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Abstract. The paper presents estimation of accuracy of digital topographic map data produced by means various  
methods: new total station survey (method A), recalculation of previous direct measurements (orthogonal and 
polar surveys) (B), manual vectorisation of a raster orthophotomap image (C) and graphical-and-digital 
processing of analogue maps (D). Carried out investigations shown that topographic data produced by various 
methods do not always support the development of geodetic documentation at the required accuracy level. The 
authors postulate the need to estimate the accuracy of the databases of large-scale maps to ensure the 
transparency of relations between map producers and map users, and to guarantee that national geodetic and 
cartographic resources meet the relevant quality standards. 
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1. Introduction.   
 

In line with global trends, domestic government 
and self-government institutions as well as businesses 
deploy spatial information in the broadly defined 
concept of management [17], [11]. Searching and 
academic sector in the geodesist and cartographer 
community collaborate with the national economy in 
the development of spatial information systems. 
Research and development efforts are made to 
acquire, gather and release spatial data [22]. The 
academic community should actively participate in 
theoretical and practical efforts supporting the 
development and updating of digital map databases 
and their effective and rational (preceded by an 
analysis of their quality [20]) application for 
execution of economic tasks [26], [24], [6].  

As part of the offered curriculum (including: 
Bases of Geodesy with Geomatics, Maps Plotting, 
Digital Map, Theory of Geographic Information, 
Organization of Centres for Geodetic and 
Cartographic Resources) and the conducted research 
and development, the Chair of Surveying at the 
University of Warmia and Mazury in Olsztyn [26] 
addresses a broad range of topics in the area of 
geoinformatics databases, among others [4], [16], [1], 
[18], [15], [5], [10]. The Chair also takes various 
initiatives for the continuous education of its 

administrative staff, geodetic and cartographic 
personnel as well as experts in the relevant areas of 
the national economy by offering training courses and 
post-graduate studies. The Post-Graduate School of 
Digital Geodesy has been operating since 1999. The 
Post-Graduate School of Modelling of Geographic 
Information was launched in 2005 [19]. 

 This paper presents selected results of the 
research headed by Professor W. Dąbrowski entitled: 
"Methodology of gathering information for national 
geodetic and cartographic resources, development and 
updating of digital map databases in geodetic works 
and in teaching" (conducted in problem group no. 29 
entitled: "Contemporary methods for the acquisition, 
gathering and processing of geodetic and satellite 
data"). Research subject are continued at the Faculty 
of Geodesy and Land Management of the University 
of Warmia and Mazury in Olsztyn as part of the 
strategic research program entitled: "Development of 
methods for the acquisition, gathering and processing 
of geodetic, photogrammetric and satellite data and 
their applications in spatial data systems".  

The authors have presented the results of 
research of the accuracy of topographic data acquired 
by various methods for the development of databases 
of large-scale maps. The presented results characterise 
the accuracy of topographic data entered into the 
databases of digital maps of the cities of Olsztyn and 
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Zielona Góra. The accuracy of topographic data was 
estimated in selected parts of the investigated cities 
(on so-called control objects) which characterise the 
probable range of real accuracy of the analysed digital 
maps. 

 

2. Estimation of topographic data accuracy 
 
The aim of the research of topographic data 

accuracy was to determine the real accuracy of 
topographic details of the 1st accuracy group, 
expressed in terms of their plane co-ordinates (X, Y) 
in the databases of digital maps. Based on the 
determined errors of position of 1st group topographic 
details, the researchers attempted to estimate the 
usefulness of the gathered topographic data and 
determine the accuracy of the analysed digital maps. 
The accuracy of digital maps was estimated based on 
Technical Instruction O-2 [13] (and Technical 
Guidelines K-1.2 [25]), in view of which an error of 
position of a topographic point in 1st accuracy group 
in an analogue map (identical to the plotted graphic 
presentation of a digital map) should not exceed ± 0.3 
mm on the map's scale. The accuracy of digital 
topographic data was analysed through a comparison 
of three types of details (not altered in the surveyed 
area) – co-ordinates of 1st group topographic details – 
recorded during initial acquiring with the relevant co-
ordinates obtained from a direct control measurement. 
Several types of details were investigated during the 
analysis, including apex points of building contours 
(marked with letter B), boundary points (G) and 
aboveground utility points (U). Control measurements 
were conducted with the use of an electronic 
tachymeter in reference to class III horizontal 
restorable control network with error of position of a 
point at  mP < 0.03 m. The model co-ordinates of 
control points were determined from field surveys 
containing redundant observations for the rigorous 
adjustment of measurement results and an estimation 
of measurement accuracy (results were adjusted in 
SIEĆ 95 application developed by Professor 
Gajderowicz). The authors found that control points 
in Olsztyn had been determined with error of  mP < 
0.02 m, and in Zielona Góra -  mP < 0.03 m. 

