ANNALES
UNIVERSITATIS MARIAE CURIE-SKLODOWSKA
LUBLIN - POLONIA
VOL.XLIX, 23 SECTIOB 1994
Zakitad Kartogralfii
Wydziatu Biologii i Nauk o Ziemi UMCS

Mieczystaw SIRKO

APPLICATION OF BINARY SYSTEM TO OBJECTIVIZE SETTLEMENT GENERALIZATION
PROCESS ON MAPS

Préba zastosowania systemu biernego jako $rodka prowadzacego do aktywizacji procesu generalizacji osiedli
na mapach

The problem of generalization of map contents was and still is one of the basic goals of car-
tography, which despite ample literature on the subject, has not been fully solved. It has been
dealt with both in monographs (F. T6 p fer 1979) and in comprehensive studies (M. Sirko
1988) as well as by men who have greatly contributed to the development of cartography
(E.Sydov 1866, M.Eckert 1921,1925,E.Imhof 1923/24,1956,K. A.Salischev
1939,E. Raisz 1938, AARobinson 1960, L. Ratajski 1973, V.J.Suchov 1947,
1951,1953, W.Pawlak 1971,1972, W.Grygorenko 1973, 1979, 1981).

The main direction of present-day studies on cartographic generalization is the tenden-
cy to objectivize this process. It is the tendency to express, in a mathematically formal
way, the basic principles that must be followed in working out map contents.

One of the main map elements that still poses difficulties in map drafting is settlement..
This is an element whose mode of representation on the map has been seemingly solved
but none of the existing mecthods has been generally accepted.

One of the conditions of a correct generalization of settlements is to classify them ac-
cording to how important or essential they are from the standpoint of the intended genera-
lization. It was assumed that every settlement can be characterized by a number of featu-
res that will permit to objectively assess its value (importancc), which is essential for the
process of generalization. Cartographic references provide numcrous examples of such
features adopted by various authors (A. V. Borodin 1976, O. M. Dixon 1967,
W.Keller 1970, V.V.Ivanov 1964).

In order to better and fully examine the set of the studied localities, both in the cross-
section of its elements and in the cross-section of the distinguished variables (features),
a system of classification was to be applicd. Thercfore a research procedure had to be de-
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veloped that would be formally correct. A system of classification is correct when it ful-
fills the conditions of adequacy and disjunction. The condition of adequacy stipulates that
the sum of subsets is identical with the set, while the condition of disjunction indicates that
particular subsets do not contain elements in common. (Cf. D. L. Armand 1980,
J.J.Parysek 1982.)

Consequently, a correct classification can affect the value of a study with regard to its
adequacy. The probability of obtaining objective results is greater when the variables (fca-
tures) characterize the objects of investigation (i.c. localities) as fully as possible.

The adopted investigative procedure fundamentally affects the obtained results: as ear-
ly as the stage of feature selection the problem of credibility and adequacy of further inve-
stigations is to a large extent resolved.

Fully aware of the significance of this stage of the study we decided that in the conduc-
ted investigations variables will have to be taken into account that permit a relatively com-
plete characteristics of settlements with respect to their geographical features.

Table 1
Number of
No Feature distinguished
classes
Number of inhabitants in
1 10
a settlement
2 Administrative importance of s
a settlement
3 Level of settlement urbanization S
4 Economic importance of 5
a settlement
5 Road transport access to 2
a settlement
6 Railway transport access to 2
a settlement
7 Historical importance of s
a settlement
8 Tourist value of a settlement )
9 Settlement location with respect s
to river network
Total 54

The selected features were divided into 54 classes, which pcrmitted to unequivocally
determine the characteristics of the studied settlements’.

Division into classes and justification of their distinction have been discussed in an earlier study (M. Sirko
1988).
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Each of the adopted features classifies the whole set of settlements. At the same ti-
me particular subsets are disjunctive: they do not contain elements in common. The
grouping in Table | meets thereby the two basic conditions of correct classification:
adequacy and disjunction. The objective of featurc selection was that the adopted clas-
sification criteria should comprehensively characterize all settlements, in particular
the small ones that are largely the main object and problem of cartographic generali-
zation.

