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1. Introduction

This article deals with problems of the actuality of topographic map contents. The
actuality means the level of accord of the map content with the real situation of the
depicted area. In this meaning the actuality represents an important criterion determining
the general utility value of topographic map, see [1] and [4].

The level of the actuality changes relatively very often in dependence on various factors,
it degrades. This natural decreasing of content actuality results into the reduction of utility
value. As this fact is immediately perceived and unfavourably accepted by map users,
regular revisions of all topographic maps be done.

Analyses given in [2] proved that by increasing average actuality of topographic maps, it
is possible to increase their general utility value, too. To project and plan convenient and
timely measures, it is however necessary to know natural tendencies and the way of
mathematical expressions of the decrease in the actuality level of separate map sheet
contents and main causes that influence this decrease.

This article presents experience reached at the Department of Military Land Information
of the Military Academy in Brno during solving all these problems mentioned above.

First it is necessary to find such a form of mathematical function of the decrease in the
actuality level of topographic map content which is enough reliable and applicable for
practical use. Three possible ways that can meet these requirements under certain condi-
tions are introduced.

2. The problem of measuring actuality level of map contents

The criterion of map content actuality can be measured by the number of changes in a
map content, it may also be expressed in percentage terms, see e.g. [5, p. 249). The
Ivestigation of these data for every map sheet and for a given period of time is painstarking
and could even hardly be done. It was found out, too, that only this technical information is
not sufficient to determine the actuality level of map contents. This results into the
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necessity to find another procedure which would be more reliable, more economical and
also applicable for partical use.

Tackling this problem we can presume that a complete accord of topographic map
content with the depicted area exists for a very short period of time To = O. If the map
content remains unchanged for a longer period of time, the level of its actuality will ba
decreasing because of changes in the depicted area, and the map actuality reaches such 4
tevel at a certain period of time Tme; that the map can be made no use of any more. The
general utility value of this map designated as U(T) is zero, or considerably decreased and
must be revised.

Scientific analyses and experience show that topographic maps achieve this deadiine of
their actuality (i.e. the deadline of their utility level) when 15% to 25% of their content have
been changed. This can be also caused by the fact each disaccord of the map content with
the depicted area evokes doubts about truthfulness of other information even in such
cases when they are true. But this factor is dependent on the professional education of
map users.

A convenient parameter for expressing the influence both the number of changes and
the degree of professional education of map users can be this deadline of actuality Tmez. It
may differ for every map in dependance on the character of the depicted area. The following
forms of the mathematical function which expresses the decrease in the actuality of
topographic map content make use of this parameter (deadline of actuality) as the
parameter characterizing separate map sheets.

3. Possible forms of the function of change in map content actuality

With respect to the given task, it is necessary to presume that this function is a
component of the composed function expressing the general utility value of the map (U)T
within the time T, see [1]. This function can be generally expressed:

UT) = UT m) . F(T) , (1)

where

B U(T*vm) is the level of the utility value of map standard at the time of its publication
T vm given by the norm, see [1], [2],

f(T) is the studied mathematical function expressing a change in the map content
actuality within the time 7, the form of which can be made on different presumptions.

3.1. Simple linear form of the function

In the simplest case it is possible to presume that the change in the map content
actuality occurs in linear dependence on the time:
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where ais a constant.
This condition satisfies the function f1(7) in general form



f3(T) = aT +b (2)

where b is a constant, too. The values of both constants can be specified from the
conditions:
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where the value ¢ introduces users” evaluation of the actuality level of map content at
the time when the map is not able to serve the purpose for which it has been compiled.
This constant can be specified within interval from O to 0.3 in the dependence on the level
of users” professional readiness.

After substituing conditions (3) into the formula (2) we get the following relations for
constants a and b:
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T* vm — Tmez

_ (1 -0) Tmez

T* vm — Tmez
We can adjust the general relation (2) using the previous results and then we get:

fy = L9 Umez =D (5)

mez — T‘( vm

The aplication of this relation has practical meaning only for. For a farther period of time
when it is necessary to presume in this simplificated case:

f1(T) = ¢ . (6)

3.2. A more precise norHlinear form of the function

The attempts to specify more precisely the form of the function on the basis of statisti-
cal processing of the real number of changes being found out during repeated revisions of
topographic maps were not very successfull. The reached results, however, show:

a) a real course of the function f(7), in addition is the mentioned level of users” profes-
sional readiness, considerably depends on the character of the area depicted by the
map and to a certain extent on a map content generalization,

b) the decrease in the actuality level of map content diminishes in dependence on the
growing time T within a time unit and it reaches zero value when T — .

