote sensing image processing, contributing to a significant
increase in the number and diversity of uses and applications. This growth occurred both in
reference cartography as, mainly, in thematic cartography. Perhaps the climax of the
dissemination occurred with the launching of Google Earth in 2005 in [2], making such
products available for non-specialist users.

If on one hand such dissemination carted many benefits for most of the users (whether
specialized or not), on the other hand it may contribute for the generation of products which do
not present the expected, and often, required quality. Ignoring the phase of amazement which is
common after launching products which in some way become object of consumerism, the
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products derived from remote sensing images may end up presenting a lower quality than
desired, for, among other reasons, generating an expectation of intrinsic good quality. This may
occur for being considered something modern, conveying the impression that the leading-edge
technology is synonymous of - or is very near to present - guaranteed quality. In an opposite
vision of the former, it is noted that there is a group of users who reveal suspicion or misbelief
regarding the promised potentialities. Probably this occurs for different reasons, such as
insufficient information, prejudice, or still, concerns with loss of jobs. Such resistances delay the
renewal of methods and techniques, ending up to configure "pre-judgments” that end up
making the performance of an analysis difficult, even in an emergency character, regarding
their real efficacy. The results of our studies offer greater clarifications on products originated
from different sensors, leading the reader to the need to break myths - pessimistic or optimistic -
regarding the use of remote sensing, mainly at orbital level for cartographic ends.

It is important also to consider that during recent years a lot of investment was carried out
in new sensors, aiming to meet different applications. It is in place to state that we are being
overrun by growing offers of novelties associated to many promises. The universe of remote
sensors aimed at terrestrial studies is therefore very wide, involving products with several
and variable spatial, radiometric, spectral and temporal resolutions. Such diversity allows
the production of mappings with different detail and accuracy levels, of greater or minor
complexity of legend and the possibility to follow up dynamic phenomena.

Another relevant consideration is the fact that many sensors allow also the extraction of 3-D
data, also with different resolutions and accuracy levels. One fundamental mark in this area
is undoubtedly SRTM (Shuttle Radar Topography Mission), which despite not having been
the pioneer, is the most encompassing and popular Digital Elevation Model (DEM) available
worldwide. Consequently, there is a growing need to study the quality of the altimetry
obtained from such sensors, and also an assessment of how much the implemented
advances in the data acquisition process can influence the results, as for instance the along-
track stereoscopy (images acquired during satellite orbit) and interferometry.

A differentiation between DEM and Digital Terrain Models (DTM) can be useful, because
often this is one of the arguments against the use of orbital images for the generation of
terrain representations. In a simplified way, it will be assumed that the DEMs represent the
land surface added by any existent objects on it and which influence the value of the pixel
reflectance. In other words if there are trees and constructions, the surface represented refers
to the top of them. The DTMs on the other hand, represent the actual ground surface.

Despite so many investments in orbital sensors, the airborne surveys still offer greater accuracy
for their products. It is emphasized also that there are some benefits of the active sensors in
relation to passive sensors, as the case of the interferometer radar and LIDAR (LIght Detection
And Ranging), which are not subject to atmospheric interferences and allow extraction of DEMs
and DTMs - depending on the band for radar and the density of points for LIDAR.

In the case of new methodologies for generation of DEM/DTM to meet the expectations,
reaching greater detail scales, an important step was taken in the sense of generating data
with a good cost/benefit relation, mainly regarding time reduction, if compared with
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conventional methodologies. In such case the topographic features can be obtained for the
most extensive areas of our country, meeting a demand of great part of the studies and
activities related to topographic representation.

The interest in investigation on altimetry spawned by orbital products arises from the fact
that planimetry has already been studied, both in meeting thematic and reference
cartography. Besides the need of studies related to altimetry, this category has been raising
growing uses and interest. For some examples of the use of altimetry in studies related to
thematic cartography, see [3-7]. To exemplify applications related to reference cartography,
see [8-12].

In the case of Brazil, cartography still presents serious problems related to the updating of
the existent bases and availability of appropriate scales for the most different studies in [13],
especially in scales with greater detail of systematic mapping, as for instance, 1:100,000 and
1:50,000 which are very useful in environmental and urban studies.

3. Accuracy of the planimetric and altimetric representations:
Case studies

A proposal to minimize the problems presented - rejection of indiscriminate utilization - is the
creation of a culture for assessment of the quality and validation of the generated products.
This way, maybe, we come closer to know what is real. There is a norm called Cartographic
Accuracy Standard (PEC, in Portuguese — [14]) to classify cartographic products. However its
application has always been limited. PEC was created in the 1980's, when cartography was still
in the analog phase. With the change to digital cartography, new approaches are required
regarding assessment of planimetric, and especially altimetric accuracy. In [15] it is possible to
see a discussion on the use of PEC in present days, calling attention for the need of changes
and inclusion of statistical tests, not foreseen in the present norm.

PEC makes reference to the assessment of final products through the use of control points
for checking how much the points located on a map deviate from their homologous located
on the ground. For each quality class - which can also be understood as accuracy - a
standard value is specified to be reached by at least 90% of the points, as well as a limit
value for the Mean Square Error - understood as synonymous of standard deviation. Said
simply, this norm applies both for planimetric as altimetric assessments.

Notwithstanding all our concerns regarding the quantity and quality of information that can
be extracted from remote sensing products, the volume of products originated from new
sensors grows every day and the demand for investigation regarding accuracy of its
geometry, considering what is established in the PEC, is still very large. As suggested above,
probably this is explained by some factors such as insufficient knowledge of such need or
the lack of norms or standards for other types of assessments that may be used as reference.

ESPACO Remote Sensing and Environmental Studies Laboratory of the Department of
Geography of the Federal University of Rio de Janeiro (UFR]) has a research line aimed at
assessment regarding the geometry of several products originated from remote sensing since
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2004. As these products are increasingly used in the production of cartographic data, a brief
summary of the results obtained in the case studies carried out by members of the research
group during that period is presented. To facilitate the search, the results were grouped in
three different Classes of scales: 1) scales over 1:25,000; 2) 1:25,000; 3) 1:50,000 or less.

All assessments of the planimetric and/or altimetric accuracies used as reference what is
provided in the PEC; which establishes that 90% of the points tested should present errors
below certain tolerance values and the total set of points cannot surpass a standard
deviation limit. These thresholds are determined for each quality class, which varies from A
(higher accuracy) to C (less accuracy). Table 1 below presents the specific thresholds for the
planimetric and altimetric accuracies.

Planimetry Altimetry
Class Tol. (mm) SD (mm) Tol. SD
A 0.5 0.3 1/2 Eq. 1/3 Eq.
B 0.8 0.5 3/5 Eq. 2/5 Eq.
C 1.0 0.6 3/4 Eq. 1/2 Eq.

Tol.: Tolerance; SD: Standard Deviation; Eq.: Altimetry difference between contour lines (Contour Interval)

Table 1. Limits of planimetric and altimetric tolerances indicated by the PEC

It is emphasized that, despite the PEC not being indicated for assessment of digital products
and inputs used in the cartographic production process, this standard was adopted in the
studies here performed for being the only existent official norm in Brazil for assessment of
cartographic products. The use of the PEC serves mainly, to have a national reference for
comparison of the planialtimetric accuracy of cartographic products.

It is stressed also that the assessments refer only to the geometry related accuracy. Most of
the assessed products - if not all of them - present information extraction capacity for lower
scales than those scales for which its geometry is compatible.

All assessments should be treated as case studies, in view that they refer to the assessment
of a unique scene/acquisition for each product, with the possibility of the existence of
different results for other study areas. The assessment of planimetric accuracy was always
carried out using the generated orthoimage, while the altimetric accuracy evaluation was
made directly on the DEM and/or DTM obtained from the sensor images.

The results for each group are presented below, describing the types of evaluated sensors,
their common features, besides the results themselves found in the case studies.

4. Scales greater than 1:25,000

4.1. IKONOS 2: Planialtimetric evaluation of the orthoimage and DEM

Ikonos 2 satellite was launched in 1999, being the first one with high-definition
available on the market, with a spatial resolution of 1 m for the panchromatic band and
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4 m for the multispectral bands (blue, green, red and near infrared), and radiometric
resolution of 11 bits. Another novelty offered was the acquisition of the stereo pair in
the same orbit.

The Ikonos product used in this assessment comprises four scenes (two stereoscopic pairs),
in the GeoOrtho Kit mode (with RPCs - Rational Polynomial Coefficients), acquired on April
11, 2009. The assessment only used the panchromatic band.

Study area is located near the border between Sao Sebastido and Caraguatatuba, both
municipalities of the northern coastline of the state of Sao Paulo. This area is inserted in the
Serra do Mar (Sea Mountain Range), which in this area presents height differences of up to
800 m, with vegetable cover of the tropical forest type.

Scenes referring to the panchromatic band were modeled in Orthoengine 10.2, of PCI
Geomatics, making use of RPCs and seven GCPs (Ground Control Points). The orthoimage
was generated with the nominal resolution of the raw scene (1 m) and the DEM was
generated with resampling, taking the pixel to 2 m. For assessment, 32 points were used, all
surveyed with GNSS, through relative static positioning, with single frequency (L1) trackers.

Regarding planimetric accuracy, the results indicated the orthoimage as class C for 1:2,000
scale, having in view that 96.9% of the points used in the assessment presented errors of up
to 2 m and Standard Deviation (SD) of 0.5 m, demonstrating a very low internal error.

Regarding altimetric accuracy, the generated DEM from the panchromatic band could be
fitted in class C for 1:10,000 scale, because 91.2% of the points used presented errors of up to
3.75m and SD of 2.0 m.

4.2. GEOEYE 1: Planialtimetric assessment of orthoimage and DEM

Images of the Geoeye satellite are among those with highest spatial resolution available at
present. The acquisition of stereoscopic pairs is also made along the same orbit. The sensor
presents a panchromatic band of 0.5 m spatial resolution and multispectral bands (blue,
green, red and near infrared) of 2.0 m spatial resolution, and radiometric resolution of 11
bits. The stereoscopic pairs used in this assessment where acquired with RPCs.

Study area comprises the Ilha Grande Island, located in the municipality of Angra dos Reis,
in the south of the state of Rio de Janeiro. The prevailing relief is mountainous, with a
vegetable cover of the tropical forest type, presenting height differences of up to 1,000 m.

The stereoscopic Geoeye pair, acquired on March 24, 2011, was modeled by Orthoengine
10.2 of PCI Geomatics, using RPCs, 6 GCP and seven Tie Points. For assessment 24 points
were used, all of which had their coordinates determined by relative static positioning,
using 2-frequency (L1L2) GNSS trackers.

The orthoimage, generated with nominal resolution of 0,5 m, presented planimetric
accuracy compatible with the specification, according to PEC, for class B for 1:2,000 scale,
since 90% of the points used in the assessment presented errors of up to 1 m and SD of 0.3
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m. The DEM was generated with resampling, taking the pixel to 2 m. The altimetric
accuracy was consistent with Class C for 1:10,000 scale, since 90% of points used in the
evaluation showed errors of up to 3.2 meters and SD of 2.3 meters.

4.3. LIDAR: Planialtimetric assessment of orthoimage, DTM & DEM

The LIDAR (LIght Detection And Ranging) used in this assessment comprised not only
DTM and DEM generated by LIDAR proper, but also orthophotos generated from photos
acquired during the survey with a non-metric camera. The point cloud was not assessed,
since the ESPACO laboratory only received the models generated and the orthophotos,
which presented a 25 cm (10") resolution. The LIDAR sensor used was Optech ALTM 2050
(Airborne Laser Terrain Mapper), configured for a point density equivalent to one point at
each 80 cm. The airplane used, besides outfitted with a double frequency GNSS tracker, also
used an IMU (Inertial Measurement Unit), responsible for recording the airplane altitude
variations. The great interest in LIDAR, besides the good accuracy expected and speed in
data processing, is the possibility of penetration into the vegetation, due to its high point
density.

Thirty-six (36) evaluation points were used, with 29 identified in the orthophotos. All points
had their coordinates determined by relative static positioning, with single frequency GNSS
trackers.

Study area is located near the border between Sao Sebastido and Caraguatatuba,
municipalities of the northern coastline of the state of Sao Paulo. This area is inserted in the
Serra do Mar Range, which in this area presents height differences of up to 800 m, with
vegetable cover of the tropical forest type.

Orthoimages showed excellent planimetric accuracy, presenting a CE90 (Circular Error at
90%) of 0.86 m and SD of 0.3m. With these values it is possible to say that it presented an
accuracy compatible with class A for 1:2,000 scale because, besides the SD being below the
limit for this scale, 93.1% of the 29 points used in the assessment were below the limit for
this scale.

The DEM presented good altimetric accuracy, with a LE90 (Linear Error at 90%) of 1.33
meters and SD of 0.73 m, presenting itself compatible with the indication by PEC for class C
for 1:5,000 scale, assuming that the contour lines present 2 m of contour interval. A total of
33 (91.7%) of the 36 points used in the assessment presented errors below specification
(1.5 m).

The DTM presented an even better performance, presenting a LE 90 of 0.58 m and SD of 0.4
m, which would make it compatible with the indication for a class B for 1:2,000 scale, since
91.6% of the points used in the assessment presented errors up to the specified value (0.6 m)
for this class.

The results obtained in the assessment of the LIDAR data were very good, but it was not
expected that the altimetric accuracy of the DEM would be lower than the DTM accuracy. It
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is possible that there was a better treatment of the point cloud during data processing
regarding the last return (responsible for DTM generation) in detriment of the data of the
first return (that lead to the DEM generation).

5.1:25,000 scale
5.1. Cartosat-1: Planialtimetric assessment of orthoimage and DEM

The Cartosat-1 satellite - or IRS P5 - is aimed for cartographic applications, especially
reference applications, for having only a panchromatic band, but with 2 different acquisition
angles in the same passage. Its radiometric resolution is of 10 bits.

The stereoscopic pair analyzed covers the surroundings of Sdo Sebastido, the same area
mentioned before.

The stereoscopic pair, acquired on May 23, 2009, was processed with Orthoengine 10.2, by
PCI Geomatics, using RPCs, with 7 GCPs and 8 Tie Points. The orthoimage was generated
with nominal resolution equal to the rated resolution (2.5 m) and the DEM was resampled
for 10 m. For assessment 30 points were used. All points were surveyed with GNSS
equipment, with relative static positioning, with single frequency trackers.

The results were quite satisfactory, with the orthoimage reaching a class B for 1:10,000 scale,
with 93.3% of the points presenting errors of up to 8 m and SD of 2.7 m. Altimetric accuracy
was compatible with the specification for a class A for 1:25,000 scale, since 94.1% of the
assessment points presented errors of up to 5 m and SD of 2.8 m.

5.2. ALOS/PRISM: Planialtimetric assessment of orthoimage and DEM

PRISM sensor onboard ALOS! satellite acquired data only into panchromatic band, but with
telescopes in three different incidence angles (Backward, Nadir and Forward), with a spatial
resolution of 2.5 m. Operating in this mode, called Triplet, it presented optimal conditions
for DEM generation, considering that different view combinations could be used, according
to relief variation or any other needs.

PRISM data, likewise those from AVNIR2 were distributed by IBGE (Brazilian Institute for
Geography and Statistics) to noncommercial users for much lower prices than those practiced
by the market for compatible products. It explains the interest in such data and the need for
assessments.

The results presented here referred to the assessment report of PRISM data in [16] and the
work presented by some IBGE employees in [17], who assessed the accuracy of the
geometry from a PRISM Triplet acquired with a 1B2R processing level covering the
surroundings of the municipality of Itaguai, in Rio de Janeiro.

The data was processed by Orthoengine 10.1, of PCI, without RPCs, but using 7 GCPs and
11 Tie Points. The orthoimage was generated with a Nadir view of 2.5 m and the DEM was

1 ALOS satellite experienced trouble in April 2011 and was disconnected in May of the same year.
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generated using the backward and forward views, resampled for 10 m. For assessment ends,
88 points were used, whose coordinates were determined by relative static positioning,
making use of double frequency GNSS trackers.

The authors initially made a planimetric accuracy assessment of an orthoimage generated
with 7 GCPs and SRTMDEM. The results showed that, even using a SRTM DEM, with 90 m
pixels, the orthoimage would be compatible with an indication for class A for 1:25,000 scale,
since the 40 points used in this initial assessment presented errors of up to 9.6 m, with SD of
2.1 m. Subsequently, the assessment was complemented using a DEM generated from the
Triplet PRISM data. The results were also satisfactory and similar to those obtained with
Cartosatl. The orthoimage presented planimetric accuracy compatible with class B for
1:10,000 scale, despite the authors' mentioning only attendance to scale 1 to 25,000 (which
was the target of the assessment), since all points presented errors up to 7.9 m and SD of 1.9
m. The altimetric accuracy of the DEM was compatible with class A for 1:25,000 scale since
92% of the assessment points presented errors of up to 5 m and SD of 2.3 m.

6. Scales 1:50,000 or less

6.1. SRTM DEM: Altimetric assessment

The DEMs generated from the data of this mission by NGA (National Geospatial
Intelligence Agency), NASA (National Aeronautics and Space Administration), have been
widely used in Brazil - as well as in other countries - for being free, of good quality and with
almost global coverage. Since its first divulging, in version 1, the immense potential for its
use was perceived, mainly in locations without altimetric data of better quality and coverage
in digital media. In function of the different versions available, four of them were chosen to
be evaluated:

¢  Version 1: Original DEM with pixel resampled to 90 m, with negative values and many
areas without data, distributed by NASA. Additional information may be obtained on
the site http://www?2 jpl.nasa.gov/srtm/;

e Version 2: Includes additions made to version 1, with delimitation of a coastline,
elimination of negative values and reduction of areas without data, also distributed by
NASA. Additional information may be obtained on the site http://www?2.jpl.nasa.gov/
srtm/;

e Version 4: Derived from version 1, maintains a 90 m pixel, as well as some negative
values, but completes the areas without data. This version is divulged by CGIAR
(Consortium of International Agricultural Research Centers). Additional information
may be obtained at: http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp;

e Topodata: This version was generated and distributed by INPE in [18], with
reprocessing of version 1 data for the Brazilian territory, resampling the pixel for 30 m
by kriging. Additional information can be obtained at: http://www.dsr.inpe.br/
topodata/index.php;

The assessment was made in the same way for the four versions, with small variation in the
number of assessment points (between 90 and 92 points, depending on the DEM version) -
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all surveyed with GNSS, through relative static positioning, with single frequency trackers -
in function of the variation of the pixel size and the coastline. The study area corresponds to
part of the municipality of Sdo Sebastido on the north coast of the state of Sao Paulo, in
southeast Brazil.

Table 2 presents a summary of the assessment results from the SRTM DEM in the four
versions. In it, the number of assessment points used in each product are shown, as well as
the percentages of points with errors up to the limit for a class C for scale 1:50,000 (15 m)
and class A for scale 1:100,000 (25 m) as well as the Standard Deviation (SD) of each set of
points used in the assessment for each DEM SRTM version.

DEM Assessment Class C Class A SD
SRTM Points 1:50,000 1:100,000 (m)
Version 1 90 91.10% 100% 6.82
Version 2 91 90.50% 100% 6.85
Version 4 91 90.10% 100% 6.84
TOPODATA 92 83.30% 93.40% 10.38

Table 2. Summary of assessments of the 4 versions of DEM SRTM

From the results presented in table 2 one perceives that versions 1, 2 and 4 have very similar
performances and present altimetric accuracy very near to the limits indicated for class C of
scale 1:50,000. Only Topodata is indicated only for class A of scale 1:100,000. As the main
objective of Topodata is to obtain a better detailing of the morphometric information
derived from SRTM DEM, a small loss of accuracy is tolerated in favor to gain better
detailing of the morphometric representation. Additionally, the goal and SD observed
should be emphasized, mainly in versions 1, 2 and 4, showing that the DEM SRTM presents
homogeneity and consistency in results.

6.2. ASTER/VNIR: Planialtimetric assessment of the orthoimage and DEM

ASTER images (Advanced Spaceborn Emission and Reflection Radiometer), onboard Earth
satellite, are very interesting for being of low-cost and providing good spectral resolution,
besides allowing the generation of DEMs from the stereoscopic pair of the VNIR (Visible
and Near Infrared) sensor. This sensor provides a spatial resolution of 15 m, counting with
the green, red and near infrared bands (the latter being acquired with two different
incidence angles in a same satellite passage). Due to these features, those images can be
useful both for thematic as for reference cartography.

Study area again was the vicinities of the municipality of Sdo Sebastido. An assessment was
carried out based on the results made from the images and DEMs generated according to
two different approaches:

e With Orthoengine 10.2 by PCI Geomatics based on 2 scenes (same date) acquired
September 19, 2008, with processing level L1A, making use of 12 control points and 9
Tie Points per scene.



Contribution of New Sensors to Cartography

e  With ENVI/ ASTER MDT: using the same scenes (same date), with the same processing
level and control points; and using the same scene, however with L1B processing level
and without control points.

The orthoimages and DEMs generated for assessment had the same resolution as raw data:
15 m, despite having carried out tests of the DEM with pixels resampled up to 60 m,
without perceiving significant difference.

There was no disagreement between the results obtained for planimetry, placing the VNIR
orthoimages in class A for 1:50,000 scale, with 92.7% of the 41 assessment points presenting
errors of up to 40 m, with a standard deviation of 11.6 m.

In the case of altimetry, however, results were different depending on the approach used in
DEM generation. Using Orthoengine, the worst results were obtained, since DEM meets the
specifications for class A for 1:100,00 scale, with 94.2% of the assessment points presenting
errors of up to 25 m, with a standard deviation of 10.5 m. When using the ENVI
/ASTERDTM, with the same scenes, processing level and same 12 control points, the result
changes to a class C for 1:50,000 scale, with 92.7% of the assessment points presenting errors
of up to 15 m, with standard deviation of 8.6 m. Using the scenes with processing level L1B
with ENVI /ASTERDTM, without any ground control point, the specification for a class C
for 1:50,000 scale is reached, with 96.3% of the 41 assessment points presenting errors of up
to 15 m, with a standard deviation of 6.1 m.

These results ensued a questioning to the PCI representative in Brazil, with forwarding of all
the data used, being answered by PCI that there was no failure or problem. It is therefore
understood that the ASTERDTM modeling - which is a specialized ASTER module - is more
appropriate.

6.3. ALOS/AVNIR-2: Planimetric assessment of orthoimage

The ALOS/AVNIR-2 data, as well as those of the PRISM sensor of the same satellite, are of
great interest for Brazil, since its data was distributed by IBGE (Instituto Brasileiro de
Geografia e Estatistica) for noncommercial users at a much lower price than those practiced
by the market for products with the same features. It remained to know its accuracy in order
to be able to fully explore its real capacity. The AVNIR-2 sensor acquired data in 4 spectral
bands (blue, green, red and near infrared) with a spatial resolution of 10 m. Since the
satellite contained a very advanced set of orbital and altitude control systems, its use would
be very appropriate both for reference as for thematic cartography.

The results presented here refer to the work published by a group of IBGE employees in [19]
who assessed the orthoimage geometry of this sensor.

Orthoimage was generated in Orthoengine 10.2, by PCI, with a resolution of 10 m, based on
a scene acquired with processing level 1B2R, making use of seven ground control points and
DEM SRTM version 4.0. The control points and the 34 assessment points were obtained
from orthoimages in scale 1:25,000 generated by IBGE from photos in the scale 1:35,000. This
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study area covered the cities of Uberlandia, Indiandpolis and Araguari, state of Minas
Gerais, in Southeast Brazil. The topography of this area is less mountainous with height
differences not exceeding 400 m.

The results indicate that the orthoimage presents a planimetric accuracy equivalent to the
class A of scale 1:50,000, since 90% of the assessment points presented errors of up to 21.7 m
(already including the external error of the orthophotos - of up to 12.5 m), with standard
deviation of 3 m. The authors of the referred work emphasize that the assessment only
focused on geometry, like the remaining assessments here presented.