As a consequence of adopting definite features it is necessary to dctermine their
rank. Out of the nine variables only two, the numbecr of settlement inhabitants and eco-
nomic importance, are quantitive, the other seven being qualitative features. Some of
the adopted features could obviously be quantitive under certain assumptions: for
example road or railway transport access or settlement location with respect to river
network. A possible solution for4he former variable would bc to adopt the degree of
intensity of traffic flows or the number of roads linking a given locality (A. Gotz
1976). However, those ways of solving the problem of quantitive characteristics of
the settelment’s transport value are not fully satisfactory. The degree of intensity
of transport flows, measured with the amount of carried goods, is not identical with
the significance of particular type of transport connection. The other indicator, the
number of roads linking a settelment, is also inadequate for their importance.

In the case of settlement location with respect to river network, the quantitive index
could be the volume measure of river flow or the degree of river utilization by indu-
stries and public utilities. The adoption of these measures is very difficult because the-
re are no data on which to base calculations.

Assuming that it would bc possible to obtain values characterizing the above two
variables, there is still a problem of how to determine the values for the remaining five
features, which are exclusively qualitative whereas they secm to play a significant ro-
le in defining the rank of a settlement: for example historical importance, administra-
tive rank, tourist value or the level of urbanization. That is why the quantitative repre-
sentation of features for which numerical data could be obtained was abandoned, all
criteria being treated as equally important. That accounts for the necessity to adopt
a different, so far not applied system that would permit to uniformly characterize each
studied variable through quantitative indicators.

Every feature was divided into several classes whose order and arrangement were
not accidental. It was established in such a way that each subsequent class of localities
should have an inferior rank with respect to settlements assigned to a higher class,
from the stanpoint of the studied variable. That way the system of the division of va-
riables reflects the rank of a locality and the hierarchy inside the division into classes
has been preserved. The adopted manner of ordering groups (classes) within particular
variables is extremely important sincc it ensures the possibility of obtaining indicative
values for each of them.

The next stage of the study was description of particular features in the binary system,
where two values are employed: zero and one (0-1). In view of the fact that a particular



334 Mieczystaw Sirko

settlement can be assigned exclusively to one of the classes of the studied variable, the
class to which it is assigned receives the value of one (1) while all the others zero (0). We
can illustrate this with the following example. The category of the number of settlement inha-
bitants was divided into ten classes (Table 1). Thus, if the studied settlement is assigned to the
highest class (over 50,000 inhabitants), then its binary notation will have the form:
10,000,000

and the corresponding number will be 2° or 512. The minimum value will go to settle-
ments assigned to the lowest class (below 100 inhabitants) and will equal 2° or zero (0).

By analogy, we can examine another variable, for example settlement location with re-
spect to river network, whose feature was divided into 5 classes. Assuming that the studied
settlement belongs to the highest group (class), i.c. it is situated on the first — order river,
its notation in the binary system will have the form:

10,000

Its corresponding number equals 2° or 16, the minimum value being, as with the settle-
ment size, 2° or zero (0).

In view of the fact that the studied features are divided into different numbers of clas-
ses, the presented mode favours variables with a greater number of groups. We do not
know, however, if the features described with a greater number of classes are more or less
significant with settlement generalization than variables divided into a smaller number of
classes. That is why the values of the obtained indicators should be made comparable re-
gardless of the number of adopted classes. The obtained data should be therefore stand-
ardized. This can be done in such a way that the obtained results will range from zero to
one (0-1). For that purpose, the obtained binary value for a given locality should be devi-
ded by the maximum value that a given settlement would have if it was assigned to the
highest class of the studied variable.

This can be described by the following formula:

k
Ko
0 — when a locality is assigned to the lowest class
1 — when a locality is assigned to the highest class

In other words, if while examining the importance of a given settlement according to
a panticular variable, we find that the settlement should be assigned to the lowest class,
then the "k" value will be zero (0) and thereby the indicator valuc will also equal zero.
This conforms with the binary notation because it corresponds to 2° or zero. If, however,
the locality is assigned to the highest class, then the "k" value will equal the "k
or the indicator valuc will be one (1).