For this non-linear course of the change in map content actuality satisfied the following
form:



df (T)

ar - F(M- (7)

Taking into account the mentioned diminution of the decrease in map content actuality
ithin a time unit it is possible to choose the function in the following form:

RT) = ae®’ (8)

where a and b are suitable chosen constants.
After substituing this form into the relation (7) a differential equation arises:

ar(n _ _bT
-‘———dT = a e .

By solving this differential equation we get the general form of the studied function:
R = - 2+, (9)

where ¢ is a constant, too.
The size of this constant can be assessed under the condition

lim () = 0,

T- o

from this ¢ = 0.
For practical use of the relation (9) it is convenient to presume the formula

f2(Tvm) = 1,
resulting into
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After introducing these results into the general form of the relation (9) and after its
partial modification we get the following relation:

(T = ePTTm (10)

The value of the constant b is dependent of the deadline Tmez and can be expressed by
the approximate relation



. (11)

where d is a constant from interval <1;2> chosen in dependence on the relative re-
presentation of map content elements with different time stability.

It is necessary to verify the size of this constant experimentally; in our condition it is
approaching more to the right boundary of the present interval. In an ideal case when the
speed of the decrease in the actuality of all elements is approximately the same, it is
possible to choose constant d= 1. There is also another way how to define this function.

3.3. Another possible way of solving the problem

An important cause which slows the speed of the decrease in the map content actuality
within the growing time T is fact that the elements once changed in the map content cannot
decrease the actuality level in the future. This fact appears in the definition of the function
f(T) in the following way.

Every topographic map contains information about various topographic objects. At the
time To = O when the map content and the depicted area are completely in accord, let
topographic map have n(0) true information (all data are correct). Then we have

| P(K)
n©0) = > np0), (12)
p=1

where
P(K) is a total number of elements (various kinds of data) in topographic map content,
np(0) is a number of true elements (data) of pth kind within the time To = O.

The probability of the occurance of the change of elements (data) of any pth kind in the
map within a time unit (the speed of the decrease in the actuality) can be expressed by the
parameter ap, which area of relevance is

O<ap<l1. (13)

Under this presumption it is possible to derive relations for a number of true elements
(data) of pth kind after elapsing 1, 2, ... T time units:

np(1) = np(0) - apnp(0) = np(0) [1 - ap] ,
np(2) = np(0) - apnp(0) - ap[np(0) - apnp(0)] =np(0) [1 - ap]2

np(3) = np(0) [1 - ap]® - ap (np(0) [1 - ap]} = np(0) [1 - apl3

ne(T) = np(0) [1 - apl'. (14)



The parameter ap is dependent on the character, namely on the level of urbanisation of
the area depicted by the map. In each, generally in jt,, topographic map of the ith scale, it
might be different and should be designated as ap™. Its determination for all kinds of
elements (data) in the content of every topographic map can hardly be achieved. It is
possible, however, to access an average value a(jj) of this parameter for every map. This is
approximately .

=~ _ 1
a’= — . (15)
7(U) mez

Using the results (14) and (15) it is possible to make a third type of the general relation
for a change in topographic map content actuality (indexes /, j are omitted)

__J'_]T_

(N = b1 - 7 (16)
mez
Because of practical reasons the initial condition is
fa(Tvm) = 1,
than the value of constant b will be
1 - T* vm
b=11 - .
[ Tmez
Substituting this result into the general form (16) we det
1 T—T* vm
f3(7)=[1—?—( ' (17)
mez

4. Conclusion

For the effective planning of topographic map revisions, it is necessary to know the
instantaneous situation as well as supposed decrease in their content actuality. To deter-
mine approximately the necessary data for each map sheet and for any period of time some
of the derived relations (5), (10) or {(17) can be used. For the use of any of these relation
the knowledge of the deadline of actuality Tmez should be known for each map sheet. This
parameter is influenced especially by the character of the depicted area, by the level of
map content generalization and by the degree of the map users’ professional education. It
must, therefore, be determined for each map sheet in advance. At present this parameter
is being determined for topographic maps of the scales 1:25,000, 1:50,000, 1:100,000,
1:200,000 of our territory.