6.4. Landsat 7 ETM+: Planimetric assessment of the orthoimage

This assessment was the first research on the geometric accuracy of remote sensors carried
out in 2004, by Laboratory ESPACO, with the specific purpose to obtain the planimetric
accuracy of the Landsat images when orthorectified using the SRTM DEM (a novelty at that
time). Despite being a quite well-known sensor, we consider its inclusion in this chapter
appropriate for historical reasons and for its resemblance with the TM images from Landsat
5. Presently (2012) Brazil is concluding the updating of reference maps in the scale 1:250,000
using TM sensor images as main input.

Orthoimage was produced from the band 3 (red) of a scene (Path/Row 218/076) of sensor
ETM+ (Enhanced Thematic Mapper Plus), Landsat 7 satellite, acquired in August 1999, with
processing level 1G. Orthorectification was made with Orthoengine 9.0, by PCI Geomatics,
using 10 ground control points (GCPs) - whose coordinates were determined by a
navigation GPS (C/A - Coarse Acquisition Code) - and SRTM DEM version 1 (90 m pixel).
The choice for the navigation GPS was due to the ETM plus image characteristics - 30 m
pixel - and the lack of availability of single or double frequency trackers at that time.

In the planimetric accuracy assessment of orthoimage from Landsat 7 ETM+ only 4
assessment points were used, with coordinates determined by relative static positioning,
through single frequency GNSS receivers. It was chosen to work with a small number of
points for the assessment, but to determine their coordinates with greater accuracy.

The study area corresponds to the part of the municipality of Angra dos Reis, in Rio de
Janeiro, Southeast Brazil. Relief is mountainous in most of the scene, with height differences
over 1,000 m, for being part of the Serra do Mar Range. The prevailing vegetable cover
consists of tropical forests, with presence of grasses/pastures in some areas.

It was observed that the 4 assessment points presented positioning errors of up to 70 m with
an SD of 13 m. The results obtained suggest that the orthoimage presents a planimetric
accuracy compatible with the specification for a class B for 1:100,00 scale.

6.5. SPOT 4: Planimetric assessment of the orthoimage

Likewise as in the assessment of the Landsat Orthoimage, this was one of our first
planimetric accuracy assessments. The SPOT 4 images were renowned as having a very
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good geometry and it was habitual to use the panchromatic band of that sensor (HRVIR) in
scales 1:25.000 and 1:50.000.

The orthorectification of the panchromatic band (in fact it covers the red band — 0.61 to
0.68um), with a 10 m spatial resolution, was carried out with Orthoengine 9.0, by PCI
Geomatics, using 7 GCPs and SRTM DEM.

The assessment used 7 points, whose coordinates were determined by relative static
positioning (likewise as for the GCPs), with single frequency GNSS trackers.

The study area was also the same used in the assessment of the Landsat Orthoimage and
corresponds to part of the municipality of Angra dos Reis, Rio de Janeiro, Southeast Brazil.

The results suggest that the Orthoimage presents an accuracy compatible with the Class A
for 1:50,000 scale or Class C for 1:25.000 scale, since all points presented errors up to 20.5 m
and SD of 7.4 metros. Likewise as in the Landsat assessment, the use of a small amount of
points in the assessment does not allow to surely warrant the accuracy, but it is an indicator
of its quality in terms of geometry.

Finalizing this part of the chapter, we present a summary table (table 3) with results
from the accuracy assessments in terms of geometry for each of the sensor products
analyzed:

Sensor Product Scale Classe/PEC

Orthophoto 1:2.000 Class A
LIDAR MDT 1:2.000 Class B
MDS 1:5.000 Class C
G 1 Orthoimage 1:2.000 Class B
coeye DEM 1:10.000 Class C
Orthoimage 1:2.000 Class C
IKONOS-2 DEM 1:10.000 Class C
Orthoimage 1:10.000 Class B
CARTOSAT-1 DEM 1:25.000 Class A
Orthoimage 1:25.000 Class A
ALOS/PRISM DEM 1:25.000 Class A
ALOS / AVNIR Orthoimage 1:50.000 Class A
Orthoimage 1:50.000 Class B

ASTER / VNIR
S /VN DEM 1:50.000 Class C
Version 1 1:50.000 Class C
Version 2 1:50.000 Class C

T

SRTM (DEM) Version 4 1:50.000 Class C
Topodata 1:100.000 Class A
SPOT 4/ HRVIR: Pan Orthoimage 1:50.000 Class A
Landsat 7 / ETM+ / Multiespectral Band Orthoimage 1:100.000 Class B

Table 3. Summary results of the assessments



194  Cartography — A Tool for Spatial Analysis

7. Issues (still) remaining: Some limitations persisting and potentialities
observed

Besides being somewhat limited, the evaluations using PEC made sense for analog
mapping, whose construction processes were more vulnerable to graphic issues, such as the
tracing of the elements properly. Considering altimetry, it becomes even less valid for the
digital data, because reference is made to the contour lines interval, without mentioning
specific scales. In several applications, nowadays, it is possible to have a DTM or DEM and,
based on them, automatically extract the contour lines, in case required. But what matters is
that the primary product tends to be the digital model and not the contour lines, which are
dispensable for most of the applications, except in the case when it is desired to print the
base with the altimetry represented in a way to allow quantitative estimates. According to
this reasoning, it is necessary to assess the accuracy of the DTM or DEM, because they
normally are inputs from derived products, although the official Brazilian norm does not
make any reference to this type of product. Obviously one should maintain the assessment
of the contour lines in the cases where they represent the altimetry.

Even considering the PEC as reference, it can only be applied for assessment of the
geometry of reference cartography products. There is no official norm for
assessment/evaluation of thematic cartography products in Brazil. Therefore, thematic
mappings present accuracies — both in terms of geometry as contents — which are either not
assessed or which remain to be decided by the specifications of their producers. The
importance of the establishment of norms is emphasized once more, or, at least the
establishment of national standards that facilitate data interchange with levels of accuracy
that can be known and compared. Brazil is presently making an endeavor to divulge its
National Spatial Data Infrastructure (INDE), expanding the utilization of geospatial data in
an appropriate manner. Such an endeavor also focuses on the adoption and dissemination
for the use/generation of metadata. In this context, the knowledge of the accuracy of the
products, whether referential or thematic, is mandatory.

It is clear that both for the reference cartography as for the thematic cartography the
assessment should not be restricted to the accuracy of the geometry, but should consider
also the reliability of what is being represented - i.e., its actual contents. In this context,
some items to be considered are: what is represented, the amount of elements presented, the
taxonomic level reached, the level of detail, etc. Obviously, for reference cartography some
elements may have greater relevance while in the thematic cartography others may deserve
more attention. It is necessary to disseminate among the users and producers of
cartographic data the importance to know the quality, both of the geometry as the contents,
the detailing of the mapping, always assessed considering the scale adopted. Despite
seeming obvious, it is quite common to find the distribution of products presented as
compatible with a certain scale, but in the assessment made, one finds that the concern was
merely with the accuracy for geolocation, i.e., with the geometry. Among the non-specialist
users the problem is even greater, because they rely more easily on the information
provided and end up acquiring products which do not correspond to their needs and, when



Contribution of New Sensors to Cartography

trying to extract an amount of information proportional to the desired scale, they perceive
that it is impossible. In some of these cases the user may reach the conclusion that the
maximum scale that can be reached for the product in terms of geometry can be very
different from the maximum scale reached in terms of information contents available in that
product. However, in other cases it is also possible that the user does not even perceive such
difference and will end up making inappropriate use of that data.

The authors have no intention to criticize the performance of assessments regarding only
accuracy. Actually, what we have been doing mostly, in a systematic way, is this type of
assessment. The interest lies in calling attention for the need to complement the assessments
with considerations regarding accuracy of the represented contents. As the existence of a
critical mass regarding the need for assessments for accuracy of geometry is already
perceived, it is desired to create a demand for investigations regarding the contents of what
is represented.

As an example of such duality in the assessment of accuracy for the case of orbital images,
we can mention the ALOS/PRISM in [16] planialtimetric data assessment report and in [19]
on planimetric assessment of AVNIR2 images. Both texts present the maximum scales in
terms of planialtimetric and planimetric accuracy, respectively, mentioning that the
products may not allow the extraction of elements in the same scale. In order to know this
last information it would be necessary to carry out an assessment of the images
interpretability.

It is also important, to minimize the intensity of a statement — which is sometimes
mentioned - that for thematic cartography, geometry may be neglected, while for reference
cartography geometry is all that matters. Due to this, many thematic maps present serious
geometry problems, which makes them incompatible for the foreseen scale, likewise as in
reference cartography one may find maps — often adjacent to each other - that present
different information densities, or even, a lack of standardization of what is being
represented.

It is necessary to think about the problem, to suggest solutions and create a form of
assessment that is really viable for the use by several producers of cartographic data —
whether referential or thematic, whether originated from official mapping agencies or
private companies, research groups, etc. who handle these types of data. What matters is to
invest in the proposition of standards for assessment of such data. These standards should
be appropriate for the new techniques for data acquisition and handling, considering the
digital context and dealing with accuracy in terms of geometry and contents.

When we consider the use of remote sensing data — whether originated from aerial or orbital
levels — a set of cares is necessary, starting with the appropriate sensor choice, the time of the
year for data acquisition, but treatment of the data and extraction of the desired information.

People often say that the only optimal solution is the one obtained through
photogrammetric survey. And for many applications it really is the best. But a survey
carried out in the scale and dates desired is not always available. And for other applications
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the optimum solution may be a survey carried out by radar. Other times we find people
who do not even think of using photographs, because beforehand they state that the
solution is through the use of orbital data. But it may happen that in this type of survey you
may not get the acquired image with the geometry and/or level of detailing most
appropriate for your application. In other words, the choice of the sensor should be made by
an evaluation comparing costs and benefits, focused on the application. Each option
normally presents benefits and drawbacks which should be evaluated case-by-case.

Since the appearance and dissemination of high resolution (spatial) sensors, they became the
source of the most desired images for several applications that work with medium to large
scales. However, not always the spatial resolution is what matters. For several thematic
applications, such as mapping of vegetation or land coverage and land use, the spectral
resolution is a factor equally or more important than the spatial resolution. On the other
hand, one problem which is often overlooked in the planning is the time that it may take to
acquire an image (or pair of images) for a certain location. Even with sensors presenting a
small revisiting period, for meteorological issues or for great data demand, months may
pass until the data is effectively acquired, even if paying a priority rate. For several
applications this may be a limiting factor.

There are other basic issues that are sometimes neglected: when choosing to pay an
expressive amount for high spatial resolution images, it is assumed that the application is
for scales that need greater detailing which, at their turn, demand also greater accuracy in
terms of geometry. However it is not rare to find users who acquire such data and do not
make the appropriate geometric modeling/correction — the orthorectification, with RPCs
supplied by the satellite owner, GCPs (ground control points) with compatible accuracy and
appropriate DEM. Even images with good internal geometry will present relatively high
external errors if they are not well modeled, especially in areas with great attitude
differences. And this is not acceptable in the immense majority of applications that
effectively require data with great detailing.

Users of images that allow a more regional coverage — sensors normally included in the
category of medium spatial resolution — should be feeling more difficulty to update data
since Landsat 5 presented problems in November 2011 in [20], since there is practically no
alternative that offers the same possibilities (especially considering cost and data
availability). Environmental studies have a great demand for data of this category and need
to search for alternatives, as the use of sensors of greater spatial resolution, normally losing
spectral resolution — with highlight for the lack of availability of the SWIR band — in most of
those sensors.

While the producers of thematic data are experiencing a certain period of low availability of
these sensors of medium spatial resolution and highest spectral resolution, the opposite has
been occurring for producers of reference cartographic data. These sensors of medium to
high spatial resolution (between 2.5 and 5 meters), high (between 1 and 2.5 metros) and very
high (below 1 m) can rely on a great offer of inputs. New sensors with higher spatial
resolutions are becoming available almost every year. In Brazil, as mentioned before,
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photogrammetric flights for systematic cartography are again being contracted in greater
quantity, making more data aimed at greater scales available (mainly 1:25,000 or above), in
addition to a growing offer of LIDAR and RADAR data. Regarding this latter sensor - the
project “Amazon Radiography” is presently ongoing, with the use of airborne
interferometer RADAR, in the X and P bands, for production of a cartographic reference
base in scale 1:50,000 and 1:100,000, among other products in [21].

One feature that may soon become more common for orbital sensors is the planning of Earth
observation missions that count with a constellation of satellites as for instance, Rapideye.
Obviously, besides technical issues, the constellations tend to favor the reduction of interval
revisits, increasing the chance of success in the acquisition of data in the area desired.

Another important remark is the appearance of new spectral bands of high spatial
resolution, such as the coastal, yellow and red edge, which offer new investigation
possibilities for the enhancement of thematic maps.

With increasingly better orbital and attitude control systems, image suppliers have been
offering products with geolocation which are increasingly accurate, at least in areas with flat
topography. In some cases those images may even dispense the need for geometric
correction for users who work in scales which do not demand great accuracy. Orthorectified
images can even be acquired for some products, without the need for the user to supply
ground control points.

The possibilities seem endless, with new offers of data and applications arising constantly.
However, a critical eye should be kept on each input or product, in order to know their real
potentialities and limitations.

8. Conclusion

With the systematic offer of new and re-paged sensors, it is increasingly difficult to close a
discussion on the subject. It is a fact that Remote Sensing is becoming indispensable for
many cartographic applications, for all its already mentioned facilities. With all this, in the
present phase, it is extremely important that the investments for assessment of so many
products offered are made, in order to direct them to a conscious use, with awareness of the
problems involved, thus avoiding loss of time and resources. The existent shift from analog
to digital paradigm is also emphasized, which becomes an additional requirement in the
reassessment of methods and processes, not only of products.

Still regarding the new sensors, one may state that the present scarcity of sensors of medium
resolution has become a serious problem in mapping and monitoring of natural phenomena
and events, mainly in countries with great territorial extensions such as Brazil. It is
fundamental and urgent that investments be made in the sector. On the other hand, we
emphasize our present concern with the maintenance and the investments in remote sensors
that seek to meet the requirements of global studies (low resolution and great coverage), as
in the case of climate changes, and local studies (high resolution), as for instance sensitivity
and risk maps in support of natural disasters.
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It is interesting that we are quickly reaching the point of discussing ethical and legal issues,
such as the new limitations for the progress of orbital imaging at still greater detail levels,
which reflect problems such as invasion of privacy and national security.

In the case of Brazil, as in any other country, there is a choice of sensors which for several
reasons become interesting, and which naturally prevail over the remaining, responding for
the great majority of applications. In this investigation, we seek to focus those cases, trying
to contribute for greater clarification regarding the potential and limitations of each option,
limiting ourselves in this first approach to geometric issues. The 10 sensors presented here
constitute the first phase of our investigation line, which will have continuity in the
assessment of new sensors, such as Rapideye, Terrasar-X and Worldview 2. Another effort
that is being developed, but which is still in an initial phase, is the diligent assessment of the
potential of those products for extraction of the cartographic elements, a term which we call
interpretability, whose scale of attendance tends to be less than the one defined by
geometry.

The organization of the assessments carried out in three classes of scales was considered
important for a better orientation of applications by the users. The limits adopted, using as
important threshold the 1:25,000 scale, represent mapping challenges in Brazil, whose
scarcity at this level of detail is immense. Considering the country's growth, the demand for
reliable georeferenced information has increased a lot, which may translate a greater
concern for its attendance by specialized institutions of the sector and, on the other hand,
unfortunately, the explosion of individualized, and standalone solutions, in most cases,
without the necessary control and knowledge. It is sought therefore, to contribute for the
awareness of the community in general regarding those issues.
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1. Introduction

With the advent of new satellite sensors of type synthetic aperture radar (SAR) (ERS-1 and
ERS-2, JERS-1, and RADARSAT), a large number of satellite images are currently available.
However, radar remote sensing has a major drawback which is the difficulty to extract the
information it contains. Since 1992, several works are conducted with the radar images on
Cameroon to study the ecosystem of the coastal zone (Baltzer et al., 1996; Rudant et al., 1997)
and the Mount Cameroon region (Akono et al., 2005, 2006; Talla, 2008).

Texture analysis is a robust approach of processing satellite radar images. It is a set of
mathematical techniques to quantify the different gray levels present in an image in terms of
intensity or roughness and distribution. Several methods of texture analysis exist and can be
classified into two broad categories: structural methods and statistical methods (Haralick et
al., 1979). Structural methods are used for describing the texture by defining primitives and
"rules” of arrangement between them. Statistical methods are used for study the relations
between a pixel and its neighborhood. They are defined according to different orders: 1, 2, 3,
...,1. The second order is the most classic, based on co-occurrence matrices. Obtaining these
matrices is very time-consuming calculation, which has prompted researchers to not usually
go beyond the second order in the evaluation of textural parameters and provides high
order information to lower levels (Li, 1994). The matrices of order greater than two are
called matrices of frequency. In texture analysis, the interest of researchers is moving
increasingly towards optimization methods of evaluation time statistical parameters.
Indeed, (Unser, 1995) replaced the co-occurrence matrix by the sum and histograms
difference that define the main axes of the probabilities of second order stationary processes.

I NT EC H © 2012 Fotsing et al,, licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited.
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(Marceau et al., 1990) propose an approach for their textural and spectral classification of
different themes and adopt a reduced level of quantification (16, 32 instead of 256).
(Peckinpaugh, 1991) for his part describes an efficient approach for calculating texture
measures based on co-occurrence matrix, thereby saving valuable time. (Kourgli et al., 1999)
present a new algorithm to calculate the statistical parameters of texture through various
histograms. Furthermore, Akono et al. (2003) have proposed a new approach in the
evaluation of textural parameters of order 3. The present study is a generalization of the
work of Akono et al. (2003). It proposes a generic tree method in the evaluation of textural
parameters of order n> 2 near a window image which is to explore as if it were a tree, while
memorizing the visited nodes.

Several studies have been conducted in the field of classification by texture analysis. (Ulaby
et al., 1986) used texture parameters from the method of co-occurrence to identify four
classes of land cover in radar images. (Lucieer et al., 2005) propose a segmentation method
based on texture parameters varied for multi object recognition on an image. The authors of
this study include an operator called "Local Binary Model," modeling the texture, in a
hierarchical segmentation to identify regions with homogeneous texture in an image. In
(Linders, 2000), three methods (the method of fuzzy logic, regression analysis and principal
component analysis) are used to select significant texture parameters for discrimination of
different forest canopies. Recognition of forest cover is then performed by the method of
neural networks. Puissant et al. (2005) (Puissant et al., 2005) examine the utility of the
textural approach to improve the classification accuracy in an urban context. Texture
analysis is compared to multispectral classification. In this study, textural parameters of
Haralick (Haralick et al., 1973) of the third order are used. More, (Jukka & Aristide, 1998)
have used first-order textural statistics in classifying land used in urban areas by means of
Landsat TM and ERS-1. (Franklin & Peddle, 1989) used a mixture of spectral data,
topographic (elevation, slope, aspect, curvature, relief) and statistical co-occurrence of the
second order for the classification of SPOT images and radar in the boreal. Their work
showed that the co-occurrence matrices of second order contain important textural
information that improves the discrimination of classes with internal heterogeneity and
structural forms. Homogeneous classes of soil are characterized adequately by spectral
information alone, but the classes containing mixtures of vegetation types or structural
information were characterized more accurately by using a mixture of texture and spectral
data. Methods in the literature usually consist create neo-channels of the original image by
calculating various parameters of the image texture. The neo-channels created are then
combined with each other and the original image, for the production of a classified image. In
another study, an analysis of different estimators for the characterization of classes of
texture on SAR image is performed (Oliver, 1993). In this study, estimators under the
maximum likelihood method are evaluated. Note that this method requires knowledge of
the shape of the probability density data to be processed. In (Oliver, 1993), it is also
considered a probabilistic description of the texture classes according to the law K and to the
Weibull model, which are often applied to characterize classes in SAR images. Other
extraction methods of textural parameters have been proposed in the literature (Randen &
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Husoy, 1999; Reed & Hans Du Buf, 1993). For most of these methods, a single texture
parameter is applied to the discrimination of classes. In this chapter, which applies to
images from a radar sensor, we introduce the notions of vector texture, patterns and valleys
of the histogram and textural signature for the characterization of classes of land, and show
that textural parameters of order higher than 2 are more effective for discrimination of these
classes.

In the following, we will present the arborescent method of textural parameters evaluation,
followed by the presentation of notion of mode and valley of histogram in SAR image
analysis. The criteria of choosing textures parameters are also presented. Once the
characterization of the various training zones is done and the classification algorithm is
presented. Finally, we present some experimental results.

2. Problem context

The usefulness of image classification is not to be demonstrated today. A good classification
requires a better identification of information classes on the image. This identification
requires the selection of good feature parameters.

3. Methodology

Our methodology is divided into two parts: the first part concerns the improvement of the
computational time required for the evaluation of textural parameters. The second part
deals with an approach of SAR images classification.

3.1. Formulation of high order of statistical textural parameters

Basically, statistical textural parameters are function of the occurrence frequency matrix
(OFM), which is used to define the occurrence frequency of n-ordered gray levels in the
image.

3.1.1. The occurrence frequency matrix (OFM)

In an image with Ng+1 levels of quantification, the OFM of order n >1 is a (Ng+1)" size matrix.
In this matrix, each element P; ;, ; expresses the occurrence frequency of the n-ordered
pixels (ioi1, ...,in1) following the connection rule Ru(didy,...dn1,01,0,...0x1). This connection
rule defines the spatial constraint that must be verified by the various pixels of the n-ordered
pixels (io,i1,...,in1) used in the occurrence frequency matrix evaluation. This rule means that
the pixel i1 (O<k<n) is separated to the pixel ik by di-1 pixels in the O« direction. For the sake of
simplicity, Ru(d1,dz,...dn1,01,0;,...0x1) will be noted by Rx in the following.

3.1.2. The textural parameters

A parameter of texture Para, in any order n is a real function defined in general manner by
the equation given after:
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Para, =F X{R,} > R (1)
where F is an image or window of image on which one is evaluated texture parameter and

R,, is a rule of connection associated.

Let’s consider an image window F of size NLxNC, where NL is the number of lines and NC
is the number of columns. The classical expression of textural parameters is given by the
following expression:

Ny N N o .
Para, = Ziogzo Zilgz() Zing_l((;b(lo' Ly, ln—l) X Pioi1~-~in_1) (2)
where (PLOl1 i 1) is the OFM and ¢ is a real function defined in N™.
The synthesis of the generalisation of texture parameters is conciliated on the Table 1 given
below.
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Table 1. Classical and new formulations of textural parameters of order n > 2.

3.2. Aborescent method of textural parameters evaluation

This method consists in reducing the number of operations necessary for the calculation of
the co-occurrence matrix. From each pixel of the image, all others pixels involved in the
computation of the co-occurrence matrix are reached and operations are directly made on
these pixels. This process allows avoiding the evaluation and the stocking of the co-
occurrence matrix in the main memory of the computer. In the tree approach, the route of
the image pixels is not made any more line after line and pixel after pixel, but rather by
following a generic tree. From a pixel and according to its position, one reaches directly, by
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following a rule of connexion, the neighbouring pixels which are involved in the evaluation
of the parameter of texture. After that, the necessary operations are made on these pixels.

3.2.1. Generic tree

The generic tree for the computation of the textural parameters (figure 1) has for seed a
pixel positioned in some coordinates (a,b) of the image, with the condition a € [0, NL]
and b € [0,NC], where NL and NC designate the number of lines and the number of
columns of the image, respectively. The different conditions specify the borders of
variation of a and b.