Let us illustrate this mode of reasoning with an examplc. The criterion of the number
of settlement inhabitants was divided into 10 classes. Each has a corresponding binary no-
tation. Starting from the lowest to the highest class it will have the form:

" value

max

class no. nolation numbers
1 1 2°
2 10 2!
3 100 2%
4 1,000 2
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5 10,000 24
6 100,000 2
7 1,000,000 28
8 10,000,000 22
9 100,000,000 o5
10 1,000,000,000 2°

The maximum value in this notation will thus have the form:
1,000,000,000
This corresponds to 2° or 512. If we find with a given settlement that its size assigns it
to class nine (25.000 to 50.000 inhabitants, 2% = 256) then the indicator will have the va-
lue:
k 156
) . 0,5
By analogy let us examine the feature of settlement location with respect to river net-
work. This variable was divided into five classes, the binary notation having the following
form:

class no. notation numbers
1 1 20
2 10 2!
3 100 2
4 1,000 2
5 10,000 2!

Maximum value will go to localities situated on the first-order rivers (class S) and will
have a binary notation 10,000, which corresponds to 2 or 16. If a given locality is situated
on the second-order river (class 4), the notation will have the form 1,000 and the number
23 or 8. The indicator value for this locality will be:

k 8
[ Gl T g 0.5

The results are thus comparable in both cases. Before we proceed, however, we should
examine the question whether the adopted procedure of indicator calculation is correct.
Or, whether the binary system applied to calculate indicator values, adopted to investigate
qualitative features, does not contain some methodological faults.

Let us retum to the example in question. The number of classes for particular features
varies, ranging from five with settlement location with respect to river network, to ten
with the number of settlement inhabitants. We should therefore find out what values indi-
cators will have for particular classes in examining the two cited variables:

settlement location number of inhabitants
with respect to in a settlement
river network
(5 classes) (10 classes)
1,000 1,000
0.500 0.500
0.250 0.250

0.125 0.125
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0.0625
0.0312
0.0156
0.0078
0.0039
0.0000

The foregoing figures show that indicator values for the variable with a smaller number
of classes as compared with the variable with a higher number of classes are not proportio-
nate. In each case, valucs were obtained that decreased geometrically, the variable with five
classes having indicators grouped in the upper end of the value scale of the other variable
with ten classes. With this mode of calculating numerical indicators based on qualitative
features we would undeniably have total equivalence of particular features if the number
of classes in each studied feature was identical, and the importance of variables for the
problem of settlement selection had the same value (weight). This assumption is thcoreti-
cally possible to implement. This can be done by adding several classes to be divided for
the features with the lowest number of them, or by reducing the number of classes for the
features with the highest number. As, however, we do not know the actual importance of
the variables, this procedure would artificially increasc information not substantiated by
its real value, or it would decrease the amount of significant information. Consequently,
the obtained results might contain a large error margin.

The five-degree scale needs therefore to be remodelled in such a way that the distribu-
tion of indicator values should be preserved according to geometric progression while at
the same time they should be distributed along a ten-degree scale. For that purpose I assu-
med that the middle value on the five-degree scale corrcsponding to the middle of the ten-
-degree scale is a geometric mean of two midddle values on the dcgree scale. The remai-
ning indicators were calculated according to the definition of geometric progresion, assu-
ming that the last value equalled zero. As a result we obtaincd the following distribution
of indicator values on the five-degree scale versus the ten-degree scale.

settlement location number of inhabitants
with respect to river network in a settlement
(5 classes) (10 classes)
1,000 1,000
0.500
0.250
0.210 0.125
0.0625
0.0441 0.0312
0.0093 0.0156
0.0078
0.0039
0.0000 0.0000

I used the analogous method to calculate indicator values for the features that were di-
vided into seven classes (road and railway transport access to a settlement).

The foregoing methodological assumptions concerning settlement selection on the map
were then tested in the course of investigations conducted in the Zamo$¢ voivodeship.
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Fig. 1. Zamos¢ Voievodeship — settlement shown by signature (without generalization)
Wojewédztwo zamojskie — osiedle przedstawione za pomoca oznaczefi (bez uogélnicnia)

When we started to collect reference materials that would permit to characterize every
settlement with respect to the adopted nine variables, I understood that their completeness
and reliability would determine whcther the obtained results would be frce from errors.
For, if the map on which we base our investigations contains a number of inaccuracies
conceming for example locality selection, then this error will be duplicated in a new car-
tographic study. Following that assumption, we sought to select such rcference sources
where the picture of settciment is complete, without a quantitive generalization. If a refer-
ence source was found incomplete with respect to the adopted criteria, it was nccessary to
supplement it with indispensable elements.

The cartographic source that served to collect the basic data for generalization of settlement
network were map shects in the scale of 1:100,000 made in the GUGIK-80 projection and the
administrative map of Poland in the scale of 1:300,000, the Zamo$¢ voivodeship.

