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APPLICATION OF BINARY SYSTEM TO OBJECTIV1ZE SETTLEMENT GENERALIZATION 
PROCESS ON MAPS

Próba zastosowania systemu biernego jako środka prowadzącego do aktywizacji procesu generalizacji osiedli 
na mapach

The problem of generalization of map contents was and still is one of the basie goals of car- 
tography, which despite ample literaturę on the subject, has not been fully solved. It has been 
dealt with both in monographs (F. Tó p f e r 1979) and in comprehensive studies (M. S i r k o 
1988) as well as by men who have greatly contributed to the development of cartography 
(E.Sydov 1866, M.Ecke rt 1921,1925, E. Im ho f 1923/24,1956,K. AS al i schev 
1939, E. Raisz 1938, A. Robinson 1960, L. Ratajski 1973, V. J. Suchov 1947, 
1951,1953, W. Pawlak 1971,1972, W. Gry go ren ko 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 basie 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 modę of representation on the map has been seemingly solved 
but nonę of the existing methods has been generally accepted.

One of the conditions of a correct generalization of settlements is to classify thein 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 charactcrized by a number of featu- 
res that will permit to objectively assess its value (importance), which is essential for the 
process of generalization. Cartographic references provide numerous examples of such 
features adopted by various authors (A. V. Borodin 1976, O. M. Dixon 1967, 
W.Keller 1970, V. V. I v a n o v 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 applied. Therefore a research procedurę 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 (fea- 
tures) characterize the objects of investigation (i.e. localities) as fully as possible.

The adopted investigative procedurę 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

No Feature
Number of 

distinguished 
classes

1
Number of inhabitants in 
a settlement 10

2
Administrative importance of 
a settlement

5

3 Level of settlement urbanization 5

4
Economic importance of 
a settlement

5

5
Road transport access to 
a settlement 7

6
Railway transport access to 
a settlement 7

7
Historical importance of 
a settlement 5

8 Tourist value of a settlement 5

9 Settlement location with respect 
to river network 5

Total 54

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

* Division inlo classes and justification of Iheirdistinction havebeen discussedin an earlier study (M. Sirlco 
1988).
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Each of the adoptcd features classifies the whole set of settlements. At the same ti
me particular subsets are disjunctive: they do not contain elcments in common. The 
grouping in Table I meets thereby the two basie 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 smali ones that are largely the main object and problem of cartographic generali- 
zation.

As a consequence of adopting definite features it is necessary to determine their 
rank. Out of the nine variables only two, the number 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 for-the former variable would bc to adopt the degree of 
intensity of traffic flows or the number of roads linking a given locality (A. Got z 
1976). However, those ways of solving the problem of quantitive characteristics of 
the settelmenfs 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 seem 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 bc 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 havc 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 insidc the division into classes 
has been preserved. The adopted manner of ordering groups (classes) within particular 
variables is extremely important sińce 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
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settlcment 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 catcgory 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 29 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 examplc 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.e. 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 modę favours variables with a greater number of groups. We do not 
know, however, if the features described with a greater number of classes are morę or less 
significant with settlement generalization than variables dividcd into a smaller number of 
classes. That is why the values of the obtained indicators should be madę 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 rangę 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
Km

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 particular 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 value 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 "ktnax" value 
or the indicator valuc will be one (1).

Let us illustrate this modę 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:

class no. notation numbers
1 1 2°
2 10 2*
3 100 22
4 1,000 23
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5
6
7
8 
9 

10

10,000 24
100,000 25
1,000,000 26
10,000,000 27
100,000,000 2®
1,000,000,000 29

The maxiinum value in this notation will thus have the form:
1,000,000,000

This corresponds to 29 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:

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. 
1 
2
3
4
5

notation
1
10
100
1,000
10,000

numbers
2°
21
22
23
24

Maximum value will go to localities situated on the first-order rivers (class 5) and will 
have a binary notation 10,000, which corresponds to 24 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:

The results are thus comparable in both cases. Before we proceed, however, we should 
examine the question whether the adopted procedurę 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 return 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 
with respect to 
river network

(5 classes) 
1,000 
0.500 
0.250 
0.125

number of inhabitants 
in a settlement

(10 classes) 
1,000 
0.500 
0.250 
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 scalę of the other variable 
with ten classes. With this modę 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 theoreti- 
cally possible to implement. This can be done by adding several classes to be dividcd 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 procedurę would artificially increase 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 scalę needs therefore to be remodelled in such a way that the distribu
tion of indicator values should be preservcd according to geometrie progression while at 
the same time they should be distributed along a ten-degree scalę. For that purpose I assu
med that the rniddle value on the five-degree scalę corresponding to the middle of the ten- 
-degree scalę is a geometrie mean of two midddle values on the degree scalę. The remai- 
ning indicators were calculated according to the definition of geometrie progresion, assu- 
rning that the last value equalled zero. As a result we obtained the following distribution 
of indicator values on the five-degree scalę versus the ten-degree scalę.

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 calculatc indicator values for the features that were di- 

vided into seven classes (road and railway transport access to a settlement).
The foregoing methodological assumptions conceming settlement selection on the map 

were then tested in the course of investigations conducted in the Zamość voivodeship.
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Fig. 1. Zamość Voievodcship - settlement shown by signature (without generalization) 
Województwo zamojskie - osiedle przedstawione za pomocą oznaczeń (bez uogólnienia)

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 free 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 duplicatcd in a new car- 
tographic study. Following that assumption, we sought to select such reference sources 
where the picture of settclment is complete, without a quantitive generalization. If a refer
ence source was found incomplete with respect to the adopted criteria, it was necessary to 
supplement it with indispensable elements.

The cartographic source that seivcd to collect the basie data for generalization of settlement 
network were map sheets in the scalę of 1:100,000 madę in the GUGiK-80 projection and the 
administrative map of Poland in the scalę of 1:300,000, the Zamość voivodeship.

Maps in the scalę of 1:100,000 served to determine the road and railway transport ac
cess to localities and to establish their situation with respect to rivcr network. The admini- 
strative map, due to settlement representation with cartographic syinbols, was used 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
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Fig. 2. Zamość Voievodeship - sellemenl shown by signalure (scttlemenłs classified on map in scalę 
1:1,000,000)

Województwo zamojskie - osiedle przedstawione za pomocą oznaczeń (osiedle klasyfikowano na mapie w skali 
1:1000 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 scalę 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 scalę 1:100,000, be
ing shown with cartographic symbols. (Fig. 1). Out of the total of 1,024 settlements in the 
Zamość voivodeship, this procedurę 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, I 
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 w5 that expresses, comprehensively, the importance of evcry 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. Zamość Voievodeship - settlcment shown by signalure (settlement classified on map in scalę 
1:2,000,000)

Województwo zamojskie - osiedle przedstawione za pomocą oznaczeń (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 morę 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 ws does not, 
however, answer what number of them should be represented on a given map. This de- 
pends, among others, on the scalę of a map: the smaller the scalę, the smaller its area. It 
can be said that there is a dependence between the map scalę 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 scalę of the 
map. Such a method is the F. Tó p f e r (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 scalę and the denominator of the scalę 
of the map under compilation.