From the pixel positioned in coordinates (a, b) of the image window one can reach the pixel
positioned in fy(a, b,dy) (respectively in fi(a, b,d;)) by respecting the rule of connexion
R,(dy,0,) (respectively R;(dq, 6, + 180°)), if the condition C, (respectively the condition C;)
is verified. From the pixel positioned in fy(a, b, d;) (respectively in f; (a, b, d;)) one can reach
the pixel positioned in fyo(fy(a, b, d;), d3, 8;) (respectively in fo1(fp(a, b, d;), d,, 6, + 180°) )
by respecting the rule of connexion R,(d,,0,) (respectively R,(d,, 6, + 180°)), if the
condition C, (respectively the condition C3) is verified. Let us call back that a rule of
connexion R;(d,, 8,) means that one considers an inter-pixel distance of d, and an angle of
8, (and 6, + 180°) degrees for the evaluation of the textural parameters. At the order three,
one obtains the seven pixels i, j, k, [, m, n, 0, presented on the equation 3:

i=1(ab)
j = fO(i! dll 61)
k = fooU,d2, 62)
L= f01G,d3, 0, +180°) 3)
m = f;(i,dq, 0, +180°)
n = fio(m,dy, 6;)
0 = fi1(n,d,, 0, + 180°)

In the equation 3:

i is the current pixel, identified by its coordinates (a, b) in the image;

fo(i, dy, 61) is the neighbouring pixel of i respecting the rule of connexion Ry (d4, 6;);
fooU, d3, 83) is the neighbouring pixel of j respecting the rule of connexion R, (d,, 8);

fo1(j, d3, 0, +180°) is the neighbouring pixel of j respecting the rule of connexion
R;(d,, 6, + 180°);

f1(i,dy, 8, + 180°) is the neighbouring pixel of i respecting the rule of connexion R;(dy,6; +
180°);

fi0(m, d5, 8,) is the neighbouring pixel of m respecting the rule of connexion R,(d3, 8;);

fi1(n,dy, 0, +180°) is the neighbouring pixel of m respecting the rule of connexion
R,(dy, 6, + 180°).
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We then generalize by saying that, starting from the pixel f,(a, b, d;,d,,*+, dy, 8,), one can
reach the pixel fuo(fu(a b,dy,dy, -, dy, 6y),dpy1,0,41)(  respectively the  pixel
fui(fa(a, b, dy, dy, -+, dy, 6,),dytq, 04 +180°)) by respecting the rule of connexion
Ry0(dy, 0,)(respectively the rule of connexion Ry (dy, 6, + 180°)), while respecting also the
conditions Cyn_q +++ Cyn+1_, for each value of n (n = 1,2,3,::+). The conditions Cyn_q *** Cyn+1_,
concern the constraints that have to respect a,b,dy,dy,---,d, and the size of the image
window. These constraints are major in the processing of the pixels placed in border of the
image or in border of the image window. The order of the textural parameter to estimate is
the depth of the generic tree. This order is equal here to n + 1. On the figure 2, we present
the generic for the calculation of textural parameters of order two and on figure 3, we

Candition Con
fonffotab,d 6] de o) K:
Gonditian Co
fafa,b,d1,B1)
Condition € Condition Coq Condition Can
s ol b, 4,81, e o) O/ Gandition Cat fan (falie.y,ch, Be), deee 1 Bre)
e R Londition Cat
Condition C1n
o b By defe) O folfa oo Bu) vt Bt )
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Figure 1. Generic tree for the evaluation of textural parameters of order n>1
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Figure 2. Exploration of the generic tree for the calculation of textural parameters of order two.




208 Cartography — A Tool for Spatial Analysis

present the generic tree for the calculation of textural parameters of order three, for various
rules of connexion. The conditions Cyn_; *++ Cyn+1_, are detailed on each of these figures.

e (a,b)is a position of pixel in the image window;
e dis a distance between pixels;

o T,isawidth of window image;

e T, is a height of window image.
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Figure 3. Exploration of the generic tree for the calculation of textural parameters of order three. E : rule
of connexion R1 (d1, d2, 0°, 0°) ; F : rule of connexion R2 (d1, d2, 0°, 45°).

3.2.2. Formulation of the textural parameters of order n>1 from the generic tree

On table 1, the expressions of some textural parameters are presented. They are expressed
by the approach of generic tree at the order n >1. The corresponding classical formulations
are also presented there.

3.2.3. Evaluation of textural parameters from the generic tree

We interest, for example, in the evaluation of the textural parameter «asymmetry» in the
order two, in some pixels of an image. The classical formulation of this parameter expresses
itself by the equation 4:

Ny <Ny (. -
Asym2 =35 %20l — jl x p(@i, ) (4)

In this equation, N, is the maximal level of gray in the image window and p(i,j) is the
occurrence frequency of the pair of levels of gray (i,j) in the image, respecting the rule of
connexion R(d, 8). This parameter can still express itself by the equation 5 :

N, N . . . . . .
Asym2 =Zifo<zjﬁo|l—1|+|l—]|+“'+|l—1|> (5)

p(i,j) times

The approach using generic tree in this study contains the following stages:
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a. create a vector ASS[N, + 1] (that is a vector of size N, + 1) in a dimension such as the
relation below (equation 6) is verified:

Asym2 = 3,2 ASS[i] (©)

That means that the vector ASS[ ] is calculated by the following expression (equation 7):

ASS[l]=Z,-i’o(ll—JI+IL—JI+~-+I1—1|>; @)

p(i,j) times

b. initialize the vector ASS[ ] with 0 (the value 0 is affected in all the entries of the vector);

c. for the entry i of vector ASS[ ], one adds the value |i — j|, provided that pixel j exist
and respect the rule of connexion R(d, ).

i being pixel in position (a,b) on the generic tree (figure 1), if the condition C;
(respectively the condition C, ) is verified j will be the pixel in position f;(a, b, d, 6;)
(respectively in position fi(a, b,d;,0; + 180°)). In other words, the entry i of vector
ASS[ ] will be evaluated in the following way (equation 6):

ASS[i] = |i = NG(a,b)| + |i = NG(fy(a, b, dy,0,))| + |i = NG(fi(a, b, dy, 6, + 180°))| (8)

NG(a, b), NG(fo(a, b, d1,91)) and NG(fl(a, b,d;, 0, + 180°)) being levels of gray of the
pixels positioned in (a, b), fy(a,b,d;,01) and fi(a,b,d;, 6, + 180°) on the generic tree,
respectively;

d. repeat the process of stage 3 for all the entries j of the vector ASS[ ], with j =
0,1,-,N,.
Lt ) g

These entries j represent the levels of gray of the pixels being in the considered image
window. It is about the image window centered on the current pixel, which is the pixel
for which one wants to determine the value of the textural parameter;

e. make the summation of all the elements of the vector ASS[ ]. The result of this
summation represents the value of the textural parameter for the current pixel
(equation 9):

Asym2 = 3% ASSIj]. 9)

The results produced by this new approach and those obtained by the classical approach are
exactly the same, but the last method requires the evaluation of the co-occurrence matrix,
which is very expensive in time of calculation and memory space of the computer. This is
due to the fact that the new formulation needs only the evaluation of a one-dimension
vector the size of which being equal to a side of the co-occurrence matrix. Furthermore, the
evaluation of the co-occurrence matrix makes intervene a lot of operations of multiplication
linked in multiple reminders, and these operations are expensive in time machine. It is
important to notice that the complexity of calculation increases with the order of the textural
parameter.
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3.2.4. Example

Let us consider for example the image window below, centered on a pixel having the level
of gray 2. Let us estimate the textural parameter «asymmetry» on this window, with the rule
of connexion R(2,45°).

0111243
41010]2(3
41412101
41312|1|2
4121444

1. Computation by the generic tree approach

The maximal level of gray of this image window is 4. A vector ASS[ ] of size 5 is
then created and initialized to the value zero.

The five following values are calculated: ASS[0], ASS[1], ASS[2], ASS[3] and ASS[4]
according to the equation (8), by respecting the rule of connexion R(2,45°) and the
neighbouring conditions Cyn_g - Cyn+1_,, with n =1 (order 2). The following
values are then obtained :

( ASS[0] =10 —4|+]0—-2|=6
ASS[1]=|1—4| =3
1ASS[2]=|2—4|+|2—3|+|2—4|+|2—3|+|2—3|+|2—0|=9
ASS[3]=13-2|+3-2|+13-2/=3
\ASS[4] = |4 — 4] + |4 — 2] + |4 — 4| + |4 — O] + |4 — 2] + |4 — 1] = 11

The textural parameter Asym2 is equal to the result of the summation of the vector
ASS[ ] elements, according to the equation 9. One obtains:

Asym2 = ASS[0] + ASS[1] + ASS[2] + ASS[3] + ASS[4] = 32

2. Computation with classical approach

Let us make the same calculation by the classical approach of the co-occurrence matrix of

levels of gray. In that case the asymmetry is calculated in the considered window by the

classical formula: Asym2 = Z?]:go Zivi oli = jl X Pyj, P;j being the number of time when the pair

of levels of gray (i,j) appears in the window, by respecting the rule of connexion (2,45°).

The following result is obtained:

Asym2 = (|0 — 1] X Py1) + (10 — 2] X Pgz) + (|0 — 3| X Py3) + (|0 — 4| X Pyy)

+(1 -0 X Pp)+ (1 =2 xPyy) + (|1 =3| X Py3) + (|1 — 4| X Pyy)
+(12 =01 X Pyo) + (12 = 11 X Poy) + (12 = 3] X Pp3) + (12 — 4| X Pp4)
+(13 = 0] X Pgp) + (I3 = 1 X P3y) + (I3 — 2| X P33) + (I3 — 4| X P3y)
+(14 =01 X Pyo) + (14 — 1| X Pyy) + (14 — 2] X Pyz) + (|4 — 3| X Py3)
=[1x0)+@2x1)+@Bx0)+(4x1)]
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+H(Ax0)+(1x0)+(2x0)+ (3 x1)]
+2x1D)+(@Ax0)+(1x0)+(2x2)]
+[Bx0)+(@2x0)+(1x3)+(1x0)]
+@x1D+@Bx1D)+(2x2)+ (1 x0)]
Asym2=6+3+9+3+11=32

One sees that the result is the same that of the generic tree approach. However, the classical
approach is much more complex in the term of calculations.

4, Classification

The methodological approach adopted for the classification consists of four phases: an initial
pre-processing of SAR data, a second selection phase of the textural parameters relevant for
classification, a third phase mode and valleys selection of the texture image and finally the
automatic classification of cluster centers identified on the histogram of image.

4.1. Pre-processing of SAR images

The first phase of treatment consisted of speckle reduction and geometric correction. SAR
images are indeed affected by multiplicative noise should be discontinued, or at least
reduced to a better interpretation of them (Girard, 2004).The noise is spatially decorrelated
from the rest of the image and this is translated by a signal of higher frequency than the
image (Pratt, 1991). The Lee filter (Lee, 1981) is applied to reduce speckle (keep low) and
improve the readability of structures on the images. This filter preserves the high
frequencies (discontinuities) in ERS SAR images (Caloz et al., 2001). Then, the geometric
correction of SAR images is performed using topographic map 1: 200000 available on the
study site. The radar image is rectified to external data made stackable.

4.2. Analysis and choice of the textural parameters

The notion of the order of statistical texture parameter is very important in matter of
analysis of SAR image texture. In fact, the order 2 which is the most classical does not
always allow one to identify all the components of a SAR image texture. Above the order 5,
Li Wang (1994) proved that the quality of discrimination of the image is deteriorated.
Various orders beginning from 2 to 5 will thus enable one to better discriminate a SAR
image (Talla, 2003). In fact, experimentally we notice that each order highlight
complementary structures to others orders.

Absolutely, there is no universal criterion concerning the selection of texture parameters for
image classification. Most often, a succession of texture parameters tests is done and the
selection is made empirically. This selection is based on several criterions, notably the
capacity of the texture parameter to enhance image discontinuities (Talla et al.,, 2006a,
2006b), its aptitude to enhance image darkened regions and its aptitude to darken image lit
regions. The choice of a parameter is jointly linked to the image itself and the usage.
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Experimentally, one parameter has been selected. The mean parameter in order 3 after
several tests on our studies site has been selected. The method of choice of the index and
order of textural parameters is largely presented in (Fotsing et al., 2008).

4.3. Principle of detection modes and valleys of the histogram
4.3.1. Histogram modeling

The histogram of an image is a graphic representation having abscissa values of gray levels,
and the ordinate the number of pixels associated with each gray level value. The mode is a
local maximum and valley a local minimum of the histogram. The maximum and minimum
(no zero) of a histogram indicate a group of pixels and is used to detect cluster centers.
Kourgly et al. (Kourgly et al., 2003) exploit observed nesting on the experimental variogram
textures for segmentation urban image.

How to extract the classes contained in a SAR image? A good method for extracting
classes is that will arrive at a correct interpretation. To achieve this goal, we used
thresholding techniques. We go with the principle that, the thresholding has aim to
segment an image in to several classes using only histogram. This assumes that the
information associated with the image alone allows the segmentation, which is to say that
a class is characterized by its gray level distribution. At each peak of the histogram has an
associated class.

There are numerous methods of thresholding a histogram (Diday et al., 1982; Otsu, 1979).
Most of these methods are applied correctly if the histogram actually contains separate
peaks. Moreover, these methods have often been developed to treat the particular case of
segmentation in two classes (that is to say moving to a binary image) and generality face
multi-class case is rarely warranty. In this work, we assume that each class corresponds to a
different range of gray level. The histogram is then m-modal. The position of minima and
maxima of the histogram H can set the thresholds (m — 1) to separate the m classes.

In mathematical terms, the thresholds S; are obtained by equations given below:

H'(S;) = Max[H (k)] with k € lm;, m;,[ (11)

Equations (10) and (11) indicate the thresholds for valleys and modes of the histogram,
respectively. Similarly, in these expressions m; and m;,; are the mean values (modes or
valleys) of the light intensity in the classes C; and C;4;. The range Jm;, m;,4[ is obtained on
the basis of average values of the valleys, these when the threshold is calculated by the
equation (10) and by (11) otherwise.

The histogram gives comprehensive information on the distribution of gray levels in the
image. If we note x the value of gray level, another way to represent the histogram can be to
search for a mathematical expression y = f(x) with y the number of pixels whose gray level
x. The form of the function f determines the signature of the analyzed image. Based on the
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form m-modal histograms in general, we approached a curve of type polynomial regression.
These polynomials have formulated by the equation 12:

Y =apx" + ap_ x4+ ayx + aq (12)
where n is the degree of polynomial.

The continuous function f (the continuous line passing through the vertices of each peak of
the histogram) adjusted using the least squares method, allows to set the degree of the
number of classes centers.

4.3.2. Determination of degree n

The choice of the number of cluster centers in a radar image is difficult. In his thesis,
(Lorette, 1999) uses the entropy criterion for determining the number n of cluster centers for
the analysis of urban areas on satellite images.

As part of this project, we used a map of ancient plant formation of the study site. For this,
we proposed to re-issue the said card with latest radar image from the perspective of
studying the direction of evolution of different forest communities. In general, we decided
to use the same number of class with maps of land of the study sites in our possession.

4.3.3. Principle of threshold detection

Detection modes and valleys take place on the transformed histogram, based on the
concept of change in concavity of the curve of a function. Indeed, a curve changes
concavity through a local minimum (valley) or by a local maximum (mode). The points
where the curve changes concavity points are very sensitive and rich in information. The
detection of these on the histogram of the transformed SAR image is used to inform the
analyzer on the existence of thematic classes. Thematic classes are groups of pixels with
similar characteristics (or almost) with respect to their brightness values in the different
thematic data. The analyst has the role to determine the usefulness of different thematic
classes.

4.3.2.1. Search valleys "inter-modal thresholds"

As part of this work, identification of thresholds is conducted by analyzing the histogram of
gray levels and looking for local minima.

Our detection of these thresholds used Fisher's method which uses the criterion of
minimizing the sum of the inertia of each class. The calculation algorithm is the dynamic
type and evaluating an optimal sequence of partitions according to the scheme described in
(Cocquerez et al., 2001).

4.3.2.2. Search modes

We used to detect patterns by Bhattacharya method (Bhattacharya, 1967) that models the
histogram by a weighted sum of Gaussian and identifies each mode by its mean and
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variance. The algorithm of the method of deployment is widely presented and discussed
(Cocquerez et al., 2001).

4.4. Algorithm classification

The final image is classified by the method of detection modes and valleys of the histogram.
The classification algorithm implemented is summarized by the following steps:

1. construct the histogram of the image (Table H[ ]);
detect n local extrema of Table H[ ], where n is the number of classes desired. The
abscissas of the n local extrema represent the nuclei or centers of different classes of
formation;

3. group pixels of the image according to the criterion of minimum distance to the various
cluster centers. Each pixel is placed in the class whose center is closest;

4. assign one color to the pixels belonging to the same class and display the resulting
image.

The details of the third point of this classification algorithm can be found in (Akono et al.,
2003).

5. Application
5.1. Data used

The mangrove is a type of vegetation that grows in water or in mud. We tested the proposed
method on a SAR image of E-SAR program (Figure 4), registered on C-band (wavelength
5.66 cm) and VV polarization with a resolution of 6m acquired on the mangrove coastal
region of Cameroon.

Figure 4. Experimental image SAR image of the mangrove region

The image obtained from Mount Cameroun region is also used. The studied site is situated
in the south west of Cameroon. The Mount Cameroon is a volcano in activity. The image
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used (Figure 5) is a SAR image, acquired by ERS-1 satellite in C band (A = 5.66cm) with VV
polarization and SLC (Single Look Complex) format. Its spatial resolution is about 25m and

the side of a pixel is 12.5m. This image of 8000 columns and 8269 lines has been acquired on
the 7 November 1998.

Due to the lack of a priori knowledge on these test sites, various litho-structural maps,
formation plant maps including topographic maps and lithographs at 1: 200 000 of scale
allowed us to identify the various themes.

Figure 5. Original image of the Mount Cameroun region

5.2. Histogram and thresholds detection

The histogram of original image of the mangrove region (Figure 4) is illustrated on figure 6.
The previous histogram is approximated by the regression curve f which is shown on
Figure 7.

The previous approach, which has the advantage of being simple and fast, is well suited to
images having forms regularly distributed.

The texture image is obtained from the parameter "Mean" in order 3. The calculation was
performed on a window of size 7x7 around each pixel. The choice of this window size is
justified by the fact that we get results like the original image with best representation of
thematic classes. In addition, we found that the larger of window size was wide, there were
more smoothing of the resulting image with absence of fine structure in the image.

The histogram of the texture image is shown in figure 8 and corresponding signature is
shown on the figure 9. The irregularities observed on the histogram of texture images
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(Figure 8) obtained from the texture index of Haralick introduced on the transformed
histogram (Figure 9) many irregularities that can make the fault detection of local minima.
This is the main reason that pushed us in this work to adopt a parallel approach to detect
patterns of valleys.

MNumbar of pixels

03651420 27 34 41 4554 61 65 75 5280 95103112 122132141 151 161170179 189 195207 217 226 236 246 255
Beach of gray levels

Figure 6. Filtered image histogram illustrating the presence of two classes of intensity in the image of
the mangrove region.

Number of pixels

£9 7683 90 97105114123 133143152161 170 180 10 200200 218 227 237 247
Beach of gray fevels

Figure 7. Corresponding signature of the filtered image illustrating the appearance of a polynomial
function approximation by the least squares sense.
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Figure 8. Texture image histogram obtained by index parameter of Haralick “Mean” on the mangrove
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Mar e nF pnvely

SETENE B
PRIINE
PENE B
L3I0
o
BIINE
LAl
1
1500
17107
13000
15000
ere
13001
2L
1L
120eg-
1]
s
o
s
3
er
J0C0
INE
1eca

et

Mo af

q
CFA ™ SRR CTCASRFRTO TR ED FRAOF (15 5 R AR IS CF R IR CER AR DT TS M R

ftaach of qeay fovels

Figure 9. Corresponding signature of the texture image histogram

Table 2 shows the modes and valleys that were used in classification thresholds. It was
obtained on the basis of exploitation of the histogram and the signing of the texture image
which can be seen representations in figures 8 and 9.

For reference, the histogram of the original image and the texture image obtained on the
basis of the radar image taken on the Mount Cameroon region are shown on figures 10 and
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11. Signatures (Figures 12 and 13) corresponding to each of the histograms are also
immediately followed. It is interesting to note that the texture image was obtained from the
parameter “Mean” with a window of size 5x5. These parameters were got after several
experimental tests.

Thresholds / Color codes

Modes 76

Table 2. Detection thresholds for classification and color coding of thematic classes: case of mangrove
region
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Figure 10. Filtered image histogram illustrating the presence of one main class of intensity in the image
of Mount Cameroon region.

It can be seen visually that the histogram of the image filtered even not enough to make a
good partition of the base image (Figures 6 and 10). This explains the poor performance of
these filters in scenes that contain fine structures such as lineaments, which are generally not
well preserved by these filters. Similarly, the histogram of the filtered image does not favor
the detection of local extrema accurately. To remedy this shortcoming, a proposal method
for modifying the histogram is implemented. It consists of a transformation of the
representation of the histogram of the SAR image. For this, a histogram of the envelope
curve passing through the ends of each peak is plotted (Figures 7 and 11) using the method
of least squares regression. To keep up the properties of both representations, we plan to
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keep the same scale in both cases representation. The transformed histogram (Figures 9 and
13) favors the detection of local extrema of peaks from the accentuation of the regression line
well represented.
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Figure 11. Signature of the filtered image illustrating the appearance of a polynomial function
approximation by the least squares sense.
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Figure 13. Corresponding signature of the texture image histogram

The image texture enhances the visual interpretation. Indeed, it contains information on the
spatial distribution of color variations. This is observed in the texture image by the presence
of dark shades, clear, smooth and gray. The texture image obtained does not allow
partitioning of the image into separate classes because its histogram (Figure 7 or 11) does
not present specific modes and valleys. It is again transformed using the histogram. This
second representation offers the advantage of facilitating the visualization of local maxima
and minima. Each representation has them peculiarities and shortcomings; however, the
combined use of two methods of representation facilitates the detection thresholds for
classification (Tables 2 and 3).

Table 3 shows the modes and valleys that were used in classification thresholds. It was
obtained following the same methodological approach followed with the image data of the
mangrove area.

Thresholds / Color codes
Modes 43 87
Color codes
Valleys 55

Color codes

Table 3. Detection thresholds for classification and color coding of thematic classes: case of Mount
Cameroon region
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5.3. Results of thematic maps

5.3.1. Case of mangrove region

The final classified image presents the results of unsupervised classification obtained with
different thresholds identified above (Table 2). This result is obtained on the basis of 14 cluster
centers. Thus, the classified image traces an occupancy map of the study site highlighting 14
thematic classes whose characterization using data from field missions, old maps and the
lithographic charts, aerial photographs allowed us to establish different classes of information.
The exploitation of these data led to the realization of the space map shown in figure 14.

Detecting the number of class by this approach remains a major challenge. However, after
several experiments, we found that we could not indefinitely increase the number of classes.
Indeed, it proved that beyond a certain value (14 in this case) noted almost no more change
the final result. Moreover, for low numbers of classes, there was more of a smoothing of the
final result with a merging of small units in large.

Classified SAR image of the Atlantic coast of Cameroon

LEGEND

[ Sea

[ River or pond

Avicenia

Hibhiscus tiliaceus thicket
Forest gquibhourtia demeusei
Small rhizophora on sandy soil
Rhizophora large healthy
Rhizophora with large windfall
Rhizophora pioneers alticroissants
Rhizophora means

Rhizophora means with windfall

Rhizophora on peat with A. aureum

Savanna and continental forest

w ki II‘E

JERRRRREENND

A small area of sandy soil Pandanus

Map of veqetation of the study area near the city of Douala

Figure 14. Satellite map from the mangrove region of the estuary of Douala, Cameroon

The classified image obtained from the 14 threshold and observing the color code (Table 2)
is shown in Figure 14. This classification method belongs to the family of unsupervised
classification. Indeed, the spectral classes are first formed. These classes are based solely on
digital information data. As a result, the classification algorithm presents below is used to
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determine statistical natural groups of data. We obtain quite detailed thematic classes. The
14 classes provide a map of land of the study site with good delineation of the different
classes (Figure 14).

B Atlantic ocean B Larva of type 2 1 Habitat
I Larva submarine I Big plantations EE Riva or lake
Larva of type 1 B Mangrove 0 Vegetation

Figure 15. Satellite map from the Mount Cameroon region
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Thematic classes are categories of interest that the analyst tries to identify in the images, as
different types of crops, forests or species of trees, different types of rocks or geological
features, etc.

