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Abstract 
 

Large-scale digital maps are commonly made in Poland by means of graphic and digital 
processing of analogue maps. An alternate and less popular tendency consists in using 
also results of previous field surveys.  
 
The paper presents estimation of accuracy of digital base map of two provincial capital 
cities. In the first city (an object A) the digital map was developed by means of graphic-
digital processing of analogue base map of scale 1:500. In the second city (an object B) 
there were adapted existing results of field surveys made during recent thirty years with 
reference to exact geodetic networks. Estimated accuracy resulting from performed 
investigations in both cases, as well as some general conclusions concerning technologies 
of making large-scale digital maps are also given in the paper. 
 
1. INTRODUCTION 
 
Social-economic changes taking place in Poland and created mechanisms of market 
economy place challenges for cities authorities to manage their areas. Digital maps 
being a base for further analysis in the land information systems are made to fulfi l these 
tasks. 
 
A digital maps is a base for every spatial information system because it gives a spatial 
localization of data. A large-scale digital map is used for building a land information 
system. Large-scale digital maps are made by different methods and their  creators and 
users often do not ask – what is the accuracy of the material they have? 
 
2. AIM AND METHODOLOGY OF RESEARCH 
 
The aim of the research was to define a real accuracy of the information included in the 
database of digital maps of two cities: Olsztyn and Zielona Góra. I t was carr ied out by 
pointing out a root mean square error of a position on an analogue map identical to a 
map drawing of a digital map. 



The examination of accuracy of both digital maps was based on the comparison of 
coordinates of three kinds of situational details I  group accuracy, unchanged between 
primary and check surveys: 
B – corner points of a building contours, 
G – boundary points of a parcels, 
U – points of technical utilities. 
The coordinates included in the database of the estimated maps were compared with the 
coordinates, the same – carefully identified, of the points marked by a check survey. 
The check surveys were carr ied out by a total station in reference to a horizontal 
restorable network I I I  class with the accuracy Pm < 0,03 m. 
Model coordinates of check points were calculated from the measurements carried out 
with a certain number of extra observations which enabled to estimate the accuracy of 
these surveys. The check points in Olsztyn were marked with the accuracy Pm < 0,02 m, 
whereas in Zielona Góra the accuracy of check points positions was Pm < 0,03 m. 
 
The estimation of accuracy of digital map was carried out in separated fragments of the 
city (i.e. check objects) regarded as representative as far as the accuracy of the initial 
data for bigger areas of the city are concerned, which were chosen by the workers of 
Geodesy and Cartography Geomatic Centre (Sprawozdanie 1999, 2000). 
 
3. SHORT CHARACTERISTICS OF THE EXAMINED OBJECTS 
 
Object A – digital base map of provincial capital city Olsztyn, made by means of 
graphic-digital processing of analogue base map of scale 1:500 along with the sheets of 
utilities in scales 1:500 and 1:1000. The analogue base map was made on the basis of 
technical traversing I I  class from 1974. The survey of details was carr ied out by aerial 
photographs according to the existing state in October 1977. The situation and relief 
were plotted by stereo plotter Wild A8 and a detailed plotter. The map was updated by 
field surveys with reference to the network from 1974 with accuracy Pm < 0,10 m and 
after 1986 – to a new established restorable network I I I  class. The estimation of 
accuracy of a digital map was carried out on the basis of 2282 check points. 
 
Object B – a digital base map of provincial capital city Zielona Góra, made by means of 
entering existing results of field surveys, made in years 1974-1999, mainly direct linear  
surveys (on the basis of technical traversing I I  class from 1973-1974 with accuracy Pm < 
0,10 m) and lately by a polar surveys applying a total station (with reference to a 
restorable network I I I  class). The estimation of accuracy of a digital map was carried 
out on the basis of 1619 check points. 
 
4. DESCRIPTION OF RESEARCH 
 
In order to coordinate the systems of coordinates, the coordinates of check points 
obtained from the database of the estimated digital maps were transformed to the 
system existing in the horizontal geodetic network (where check surveys were carried 
out on its basis). Transformation was carried out on the basis of the points of the 
geodetic horizontal network I I I  class, which functioned in the network from 70-ies and 
then they were included in a new restorable network. In case of each check object a 
mean error of transformation did not exceed 0,10 m. 