nb = n,

where: nb — number of objects on the map under compilation, n, - number of objects 
on the source map, M, - denominator of the source map scalę), Mb - denominator of the 
scalę of the map under compilation.
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Let us try to calculate the norms of settlement selection in the Zamość voivodeship for 
the maps in selected scales. The basis of calculation, as I assumed earlier, will bc the num
ber of settlements represented on the map in the scalę of 1:100,000, which provides the 
fuli 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 localities, and for the 1:2,000,000 map -229. With the whole set 
of settlements ordered according to the total indicator values, it is possible to select the 
right number of settlements for the maps in a definite scalę. However, settlement selection 
on the map is also determined by the density of their distribution and distance between 
them in the map’s scalę. That is why the criterion of minimum distance between settle
ments should be taken into account.This is connected with a decrease of the map’s graphic 
capacity as its scalę is reduced. This problem did not elude the attention of cartographers, 
being discussed at length by, for example, V. V. I v a n o v (1964) M. Baranowski and 
W. Grygorenko (1974) or G. Lo vś sz (1977). Those authors opt for a solution where 
the minimum distance qualification should have a constant value. I assumed that the srnal- 
lest admissible distance between settlements in the map scalę should be 5 mm. As a result, 
using the value of the total indicator w, calculated on the F. Tópfer formula, the norm of 
settlement selection and the minimum distance qualification, we determined which and 
how many localities should be represented on maps in the scalę of 1:1,000,000 and 
1:2,000,000 (Fig. 2 and 3). It follows from the presented picture that there are 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 Tópfer formula, 324 and 229 respectively, 
the number of settlements to be plotted on the map has considerably decreased. We can 
therefore say that the effect of the minimum distance coefficient is significant, its role be- 
coming greater as the map scalę decreases. This prompts an assertion that completion of 
map content changes with the change of its scalę. The foregoing discussion can also lead 
to a conclusion that during the generałization process there occurs a certain flattening out 
of differences in the density of map content eleinents between high and Iow intensity are
as. The process of generalization leads to the levelling out of differences in object density 
(i. e. settlements) between large-number areas and the rest of the map.
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STRESZCZENIE

Głównym kierunkiem współcześnie prowadzonych badań nad generalizacją kartograficzną jest dążenie do 
wyrażania w sposób matematycznie sformalizowany podstawowych zasad, którymi należy się kierować przy re
dagowaniu treści map.

Do głównych elementów map, stwarzających kartografom wiele trudności przy ich redagowaniu, należy 
osadnictwo. Jednym z warunków przeprowadzenia poprawnej generalizacji osiedli jest pogrupowanie ich we
dług stopnia ważności. Każde osiedle można scharakteryzować przy pomocy wielu cech pozwalających na obie
ktywną ocenę jego wartości (ważności), co ma istotne znaczenie w procesie generalizacji. Prawdopodobieństwo 
uzyskania obiektywnych wyników jest większe wówczas, kiedy zmienne (cechy) charakteryzują w sposób mo
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żliwie pełny obiekty będące przedmiotem badania, w tym przypadku miejscowości. Dobrane 9 cech podzielono 
na 54 klasy, które pozwoliły na jednoznaczne określenie charakterystyki badanych osiedli. Konsekwencją przy
jęcia określonych cech jest konieczność ustalenia ich rangi.

Można tego dokonać przy zastosowaniu systemu binarnego. Konkretne osiedle może być zaliczone do jednej 
z klas cechy badanej, a klasa, do której zostanie ono zaliczone, otrzyma wartość jeden (1), pozostałe wszystkie 
inne zero (0). W niniejszej pracy cechy podzielone są na różną liczbę klas. W związku z tym należało doprowa
dzić do tego, aby wartości wskaźników mogłyby być porównywalne. Dokonano tego poprzez rozkład 
wskaźników zgodnie z postępem geometrycznym. Z kolei należało ustalić dla każdego osiedla indywidualnie je
go klasę z punktu widzenia poszczególnych badanych cech. W wyniku powstał zbiór danych charakteryzujących 
wszystkie osiedla. Jednakże nie otrzymano odpowiedzi, jaka liczba osiedli powinna się znaleźć na konkretnej 
mapie w określonej skali. Odpowiedź na tak postawione pytanie daje wzór pierwiastka kwadratowego 
F. Topfera. Innym elementem, który należało uwzględnić, to kryterium minimalnej odległości między osiedlami.

W rezultacie ze względu na trzy wymienione wyżej elementy (wskaźnik wynikający z zastosowania systemu 
binarnego, wzór Topfera i kryterium minimalnej odległości określono, które i ile osiedli powinno się znaleźć na 
mapach w określonej skali.