The result obtained in this study presents a double advantage. The first advantage is at the
level of accuracy in the identification of certain classes of information like the class sea. The
second one is in the identification of certain thematic classes within certain classes of
information and therefore a precise characterization can help in highlighting other
information, as for example, different canopies in terms of vegetation class information.

5.3.2. Case of mount Cameroon region

In Figures 10 and 11, we have uni-modal aspect of the histogram of the image after filtering.
This makes difficult any exploitation for segmentation. To overcome this drawback, it then
uses to texture images.

Figures 12 and 13 show them with now m-modal shape observed on the histogram of the
image texture. After several experiments, we retained eight cluster centers summarized in
table 3 with the color codes used for each class center.

For the Mount Cameroon region, the same approach as that used previously on the
mangrove is applied and the result is presented on Figure 15. The use of maps available and
research work on this site (Akono et al., 2005, 2006) are used to characterize the eight
thematic classes. The use of this information provides the classified image of the Mount
Cameroon region including the specification of each class of information is summarized on
the legend of Figure 15. As can be seen at the legend, we have nine more thematic classes
instead of eight. This is because when classifying all pixels are not classified. All unclassified
pixels were grouped in class vegetation. Furthermore, a broad thematic class (e.g. forest)
may contain multiple spectral classes with spectral variations. Using the example of the
forest, the spectral sub-classes can be caused by variations in age, species, tree density or
simply the effects of shadowing or variations in illumination. The analyst's job is to
determine the usefulness of different thematic classes and their correspondence to the
thematic classes useful.

6. Conclusion

The purpose of this study was the production of space maps with the synthetic aperture
radar (SAR) images. To achieve this, we proceed by adopting approaches optimized of
texture analysis of images, using the statistical parameters of Haralick generalized at the
order n. The approach is based on the concept of generic tree. It has the advantage of being
less time consuming calculation from the conventional approach which frequently uses co-
occurrence matrices for texture analysis and especially the processed images are generally
very large sizes. In classification, the approach relies on the concept of detecting "modes"
and "valleys" of histograms in a SAR image using classification of type unsupervised. For
each of the SAR images, the histogram of the convolution image obtained at base of texture
parameter is represented and approximated by a regression line called "signature" using
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least square method. The operation of the histogram and the signature of the texture image
can facilitate the detection of classification thresholds. The main interest of the proposed
approach is that we have results that are approaching the best of the reality field; it also does not
require a serial multi-date SAR data for the realization of satellite image maps. The method was
successfully tested on two satellite images from two different sensors: one from the ESAR
program obtained at the resolution 6m and one other from the ERS-1 sensor of resolution 25 m.

A limitation of the classification approach lies at the empirical detection of local extrema. A
perspective would then be to automate the detection of the number of classes and local
extrema.
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1. Introduction

Ecological and spatial analysis helps us to characterize the territory and know the spatio-
temporal relationship between different components of the landscape. Landscape ecology
has developed several methods of assessment and analysis of indicators by using
Geographical Information Systems [1-4]. Such methods allow characterization of changes in
land structure and land uses, as well as the interpretation of the ecological consequences of
these dynamics [5]. They also facilitate analysis of the territory, trying to recognize and
compare different spatial configurations, using patches of different shapes, numbers,
classes, etc. [6-8].

Several authors have carried out research attempting to integrate the study of territorial
dynamics, from an ecological perspective, using Geographic Information Systems [9, 10].
The landscape is influenced by natural and anthropic processes, and the effects of both
factors are expressed either at local or regional scale on the territory, showing changes in
their structure and composition [11]. Clearly, the landscape appears to us as a complex of
many different elements that can reach a great diversity [12]. In Mediterranean areas, the
landscape is characterized by a heterogeneous mosaic of land uses and vegetation, where
natural subsystems coexist adjacent to other systems at different degrees of perturbation
due to human intervention and, therefore, with different degree of ecological maturity,
separated by clear boundaries [13, 14]. The intense dynamic of land use changes occurred in
these areas over recent decades has caused important changes in the structure of the
landscape, as a result of fragmentation processes [14-19]. This influences various ecological
processes, including those relating to the matter and energy flows between patches, by
altering the composition and distribution of communities, the survival and coexistence of
species, and species diversity [20-25].

I NT E C H © 2012 De Las Heras et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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The region of Madrid, due to its geographical location (centre of the Iberian Peninsula), and
physiographic variability, -from the Cordillera Central to the river Tagus depression-, has a
variety of lithological, mesoclimatic, edaphic and geomorphological traits, which have
resulted in a great diversity of ecosystems, land use types and landscapes, some of them of
great natural value. For example, It is noteworthy the contrast between areas of the
Guadarrama Range (belonging to the Central Mountain Ranges), where summits and slopes
covered by pine and oak forests, dehesas and grasslands of high nature value, are well-
preserved, compared to other areas intensely humanized, that have a very deteriorated
landscape, such as the metropolitan area of Madrid. In the recent history of this region there
is a clear abandonment of traditional agricultural activities that had provide the
maintenance of semi-natural systems with a high degree of functionality, which has resulted
in a clear instability [26]. Thus, at present, there is a heavily modified landscape, more
homogeneous and probably more polluted, that has lost much of the typical positive
externalities of the traditional landscape (natural services, basic ecological processes,
biodiversity, aesthetic tourist-recreational values, etc).

For this reason, much of the territory of Madrid Region is protected by European
Community legislation, as well as national and regional laws, which aim to consolidate the
protection and conservation of natural diversity, and at the same time, seek to promote
(uphold, improve) sustainable development.

Since 1985, the autonomous government of Madrid has declared seven protected areas,
which represent 14% of its surface, so it is the sixth region in Spain in terms of protected
territory. In parallel, along decades, there has been a very important socio-economic
development in the region, a great population growth and a deep process of change in the
use and exploitation of the area's resources. This study was conducted in a Protected
Natural Ares stated at 1985.

The aims of this study were, firstly, to analyse the main changes in land use occurred inside
the Protected Natural Area (PNA) over a period of 35 years, in order to determine the
principal territorial dynamics occurred, and the consequences of these processes of change
on the landscape configuration and on the evolutions of territorial structure in this PNA.
Secondly, in a smaller geographical context, GIS tools are combined with key ecological
parameters such as richness of uses, diversity (by Shannon) [27], evenness, connectivity and
fragmentation, to analyze the structure and organization of the territory.

2. Study area

We conducted our study in the PNA (Cuenca Alta del rio Manzanares), located quite close
to Madrid city (approximately 50 km NW, Figures 1 and 2). This PNA is characterised by a
mid-mountain Mediterranean landscape, with altitudes ranging from 660 m to 2,200 m. The
summits with slopes of gneiss and granite are covered by oak (Quercus pyrenaica) and pine
reforestation (Pinus sylvestris). On these slopes is located one of the most important granite
landscapes of Europe, “La Pedriza", protected since 1930. A rocky piedmont covered by
“dehesas” of Quercus ilex subsp. ballota links to the sedimentary river Tagus basin, where
alternate cereal crops with oak forests. The Spanish Committee of UNESCO's MAB
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Programme in 1992 designated the area as a Biosphere Reserve, due to the high ecological
value of the area as well as for its cultural heritage and agricultural and landscape values.

Demography, recreation and urban and transport infrastructures development are the most
important pressures in this PNA [28]. This Park was declared a PNA in 1985 abarcando una
extension de casi 53.000 ha [29]. Biogeographically, this territory belongs to the
Mediterranean Iberian-Atlantic region in the Central Mountain Range.

Figure 1. Study area: Location in Madrid region (A) and the location of the three study cases (B):
Cerceda (1), Torrelodones (2). Fuencarral (3) into boundary of PNA (shadow).

Figure 2. Guadarrama Range and piedmont with open woodland and urban development in PNA
(Cuenca Alta del Rio Manzanares)



230 Cartography - A Tool for Spatial Analysis

3. Methodology

We used cartographic techniques that combine remote sensing and GIS, with ecological
analysis at different spatial scales. Both methods allowed us to determine the landscape
changes and to detect pressures acting upon some areas included in the PNA during the last
decades (urban and transport infrastructures development, etc). We reviewed i) previous
studies focused on photo-interpretation techniques [30-34]; ii) land uses changes and
territorial dynamics in different environmental conditions [35-40] and iii) definition of land
uses categories [41-44]. We chose two working scales: the first analyzed the variability of the
PNA as a whole (1:50,000), and the second, that use a more detail scale, permited us to
recognize different ecological processes that occurred in the territory (1:12,500).

We used the aerial photography of Spanish Air Force of 1975 and the orthophotography of
2009 (Plan Nacional de Ortofotografia Aérea). ERDAS Imagine 9.1 software was used for
processing analogical information (1975 flight, Spanish Air Force). Previously, we had tested
ER-MAPPER and ArcGis 9.10 methods to this end. We scanned each of 150 photograms at
600 dpi. Mosaicing was conducted using Mosaic Tool extension. This tool showed the best
balanced colour result. Each photo was improved with a Root Mean Square (RMS) and its
tolerance was less than 0.5. Distortions of the photos were corrected using a Digital Terrain
Model (DTM) at 1:5,000 scale. Re-sampling method applied was the nearest neighbour
algorithm employing at least a cubic polynomial fit using 15 Control Ground Points and at
least 10% of overlapping areas. The result was a continuous image of the study area with a 5
x 5 m resolution.

Phenological changes mean different colours that depend on season and this colour difference
causes errors in the photo-interpretation so, it was necessary to balance colours for the
ortophotography of 2009 (2.5 x 2.5 m resolution).. This problem is more evident in agricultural
areas. Likewise, existing vegetation and land use maps of Madrid Region were reviewed [45,
46]. All layers were managed in a format compatible with ArcGIS 9.3 (shapefile, coverage or
GRID) referred to the WGS84 ellipsoid and UTM coordinates Zone 30 N.

The photo-interpretation considered an accuracy of the reference map unit depending on
the type of area, establishing a minimum of 0.5 ha (1:12,500 scale), similar to that used in
other studies with this orthophotography scale in forest formations [47] and of 0.61 ha
(1:50,000 scale) using cartographic techniques that merge patches (dissolve ie.) Also on the
orthophotography were required some data about the phytostructure and percentages of
canopy cover. If necessary, we worked with DGPS techniques (GPS Trimble Nomad 6GB) to
refine the patches shape.

We employed a touch screen Wacom Cintig 12WX joined to ArcGis editor. Topological
errors were processed using ARCEDIT. Finally, we assigned a topology to each layer using
ARC/INFO 9.1. Database was designed with three fields: land use, connectivity value and
surface area (ha).

The photointerpretation was completed with fieldwork. It took over 2,000 panoramic
photographs for checking on field the areas that were more complex during the
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development of cartography. It was considered of interest to note the state or degree of
consolidation of urban or under urban development, as this is one aspect that has changed
in the whole Madrid Region from the 70's of last century.

We then crossed the two land-use maps by means of techniques of overlapping and digital
layer intersection, thus comparing the information from both years. The result was a new
map on which each patch showed the land use observed in both years. Thus, we identified
all the types of changes that had taken place in the PNA during the 35-year period. Then it
was possible to know if each type of vegetation or land use in each part of the territory has
changed or not. Results allowed us to identify a set of changes occurred in the PNA during
these 35 years.

Then we calculated the percentage of the area that has changed in the whole PNA and for
each type of dynamic [28, 48]. These percentages allowed us to establish categories of
dynamism that distinguished zones of more or less changing and map its spatial
distribution. Finally, we used categories of dynamism map (1:12,500 scale) to select three
locations. We conducted a more detailed study about natural dynamic of territory [49-51],
using a set of ecological parameters as indicators of structure and organization of territory.

A more detailed study allowed us to recognize and map 23 types of land uses. These were
the result of consider at the same time land uses and vegetation units. Using this criterion
we obtained categories as Dehesas of Quercus ilex subsp. ballota i.e.

In each selected locations, we calculated relative frequencies of each land use type using
their abundance, and graphed their relative frequency profile in 1975 and 2009. Each profile
has been defined by three parameters: the richness of land uses, R(u), calculated as the
number of different categories of land uses in the corresponding year [52]; Shannon’s
diversity, H'(u), expressed in bits [27]; and Pielou’s evenness, E(u) [53].

Evenness is the proportion between observed diversity value and maximum diversity value
that would be possible to reach with the registered R(u). High values of E(u) indicate an
even land use distribution, that means that there are not a dominating land use in the
territory. To the contrary, low values of E(u) are indicating that one or a small set of land
uses are more frequent [54].

In order to complete the study of evolution of territorial structure and organization, we
analyzed ecological connectivity and fragmentation in each selected location in 1975 and 2009.

We calculated ecological connectivity (c) of territory according to a set of permeability
values assigned to each land uses. These permeability values were established taking into
account matter and energy flows (genes, seeds, species, etc.) through two adjacent land uses
[65-57], and assessing the quality of each land uses according to landscape functionality,
forestry value, cultural value, among others.

Finally, we calculated fragmentation of territory (f) according to the variation in patches
number occurred between 1975 and 2009 at each selected locations. We focused on
boundary effect caused by human land uses. Results were mapped.



232 Cartography — A Tool for Spatial Analysis

4. Results
4.1. Diachronic analysis of land uses in a protected natural area

We obtained two diachronic maps showing different scenarios relating to land uses in this
territory for 1975 and for 2009, differentiating 7 types (Table 1, Figure 3).

Land uses Description

All formations of deciduous leafy tree species primarily
Quercus pyrenaica

Forest All formations of sclerophyllous tree species primarily
Quercus ilex subsp. ballota
Pinus sylvestris forests

High altitude shrubland (Cytisus oromediterraneus)

Scrubland with Cistus ladanifer, Lavandula stoechas subsp.
Scrub stoechas, Thymus spp. Retama sphaerocarpa

Scrub with scattered Quercus ilex subsp. ballota or Quercus
pyrenaica

High-altitude pastures of Festuca curvifolia

Pastures for extensive livestock farming

Pastures Therophytic pastures in abandoned agricultural areas
(wasteland)
Pastures with scrub and scattered trees

Dry farming crops

Cropland
e Irrigated crops

Granite landscapes covered by scrubs and trees (Quercus ilex
subsp. ballota, Pinus sylvestris,Juniperus oxycedrus subsp.
oxycedrus).

Rocky areas with scrub
and trees

Reservoirs

Areas under urban development

Urban areas

Consolidated urban areas

Table 1. Classification and description of the seven land uses and vegetation types in the PNA.

In both years, the most abundant type of land use is pasture, which reflects the importance
of extensive livestock farming in this area. Nature conservation in Spain should involve
protection and conservation of these traditional agrosilvopastoral systems [58, 59]. An
essential ecological feature of this kind of system involves a high level of efficiency in
energy and nutrient use. As a result, the use of land resources is optimized and the rural
activities are adapted to natural production cycles [60, 61]. The next most abundant types of
land use by extension are forest, scrub and rocky areas with scrub and trees. These are all
characteristics of this PNA, although the latter comprises this territory’s unique landscape.
We found no noteworthy changes in number of land uses or in the typology within the
protected area. We can only highlight the absence in 2009 of areas under urban development



Cartography of Landscape Dynamics in Central Spain

as those identified in 1975 have now become consolidated urban areas (Figure 3). The land
uses showing the biggest increase in extension are scrub, tree formations and urban areas,
whereas croplands show a decrease.

TS

Figure 3. Land uses cartography (PNA)

1975 2009
% %

Land use Ha Pli/; A Land Ha Plo\/(I) A Land

use use

Forest 11,326.8 | 214 45.0 12,306.1 | 23.2 47.1
Scrub 10,427.6 | 19.7 72.4 11,939.5 | 22.5 75.6
Pastures 15,185.9 | 28.7 50.2 15,157.0 | 28.6 54.4
Croplands 3,587.3 | 6.8 50.3 1,769.4 | 3.3 375
Rocky areas with scrub and trees | 9,329.1 | 17.6 89.1 8,110.6 | 15.3 88.1
Reservoirs 1,017.5 | 1.9 88.7 10,175 | 1.9 88.7
Urban* 1,983.7 | 3.7 22.6 2,638.8 | 4.9 21.0

* Includes urban areas and areas under urban development

Table 2. Land uses in 1975 and 2009

4.2. Dynamics and changes in a PeriUrban Park

The comparative analysis of the vegetation and land use maps enabled us to identify and
quantify five main change dynamics in the territory: urban development, scrub
encroachment, forest encroachment, agricultural abandonment and new crops. Most of

233
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these dynamics were consequence of the abandonment of traditional activities or the
increase in urbanised areas (Figure 4 and Table 3).

We observed few changes in the study area, indeed, 79.5% of the Park’s territory had
undergone no change. The total area affected by some type of change from 1975 to 2009 is
10,852.7 ha. Within this changing area, the most significant dynamics were new pastures
(29.8%) and forest encroachment (26.6%). Scrub encroachment represents 19.5% and urban
development processes 15.7%. New crops represent only 8.8% and occur in the southern
sector of the Park (Table 4).

2009
Rocky
areas
Forest | Scrub | Pastures | Croplands | with | Reservoirs | Urban
scrub
and trees
Forest NCh | SE* AA URB
Scrub FE NCh AA URB
Pastures FE SE NCh NC URB
i, |Croplands FE AA NCh URB
‘lc:\ Rocky areas
with scrub FE SE NCh URB
and trees
Reservoirs SE NCh URB
Urban NCh

* This case is referred to forest cleared for livestock farming, a traditional use in Mediterranean areas.

Table 3. Territorial dynamics from 1975 to 2009. FE: Forest Encroachment; SE: Scrub Encroachment;
AA: Agricultural Abandonment; NC: New Crops; URB: Urban Development; NCh: No Change.

ha % PNA % change % dynamics
FE 2,884.1 5.4 26.6 3.0
S SE 2,076.7 3.9 195 2.1
p> AA 3,235.9 6.1 29.8 3.3
> NC 955.1 18 8.8 1.0
A | URB 1,700.9 3.2 15.7 17
NCh 42,081.8 79.5 431

Table 4. Total surface of each dynamic and percentage area over PNA, change and dynamics areas

These dynamics clearly showed the most dynamic sectors (mainly associated with urban
development) that are located in the South of the PNA, close to the city of Madrid and to the
main communications networks In contrast, the mountainous area located at North
presented fewer changes which are associated with natural dynamics (forest and scrub
encroachment).
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Figure 4. Change dynamics detected in the PNA

ha % PNA % change % dynamics
" FE 2,884.1 5.4 26.6 3.0
9] SE 2,076.7 3.9 19.5 2.1
= AA 3,235.9 6.1 29.8 3.3
S [ NC 955.1 18 88 10
E URB 1,700.9 3.2 15.7 1.7
NCh 42,081.8 79.5 43.1

Table 5. Total surface of each dynamic and percentage area over PNA, change and dynamics areas

Percentage area of these types of dynamics in the PNA allowed us to establish four
categories or degrees of change: very dynamic (ratio change > 60%); dynamic (ratio change
20-60%); stable (ratio change 12-20%); very stable areas (ratio change <12%) (Figure 5).

The more stables areas were located in the North part of the PNA. Dynamic areas increased
from piedmont to Tagus Basin, especially in Madrid and its Metropolitan Area. This has
facilitated to select three zones with different land use dynamism (1975-2009). First, a very
stable area, named Cerceda that is located on rocky piedmont (over gneisses). The second,
Torrelodones, is a transitional area between rocky piedmont and Tagus Basin where urban
development is the most significant process (dynamic area). Finally, in the Southeast was
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located the third, very dynamic area (Fuencarral), over sedimentary materials, with
significant changes in agricultural uses (Figure 1 and Figures 5 and 6).

Figure 5. Categories or degrees of dynamism
1-
“-
e

Figure 6. Orthophotographies. Cerceda, scrub encroachment (a); Fuencarral, agricultural abandonment
(b); Torrelodones, urban development (c).

o
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4.3. Changes at local scale in three study cases: Shrub encroachment, agricultural
abandonment and urban development

As we had mentioned above three areas have been selected for a more detailed analyse
(1:12,500 scale). The results obtained are showed below:

4.3.1. Cerceda: Open woodland and shrub encroachment

In Cerceda (Figure 7), there was no difference in R (u) so the number and type of land uses
are the same along time. However, there had been some changes in the land use’s relative
abundance as showed diversity H'(u) and evenness E(u) values (Table 5). The changes in
land uses over time have transformed the territory. One of them is dominant, the increase of
understory density (Figure 8). These changes in surface are associated to pastures
abandonment and the decrease of sheep and goat livestock. Woodland encroachment
generated a mixed forest of Juniperus, Quercus and Cistus, with different densities: high
density (1975: 15%; 2009: 30%) and medium density (1975: 25%; 2009: 40%). In particular the
increase of open woodland areas is associated to intensification with beef cattle or bucking
bulls. This intensification is determinant in the phytostructure of medium understory
density in open woodland (30%, 1975 / 50%, 2009).

Figure 7. Juniperus oxycedrus subsp. oxycedrus and Quercus ilex subsp ballota open woodlands and farms
in Cerceda.

Cerceda Fuencarral Torrelodones
1975 2009 1975 2009 1975 2009
R(uw) 10 10 13 13 12 10
H’'(u) 2.38 2.25 2.05 2.97 2.81 2.49
E(u) 0.72 0.68 0.55 0.80 0.78 0.75

Table 6. Values of Richness R(u), Diversity H'(u) and Evenness E(u) of land uses in Cerceda, Fuencarral
and Torrelodones
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Figure 8. Land uses (1975-2009) and ecological connectivity in Cerceda

Fragmentation measured as total number of patches was significantly higher in 2009 than in
1975. The territory showed no changes and conserved the same permeability in 1975 and in



Cartography of Landscape Dynamics in Central Spain 239

2009. So the exchange of matter and energy between patches it wasn’t modify (Table 6).
Finally, territorial connectivity presented the highest values of the three cases. This is an
area with few transformations by anthropic uses and that maintains the same vegetation
types in both dates (Figure 8).

45.00 -

40.00

35.00

30.00

25.00

o 1975
m 2009

20.00

15.00 -

10.00 -

5.00 l
0.00 -

1 2 3 4 5 7 8 1" 20 23

Figure 9. Relative frequency profile of land uses of each year in Cerceda. The codes and the land uses
are the same for Table 6

Code Land use Number of patches
1975 2009
20 |Agricultural and livestock settlements 6 13
1 |Q. ilex subps. ballota Dehesa (high density of scattered trees) 4 5
’ Q. ilex subps. ballota Dehesa (intermediate density of 3 1
scattered trees)
3 |Fraxinus angustifolia Dehesa 2 2
23 |Motorways 1 1
4 Juniperus oxycedrus subsp. oxycedrus, Q. ilex subps. ballota 4 4
and Cistus laurifolius (high density woodland)
Juniperus oxycedrus subsp. oxycedrus, Q. ilex subps. ballota
5 . s . . 3 3
and Cistus laurifolius (intermediate density woodland)
1 Pastures with scattered Q. ilex subps. ballota 'y |. oxycedrus 13 1
trees
7 |Riparian forest 2 9
8 |Shrubby riparian vegetation 7 1
TOTAL 56 62

Table 7. Fragmentation value of each land use measured as number of patches in Cerceda. This
parameter has been calculated in 1975 and 2009.
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4.3.2. Fuencarral: Road infrastructures and urban pressure vs. agricultural abandonment

In the Fuencarral area (Figure 10) still stand the Richness R (u) at both dates (13). The values
had certain variations in the H'(u) (1975: 2.05; 2009: 2.97) and E (u) (1975: 0.55; 2009: 0.80).
These values showed an increase of landscape heterogeneity. It was also decisive the
transformation of an agricultural environment with productive small and medium land
parcels in 1975 (Figure 11) in an area characterized for high density of road infrastructures
and the abandonment of traditional land uses in 2009 (Figure 12). Furthermore, percentage
occupied for wastelands with fruit trees of Ficus carica, Amygdalus communis and Vitis vitifera
and Triticum/Hordeum spp. is significant (1975: >50%; 2009: 10%). In 2009 traditional
Mediterranean mosaic of land uses disappeared (fruit trees, dry farming crops,
wastelands and scrublands) and was replaced by dry farming crops or wastelands with
low-productivity. Shrub lands and wastelands had increased their surface area in 2009
especially in wastelands with Retama sphaerocarpa (20%) and shrub lands (5%). In many
cases is difficult to distinguish between dry farming crops and wastelands on
ortophotography. However wasteland's surface took a progressive reduced and
transformed in non productive areas. In 2009 riparian forest area increased while in 1975
was fragmented (Table 7).