The accuracy estimation of maps was carr ied out on the basis of a simplified equation 
(1) which full form was presented in the work (Dąbrowski et al., 1999): 
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where: 

IIPm - root mean square error, 

22 )()( IIIIII YYXXL −+−=∆ - vector of discrepancies in X and Y coordinates 
directions, 

IIII YX ,  - coordinates derived from the database of a digital map, 

II YX ,  - coordinates determined by a check survey, 
N - total number of check points. 
 
The calculation of a root mean square error of situational details I  group accuracy (on 
the basis of (1) equation) on the area of the examined digital maps ensured the 
estimation of their real accuracy and the formulation conclusions concerning the 
usefulness of these maps (table 1). 
 
5. RESULTS 
 
The marked accuracies of the checked objects of the estimated digital maps were 
presented in two figures. The number of check points were presented as the labels of 
data. 
In case of object A the highest accuracy of the map was found in the area of the check 
object A-5, in figure 1 it is a check object with number 5. 
As for  as object B is concerned the least accuracy was in the check object B-3 and sheet 
1(2) of the check object B-7, in figure 2 the check objects number 3 and 7. I t proved the 
supposition on the workers of the municipal geodetic administration concerning a lower 
accuracy of the digital map in both check objects. On these fragments, according to the 
decision of the city president a new field survey was carried out and its results were 
supplemented by database of digital map. 
 

 
Fig. 1. Accuracy of a digital base map of provincial capital city Olsztyn (an object A). 
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Fig. 2. Accuracy of a digital base map of provincial capital city Zielona Góra (an object B). 
 
The usefulness of digital base maps was expressed by a denominator of a map scale 
fulfi lling the requirement of accuracy standard of situational work out of an analogue 
map 0,3 mm in a map scale (Wytyczne, 1981). A permitted scale of graphic presentation 
of database of a digital map was determined (Doskocz, 2002). Below in table 1 an 
extract of the carried out analysis is presented: 
 

Table 1. Determined accuracies of large-scale digital maps  
made from existing geodetic and cartographic materials. 

 

Object and method of producing 
digital map data Map scale 

Check 
object 

Total number  
of check points 

Estimated 
accuracy 

IIPm   

[m] 

Denominator  of map scale 
produced according  
to accuracy standard  

(typical map scale               
to graphical presentation) 

1 2 3 4 5 6 
A-1 1001 0,38 1266 (1:2000) 
A-2 549 0,45 1500 (1:2000) 
A-3 240 0,46 1533 (1:2000) 
A-4 236 0,33 1100 (1:2000) 
A-5 134 0,30 1000 (1:1000) 

A 
Graphic-digital processing                 

of analogue maps 
1:500 

A-6 115 0,39 1300 (1:2000) 
B-1 257 0,15 500 (1:500) 
B-2 217 0,21 700 (1:1000) 
B-3 209 0,33 1100 (1:2000) 
B-4 241 0,22 733 (1:1000) 
B-5 318 0,20 666 (1:1000) 
B-6 264 0,14 466 (1:500) 
B-7 21 0,77 2566 (1:5000) 

B 
Entry existing results                          

of field surveys 
1:500 

B-8 72 0,21 700 (1:1000) 

IIPm - root mean square error calculated with equation (1). 

 
6. CONCLUSION 
 
Carried out investigations of the accuracy of large-scale digital maps of the urban areas 
allow the authors to formulate the following conclusions: 
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1. I f you decide to make digital maps from existing geodetic-cartographic materials you 
should take into consideration a great differentiation of the accuracy of the obtained 
material (table 1). 
2. A digital map made by a graphic-digital processing of analogues maps (object A) does 
not fulfi l the accuracy requirements for a base map of a city, its accuracy contains a 
root mean square error 0,30-0,50 m. 
3. The accuracy of a digital map made from ear lier field survey results (object B) based 
on accurate geodetic network, determinates a root mean square error 0,15-0,20 m. 
4. On the bases of the obtained experiences we can state that there is a necessity of 
carrying out estimations of the accuracy of large-scale digital maps. I t is caused by the 
need of ensuring the best quality of the state geodetic and cartographic resource and 
care of clear relations between the executors and the users of digital maps. 
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