Maps in the scale of 1:100,000 served to determine the road and railway transport ac-
cess to localities and to cstablish their situation with respect to river nctwork. The admini-
strative map, due to settlement representation with cartographic symbols, was uscd to de-
termine the position of every locality. It was found, however, that the 1:300,000 map did
not give the complete picture of settlements. Many localities, due to quantitive generaliza-
tion, were not represented on the map. Following the principle that the absence of a settle-
ment symbol on the 1:300,000 map does not mean that it is of lesser importance than lo-
calities represented on the map, we decided to complete the picture of settlement to the same



338 Mieczystaw Sirko

Fig. 2. Zamos¢ Voievodeship — setlement shown by signature (settlements classified on map in scale
1:1,000,000)

Wojewddztwo zamojskie — osiedle przedstawione za pomocg oznaczef (osiedle klasyfikowano na mapie w skali
1:1 000 000)

degree as on the 1:100,000 map. For that purpose, the focal point was established for eve-
ry locality absent on the administrative map and subsequently projected on to the map in
the scale of 1:300,000. The administrative map complemented in the described manner
gives practically the same picture of settlements as on the map in the scale 1:100,000, be-
ing shown with cartographic symbols. (Fig. 1). Out of the total of 1,024 settlements in the
Zamo$€ voivodeship, this procedure covered 186 localities or 18.2%.

It was subsequently necessary to determine its class for each individual settlement from
the standpoint of the particular features. Or, it was necessary to assign each of the 1,024
settlements to a definite class by assessing it for its administrative, economic or tourist im-
portance, or the level of urbanization, etc.: that is for each of the nine adopted features.
This is equivalent to determining indicator values for the particular features. As a result, 1
obtained a collection of data that characterize all settlemens in a detailed way.

Having calculated the values of all the individual indicators w, that characterize a given
settlement in relation to all variables, and subsequently added them up, I obtained a new,
total indicator w, that expresses, comprehensively, the importance of every settlement in
relation to other settlements in the studied area.

The calculations of total indicators characterizing all the 1,024 settlements in the stu-
died area differentiated with respect to the obtained numerical values. As each of the indi-
vidual indicators w; determines the importance of a settlement in the set of all settlements
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Fig. 3. Zamo$¢ Voievodeship — settlement shown by signature (settlement classified on map in scale
1:2,000,000)

Wojew6dztwo zamojskie — osiedle przedstawione za pomocg oznaczef (mapa w skali 1:2 000 000)

with respect to one feature, I assumed that the total indicator would also determine the im-
portance of the settlement but more comprehensively, that is with respect to all the nine
features adopted for the investigation of settlements.

The whole set of localities, ordered according to the decreasing value of w, does not,
however, answer what number of them should be represented on a given map. This de-
pends, among others, on the scale of a map: the smaller the scale, the smaller its area. It
can be said that there is a dependence between the map scale and the degree of filling it
with content. Therefore, while determining the number of settlements that are to be pro-
jected onto the map, it is necessary to use a method that takes into account the scale of the
map. Such a method is the F. Topfer (1979) square root formula. It assumes that the
number of objects (in this case settlements) on the map under compilation equals the pro-
duct of the number of objects on the reference map multiplied by the square root of the
quotient of the denominator of the reference map scale and the denominator of the scale

of the map under compilation.
Ve
N, =n, ‘M;