We analyzed that total patches number has been decreased between 1975 and 2009. Due to
agricultural abandonment a homogeneous landscape was generated. Particularly this type
of landscape maintains a great diversity of land uses, wastelands and habitats well
preserved that have and interesting role such as ecological and territorial connectors [61]. In
this area the connectivity at edges has decreased due to increase of road infrastructure and
urban development.

Figure 10. Countryside with fruit trees and crops in Fuencarral
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Figure 11. Land uses (1975-2009) and ecological connectivity in Fuencarral
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Figure 12. Relative frequency profile of land uses of each year in Fuencarral. The codes and the land
uses are the same for Table 7.

Number of patches
Code Land use 1975 2009
20 Agricultural and livestock settlements 36 29
15 Irrigated crops 0 1
14 Dry farming crops 13 6
6 Reforestation 14 13
13 Wasteland 3 10
12 Wasteland with fruit trees 5 9
18 Dump 2 8
12 Fruit trees, dry farming crops and wasteland 22 0
17 Fruits crops 15 0
23 Motorways 2 1
9 Retama sphaerocarpa shrubland 6 2
10 Wasteland with Retama sphaerocarpa 0 3
7 Riparian forest 4 1
8 Shrubby riparian vegetation 1 2
21 Urban area 2 8
TOTAL 125 96

Table 8. Fragmentation value of each land use measured as number of patches in Fuencarral. This
parameter has been calculated in 1975 and 2009.
4.3.3. Torrelodones: Urban development in a PNA

Urban development was the more significant process in Torrelodones area (Figure 3) The
H'(u) values (1975: 2.81; 2009: 2.49) are remarkable and these, added homogeneity to
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landscape. The R (u) (1975: 12; 2009: 10) and E (u) (1975: 0.78; 2009: 0.75) values were almost
unchanged (Table 5 and figure 15). The most important changes (Figure 14) were located in
urban areas consolidated between both dates (2009: > 30%; 1975: 15%). The surface of
mixture arborescens or shrubby woodlands with high density (Juniperus, Cistus, Quercus)
decreased (1975: 20%; 2009: < 10%) and were replacement with urban areas. Into
intermediate density woodlands the process is the contrary with a slight increase (2009:
30%). In this example values corresponded to disturbed areas near of urban areas or changes
in livestock production (beef cattle into extensive o semi-extensive pastoral system).

As for fragmentation, although patches number decreased in 2009, the territory was more
anthropic concentrating such growth in this sector analyzed in conjunction with the
boundary of the PNA (Table 8 and Figure 14). This produced a boundary effect preventing
the exchange of matter and energy in that direction and causing isolation of the territory
whose consequences have been already indicated by several authors: loss of diversity and of
species, less permeability, worst energy flow, etc. [62-64]. Such an example it was the large
increase of road infrastructures in 2009 more greater than 1975. This is especially significant
with N-VI, nowadays a highway that introduced fragmentation and negatives effects over
territory (Figure 14). The connectivity of the territory is also affected overtime, showing a
loss of permeability that results in a lower exchange of individuals between populations,
lower the persistence of local and regional populations, increasing the rate of extinction and
reducing the rate of colonization. Landscape connectivity favours not only movements of
animal species, but also of plant and material and energy flows [65-67]. Therefore shows a
loss of connectivity and increased fragmentation with the passage of time which is located
predominantly in the edge of the ENP. This causes a barrier effect in that direction forcing
the processes and natural movements to move into the space where connectivity is
maintained higher and less fragmentation.

Figure 13. Single-family housing at the western edge of PNA (Torrelodones)
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Figure 14. Land uses (1975-2009) and ecological connectivity in Torrelodones
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Figure 15. Relative frequency profile of land uses of each year in Torrelodones. The codes and the land

uses are the same for Table 8.

Code Land use Number of patches
1975 2009

20 | Agricultural and livestock settlements 15 5

1 Quercus ilex subsp. ballota Dehesa (high density of 8 4
scattered trees)

5 Quercus ilex subsp. ballota Dehesa (intermediate 16 17
density of scattered trees)

19 | Reservoir 1 1

22 | Areas under urban development 6 0

18 | Dump 0

4 Juniperus oxycedrus , Quercus ilex subsp. ballota and 1 7
Cistus laurifolius (high density woodland)

5 Juniperus oxycedrus, Quercus ilex subsp. ballota and 8 4
Cistus laurifolius (intermadiate density woodland)

1 Pastures with scattered Quercus ilex subsp. ballota 'y |. 10 15
oxycedrus subsp. oxycedrus trees

7 | Riparian forest 6

8 Shrubby riparian vegetation 4 5

21 | Urban area 9 12

TOTAL 148 104

Table 9. Fragmentation value of each land use measured as number of patches in Torrelodones. This
parameter has been calculated in 1975 and 2009.
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5. Conclusions

This paper shows the multiscalar and multidisciplinary methods applied in landscape
analysis using ecological, geographical and cartographical techniques. At PNA scale the
comparative analysis of the vegetation and land use maps enabled us to identify five main
change dynamics in the territory: urban development, scrub encroachment, forest
encroachment, agricultural abandonment and new crops. Most of these dynamics were
consequence of the abandonment of traditional activities or the increase in urbanised areas.

For a detailed scale three study cases were chosen. In Cerceda open woodland and shrub
encroachment were more significant dynamics. Fragmentation measured was significantly
higher in 2009 than in 1975 and conserved the same permeability. This is an area with few
transformations by anthropic uses and that maintains the same vegetation types in both
dates. The increase of road infrastructures, urban pressure and agricultural abandonment
generated a homogeneous landscape in Fuencarral. This type maintains (2009) a great
diversity of land uses, wastelands and habitats well preserved that have and interesting role
such as ecological and territorial connectors. The most important changes in Torrelodones
were located in urban areas consolidated between 1975 and 2009. At northwest edge N-VI
highway introduced fragmentation and negatives effects with loss of permeability and
connectivity.
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1. Introduction

Geographical Information Systems (GIS) simulate a given geographic space in a
computational environment, allowing to store, map and analyse large amounts of
georeferenced data (e.g., Umbelino et al., 2009). GIS were converted into a powerful tool in
regional natural resources assessment, as it permits a speedy integration and representation
of several biophysical attributes (e.g., Bastian, 2000; Bocco et al., 2001) from diverse origins
such as, e.g., topographic, cartographic, photogrametric, GPS and remote sensing.

The integration of Digital Terrain Models (DTM) in GIS leads to the emergence of
methodologies to represent and simulate the real-word, complementing the use of thematic
environmental information (e.g., Felicisimo, 1999). A DTM is a numerical representation of a
variable obtained from a discrete set of points, with well-known cartographic coordinates,
which distribution allows calculating, by interpolation, that variable for any arbitrary point
(Fernandez, 2004). If the mesh of points is altitude-related, the DTM is designated as a
Digital Elevation Model (DEM). From a DEM, it becomes easy to attain topographic-derivate
models (e.g., slopes, orientations, curvature and visibility, shadowed and exposed areas).

Many authors have used DEM processing techniques to automatically extract geographic
features (e.g., Herrington & Pellegrini, 2000; MacMillan et al., 2000; Burrough et al., 2001;
Jordan et al., 2007b; Zavala et al., 2005a, 2007), hydrologic structures (e.g., Flanagan et al.,
2000; Maidment, 2000), erosive processes (e.g., Zavala et al., 2005b), vegetation habitats (e.g.,
Anaya-Romero, 2004; Anaya-Romero et al., 2005; Jordan et al., 2007a; Pino et al., 2010),
among other uses.

© 2012 Isidoro et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
I NT E C H Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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In this chapter three GIS-based models were used, relying on different methodologies and
techniques, to illustrate visualization and quantification of the geomorphic processes. This
valuable input for decision-makers is attained through the versatility of GIS. Geo-form
mapping in a coastal lagoon catchment, rainfall erosivity on a mountain ridge and urban
flood delimitation show the potential usefulness of DEM/DTM based cartographic models
for helping to solve environmental issues. All case studies presented are from the south of
mainland Portugal.

The first case study is used to illustrate the main geo-form classes of the catchment
including the Ria Formosa. The Ria Formosa is a shallow coastal lagoon covering an area of
about 16,000 ha in the south of Portugal. It is protected by EU and national Laws, and is
classified as a Wetland of International Importance under the RAMSAR convention
(PORTUGAL Ramsar Site 212). This study aims to establish a method based on the
Hammond hierarchical criteria and geographical information related to soft-slopes, local
topography and terrain profiles, to locate and classify the geo-forms present in the Ria
Formosa catchment.

The second case study focuses on the use of DEM/DTM based on climate models to obtain
and analyze isohyetal maps, and to identify how rainfall distribution influences water
erosion. Rainfall distribution, which is highly variable in space and time, is difficult to
study, due to the lack of good quality data (e.g., insufficient or poorly-distributed gauges in
the study areas; non-homogeneous rainfall data series; dubious readings from non-
automated gauges; lack of radar coverage). This issue may be partially addressed by
geographic models (e.g., DEM/DTM) and climate data related to rainfall. Parameters such as
curvature, slope and orientation of hillslopes, which influence local climate, can also be
obtained from these geographic models. Isohyetal maps, through multilinear regression
analysis, can then be created using the DEM/DTM and their derivative models, the
hillshading potential and some specific data (e.g. distance to coastline). From these elements
and using the Modified Fournier Index (MFI), rainfall erosivity can finally be quantified.
This technique was used to assess the soil erosion risks in Serra de Grandola, which is a
north-south oriented mountain ridge with an altitude of 383 m, located in southwest
mainland Portugal.

The third case study demonstrates the use of cartographic information to produce flood
delimitation maps. The city of Tavira (10,600 inhabitants) in the south of Portugal embraces
the outfall of the Séqua/Gilao River into the Atlantic Ocean. A GIS-based hydrologic model
of the 221 km? Séqua/Gilao river catchment was first created to obtain soil use and type
regional parameters. Afterwards, and to identify the maximum water heights for those
return periods, a hydraulic model of the rivers’ last 9.5 km was produced. These maximum
water heights were compared with the observed values (flood level marks, photographs and
video records) of the 34 December 1989 flood and used to validate the model. Mean sea
level changes due to climate change were also considered. With this procedure, it was
finally possible to produce flood delimitation maps for the Tavira urban area. This type of
modelling may provide a useful tool for urban planners and city authorities.



GIS-Based Models as Tools for Environmental Issues: Applications in the South of Portugal 253

2. Location and classification of geo-forms in the Ria Formosa estuary
2.1. Introduction

The study of the risk of soil degradation is the starting point for development and
sustainable land management. The global warming and the land use changes expected in
the XXI Century predict loss of quality and reduction of soil’s productivity (Cerdan et al.,
2010). In the Mediterranean area the natural and semi-natural vegetation is sclerophyllous,
which is well suited for the local climatic conditions, however, extreme weather and human
activity can cause imbalances in the ecosystem (Kosmas et al., 2000). The southern Portugal
is a region where the balance between the natural environment and human activity is very
sensitive to erosion and desertification (Gongalves et al., 2010). Thus, it is necessary to
employ control, prevention and correction measures to preserve the soil and prevent the
emergence and intensification of desertification processes, which can become irreversible, as
has happened in other Mediterranean areas (Kosmas et al., 2000).

This study emphasizes geomorphologic processes, because they describe the natural space,
the dynamics of occupations and the anthropogenic changes. According to Hammond (1954,
1964), geomorphologic studies of the earth's surface can be carried out over large areas
(small scale) and based on the analysis of the land features, topographic maps or directly
through field measurements. The variables considered should be quantitative, been used for
a hierarchical classification.

Later, with the appearance of the GIS, Dikau (1989) and Dikau et al. (1991), the Hammond
procedures were rectified and automated in some regions in the United States. The DEM
becomes the most important tool in the process of identifying landforms. Using the
"moving-window" process and through algorithms based on local operators (spatial filters)
it is possible to create models (such as slope, local relief and relative position). This allows a
more detailed study, with a large number of variables in a large scale. The landforms
hierarchy is made in terms of size, order and geometric complexity.

Many researchers have used this methodology, although with some modifications as
explained by Martinez-Zavala et al. (2004) and Jordan ef al. (2005), in studies conducted in
Spain and Mexico in a detailed scale. Dragut and Blaschke (2006), and Gergek ef al. (2011)
classified the landforms in regions of Transylvania (Romania), Germany and Turkey,
respectively based in decision rules of fuzzy logic. Another technique widely used was the
non-supervised classification based on levels of information. For example, Sallun ef al. (2007)
in the catchment of Alto Rio Parana in Brazil extracted information by applying the
Principal Component Analysis (PCA) in multispectral satellite images. Oliveira and Santos
(2009), applied spatial filters of high pass and low pass in DEM in Feira de Santana (state of
Bahia, Brazil). Teng et al. (2009) extracted the landforms in Shaanxi Province (China) with
hillslope units from DEM.

In the present study we intend to carry out the mapping of landforms in the catchment of the
Ria Formosa located in the south of Portugal (Algarve), using the methodology followed by
Jordan et al. (2005), modified in order to take in consideration the specific features of this region.
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This study contributes to a better characterization of the region allowing the preparation of
regional plans to control the processes of soil degradation, with an indication of possible
uses and restrictions.

2.2. Study area

The Ria Formosa catchment is limited by the WGS84 coordinates 37° 15" N to 36° 57" N and
7228 W to 84" W. It has an area of 864 km? and a perimeter of 166 km, including a shallow
coastal lagoon with an area of about 16,000 ha. It is protected by EU and Portuguese Laws,
and is classified as a Wetland of International Importance under the RAMSAR convention
(PORTUGAL Ramsar Site 212). It covers the municipal areas of Tavira, Faro, Olhdo, Sao
Bras, Loulé, Vila Real de Santo Antdnio and Castro Marim. The topography of the region is
regular and continuous without abrupt changes in altitude. The average slope is 11% and
the elevation varies between 0 and 530 meters above sea level. Mean annual rainfall of the
catchment ranges between 400 and 800 mm. The mean annual temperature is 17 ° C.

2.3. Methodology

The DEM has been used as a basic source of information on the catchment of the Ria Formosa
and was obtained from a geostatistical study with a resolution of 10x10 m?, which was based on
cartography at the scale 1:25,000 from the Geographical Institute of the Portuguese Army (IGeoE,
2004). From this model, other information about other terrain features were obtained. The
analysis and mapping of the data has been performed with the IDRISI Taiga software (Eastman,
2009). With this software, several terrain variables such as slope, curvature, relative position, and
local relief were modelled for each point relatively to the DEM. Finally, the automatic
classification of landforms was carried out, as established by Jordan et al. (2005).

2.3.1. Slope and curvature

Maps of slopes and curvatures are commonly used to describe the hydrologic drainage
structure of a region or a catchment. Soil properties and the characteristics of the hillslopes
are factors that combined determinate a higher or lower resistance to soil erosion, especially
due to rainfall. The inclination, the length and the shape of a slope are associated to the
velocity of runoff and to the water infiltration into the soil.

The slope at point (M, P), in the azimuth direction A, is given by calculating the inner
product between the gradient of the surface H and the unit vector @, with the components
(a=SinA; p=CosA):

2 2
VI, =L Mg jom|= [ ] 4| H (1)
oX oY oX oY

When the ground is represented by a matrix H (m, n), X and Y are coordinate axes, and the
gradient of the surface H represents the topography of a square that includes point (M,P)
defined by a bi-linear polynomial expression:
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H =aMP +bM +cP+d )

The coefficients a, b, c and d are determined at the expense of the coordinates of the square-
defined four vertices.

The determining of slope of each pixel in line | and column k is based on elevation values of
neighbouring pixels and the spatial resolution of the model, E (distance between pixels). The
slope is calculated using Eq. (3).

2 2
5:\/(H(l,k+1)—H(l,k—1)j +[H(l—l,k)—H(l+l,k)j )

2E 2E

From the analysis a smooth slope map was produced, using the "Moving Window"
technique with a size of 4,900 m? (i.e.,, 77 matrix). For each window was determined a
percentage of soft slope (considered below 4%), and that value was assigned to the central
pixel of the window. After this process, the map was reclassified (Table 1).

Code Percentage of soft slope

1 More than 80%
2 50% at 80%
3 20% at 50%
4 Less than 20%

Table 1. Reclassification of the slopes by percentage of soft slopes.

The curvature is defined according to the rate of change of the slope, which is determined
by the partial derivatives of second degree of surface H:

o*H 0°H
—

_viyg —
CA_VH_@XZ v 4)

As we are working on a discrete space, it is possible to approximate the Laplacian in two
dimensions, using the finite difference method, being the size equal to the unity (one cell):

V2H = H(+1,k) + H(I - 1,k) + H(L k + 1) + H(l,k —1) - 4H(I, k) (5)

Therefore, the same expression in the matrix form, can be written as follows:

0 1 0
1 -4 1 (6)
0 1 0

This matrix 3x3 is called the Laplacian filter, which was used in a spatial convolution
process on the MDT, wherein each central cell of the window was assigned a curvature
value. The negative values indicate concavity (sedimentation basins, valleys, etc.), while
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positive values indicate convexity (massifs, domes, peaks, upper parts of slopes, etc.). The
values equal or very close to zero correspond to flat surfaces.

After extraction of the curvature, it was necessary to make a spatial convolution in order to
filter the unhelpful and inconsistent information and highlight the most important
formations. We used a Gaussian filter with 10x10 m? cells within a 7x7 matrix.

2.3.2. Local relief and relative position

The local relief can be expressed as the vertical difference between the highest point and the
lowest points, of a surface, within a certain horizontal distance or in a determined area of
analysis (Figure 1; Left). The relative position sets up the flat shapes of the terrain, in
uplands and lowlands, separating the plateaus from the plains with hills or mountains. In
this study we considered that all concave and convex areas were, respectively, lowlands and
highlands (Figure 1; Right).

. Canve
Mlaximum

Convex

l"'_ Concave r. :

Minimum S 87" } i {

D T =

Highland > < ~Lowland > » |7 Highland

Figure 1. Left: Local relief; Right: Relative position.

The determination of the local relief was calculated directly from the MDE, through two
spatial convolution processes of a (7x7) matrix. The maximum and minimum elevations
were determined and replaced in the respective central cells. At the end the results were
subtracted. After this process, the map was reclassified as follows (Table 2).

Code Class Classification
1 0-15m Very smooth
2 15-30m Smooth
3 30-90m Localized
4 90 - 150 m Moderate
5 150 - 220 m Rough

Table 2. Classes of the local relief.

To calculate the relative position, the curvature and the smooth slopes (<4%) were
integrated. The classification was used to define the classes presented in Table 3.
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Code Class
a >75% of smooth slopes on concaves hillsides
b 50 — 75 % of smooth slopes on concaves hillsides
c 50 — 75 % of smooth slopes on convexes hillsides
d >75% of smooth slopes on convexes hillsides

Table 3. Classes of the relative position.

2.3.3. Landforms

The mapping of landforms was constructed by crossing three levels of information: smooth
slope, local relief and relative position. The five main forms considered were: plains,
plateaus, plains with hills, and open hills. In turn, these classes were divided into twenty
sub-classes.

2.4. Results and discussion

The main forms and the respective subclasses, for the region of Ria Formosa are shown in
Figure 2 and Table 4.
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Figure 2. Map of landforms in the Ria Formosa catchment.

As can be seen, the localized hills and moderate hills (Table 4) cover most of the catchment area
(43%), mainly on areas such as Mountain of Caldeirdo, and the mountain formations of
carbonated rocks (Monte Figo, Malhdo, Guilhim and Nexe).

In particular, in the Mountain of Caldeirao, there is a very dense drainage network due to
the formation of Flysch from Baixo Alentejo region, consisting of turbidites (greywackes,
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silts and shales) which, because of its layered structure, hamper the infiltration of surface
runoff. On the other hand the vegetation is typically mediterranean, composed by
quercineas and sclerophyllous over Eutric Leptosol. Therefore on more rugged slopes, there
is little capacity for water storage, making it difficult to sustain the vegetation. Furthermore,
poor agricultural practices have been destroying the natural vegetation, causing in the rainy
season a deterioration of these soils and turning them into skeletal. So the predictable risk of
erosion ranges from moderate to high.

The flat plains are the second class of the highest representation (25.3%), distributed on the
littoral, next to the Ria Formosa and along the leeward coast. These flat surfaces, with less
dense dendritic drainage systems, are composed mainly of alluvium, sand dunes and
pebbles (slightly cohesive soils and sediments). This system flows in parallel form to the
arms of the estuary and may be subject to flooding. These areas are fluvisol, luvisols and
cambisols and are fertile for agriculture. They have dense vegetation, with orchards and
complex cultural systems providing a low or moderate risk of soil erosion.

Area
Class Subclass Code (km?)
Plains Flat plains 11a11b 11c 11d 142.93
Nearly flat plains 12a12b 12c 12d 65.92
Smooth plains 13a 13b 13¢ 13d 16.04
Slightly irregular plains 2la21b 21c21d 27.51
Irregular plains 22a22b 22c 22d 52.62
Very irregular plains 23a 23b 23c 23d 23.97
Plateaus Low Plateaus 14c 14d 24c 24d 0.52
Plateaus 15c 15d 25¢ 25d 0.02
Plains with hills Plains with low hills 14a 14b 24a 24b 0.63
Plains with hills 15a 15b 25a 25b 0.01
Open hills Very low open hills 31a 31b 31c 31d 3.84
Low open hills 32a 32b 32c 32d 32.33
Localized open hills 33a 33b 33c 33d 37.38
Moderate open hills 34a 34b 34c 34d 3.48
High open hills 35a 35b 35¢ 35d 0.13
Hills Very low hills 41a 41b 41c 41d 2.22
Low hills 42a 42b 42c 42d 46.44
Localized hills 43a 43b 43c 43d 226.67
Moderate hills 44a 44b 44c 44d 128.85
High hills 45a 45b 45c 45d 14.45

Table 4. Classification of 20 classes of landforms and their cover area (Ria Formosa).

2.5. Conclusions

Using an automatic hierarchical method for classification the Ria Formosa drainage basin
has been subdivided in twenty landforms. The area included in each class is characterized
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by a number of geomorphologic characteristics, which distinguishes them from
neighbouring areas. The localized and moderate hills and flat plains are the classes with the
highest representation. Allied to information on soil type and vegetation cover, the former,
appears to have a moderate to high erosion risk and the latter might have a low to moderate
risk. However, in future research, it is intended to create a more accurate map of erosion
risks, by matching the satellite images, climatic data, mapping of land use, geological and
pedological features in an appropriate scale. Moreover, methodology used in this study for
landform mapping, can also be validated by elaborating a descriptive mapping of a sample
area, based in photo interpretation and field observations. The aerial photography, with 60%
overlap, allows the creation of stereoscopic pairs which facilitate the characterization of the
terrain. Fieldwork will also be useful for add and/or confirm the information obtained by
stereo restitution. Comparison of the pixels in each unit of land allows validating the model.

3. Mapping of rainfall erosion in Serra de Grandola
3.1. Introduction

Erosion is a global scale threat to sustainability and productive capacity of the soil (e.g.,
Yang et al., 2003; Feng et al., 2010). It is estimated that about 10 million hectares of farmland
are lost annually in the world due to soil erosion (Yang et al., 2003; Pimentel, 2006).

Climate change may have a great influence in soil erosion (Pruski and Nearing, 2002). Changes
in the erosive power of rainfall can be hazardous in terms of soil erosion (Favis-Mortlock and
Savabi, 1996; Williams et al., 1996; Favis-Mortlock and Guerra, 1999; Pruski and Nearing, 2002).

Erosion, the most common type of soil degradation, should be considered as the main
symptom of desertification. Since the first half of the XX Century numerous studies have
been carried out and gave a strong contribution to the knowledge on the mechanical
processes leading to erosion and how these processes interact in the environment. However,
studies on how social, economic, political and institutional factors are affected by erosion,
have been developed only during the last decades.