The most important results mentioned in this article are applied in the new project of a
new system of the permanent evaluation of topographic map quality value [3]. A reasonable
use of proposed relations (5), (10) or (17) seems to be very effective, despite of their
approximate values, for decision making about further topographic map revisions. This is
Important for us especially at present for the amount of financial and technical means
needed for accomplishing this task is limited.

The necessity to follow permanently the level of the actuality of topographic map content
results from the fact that topographic maps are an important source of data for the GIS.
The proposed way of the investigation of changes in topographic map actuality can be
contribution to these problems.
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Resumé
Zakonité zmény aktualnosti obsahu topografickych map

Aktudinost obsahu topografickych map je Groven souladu jejich obsahu se skutednym stavem
zobrazeného Gzemi a je povaZovdna za vyznamné kritérium uréujici celkovou uZitnou hodnotu map.
ZvySovanim aktudlnosti topografickjch map Ize tedy nejefektivngji zvySovat jejich celkovou uZitnou
hodnotu.

K projektovani a planovanf vhodnych a vEasnych opatent je tfeba znat zakonité tendence a zplsob
matematického vyjadreni poklesu Grovné aktudlnosti obsahu jednotlivich mapovych listl, i zakladnf
priciny, které tento pokles ovliviiuji,

V prispévku jsou shrnuty poznatky a zkuSenosti ziskané pfi feeni uvedenych problému na Katedre
vojenskych informaci o tdzemi Vojenské akademie v Brn&. Uvedeny jsou tfi moiné matematické
zpUsoby vyjadfeni poklesu trovné aktudinosti obsahu topografickych map. Jednoduchy linedmf tvar
funkce zmény aktualnosti obsahu mapy, presnéjsi nelinedrni tvar funkce a jiny moZny zpusob fedenl
ulohy. :

Pro efektivni planovani obnovy topografickych map mohou byt pouzity vztahy (5), (10) nebo (17).
Pro uplatnéni kteréhokoliv uvedeného vztahu by méla byt zndma mezni doba zastarani pro kaidy
mapovy list. Tento parametr je zavisly na charakteru tzemi, na drovni generalizace mapového obsahu
a na stupni profesiondlniho vzdélani uzivateld. Byl jiZ uren pro viechny listy topografickjch map
meéfitek 1:25 000, 1:50 000, 1:100 000, a 1:200 000 z dzemf CR.

......

hodnoceni jakosti a uZitné hodnoty topografickjch map. Vyuziti navrZzenych vztaha (5), (10) nebo (17)
se jevi i pfi vyuZitf pfiblinych hodnot jako velice efektivni v procesu rozhodovani o daldim postupu
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obnovy topografickych map. Toto je velice duleZité specialné v soucasnosti, protoze financni a
technické prostredky vyélenéné na obnovu map jsou piisné limitovany.

Nutnost prabéiné sledovat urover aktudinosti obsahu topografickjch map je zduraznéna téZ
skute¢nosti, Ze topografické mapy jsou vyznamnym zdrojem dat pro GIS. A protoZe GIS lze podle [6]
snadnéji zneuzit ke zkresleni vysledku fedenf tlohy, neZ je tomu u tradiéni topografické mapy, je nutné
se snaZit o nazorngjsi znézornéni (vizualizaci) rozhodujicich ukazovatelt jakosti t&chto dat, jak je o
tom pojednédno v [7].

NavrZeny zpasob zjistovani zmén aktuality topografickjch map muZe byt pfinosem i pro rozvoj
digitainich technologii, protoZe topografické mapy jsou duleZitym zdrojem dat pro GIS a pro tvorbu
digitalnich ekvivalenttu map.
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