where: n, — number of objects on the map under compilation, n, — number of objects
on the source map, M, — denominator of the source map scale), M, — denominator of the
scale of the map under compilation.
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Let us try to calculate the norms of settlement selection in the Zamo$¢ voivodeship for
the maps in selected scales. The basis of calculation, as I assumed earlier, will be the num-
“'ber of settlements represented on the map in the scale of 1:100,000, which provides the
full settlement network. Let us assume that the scales of the maps under compilation are
1:1,000,000 and 1:2,000,000. By substituting appropriate data in the formula we obtain,
out of 1,024 settlements represented on the reference map (1:100 000), for the
1:1,000,000 map — 324 localitics, and for the 1:2,000,000 map — 229. With the whole sct
of settlements ordercd according to the total indicator values, it is possible to select the
right number of settlements for the maps in a definite scale. However, settlement selection
on the map is also determined by the density of their distribution and distance between
them in the map’s scale. That is why the criterion of minimum distance betwcen settle-
ments should be taken into account.This is connected with a decrease of the map’s graphic
capacity as its scale is reduced. This problem did not elude the attention of cartographers,
being discussed at length by, for example, V. V.1vanov (1964)M.Baranowski and
W.Grygorenko (1974) or G. Lo v sz (1977). Those authors opt for a solution where
the minimum distance qualification should have a constant value. [ assumed that the smal-
lest admissible distance betwecn settlements in the map scale should be S mm. As a result,
using the value of the total indicator w, calculated on the F. Topfer formula, the norm of
settlement selection and the minimum distance qualification, we determined which and
how many localities should be rcpresented on maps in the scale of 1:1,000,000 and
1:2,000,000 (Fig. 2 and 3). It follows from the presented picture that there arc 206 locali-
ties on the 1:1,000,000 map (Fig. 2) and 94 on the 1:2,000,000 map (Fig. 3). In compari-
son with the calculations obtained only with the Topfer formula, 324 and 229 respectively,
the number of settlcments to be plotted on thc map has considerably decreascd. We can
thercfore say that the effect of the minimum distance coefficient is significant, its role be-
coming greater as the map scale decreases. This prompts an assertion that completion of
map content changes with the change of its scale. The foregoing discussion can also lead
to a conclusion that during the generalization process there occurs a certain flattening out
of differences in the density of map content elements between high and low intensity are-
as. The process of generalization leads to the levelling out of differcnces in object density
(i. e. settlements) between large-number arcas and the rest of the map.
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STRESZCZENIE

Gléwnym kierunkiem wspélczeénie prowadzonych badafi nad generalizacja kartograficzng jest dazenie do
wyrazania w sposéb matematycznie sformalizowany podstawowych zasad, ki6rymi nalezy sig kierowa¢ przy re-
dagowaniu treSci map.

Do gtéwnych elementéw map, stwarzajacych kartografom wiele trudnosci przy ich redagowaniu, nalezy
osadnictwo. Jednym z warunkéw przeprowadzenia poprawne;j generalizacji osiedli jest pogrupowanie ich we-
dtug stopnia waznosci. Kazde osiedle mozna scharakteryzowaé przy pomocy wiclu cech pozwalajacych na obie-
ktywnja oceng jego warloéci (Waznosci), co ma istotne znaczenie w procesie generalizacji. Prawdopodobiedstwo
uzyskania obiektywnych wynikéw jest wigkszec wéwczas, kiedy zmienne (cechy) charakteryzuja w sposéb mo-
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zliwie petny obickty bedace przedmiotem badania, w tym przypadku miejscowosci. Dobrane 9 cech podziclono
na 54 klasy, ktére pozwolity na jednoznaczne okrelenie charakterystyki badanych osiedli. Konsekwencja przy-
jecia okreslonych cech jest konieczno$é ustaleria ich rangi.

Mozna tego dokonaé przy zastosowaniu systemu binarnego. Konkretne osiedle moze byé zaliczone do jedne;j
z klas cechy badanej, a klasa, do ktérej zostanie ono zaliczone, otrzyma wartoéé jeden (1), pozostate wszystkie
inne zero (0). W niniejszej pracy cechy podzielone sa na rézna liczbg klas. W zwigzku z tym nalezato doprowa-
dzi¢ do tego, aby wartoéci wskaznikéw mogltyby byé poréwnywalne. Dokonano tego poprzez rozklad
wskaZnikéw zgodnie z posigpem geometrycznym. Z kolei nalezato ustali¢ dla kazdego osiedla indywidualnie je-
go klas¢ z punktu widzenia poszczegélnych badanych cech. W wyniku powstat zbiér danych charakteryzujacych
wszystkie osiedla. Jednakze nie otrzymano odpowicdzi, jaka liczba osiedli powinna si¢ znaleZé na konkretnej
mapie w okreslonej skali. OdpowiedZ na tak postawione pytanic daje wzér pierwiastka kwadratowego
F. Topfera. Innym elementem, ktéry nalezato uwzglednié, to kryterium minimalnej odleglosci migdzy osiedlami.

W rezultacie ze wzgl¢du na trzy wymienione wyzej elementy (wskaznik wynikajacy z zastosowania systemu
binarnego, wz6r Topfera i kryterium minimalnej odlegtosci okreslono, ktére i ile osiedli powinno si¢ znaleZ¢ na
mapach w okre$lone;j skali.