According to the digital Soil Map of the World (FAO, 1989) and a climate database Eswaran
et al. (2001) the vulnerability to desertification of the Mediterranean area countries, it is
considered that more than 600,000 km? of the Mediterranean basin are at risk of
desertification. Project DesertWatch, presented at the 10t Conference of the Parties to the
United Nations Convention to Combat Desertification, states that the 33% of the Portuguese
territory is at risk of desertification, being the Alentejo the most affected area.

The main objective of this work is the development of a GIS to determine the risk of erosion
in Serra de Grandola (Alentejo, Portugal).

3.2. Study area

The study area is delimited by the UTM coordinates: Zone 29S, Mmin=512,930.44 m,
Pmin=4,205,893.13 m, Mm4=540,965.44 m, Pmix=4,230,328.13 m. Its area, with 675 km?2, includes
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the Grandola, Sines and Santiago do Cacém municipalities, and the mountain Serra de
Grandola (maximum altitude: 383 m). Serra de Grandola extends up to the West coast, in a
regular and continuous form, without major abrupt changes in topography. Annual rainfall
ranges from 600 to 1,200 mm. The Atlantic-influenced climate is moderate, with average
annual temperatures of 17° C. Lithologically there are three important groups (1:50,000
Portuguese Geological Map; DGM, 1984): (i) in the highlands, the Flysch formation of the
lower Alentejo, (ii) in the highlands surrounding areas, sandstones and gravel of the littoral
of Lower Alentejo and Vale do Sado and, (iii) in the coastal zone, the beach and sand dunes.
Pedologically there is a predominance of Eutric Lithosols (highlands) and Podzols (coastal
zone).

3.3. Methodology

Based on the intersection of the soil’s erosive status with the rainfall aggressivity, the latter
classified according to the Modified Fournier Index (MFI), the risk of erosion at the Serra de
Grandola was assessed (Figure 3) using IDRISI Taiga software (Eastman, 2009).
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Figure 3. Schematic of the methodology used in this application.

3.3.1. Mapping of the erosive status

The vegetation coverage map was obtained by applying vegetation indexes developed in
order to simplify the number of parameters present in the multi-spectral measurements.
These indexes, generated from remote sensing data, constitute an important way to include
anthropic activity in the ecosystems. Although there are many vegetation index available in
the literature, because vegetation has a high reflectance in Near Infra-Red (NIR) and a low
reflectance in R (e.g., Lillesand et al., 2004), this study used the Normalized Difference
Vegetation Index (NDVI), a technique introduced by Rouse et al. (1974) which enables to
know the density and the state (greenness) of the vegetation cover.

The land use information was obtained from the CORINE Land Cover map (CORINE-CLC,
2006) at a 1:100,000 scale. The map, based on satellite images SPOT-4, SPOT-5 and IRS-P6



GIS-Based Models as Tools for Environmental Issues: Applications in the South of Portugal 261

LISS 1III, represents 44 classes of land use with a 150 m of positional accuracy resolution,
with a minimum mapping unit of 25 ha.

The soil protection map was obtained by crossing the land use map with the vegetation
coverage map. According to the classification proposed by Zavala (2001) the soil protection
was classified into the following classes: 1-Very High, 2- High, 3- Moderate, 4- Low , 5- Very
Low 6- Unprotected.

A DEM was obtained by ordinary kriging of 32,000 points, which were retrieved from a set
of 526,770 points obtained from discretization of 10 m equidistant contour lines (military
1:25,000 map).

The hillslopes map was obtained from the DEM (see Eq.(3)). The slopes were classified into
ranges: 0-3%, 3-16%, 16-21%, 21-31% and over 31%.

The lithofacies map was created from a 1:50,000 scale Portuguese Geological Map (DGM,
1984). Five lithofacies classes were defined based on the PAP/RAC, (1997) classification.

The erodibility map was obtained by crossing the slope and lithofaceis maps. Accordingly to
Zavala (2001) five levels of erodibility were set: 1- Very Low, 2- Low, 3- Moderate, 4- High
and 5- Very High.

The erosive status map was obtained by crossing erodibility and soil protection maps.
According to Zavala (2001) five levels of erosive status were set: 1- Very Low, 2- Low, 3-
Moderate, 4- High and 5- Very High. Soil erosive states are expressed in terms of protection
and erodibility (Table 5).

Protection Erodibility
Classes 1 2 3 4 5
1 1 1 1 2 2
2 1 1 2 3 4
3 1 2 3 4 4
4 2 3 3 5 5
5 2 3 4 5 5
Unprotect 3 4 5 5 5

Table 5. Classification of soil erosive status.

3.3.2. Modified Fournier Index model

The Modified Fournier Index (MFI), an improved version of the Fournier Index (FI);
Fournier (1960), is used to estimate the rainfall aggressivity for all months as in this area it
occurs along the year, since the FI is only used in regions characterized by dry seasons. The
MFlI is calculated by Eq. (7) (e.g., Arnouldus, 1978).

MFI = Zi 7)

i=1" ¢



262 Cartography — A Tool for Spatial Analysis

where: Pi is the monthly rainfall at month i (mm) and P is the annual rainfall (mm).

Monthly rainfall data observed from 01.01.1911 to 31.12.2010 on 30 weather stations were
used as an input to the MFI model.

Rainfall distribution is highly variable in space and time. In this study the precipitation data
are insufficient and poorly distributed. Thus, for creating the MFI model other variables
which are correlated with precipitation were used such as hillshading, aspect, distance to
coastline, latitude and elevation. The software Statistica 6.0 (Statsoft, 2001) was used to
establish a multilinear regression with t critical=1.711 for a significance of 95% (o = 0.05).
Aspect model was created based on DEM, by Eq. (8).

Aspect = atan2[d—z,—%J (8)
dy dx

where: Z—Z is the variation of height in latitude and Z—Z is the variation of height in longitude.
y x

Models of hillshading created refer to solstice and equinox. These models represent the

hillshading for a given solar declination and azimuth. These variables were calculated using

the equations described by Diez-Herrero et al. (2006). Hillshading models were calculated

with Eq. (9).

HS= 255[(51'11(7) Cos(D) + Cos(y)Sin(D)Cos(¢ — A) J )
where: HS is the hillshading, y (°) is the elevation of the sun above the horizon, D (°) is the
declination of the sun, ¢ (°) is the solar azimuth and A (°) is de aspect.

While mapping of the MFI various models were created and the respective outputs analysed
such as Cook's distance, consistency, independence and normality. The best model found
was that in which the independent variables were latitude, elevation, and distance to
coastline, spring hillshading and aspect:

R=1.1708 E+0.0009L +708.8582SHS — 0.1225A-0.0032 DC - 3,432.4703 (10)

where: R (mm) is rainfall, E (°) is elevation, L (°) is latitude, SHS is spring hillshading, A (°) is
aspect and DC (m) is a distance to coastline.

Classes Range Classification
1 <60 Very low
2 60-90 Low
3 90-120 Moderate
4 120-160 High
5 >160 Very high

Table 6. MFI values according CORINE - CEC (1992).
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3.3.3. Erosion risk mapping

Finally, the erosion risk map (Figure 4) was obtained by relating the erosive status and MFI
classified according to CORINE-CEC (1992). According to Zavala (2001), five levels of
erosion risk were set: 1- Very Low, 2- Low, 3- Moderate, 4- High and 5- Very High. Erosion
risk was expressed in terms of erosive status and MFI (Corine-CEC, 1992) (Table 7).

. MFI (Corine-CEC)
Erosive status

1 2 3 4 5
1 1 1 1 2 3
2 1 2 2 3 4
3 1 2 3 4 5
4 2 3 4 4 5
5 3 4 5 5 5

Table 7. Determination of the levels of erosion risk as a function of the erosive status and the rainfall
aggressivity.
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Figure 4. Digital model of the annual risk of erosion of the Serra de Grandola.

3.4. Results and discussion
3.4.1. Erosive status map

Each erosive status class was characterized according to the slope, soil and vegetation cover
(Table 8).
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Table 8 shows that most representative classes have low risk (28%) and moderate risk (44%)
of soil erosion, usually on the highlands or at the coastal areas. The coastline consists mainly
of cliffs with non-cohesive materials (sand and gravel). In the highlands the material is more
resistant (Flysch group from lower Alentejo) but the amount of rainfall is higher and the
steep slopes favour soil erosion processes. Soils with material from class D (soil or poorly
resistant or deeply altered rocks) and E (soils or sediments that are poorly cohesive or
detritus materials) are the most representative, with slopes ranging between 0-3% (slow
runoff) and 3-16% (moderate runoff).

3.4.2. Modified Fournier Index

All study areas, classified according to CORINE - CEC (1992), present values of MFI of low
risk (71%) and moderate risk (29%) of erosion, which means a small aggressiveness of

rainfall.
Erosive . .
Occupation  Slope Soil Land Cover
State
Very Low  10% 0-3% Schists, phyllites, silltites, ~Hardwood forest
quartzites and Flysch
group
Dunes Permanently
irrigated land
Low 28% 0-3% Sand, sandstone and Coniferous forest
gravel
3-16%  Flysch group Hardwood forest
Moderate 44 % 3-16% Sand, sandstone, gravel Coniferous forest
and dunes
Flysch group Hardwood forest
High 16% 3-16%  Limestone, dolomite, Cultures /systems
sand, sandstone gravel fragmented complex
and dunes / non-irrigated arable
land
16-31%  Flysch group Hardwood
forest/agro forestry
Very High 3% 21-31%  Limestone, dolomite, Non-irrigated arable
sand, sandstone gravel land/ forest or shrub
and dunes vegetation
transition/beaches
Flysch group Agro-forestry

Table 8. Characterization of the erosive status.
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3.5. Conclusions

Environmental biophysics requires knowledge of the resources and processes affecting
ecological systems conservation, as well as planning and land management. In completion
of the erosion cartography it was possible to develop topographic models (slope, orientation
of slopes and distance to the coastline), climate (rainfall, hillshading, Modified Fournier
index) and lithofaces. These models represent quantitatively the environmental variables
that affect the process of erosion.

Moderate erosive status is the most frequent class in the study area. Highlands, where the
soil material have moderate resistance (flysch formation) and the precipitation is higher, and
the coastline, essentially composed of cliffs with low cohesive material (sand gravel), are the
most sensitive areas to erosion. However, using this erosive model it is difficult to justify the
risk of water erosion at the coastline. In coastal areas infiltration prevails (sand dunes) and
the wind action is the most important factor in the erosion process. Therefore, in future
studies, the model should be capable of including wind erosion.

The largest amount of precipitation is falling in December and January and the lowest in
July and August. Through the mapping of the rainfall erosivity, it was found that the
aggressiveness of rain in the coastline and in the highlands is higher in these months.

4. Flood delimitation mapping of the Tavira urban area
4.1. Introduction and objective

This case study illustrates the use of GIS as a tool to establish hydrologic regional
parameters for urban flood mapping purposes. Cartographic elements, hydrological and
hydraulic models, and boundary conditions used to establish the maximum flood levels of a
10- and a 100-years return period flood and a 100-years climate change scenario are
described. Cartographic information was completed by in-situ measurements and
observations.

Hydrologic regional parameters are extensively used in flood simulation, since drainage
basins are characterized by natural variability in land-surface features (e.g., Wooldridge and
Kalma, 2001). Prasad (1997) refers that the improved accuracy of GIS-based hydrologic
simulation comes from the capability that these models have to integrate hydrologic
regional parameters; updating or modifying GIS data to study the impact of changes in a
drainage basin (e.g., land use) becomes a relatively easy task.

This application is focused on the simulation of fluvial-originated urban flooding. The area
selected for this study is the town of Tavira. This town is situated in the southernmost
region of Portugal — Algarve. The Séqua/Gilao River crosses throughout the Tavira urban
area until it flows into the Ria Formosa coastal lagoon. As the Séqua/Gilao River is
intrinsically connected with the urban fabric, an overtopping of the margins always has
negative consequences to people and assets. An example of a severe flood event was the 3¢
December 1989 flood which caused extensive damage in the city.

265



266 Cartography — A Tool for Spatial Analysis

4.2. Study area

Tavira (12,000 inhabitants) is one of the southernmost towns of mainland Portugal. The
town origins come back since about 2,000 BC and from these years until the half of the last
century Tavira has had in agriculture and fishing its major economical activities. Like
many areas in the Algarve region, in these last decades, tourism has gained a sound
importance in the local economy and lifestyle. The Séqua/Gilao River, which crosses the
entire town, is crossed by 6 bridges.

This study characterizes the whole river basin of the Rio Séqua/Gilao with length of the river
valley of 9.5 km from the outlet. The drainage basin of the Séqua/Gilao River considered for
this study is located immediately upstream of the northern limit of Tavira’s urban area (top
left of Figure 5).

4.3. Materials and methods

This section presents the hydrologic and hydrodynamic models used to determine the peak
flows and the delimitation of the flooded areas. Particular attention was given to obtaining
the hydrologic parameters related to soil use and type (CN values; Brunner, 2006). The flood
delimitation methodology and the verification of the modelled flood — by comparison with
observed data — are also presented.

Figure 5. Urban area of Tavira and the Séqua Gilao River, flowing from left to right.
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4.3.1. Hydrologic model

The Séqua/Gilao drainage basin has an area of 227 km? immediately upstream of Tavira.
This drainage basin can be divided into 4 sub-basins, namely: Alportel, Asseca, Fornalha
and Séqua (Figure 6). Characteristics of the sub-basins are shown in Table 9.

Characteristics of the drainage Sub-basins
sub-basins and rivers Alportel  Asseca Fornalha Séqua
Sub-basin area (km?) 93.12 61.35 40.06 32.31
Main river length (km) 49.07 19.77 15.06 14.25
Equivalent slope (m/km) 6.5 9.4 17.6 59
Time of Concentration (h) 9.2 4.0 2.5 3.7
Lag-time (h) 5.5 2.4 1.5 2.2

Table 9. Major hydrological and physical characteristics of the drainage sub-basins and rivers of the
Séqua/Gilao River.
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Figure 6. Drainage basin of the Séqua/Gilao River immediately upstream of Tavira. The 4 sub-basins
are identified.

According to the Portuguese Soils Map (SROA, 1970) most of the soils of the Séqua/Gilao
drainage basin may be classified as “Ex - Lithosols of xeric regime climate, schists or
greywackes” (Cardoso, 1965). Soils properties were defined using field tests data (Koop et
al., 1989). The soils hydrologic groups were defined (e.g., Lencastre and Franco, 1992) as B, C
and D (US Soil Conservation Service Curve Number method). Group D was by far the most
common in the drainage basin. Soil use was acquired via the Corine Land Cover chart and
largely consists of forests and farmlands. According to the Curve Number method,
information on the soil types and uses were combined to obtain the CN II values, to which
soil types and uses determine the relationship between rainfall and effective rainfall for soil
moisture conditions between the wilting point and field capacity. However, in flood-related
studies, the soil moisture conditions should correspond to soils with high water content
which are able to reach or surpass field capacity, a situation that leads to the origin of larger
floods. Adjusted values (CN III) used in this study are shown in Figure 7.

The design hyetographs were obtained by using Intensity-Duration-Frequency curves
referred in the Portuguese Law (DR 23/95 of 23" August) and the “alternating block
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method” (Chow, 1988). Kirpich formula (e.g., Guo, 2006; de Lima, 2010) was used do
estimate the Time of Concentration of each of the sub-basins; the Lag-times were
approximated as 60% of the latter (Table 9).
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Figure 7. Soil Conservation Service CN III values for the drainage basin of the Séqua/Gildo River.

The information above served as an input to the HEC-HMS model (Brunner, 2006). Data
for the drainage basin watershed were introduced into the model, differentiating the four
sub-basins and their topological connections, the reaches and the final section of the
drainage basin (sink). Resulting Séqua/Gilao River basin model is shown schematically
(Figure 8).
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Figure 8. Topological scheme of the Séqua/Gilao River drainage basin.

The resulting design hydrographs produced peak flows for the 10- and 100-years return
period, respectively, of 520.6 m?/s and 928.0 m?/s.
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4.3.2. Hydrodynamic model

The HEC-RAS model (Hydraulic Engineering Center — River Analysis System) was used to
define, for the full extension of the Séqua/Gilao River, the maximum flood levels to be
expected for 10- and 100-years recurrence periods. In the simulation it was assumed (i) a 1D
unsteady flow, (ii) inflow in the upstream boundary condition is defined by the previously
obtained design hydrographs, (iii) water level at the downstream boundary condition is
defined by expected spring tide levels at Faro bar and an additional climate change scenario
with a mean sea rise of 0.91 m was also used (mean sea rise value was imposed by national
authorities), (iv) flow resistance is approximated by the Manning-Strickler equation, (v)
densely urbanized areas are considered as non-effective flow areas, i.e., where water
overflows and returns in the same river section and (iv) head loss in hydraulic structures
(e.g., bridges) is due both to the head loss during flow along the hydraulic structure and the
localized head loss.

The main flow line was discretized by cross sections (STs) of the river, based in topographic
and bathymetric surveys. These STs were set where the river geometry showed important
changes and near hydraulic structures. Geometrical information of the latter was retrieved
from the structures final drawings and in situ measurements made for this purpose.
Riverbed material was classified by local observations (Chow, 1959). Maximum flood levels
in the Tavira urban area were obtained for the worst case scenario, i.e., when the
downstream-moving river flood wave overlaps the upstream-moving tide wave. This case
scenario takes place when the river peak flow reaches the upstream boundary cross section
1 hour before the tidal high water occurs at the downstream boundary cross section.

4.3.3. Flood delimitation

The following cartographical data and the hydrodynamic model results were combined to
define the 10- and 100-years recurrence period flood-affected areas:

e Portuguese Army topographical maps 1:25,000 and ortophotomaps;

e Topographical map of Tavira with contour lines every 10 m;

o  Bathymetric survey of the Séqua/Gilio riverbed and the Tavira bar, Quatro Aguas bar
and Gilao River.

The flood-affected areas were delimited for the 10- and 100-years return period and the 100-
years climate change scenario by retrieving, for each of the cross sections, the maximum
flood levels from the hydrodynamic model. After completion of this process, the areas
above the maximum flood which were within the flood delimitated area (island areas) were
trimmed out.

4.3.4. Comparison of the model results with observed flood levels

In the night of the 34 of December 1989 a severe flood occurred in Tavira with 120 mm of
daily rainfall registered during that day at the Sdo Bras de Alportel meteorological station.
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Making use of an amateur video from that night and from flood level inscriptions still
visible on some walls, some flood-affected locations were identified (Figure 9). Since it was
possible to recognize from the video the maximum flood levels, by means of a set of in-situ
measurements the depth of water in those locations was estimated (Table 10).

Location (point) Observed flood depth (m) Simulated flood depth (m)
A 2.5 29
C 44 43
D 44 4.3
H 2.7 3.1
K 41 41
M 4.4 4.3

Table 10. Comparison between the simulation results and the observed flood depths attained on the 3
of December 1989 flood event.

Figure 9. Location of places used to compare the simulation results and the observed flood depths
attained on the 3t of December 1989 flood event.

4.4. Results and discussion

The 10- and 100- year flood area maps of the Tavira urban area show that a significant part
of the urban area which is adjacent to the Séqua/Gilao River is within the flood-affected
perimeter (Figure 10). The City’s centre is severely affected both by the simultaneous
occurrence of high spring tide and the 10- or the 100-year rainfall events.

It is clearly visible that after the ST11 section the flood area expands widely. This is because
ST11 represents a heritage bridge which causes significant obstruction to the river channel.
A hydraulic gradient is formed by this bridge thus allowing water to overflow the river
channel.
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Figure 10. Flood delimitation for the Tavira urban area. Blue and magenta areas represent, respectively,
the 10- and 100-years return period.

4.5. Conclusions

This application shows an example of how GIS-based soil data may be used as an input for
flood-modelling purposes. In this example HEC-HMS (hydrological model) and HEC-RAS
(hydraulic model) were used to obtain maximum flood levels for 10- and 100-years return
periods.

5. General conclusions

This work aimed to illustrate how GIS-based models can be used as tools for environmental
studies through three case studies in the south of mainland Portugal. The first dealt with the
problem of geo-form classification in the Ria Formosa estuary. The second focused on using
DEM/DTM-based climate models to obtain and analyze isohyetal maps and to identify
rainfall distribution influence on water erosion at the Serra de Grandola. In the third
application, GIS-based models were used to determine hydrological regional parameters for
urban flood mapping purposes (this last application focused in the Séqua/Gilao River and
the city of Tavira). The applications allowed demonstrating the versatility and usefulness of
GIS-based models when used to solve environmental issues.
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1. Introduction

The Task Group 2 “Open Source in use for the cultural heritage communication process” [1]
is hosted by CIPA, the International Committee for Architectural Photogrammetry, one of
the international committees of ICOMOS (International Council on Monuments and Sites).
The main targets of the Task Group are related to the study and dissemination of the
Cultural Heritage, considered from a wide perspective according to UNESCO’s definition
[2], and the current EU legal framework.

This scope includes “the entire corpus of material signs —either artistic or symbolic- handed
on by the past to each culture and, therefore, to the whole of humankind” [3]. Thus, Cultural
Heritage consists of more than monuments (architectural works, sculpture and painting
elements, archaeological structures, ancient books, manuscripts, maps and charts), but of
groups of buildings (historical towns, industrial heritage, historical infrastructures), and sites
(cultural landscapes, natural values). Physical artifacts and intangible attributes inherited
from past generations must be maintained for the future generations, and accordingly, their
knowledge must be widely disseminated.

Due to the different particular types of cultural objects, different approaches, tools and
techniques must be developed to get an accurate knowledge of them. Aspects and
disciplines concomitant with the preservation and conservation of tangible and intangible
culture include archival science, art and architectural conservation, audio recording, digital
data collection, storage and management, and architectural, urban and landscape drawing,
among others. From a multidisciplinary approach, the Task Group 2 aims to develop an
intensive promotion of Open Source software as free alternate tools for all researches on
Cultural Heritage, which are useful in every stage involved in the processes of knowledge,
documentation, management, and dissemination of cultural heritage.

I NT E C H © 2012 Chias and Abad, licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited.
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In a first epoch the Task Group 2 initiative was successfully chaired by Markus Jobst, of
Research Group Cartography at Vienna University of Technology (Austria). Currently we
are starting a new era chaired by Prof. Pilar Chias, at the University of Alcala (Spain).

2. Main targets of the task group

Researches on Cultural Heritage have wide connotations related to the characteristics of the
cultural objects that are considered, as well as to the particular targets and methodologies
that can be applied in each case.

As a first stage, a deep knowledge of the cultural objects is needed, and adequate
documentation processes become essential. But depending on the kind of cultural object that
is being studied, it is necessary to collect and store a high amount of datasets in various
formats, to draw accurate maps and sketches, to take pictures, and to write detailed
descriptions (or transcriptions). Thus, useful software for writing, drawing, image
manipulation and mapping is needed.

An easy and efficient data recording and archiving, as well as a quick access to all these
digital materials become fundamental in the processes of documentation and storage of the
cultural heritage. The other aim is to get high quality information from them. The later
analysis processes must lay the foundations to propose the right conclusions, and to make
the appropriate decisions. In this stage, GIS become a useful tool.

Finally, an efficient prospective plan must include management and preservation actions, as
well as wide realist communication and dissemination programmes, including online
platforms.

All these tasks and their related activities can be successfully approached and developed by
using Open Source software. It provides the necessary office and prepress tools, multimedia
and graphic editors (both vector and raster formats), friendly computer aided design (CAD)
and 3D modelling software, as well as geographic information systems (GIS) and other
publishing products.

According to it, the Task Group’s strategies will correspond to two main objectives:

1. Related to the cultural heritage:

e Improved knowledge and understanding of the cultural heritage, covering the
different ‘cultural properties” [4].

e Improved methodologies in order to get a deep knowledge and an accurate
documentation of each cultural object, encouraging an integrated interdisciplinary
approach.

e Collaboration between involved research groups and other related initiatives.

e More effective preservation and management.

2. Related to the Open Source tools to be used to accomplish these targets:

¢  Dissemination of Open Source software capabilities in order to fulfill objective no. 1.

e Greater accessibility to the public via the Task Group web site, but also through
courses, conferences and online materials, as well as other cultural actions.

e Wide offer of academic courses at the Universities involved.
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Ground and first floor plans: the ground floor plan depicts the 12 century rock church, with the Romanesque 13%

century ‘new church’ which is placed in front and transversely. The old 17t century priory is on the right side of the
plans. Legend:

1. New church’s 16" century fagade.

2. Metallic footbrige, 20* century.

3. Nave of the ‘new church’, 13" century; with anthropomorphic tombs dated to the 8®-10t centuries.
4. New church’s presbytery.

5. Romanesque fagades of the rock church, 12* century.
6.  Tombs of the recumbent knights.

7. Wall map (world map) in the gospel aisle, 12t century.
8.  Epistle aisle’s arcosolium.

9. Main chancel in the nave.

10.  Access to the old graveyard.

11.  Rock and belfry.

12.  Old graveyard.

13.  Anthropomorphic tombs, 8-10% centuries.

14.  Old priory, 17t century.

15.  Skylight, 12t century.

16.  Structure over the skylight.

17.  Stairs to the belfry.
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On top: Cross section of the rock church. The three hipogean chancels, which are connected, ventilated through a
skylight dug in the rock (broken lines) that nowadays is protected by an upper building.

Centre: Cross-elevation of the Romanesque fagade. This longitudinal section omitting the ‘new church’, shows the old
rock church with its two 12 century Romanesque fagades —the central and the right ones-, and the niche with the
tombs of the two recumbent knights.

Below: Longitudinal section of the church. It depicts the bellfry on the rock at the right side; in the middle, the cross
section of the 13t century ‘new church’ can be seen, with the metallic footbridge that leads to the rock church. The old
skylight is placed over the rock church, currently protected with a modern upper structure.

(b)
Figure 1. a) Combined techniques in use for subterranean heritage mapping. San Pedro de Rocas,
Esgos, Spain (Task Group’s Partner: GIRAP Research Team, University of La Corufia, Spain).
b) Combined techniques in use for subterranean heritage mapping. San Pedro de Rocas, Esgos, Spain
(Task Group’s Partner: GIRAP Research Team, University of La Corufia, Spain).
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3. Open Source tools in the methodologies applied to the study of
territories and landscapes

Researches on cultural heritage at a territorial scale involve several stages, according to the
different methodologies applied in each case. They can be structured into three main groups
of tasks: documentation, analysis, and management and dissemination processes.

3.1. Documentation processes

A deep knowledge of the cultural objects requires previous and accurate measurements,
reports and drawings.

Measurements of angles, areas, lenghts and distances must be managed to some level of
quality (in terms of accuracy, availability, usability, and resilience). Apart from the traditional
direct measuring methods, datasets and georeferencing can be achieved nowadays by means
of several techniques and electronic devices. They can be lately transferred to a computer, and
manipulated through CAD or GIS software, or by graphic or sound editors [5].
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Figure 2. Abendjar, Ciudad Real. Natural resources as an essential part of the Cultural Heritage.
Original scale 1:50.000 (Task Group’s Partner: Cultural Heritage and sustainable architecture Research Team,
University of Alcal4, Spain).
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Thus, photogrammetry, angle and distance measuring with distance meters and GPS, or
total stations, become useful tools with the adequate standalone or plugin software. Free
software as Angle Meter, Distance Meter and GeoDistance provide easy to use tools to
collect all these datasets [6].

Afterwards digital maps and plans can be drawn with free vector graphics editing programs
as AutoCAD or Inkscape, which can easily integrate the measures and georeferences that
were previously collected.

Depending on the type of heritage and the working scale, 2D and 3D designs as well as
landscape drawings, can be produced in order to show their main characteristics and
features with the required precision.

There are free specific tools for cartography and landscape as Cross GL Draw and Terragen.
The first one is a general purpose 2D raster and vector graphics library. As a full featured
vector graphics editor, it covers a wide range of utilization domains as business graphics, web
graphics, DTP, cartography, printing, user interface graphics, serverside rendering, and many
more. It is a useful tool to draw digital cartography and available for Windows platforms.

Terragen is a powerful solution for rendering and animating realistic landscapes and natural
environments. It is useful in researches on landscape as a cultural heritage, and works both
on Mac OS and Windows operating systems. Ancient maps are useful tools to study the
historical features at a territorial scale. They provide interesting information about the
history of the territory and the landscape, as they depict their main features, their topologic
relationships, and the toponimy [7].

Figure 3. The Via Augusta near the Roman colony of Hasta Regia, Cadiz. Hypothetical reconstruction by
means of aerial photographs (Task Group’s Partner: Cultural Heritage and sustainable architecture Research
Team, University of Alcala, Spain).
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Successful methodologies to compare and georeference ancient maps are being currently
applied [8, 9], and provide interesting conclusions about their accuracy. Other projects aim
to reconstruct the history of the territories through ancient cartography, aerial photographs
and field works [10, 11]. Their targets can be easily reached with the capabilities of free open
source tools as NorthGate’s Kml Builder.
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Figure 4. Francisco Coello 1868: Map of the Province of Cadiz, showing the Via Augusta between Jerez de
la Frontera and Sanlticar de Barrameda, lettered as “Vestigios de la Via Romana “ (remains of the
Roman road) (Task Group’s Partner: Cultural Heritage and sustainable architecture Research Team,
University of Alcala, Spain).
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Terrestrial and aerial photographs can also be edited and manipulated with free programs
as GIMP, Photoshop, or Image Analyzer, that run on Windows and Mac operating systems.
They provide an array of useful features such as bitmap image viewing, management,
comparison, resizing, cropping, warping, and colour adjustment.

In terrestrial photogrammetric works GIMP compensates easily perspectives, distortions
caused by lens tilt, and eliminates len’s barrel distortion and vignetting [12].

Figure 5. Accurate drawing of the 16t century facade of the Colegio de San Ildefonso (Alcala de
Henares, Spain), using photogrammetrical techniques (Task Group’s Partner: Cultural Heritage and
sustainable architecture Research Team, University of Alcald, Spain).

Simultaneously, some researches require to collect other kind of data, which are related to
perception. These relevant attributes of the cultural object must be also recorded, stored and
drawn. Specific software and techniques are needed for studying some qualities as colour or
textures [13], and there is also free image and photo open source software available to do it,
as Photoshop and GIMPShop.

When tools for live video and sound recording are needed, Adapter free video and audio
converter, and the audio editor Audacity, become useful free tools for studying
soundscapes.
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Figure 6. a) Plan of Cartagena, Murcia (Spain). Study of Cartagena’s urban landscape colours (Task

Group’s Partner: Cultural Heritage’s Colour Research Team, University of Valencia, Spain). In orange: Case
studies in the city centre. b) Study of Cartagena urban landscape colours (Task Group’s Partner: Cultural

Heritage’s Colour Research Team, University of Valencia, Spain).



286 Cartography — A Tool for Spatial Analysis
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All these multiformat datasets previously collected are organized and stored in databases,
that imply the use of general-purpose database management system.

As we have seen, databases related to Cultural Heritage involve multimedia contents, that
must be processed, stored and disseminated. And there are some interesting and useful free
multiformat databases (DBDesigner, Firebird, MySQL, OpenOffice.org BASE) that integrate
database design, modeling, creation, and maintenance into a single, seamless environment.
Some enable users to meet the database challenges of next generation web, cloud, and
communications services with uncompromising scalability, uptime and agility. They are
mainly developed for Windows, Unix and Linux.
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Figure 7. Texture and colour data of the fagade of San Juan de Letran; example of compensated
distortions of a photograph (Task Group’s Partner: DAVAP Research Team, University of Valladolid,

Spain).

3.2. Analysis processes

Researches on cultural heritage use to create 3D models, renderings and animations in order
to explain and analyze its formal features and qualities, and recreate virtual walks around
and inside the object that is being studied.
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Figure 8. 3D Modell of Paestum, Italy (Task Group’s Partner: DAVAP Research Team, University of
Valladolid, Spain).

There are also free multiplatform tools available to achieve these targets as 3D Studio Max,
Blender, Open FX and SketchUp, which provide powerful, integrated 3D modelling,
animation, rendering, and compositing tools. Some include full renderer and raytracing
engines, NURBS support, kinematics-based animation, morphing, and extensive plugin
APIs. Plugin capabilities include image post processor effects such as lens flare, and depth
of field.

For particular illumination effects, Lightsmark provides real time global illumination, colour
bleeding, and penumbra shadows.

Useful tools to study the territory and the landscape are GIS, that are used for geospatial
data management and analysis, image processing, graphics and maps production, spatial
modeling, and visualization. They allow to work with detailed maps in raster, vector, or
database format. Among them must be mentioned Quantum GIS, GRASS GIS, GDAL,
OpenEV, Thuban, and JUMP.

Virtual Terrain Project osters the creation of tools for easily constructing any part of the real
world in interactive, 3D digital form. For Digital Terrain Models (DTM) can be also used the
above mentioned Terragen free software.

Finally, SAGA (System for Automated Geoscientific Analyses) is an open source GIS
application with an emphasis on grid and raster functions: digital terrain analysis, geo-
statistics, and image processing.

3.3. Management and dissemination processes

Project management can be successfully developed with OpenProj, which is a desktop
project management application similar to Microsoft Project with a familiar user interface,
and even opens existing MS Project files. It is interoperable with Project, Gantt Charts, and
PERT charts. For Mac OS X.



Open Source Tools, Landscape and Cartography: Studies on the Cultural Heritage at a Territorial Scale 289

(Lo TET T T T T

MR

L a3

DO s
LT ]

DL N G

Figure 9. 3D Modell of the Church of the Natividad in Villasandino, Spain. It is the cartographic basis
of an architectural GIS (Task Group’s Partner: DAVAP Research Team, University of Valladolid, Spain).

On the other hand, dissemination processes of the Cultural Heritage involve presentation,
publishing and prepress, including geoportal design and maintenance. But nowadays
dissemination becomes supported by using the Internet and digital storage media [14].

According to Jessop [15], the presence of maps -and other cultural heritage informations- on
the web, promotes “heritage material to new audiences, both specialists and general, across
many social and cultural groups.”

Books’ editors as Scribus and SIGIL, as well as other office tools for document production
and data processing (OpenOffice, AbiWord, LibreOffice, NeoOffice for Mac, among others)
are suitable for a wide variety of word processing tasks, spreadsheets, presentations,
graphics, databases and more. They store all the data in an international standard format
and can also read and write files from other common office software packages.

There are also free multiplatform web editors, i.e. tools used to create and upgrade documents
directly on the web. Browsing features are seamlessly integrated with the editing and remote
access features in an uniform environment. Some combine web file management and easy-to-
use WYSIWYG web page editing, and have been designed to be extremely easy to use, making
them ideal for non-technical computer users who want to create an attractive, professional-
looking web site without needing to know HTML or web coding. Thus, the web becomes a
space for collaboration, and not just a one-way publishing medium.

The offer of free software is wide (Amaya, Aptana, Kompozer, and Nvu can be mentioned),
but MapServer is a specific program for publishing spatial data and interactive mapping
applications to the web, running on all major platforms (Windows, Linux, Mac OS X).
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4. Members, partners, and initiatives

4.1. Members

The Task Group is currently hosted by the University of Alcala (Spain), and is composed by

the following international teams of researchers:

University of Alcala (Spain), Department of Architecture, Technical School of
Architecture and Geodesy: Research Group ‘Cultural Heritage and sustainable
architecture’(http://www2.uah.es/cipa_opensource_taskgroup). Director: Prof. Dr. Arch.
Pilar Chias (pilar.chias@uah.es). Researchers: Master in Civil Engineering Tomas Abad,
Prof. Dr. Ing. Ledn Gonzalez Sotos, Dr. Arch. Ernesto Echeverria, Dr. Arch. Enrique
Castafio, Dr. Arch. Fernando Da Casa, Ph. D. Angeles Layuno, Dr. Ing. Ratl Fernandez
del Castillo, Dr. Ing. Francisco Maza, Arch. Manuel de Miguel, Arch. Paz Llorente.
Their main research subjects are focused on cultural heritage documentation and
dissemination, mainly at architectural, urban and territorial scales, including landscape
studies. They lead and participate in many national and international research projects,
and develop different methodologies to be applied to the documentation and
dissemination of the cultural heritage at territorial, urban and architectural scales. They
also collaborate with other Universities as the University of Grenoble (France), the
CUJAE in Havanna and the University of Oriente (Santiago de Cuba).

These methodologies use free open-source CAD software for cultural heritage
documentation, as well as databases, digital cartography, terrestrial and aerial
photogrammetry, and GIS for cultural heritage management.

They are also leading an important effort in order to disseminate all data and
informations related to cultural heritage via Internet. As an example can be cited the
Ancient Spanish Cartography e-Library (http://www.ielat.es/).

University of Valladolid (Spain), Technical School of Architecture: ‘LFA-DAVAP
Laboratory of Photogrammetry’ (http://www.uav.es/davap/). Director: Dr. Arch. Juan
José Fernandez Martin (juanjo@ega.uva.es); Coordinator: Dr. Arch. Jests San José
Alonso (Ifa@ega.uva.es); Research director: Dr. Math. Javier Finat (jfinat@agt.uva.es).
Since 1995, this team is leading an important documentation and dissemination
programme about the cultural heritage mainly in the Comunidad de Castilla y Ledn
(Spain), but also in Italy. They currently use both terrestrial and aerial photogrammetry.
Politechnical University of Valencia, Technical School of Architecture: ‘Colour” and
‘Photogrammetry’ research groups. Research directors: Prof. Ph. D. Angela Garcia
Codofier  (angarcia@ega.upv.es) and Prof. Dr. Arch. Pablo Navarro
(pnavarro@ega.upv.es). Researchers: Dr. Arch. Jorge Llopis, Dr. Arch. Ana Torres, Dr.
Arch. Juan Serra.

They all are members of the Assoziazione Internazionale dei Design.

The team is developing some experiences on drawing and documenting the cultural
heritage of the Comunidad Valenciana (Spain) by means of different techniques,
including colour charts, architectural design, terrestrial photogrammetry, and CAD.
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e Politecnico di Milano (Italy), II School of Architecture: ‘Management and Urban
Cultural Politics’ research group. Director: Ph. D. Alessandro De Masi
(alessandro.demasi@unina.it). As a member of UNESCO Forum, he is on the
international research team for the ‘Rural Vernacular Heritage 2007-2012" created by
UNESCO World Heritage Centre (France).

The team participates in international research projects with the Universities of Naples
and Florence (lItaly), the Simmons College of Boston (USA), and the West University of
‘Neofit Rilisky” (Bulgaria).

e Universita di Chieti-Pescara, Facolta di Architettura: ‘Theory and Practice in
Conservation’. Director: Prof. Dr. Arch. Claudio Varagnoli (cvaragnoli@tiscali.it).

They work mainly on architectural and urban restoration, as well as on indutrial
heritage, focusing on the materials and their qualities.

e  University of A Corufia (Spain), Technical School of Architecture: “GIRAP Group for the
Representation of the Architectural Heritage’. Director: Prof. Dr. Arch. Jose Antonio
Franco Taboada (jafranco@udc.es). Researchers: Dr. Arch. Antonio Amado, Dr. Arch.
Juan Manuel Franco, Dr. Arch. Antonia Pérez, Dr. Arch. Santiago Tarrio.

The team focuses mainly on the documentation and analysis of the architecture and the
archaeology using combined techniques (photogrammetry, direct measuring, radar).
They are currently collaborating with the University of Puerto Rico.

e University of Malaga (Spain), Technical School of Architecture Research Group. Director:

Dr. Arch. Guido Cimadomo (cimadomo@uma.es). Researchers: Arch. Javier Castellano,
Arch. Antonio Alvarez, Arch. Jonathan Ruiz, and Arch. Dolores Goyanes.
They usually collaborate with the School of Architecture of Rabat (Morocco) and the
University of Bologna (ltaly), leading projects about sustainable tourism, cultural
landscapes, and databases of the architectural heritage in Andalusia (Spain) and the valley
of Mgoun (Morocco), and about the european colonialism in Granada (Nicaragua).

e University Antonio de Nebrija (Madrid, Spain), Technical School of Architecture:
‘Sustainable Architecture and Civil Engineering’ research group. Director: Dr. Arch.
Carlos Gonzalez-Bravo (cgonzabr@nebrija.es). Team: Arch. Loreto Barrios, Arch. Emilio
Mitre.

Their main contributions are on the field of the sustainable rehabilitation of the cultural
heritage, and the researches on green contruction solutions.

e IADE, Institucién Artistica de Ensefianza (Madrid, Spain). Director: Diego Garcia de
Castro (IADE@IADE.ES) (Website: http://www.iade.es/).

The Institute is a centre with a long-established tradition in teaching interiors” design,
fashion design, graphic and industrial design. According to their targets, they educate
on the benefits of using open source software.

New members and collaborations are always wellcome.

4.2. Partners

There are some international teams of researchers that use to collaborate with the Task
Group activities. Among them, the
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e ICA Commission on Maps and the Internet (http://maps.unomaha.edu/ica/): chaired by
Rex Cammack (rcammack@unomaha.edu), works on cartographic presentation,
communication and processing methods.

4.3. Initiatives

Among the Open Source software dissemination initiatives that provide information and
access to different tools and demos concernig to geospatial data are:

e ArcTeam Community (http://www.arc-team.com/):  provides archaeological
documentation and processing methods. Virtual Archaeology & 3D modelling.

e Cultural Heritage Computing (CHC) Salzburg, (https://www.sbg.ac.at/chc/
chc_site_en/chc_ziele.html): located at the University of Salzburg, the team aims at the
documentation and procurement of contents concerned with cultural heritage using
modern computer technologies.

e FreeGIS Project (http://freegis.orgy/).

e The Open Source Geospatial Foundation (http://www.osgeo.org/).

¢ OpenGIS Consortium (http://www.opengeospatial.orgy/).

Other useful related initiatives and websites are:

e  Frangois Letellier’s web site (http://www. flet.fr/) and blog.

e Open Source Initiative (http://www.opensource.org/).

e Opensource.com (http://opensource.com/).

e Opensource CMS (http://www.opensourcecms.com/).

e Free Open Source Software Mac User Group (http://www.freesmug.orgy/).

e The OSSwin Project: Open Source for Windows (http://osswin.sourceforge.net/).

5. Conclusions and prospective

The above mentioned Open Source software, though not and exhaustive list, is regularly
checked by the Task Group, and tools are tested and used in different research projects and
experiences. We aim to compare their results and to disseminate them worlwide.

We invite all communities and professionals, that are currently involved in researches or
management of the cultural heritage, to share their experiences with Open Source software
products.

We include not only professional works, but other initiatives as courses, conferences,
congresses, publications, related blogs and websites, and other materials wich contribute to
the dissemination of both the cultural heritage and the free Open Source software.

All of them will be included in the Task Group’s web page, as Information and
Communication Technologies provide powerful media for education, research and the
dissemination to a wider audience than ever before.
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Chapter 13

Imaging the Past:
Cartography and Multicultural Realities
of Croatian Borderlands

Borna Fuerst-Bjelis
Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/46223

1. Introduction

Maps have long been central to geographical inquiry. The most usual approach to maps and
cartography until recently dealt with its role in presenting a factual statement about
geographical reality within the frames of actual survey techniques and skills of a
cartographer. Recent researches since the end of 20t century tend to subvert the traditional,
positivist model in analyzing the maps, replacing it with one that is grounded in
iconological and semiotic theory of the nature of maps. According to ].B. Harley, one can
understand a map as a social construction of the world expressed through a medium of
cartography, or as a socially constructed image of reality.

Maps always represent much more than merely physical nature and inventory of space.
Maps understood and considered as social construction of reality have a number of layers,
including the symbolic one. They are conveyors of meanings, messages and perceptions of
the world — and not only of an individual cartographer, but also of common societal and
cultural values. They reveal what may be called the spirit of time: philosophical, political,
religious and general socio-cultural context.

As images, maps should be put and studied in the appropriate context, i.e. period and place.
Moreover, maps as images are never neutral or value-free; they are all social, political and
cultural. Understood as images, maps can be used on one hand as a tool of disseminating
messages, and, on the other hand as a source in analyzing the perceptions of past places,
territories and societies.

Researching past images through maps is of particular interest in multicultural spaces,
where a variety of different cultures, religious systems, complex ethnic structures and

I NT E C H © 2012 Fuerst-Bjelis, licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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imperial systems have met. Borderlands are typical spaces where a multiplicity of such
contacts reflect and produce a multiplicity of perceptions and images.

Early modern period in Croatian history is burdened with frequent changes of borders
between three imperial systems with different religious systems and cultural traditions that
have intertwined on the Croatian territory, and consequently reflect different attitudes
toward borderlands. Accordingly, a map could and often did represent an image with
multiple layers of meaning and perceptions. What one can put into relation here is
Habsburg and Venetian cartography. Through a number of examples of the Croatian
borderlands, the main aim is to reveal the symbolic layer of the map that leads us into the
process of imaging the past, i.e. opening the abundance of different perceptions in the
multicultural realities of the Croatian borderlands.

Through an analysis of the symbolic layer through graphic elements, place-names and other
inscriptions, maps of Croatian borderlands have revealed two distinct levels of meaning.
The first one is related to the specific relation of the state authorities to the border region,
their particular interests and understanding of its importance. Maps have been used as a
tool for disseminating the political message of power and control primarily through
methods and techniques of emphasizing (over-exaggerating) or ignoring and omitting. At
this particular level of meaning, we are dealing with directly opposing images of the
borderlands realities, depending on the political sides and their official cartographies.

At the second level of the meaning maps have revealed the most common socio-cultural
images of the borderlands that are, unlike cartographic expressions of different state power
interests, expressed equally in all European cartographic traditions. These images include:
environmental perceptions of the borderlands as depopulated and devastated area;
distinction of social groups, related systems of beliefs, territorialization and de-
territorialization of borderland communities; perception and formation of regional identities;
and comprehension of the temporality of the border and the continuity of Croatian territory.

2. Theoretical and methodological frame
2.1. Image-reality dualism

The approach to imaging the past through a medium of cartography links two key concepts,
such as image and map. Imagery is a subject of enquiry in fields as diverse as cognitive
science, literature (imagology), human geography or cartography. These concepts, on
different sides in the image-reality dualistic model in most modern writings, are being
rethought and are actually converging only in recent postmodern works. Image-reality
dualism opposed subjective and objective spaces, unreal and real geographies, mental
images and cartographic representations. Reality was thus related to objective geographic
fact, represented by a map, while images were considered as “false understanding”, or a
“coherent, logical, rule-governed system of errors” [1, 2]. Phillips [2] is questioning image-
reality dualism arguing that the “general characterization of images as unreality is
contradicted by a tendency to privilege certain types of images as reality”. Maps as
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geographic representations have been commonly accepted as realistic, although constructed
according to the conventions of artificial perspective [3]. Geographic faith in maps has been
made possible largely by the development of techniques of scientific cartography and the
maps “conquered the world of representation under the banner of reason, science and
objectivity” [1]. However, geographic “reality” is not a nonimage, as argued by Phillips [2].
“Reality” is humanly constructed and merely conventional, and the “truth” is constructed,
theoretically and politically committed. At this point we start to question the
“unquestionable scientific objectivity” of the cartographic representation of the world and to
question the map as a “mirror of reality”. Recent researches witness these developments as
“epistemic break between a model of cartography as a communication system, and one in
which it is seen in a field of power relations, between maps as presentation of stable, known
information and mapping... in which knowledge is constructed” [4,5].

On the other hand, since the 70s, the subjectivity and “naiveté” of images have been
questioned by iconographers and iconologists as well [2]. They have shown that images can
be read as explicitly social and political texts and not just as mental representations.
Iconography defines images as a sign system and locates them at the social level [6].

2.2. Deconstruction as a methodological strategy

Eventually the two concepts begun to merge particularly in Harley’s understanding of maps
as socially constructed images. Although some scholars anticipated main ideas earlier, for
instance in well known Korzybski’'s statement that “the map is not the territory it
represents” [4] or that “every map is... a reflection partly of objective realities and partly of
subjective elements” [7]. Harley formulated a broad strategy for understanding how maps
redescribe the world, like any other document, in terms of relations of power and of cultural
practices, preferences and priorities [8]. “...Maps are at least as much an image of the social
order as they are measurements of a phenomenal world of objects” [9]. He derived basic
ideas from writings of Michel Foucault about the “omnipresence of power in all knowledge
even it is invisible or implied”, including the particular knowledge encoded in maps, as well
as Jacques Derrida’s work on the rhetoricity of all texts. The concept of “text” does not imply
the presence of linguistic elements, but the act of construction, so that maps, as “construction
employing a conventional sign system become texts. By accepting the textuality of maps we
are able to embrace a number of different interpretative possibilities [9].

In his seminal work on deconstructing the map Harley [9] argues that deconstruction as
discourse analysis, demands a closer and deeper reading of the cartographic text and may
be regarded as a search for alternative meaning. It means reading between the lines of the
map — “in the margins of the text” and a search for metaphor and rhetoric in the textuality of
the map [9]. Deconstruction is, as Harley sees it, a broad strategy, more than a precise
method or set of techniques.

However, there are some important presumptions, or contexts in the research agenda of
map deconstruction. Harley articulated the importance of context around three issues [8].
The first one is the context of the cartographer, including the appreciation of personal views,
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attitudes and skills, including the local knowledge that is related to the internal power of
map. This context is related to the general statement that maps are, like art, a particular
human way of looking at the world. Second context is a context of other maps that ensure
and emphasize the importance of multiple maps, perspectives and polysemy. Third context
is the context of society and points out to the importance of positioning the map within
societal-power relations, i.e. within specific historical, social and political conditions, from
which it cannot be extracted or generalized [2,10]. The contexts of other maps and society (or
societal environment) are directly connected and linked to the external power of the map. It
can be seen through maps made by different actors that are reflecting different or even
opposed approaches to the territory that were embedded in the society and culture of the
particular period and place [11].

Based on the iconographic studies by E. Panofsky [6], Harley has defined a number of
semantic layers of the map. The symbolic one often has ideological connotations. It refers to
power relationships, distinction of social groups and system of beliefs, to worldviews and to
what may be called as a spirit of time.

Scholars in Croatia have recently addressed these topics from various perspectives. The first
writings embrace the topics of cartographic perceptions and the state power interests of the
multiple borderlands of Croatia [11,12], different perceptions of Croatian lands in Croatian
and other European cartographic traditions [13], toponymy and perceptions [14,15], the
relation of cartography, place-names and regional identities [16], the political rhetoric of
maps [17] and recently the cartographic visualization and the image of Other [18].

Imaging the past of the multicultural space of the early modern Croatian borderlands was
based primarily on deconstructing the maps of the time, as the main research and
methodological approach. Reading between the lines, in the margins of the textuality of
map, searching for metaphors, evaluating the presence or absence (silencing) of information;
in short - tracing the rhetoric of map and its symbolic meaning and/or political messages.
Key elements of analysis were place-names and smaller cartographic transcriptions and
objections as they are as much related to an invisible social world and to ideology as they
are to the material world that can be seen and measured. All the contexts were appreciated,
especially the importance of the multiplicity of perspectives.

The analysis is based on the cartographic originals of the time from the map collections of
the Croatian State Archives, The National and University Library and the Museum of
Croatian History, as well as on the numerous published facsimiles [19, 20, 21]. A selection of
maps and a comparative approach enable an insight into the different cartographic
representations and images of the borderlands within different traditions and even within
the framework of a single, overarching tradition.

3. Spatial, temporal and cultural context

In the course of three centuries (16" — 19% ), the territory of Early Modern Croatia was
determined by the borderlands of three imperial systems of the time: Habsburg Monarchy,
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Ottoman Empire and Venetian Republic (Figurel). Borders were, consequently, significantly
influential in political, social, cultural, and demographic sense.

Figure 1. Croatia and triple border, 18t century, [22]

In the history of mapping the Croatian territory, the Early Modern Period was directly
connected with military operations i.e. the process of Ottoman retreat. This is the period
when cartography developed into so-called “military cartography”, practiced in military
institutions. Thus, military engineers were mainly the creators of new maps. However, the
cartographers were rarely independent decision makers, free of financial, military or
political constraints. The context of the cartographer, as Harley has pointed out [8], also
included personal skills and the cartographer as a person living in a particular society and in
particular political circumstances. Accordingly, map could and often did represent an image
with multiple layers of meanings and perceptions and, but also, emphasized features of
strategic importance of the state or empire, i.e. exercising the external and internal power of
cartography [9].

Triple border conditioned a true multicultural surrounding. Croatian territory was a
“meeting point” of Western and Eastern world, Christianity and Islam as well as maritime
and continental traditions. Frequent changes of borderlines were followed by population
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shifts and migration, introduction of new (other) social and cultural groups, as well as
leading to mixed cultural, religious, ethnic groups and lifestyles in borderlands.
Appreciation of these differences, sense of uniqueness and perception of otherness, through
the territorialization, conditioned the creation of spatial images and eventually resulted in
regional identity.

4. Disseminating the political message of power and control

Maps are part of a general discourse of power [5]. Throughout history, as much as other
weapons, maps have been an intellectual weapon of imperialism and of territorial
pretensions of empires and states. In this imperial context, maps regularly supported the
direct execution of territorial power. The specific functions of maps in the exercise of power
range from global empire building to the preservation of the nation state and to the
assertion of local property rights. Maps with their hidden agendas and texts beyond the text,
speak political language. As George Orwell said that the “political language is.... designed
to make lies sound truthful...” (See [5]), scholars consider maps as politicized documents
with the ethical concerns [17,23].

In his most influential work on deconstructing the map, Harley [9] wrote about the
power/knowledge matrix and stated that especially where maps are ordered by government
it can be seen how they extend and reinforce the legal statutes, territorial imperatives and
values stemming from the exercise of political power. He also distinguished external power
when maps are linked to the centers of political power and when power is exerted on
cartography and with cartography from internal power that is expressed through the
political effects of maps in society drawn from the cartographic process (selection,
generalization, abstraction).

Following the selection of Venetian and Habsburg maps as well as map by Croatian
cartographer Vitezovi¢, representing the borderlands is a very good example of these
relations. Venetian cartographic policy was primarily subordinated to the Republic’s
political and administrative purposes. They have, generally, more information about
political or administrative divisions and contain much less of geographical inventory. This is
an example of direct dissemination of the political message of power and control over the
territory. Many of the conventional tools in map making were used in doing this; such as
deliberate or “unconscious” (but ideological) distortions and omissions (the “silence”, see
[9]) on the maps.

4.1. Opposing images as messages

The examples of Coronelli’s map of Dalmatia of 1700 [19] and Alberghetti’s map of Dalmatia
of 1732 [20] enable us to distinguish two different stages for approaching the Venetian
borderlands. Coronelli’s map was still based mainly on the compilations, while Albeghetti’s
is already based on field survey. However, apart from technical differences these maps
express the political message in the corresponding way. Coronelli, as the official Venetian
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cartographer, was the most prominent figure in promoting Venetian politics regarding the
territorial pretensions on his maps. They were an important instrument for emphasizing the
Venetian conquest over the Ottomans. Coronelli’s map of Dalmatia is a general regional
map on a rather small scale. The map charts Venetian Dalmatia, the territory of the Republic
of Dubrovnik, parts of Croatia, Bosnia, Serbia and surrounding lands (Figure 2).
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Figure 2. Coronelli’s Map of the Kingdom of Dalmatia, La Morlaquie, Bosnia and Serbia ..., 1700,
facsimile in [19]. Emphasized by the author.

The whole inland area between the river Sava and the Adriatic is compressed along its
north-south axis. But, on the other hand, the territory of Venetian Dalmatia is
unproportionally vast, especially the inland part. These “distortions” are a testimony to the
expression of state power interests and an approach to the border area; emphasizing and
over-exaggerating its possessions and importance, while ignoring the Ottoman side at the
same time [11]. The rhetoric of the map is accompanied with the well known tool of
expressing the Venetian possession of the Adriatic aquatorial space as “Mer ou Golfe de
Venise” and in addition, introducing the “Mer et Isles de la Dalmatie”, that as a hydronym
does not really exist apart from the political context of exercising power and control over
Venetian Dalmatia.
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The beginning of the 18t century was a time of relatively numerous changes of the border in
Dalmatia and a time of intensive cartographic work. Demarcation maps from that time
represent the very first topographic presentation of the Dalmatian hinterland. Alberghetti’s
supplemented map of Dalmatia from 1732 presents three borderlines with the Ottoman
Empire; the old one from 1671 (Linea Nani), the one from 1700 (Linea Grimani) and the
newest one from 1720 and 1721 (Linea Mocenigo). The map contains the administrative
division of the territory that most Venetian maps have. The topography is very detailed
except orography and communication. Beyond the border, there is no presentation
whatsoever, except for some very general textual notifications of what may be found: “Parte
della Licca”, “Parte della Bossina”, “Ercegouina”. Thus, the central element of the map is the
development of the Venetian — Ottoman border in terms of territorial extension of Venetian
republic, disseminating the message of the Republic’s power and control over the territory.
An obvious ignorance of Ottoman presence (and even existence) is shown through the
omission of recording their territory across the border [11]. In such a context the omissions
are as important as emphasizing (the “silence”).

These examples of decorative (Coronelli) and “scientific” cartography (Alberghetti), in spite
of differences in a technical sense, have some unifying and constant elements that
characterize the Venetian cartography of the borderlands. That is a strong rhetoric of power
and control in promotion and giving legitimacy to the territorial occupation.

Figure 3. Weigl’s Map of the Imperial — Turkish border, 1702; facsimile in [20]



Imaging the Past: Cartography and Multicultural Realities of Croatian Borderlands

Habsburg cartography was guided completely by military and strategic interests and needs.
Highly aware of the extreme importance of knowing the border area in the strategy of
warfare, Habsburg cartographers had already surveyed and mapped the territory long
before the 18t century. The occasion of the peace treaty of 1699 and the need to fix the new
border between the Habsburg Monarchy and the Ottoman Empire was the direct cause of
the first topographical survey along the border.

The central interest in the new border is shown on Christoph Weigl’s Map of the Imperial -
Turkish border after the peace treaty, presumably around 1702 (Figure 3) [20,24]. The main
theme of the map is the border, which is the most expressive element on the entire map as
well as the territory of Habsburg Monarchy, which is the only colored element. The color
has always been a very strong tool. Different colors send different messages to the audience.
Strong, cardinal colors like red color for instance, as employed on Weigl’s map, were always
the imperial colors etc. On the other side, we are discovering silencing: there is not much
content outside the borderline, but again a rich inventory of military fortifications on the
margins of the map, communicating the undisputable power, security and the organization
of the Monarchy.

4.2. Communicating the political program

There is an example of more specific approach to the territory and borders of Croatia,
exercising the internal power of map aiming to formulate a political program. Pavao
Ritter Vitezovi¢, Croatian cartographer and representative in the demarcation
commission in the occasion of Peace Treaty of Srijemski Karlovci (1699) between
Habsburg Monarchy and Ottoman Empire, dissatisfied with the newly established
borders, tried to present to the Austrian court his view of the “real historical” borders
and territory of Croatia [25].The Map of the whole Kingdom of Croatia (Figure 4)
represents the entire kingdom of Croatia in its ancient, historical limits as confirmed by
the king Ludovic in the 16% century. Along with the 1699 demarcation, he drew in the
former borders. The eastern border follows the line of the Vrbas river in contrast to the
actual one on the river Una, lying more westerly and thus, compressing the Croatian
territory. The map was followed by the document “Croatia Rediviva” (1700) [26]
altogether aiming to produce and communicate the knowledge of considerably larger
territory of “historical” Croatia. Vitezovi¢’s map is, among other contexts which will be
discussed later, exercising the internal power of cartography in power/knowledge matrix
and communicating political ideas and program to the targeted audience.

All these examples clearly show the external and internal power of map that is not
necessarily separated. One particular map can express both — the external power which is
imposed from above, especially when cartography became nationalized, but also the
internal power, exercised by cartographers themselves, that is related to the context of
cartographer.
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Figure 4. Vitezovi¢'s Map of the whole Kingdom of Croatia, 1699, facsimile in [19] “Terra deserta olim
nunc a Valachis habitata” and “Terrae desertae” along the borderlands. Emphasized by the author.

Triple border and “meeting point” of different political systems on the territory of Croatia
conditioned different imaging of the borderland through a medium of cartography. These
images are politically informed and valued and often directly opposed, giving legitimacy,
importance and power to one side and ignoring and silencing the other. Thus, these
examples show that the rhetoric of map include also the concept of otherness.

5. Socio-cultural images

Opposed to images discussed above that reflect different attitudes of different imperial
forces and that can be easily recognized through corresponding official cartographic
traditions, there is another level of meaning that reveal common socio-cultural images to
all European cartographies, regardless of political affiliation. These images reflect social
recognition and territorialization through the distinction of social otherness and, on the
other hand, perceptions of territorial continuity in the circumstances of border
fluctuation, through the distinction of territorial otherness. There is a number of related
concepts that are embedded in maps and leading eventually to the creation of regional
concept and identity. That is appreciation of differences, uniqueness and otherness that,
through the territorialization, result in specific spatial images and regional identity
[11,16].
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5.1. Morlacchia: otherness, territorialization and regional concept

The first image of the triple border area is related to the recognition of Morlacchi, a distinct
social group as Other. Their presence in the borderlands is a consequence of the population
shifts due to the warfare and border fluctuations. Autochthonous sedentary population
abandoned land and migrated towards more secure areas, while a large portion of the
Croatian borderlands became a destination of new semi-nomadic pastoral communities
from the Dinaric mountain hinterland. These borderlands communities are generally called
Vlachs or Morlacchi in the Venetian tradition. Morlacchi communities partly immigrated to
the borderlands area spontaneously, combining the pastoral economy with military service,
while they were partly colonized and settled by the official politics of Venice and
Habsburgs.

The toponyms Morlaccha or Morlacchia with a number of some other corresponding forms,
such as Morlacca, Morlacha, Murlacha and Morlakia can be found on the maps as early as the
16t century (Figure 5).

Originating from the Venetian term for social community, the derived toponymic forms
became a common name for the border region for more than three hundred years in
circumstances where three imperial forces met. Throughout the course of centuries, the term
Morlacchi has been related to the territory they have settled. The term gradually has got the
spatial connotation [14,16].

Territorialization is seen as a reflection of perceived otherness of Morlacchi community;
primarily through different social organization, lifestyle and customs in relation to the
prevailing population. Perception of otherness and uniqueness is the basis of regionality
and regional identity that is leading to the construction of the regional concept of
Morlacchia. The image of otherness is very well expressed on Vitezovi¢’s map (Figure 4).
What we can read “between the lines” of the notification along the border: “Terra deserta olim
nunc a Valachis habitata” (deserted, depopulated and uninhabited land, yet inhabited by
Vlachs!) is that Vlachs are considered as Others in terms of social and religious
differentiation [11,16].

It has been clearly proved [14] that the regional concept of Morlacchia is found to be
common to all European cartographies, even if the term for the social group is Vlach
(Habsburg tradition). Morlacchia was an important regional concept if looking at the
significance given by the typography (see Figure 2, 5). On Coronelli’s map for instance,
La Morlaquie is listed in the title of the map along with Bosnia, Serbia, Hungary and
Croatia.

With the disappearance of triple border conditions by the end of the wars with Ottoman
Empire and the fall of Venetian Republic in 19t century, the context of significance within
which the Morlacchi community have been evaluated throughout the centuries, was
dissolved.
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Figure 5. Bonifaci¢’s Map of the surroundings of Zadar and Sibenik with the region of Morlacha, 1573,
facsimile in [19]

This change is clearly recognizable in the disappearance of toponyms associated with
Morlacchi. Constructed in the multicultural border circumstances of the 16th — 19t centuries,
they disappear from the maps with the change of circumstances that created them.
Following the change in the rhetoric of the maps, we can read about the territorialization as
well as about the de-territorialization of borderland communities.

5.2. Environmental image of the borderlands

Coming back to the aforesaid statement “Terra deserta olim nunc a Valachis habitata” by
Vitezovi¢ we are about to open a new question of environmental image of the borderlands.
Now, the other part of the statement shall be emphasized: “Terra deserta”. Vitezovi¢ has
repeatedly put the notification along the border, constructing the image of Croatian
borderlands as deserted and devastated (see Figure 4). Apart from Vitezovic¢’s ferrae desertae,
one can find other examples of environmental rhetoric imaging the devastated borderlands
on Coronelli's map of Istria and northern Dalmatia (1688) [21] through the records of
destroyed and abandoned cities and fortresses: “Starigrad Citta distructa” or “Carlobago
distructa” etc. Environmental image of borderlands as deserted, devastated area appears as
common to all regardless their imperial or cartographic background.

5.3. Turkish Croatia: Territorial continuity, otherness and regional concept

The issue of old and new border, already discussed earlier in the context of communicating
the political message, will be considered again, but in other contexts of a socio-cultural
image, distinction of territorial otherness and regional identity.
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Although Croatia regained a large parts of its territories by the peace treaty of Srijemski
Karlovci (1699), it failed to get back some of its historical lands. That was, primarily, the area
between the Una and Vrbas rivers — the area between the new and the old border. A number
of cartographers, along with the new border drew in the old one as well. Some of the
examples are already discussed Vitezovi¢’s Map of the whole Kingdom of Croatia (1699)
(see Figure 4) and Miiller's Map of Hungary (1709) [19]. There are cases where the
inscription, either a general one like “Croatia”, or a more specific one like “Turkish Croatia”
cover the interfluves territory that is beyond the new actual border, but integral part of the
historical Croatian territory. On Weigl’'s Map (see Figure 3) for instance, the inscription
“Croatia”, regardless of the actual borderline, is written more easterly across the river Una,
over the Ottoman territory. Coronelli (1732) [19], although of different imperial and
cartographic affiliation, used the color, the line and the text to differ the interfluves from the
rest of Bosnia (Ottoman territory) as well as from the rest of Croatia, lying under the
inscription of “Croacie”. The example of Schimek’s map of 1788 (Figure 6), representing
Viennese cartography, also shows the clear distinction of “Turkisch Croatien”.

There is quite a number of maps of different political backgrounds and cartographic
traditions that are equally sharing the same image of Turkish Croatia, i.e. ]. von Reilly’s map
(1790), map edited by Artaria and Comp. (1807), J. Szeman’s map (1826), E. Zuchery’s map
(1848), Halavanja’s map (1851) [19, 20].

“Reading between the lines” and searching for metaphors will lead us to the perception of
temporality of border fluctuation in these centuries of their frequent changes. Consequently,
the territory of Turkish Croatia reveals an image of the interfluves as integral Croatian
territory in spite of the newly established border. This is an image of the new borderline as a
temporary condition in relation to the “real historical” border. The image include the
awareness of a temporality of the borders and understanding and appreciation of the
continuity of Croatian territoriality (Turkish CROATIA; emphasized by the author). At the
other hand, the image reveal the distinction of territorial otherness (TURKISH Croatia,
emphasized by the author) that is grounded in the distinction of “Turkish”/Muslim as Other
and the distinction of Christian Croatia versus Muslim Croatia. Thus, the image is pointing
out to the awareness of different religious identities of the twofold region.

The example of Turkish Croatia opens two levels of reading: old and new border as real
historical border versus temporary border; distinction of different religious and cultural
identities, Christian versus Muslim Croatia. The consciousness of the otherness and
uniqueness as related to the territoriality is leading to the creation of regional identity. These
elements are formative elements of regional identity and the regional concept in both
examples: in Morlacchia as well as in Turkish Croatia [11,16].

5.4. Reflections

Still, the development and reflection of these regional concepts are different. Turkish Croatia
has undergone the process of conceptual translation. By the mid 19 century it has changed
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Figure 6. Schimek’s map of Turkish Croatia, 1788, facsimile in [20]
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the name into Bosanska Krajina'. While the old name of Turkish Croatia emphasized the
Croatian territoriality of different religious and cultural identity, the name of Bosanska
Krajina is emphasizing the border character of the territory. Turkish Croatia / Bosanska
Krajina retained its borderland character even later through the participation in the
organization of Military Border that additionally sustained the image of otherness in terms
of a particular military mentality, apart from multiculturalism. Still, Bosanska Krajina, as a
regional concept, has preserved territorial coverage with an image of otherness and
uniqueness in the multicultural and multiethnic sense. There has been a change in spatial
image that conditioned the change, but also the preservation of regional identity and
concept.

Morlacchia, on the other hand, has gone throughout its dissolution. The change of the
multiethnic and multicultural triple border circumstances by the 19" century as a
consequence of the end of the wars with Ottoman Empire and the fall of Venetian Republic,
has led to the dissolution of context of political significance in warfare conditions, within
which the Morlacchi communities have been evaluated throughout the centuries.
Additionally, administrative measures brought by Habsburg government (the destruction of
goat herding with the aim of forestation, confiscation of weapons, which exposed Morlacchi
districts to devastation by wolves) and disorientation in peaceful conditions led to
impoverishment and transformation of Morlacchi community [27]. Morlacchi descendants
in the hinterland of Dalmatian cities, either Orthodox or Catholic faith, have gradually been
merged with Croats and the Serbs, mostly by religious affiliation. The change in the
multicultural architecture of the space and community as well as disappearance of triple
border have led to the change of the spatial image and in this particular case conditioned the
disappearance of the regional identity and concept.

All these examples of socio-cultural images and spatial and regional concepts are common
to all relevant European cartographies, regardless of different (and often opposed) political
affiliations, interests and attitudes towards the borderlands. They are not imposed from
above, from the centers of political power, but reflect an internal and local knowledge and
perceptions.

6. Conclusion

The paper discusses the role of cartography in imaging the past, particularly taking into
consideration the multiculturalism of borderlands. The starting points are two concepts,
image and map i. e. the understanding of map as a socially constructed image with a
number of semantic layers which reflect power relationships, distinction of social groups
and system of beliefs, worldviews and what may be called a spirit of time. Borderlands are
typical spaces where a multiplicity of contacts reflect and produce a multiplicity of
perceptions and images.

! Krajina has a meaning of borderlands.
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Map deconstruction was employed as a basic research strategy in Harleian terms, signifying
a search for alternative meaning, metaphor and rhetoric in the textuality of the map. Key
elements of analysis were place-names and smaller cartographic transcriptions and
objections as they are as much related to an invisible social world and to ideology as they
are to the material world that can be seen and measured.

The selection of early modern maps of different European cartographic traditions has
revealed two levels of meaning within the symbolic layer. The first one reflects different and
opposed images of different cartographic traditions. These images are politically informed
and valued giving legitimacy, importance and power to one side and ignoring and silencing
the other, i.e. disseminating the political message of power and control and communicating
the political program.

Contrasted to images that reflect different attitudes of different imperial forces and that can
be easily recognized through corresponding official cartographic traditions, there is another
level of meaning that reveals common socio-cultural images to all European cartographies,
regardless of political affiliation. These images reflect social recognition and
territorialization through the distinction of social “otherness” and, on the other hand,
perceptions of territorial continuity in circumstances of border fluctuation, through the
distinction of territorial “otherness”.

The consciousness of the otherness and uniqueness as related to territoriality is leading to
the creation of regional identity. These elements are formative elements of regional identity
and the regional concept in examples discussed: in Morlacchia as well as in Turkish Croatia.
These regional concepts, however, have undergone throughout different developments and
have different reflections in present time. Morlacchia, as a regional concept, has dissoluted
with the change of the multiethnic and multicultural triple border circumstances and the
change in spatial image by the 19 century. On the contrary, Turkish Croatia, as a regional
concept, has preserved territorial coverage with an image of multiculturalism till present
time, but with the stronger accentuation of its borderlands character under the new name of
Bosanska Krajina. The preservation of regional concept of Turkish Croatia / Bosanska
Krajina is considerably due to the longer persistence of borderlands development even later
through the Military Border and linking military and multicultural components of regional
identity.

All examples clearly show the external and internal power of map that is not necessarily
separated. One particular map can express both — the external power which is imposed from
above, especially when cartography became nationalized, but also the internal power,
exercised by cartographers themselves, reflecting internal and local knowledge and
perceptions.
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