 Co-ordinate systems (as part of control 
objects in methods B and D) were settled and unified 
at the first stage of the research, i.e. control point co-
ordinates from digital map databases were 
transformed into the system of the horizontal control 
network (which constituted a basis for control 
measurements). Affine transformation was performed 
based on class III horizontal control network points 
which had been used in the control network in the 
1970s and were subsequently included in the new 
restorable control network. The mean transformation 
error did not exceed 0.10 m in any of the control 
objects. The accuracy of position of topographic 
details was determined based on differences in control 
points co-ordinates (expressed in a uniform co-

ordinate system). 
 
3. Character ization of the analysed methods for  

the acquisition of topographic data and an 
estimation of their  accuracy 

 
In the research were analysed the following 

methods for the acquisition of topographic data 
entered into the databases of large-scale maps: 

Method A – direct measurement with an 
electronic tachymeter. The analysis covered the 
database of a digital map developed (on a 1:500 
graphic presentation scale) from field surveys 
conducted in 1995-1996 (as part of the student 
training) in the campus of former Academy of 
Agriculture and Technology (today: the University of 
Warmia and Mazury) in Olsztyn, based on a class III 
restorable control network. The analysis was based on 
481 control points.  

Method B – calculation of coordinates from the 
results of previous direct measurements. The analysis 
covered the base map of Zielona Góra, developed 
based on the results of topographic measurements 
conducted in 1974-1999, mostly by means of the 
method orthogonal measurements (based on class II 
technical traversing from 1973-1974 with error of  mP 

< 0.10 m), and in the recent period – by the polar 
method with the use of an electronic tachymeter (with 
respect to the class III restorable control network). 
The analysis was based on 1619 control points.  

Method C – manual vectorisation of the raster 
image of an orthophotomap. The investigations was 
performed based on two objects: 
Object C-I – a digital orthophotomap of the city of 
Olsztyn developed at the scale of 1:2000. The 
orthophotomap was generated based on aerial 
photographs on a 1:5000 scale (taken as part of the 
PHARE Programme in 1995), scanned on a matrix 
scanner with the resolution of 1000 dpi. The analysis 
was based on 311 control points.  
Object C-II – a digital orthophotomap of Zielona 
Góra developed at the scale of 1:2000. The 
orthophotomap was generated based on aerial 
photographs (taken in March 2002) on a 1:6000 scale. 
In the applied processing technology, field 
dimensions of one pixel were equal to 0.20 m. The 
analysis was based on 462 control points. 

Method D – graphical-and-digital processing of 
analogue maps. The analysis covered the database of 
a digital map of Olsztyn developed from a base map 
at the scale of 1:500, with the overlays for 
underground infrastructure at the scale of 1:500 and 
1:1000. The co-ordinates of the analysed topographic 
details were determined with the use of the raster 
image vectorisation technology preceded by the 
scanning of analogue materials. The analogue base 
map was generated based on class II technical 
traversing performed in 1974. Detailed measurements 
were carried out with the use of the photogrammetric 
method (aerial photographs) to document the 
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conditions prevalent in October 1977. Location of 
details and the terrain relief were delineated by means 
of Wild A8 stereo plotter and a protractor of details. 
The map was updated by direct measurements 
connection to the control network of 1974 (with error 
of  mP < 0.10 m), and after 1986 – to a new, class III 
restorable control network. The analysis was based on 
2282 control points. 

 
3.1. Determination of the accuracy of topographic 

data acquired by means of direct 
measurements 

 
Digital topographic data acquired by methods A 

and B are most often classified jointly as data 
obtained from direct measurements. It should be 
noted, however, that as regards direct measurements, 
the process of entering topographic details into the 
database of a digital map comprises two stages: 
measurement and the following after it analytical and 
computational processing of the measurement whose 
results are entered into the database. In view of the 
differences in completing the above stages in methods 
A and B (i.e. the transfer of the physical location of 
topographic details to be entered in the database of a 
digital map with the use of co-ordinates), the accuracy 
of position of topographic details was estimated with 
the use of separate mathematical formulae. 

 
3.1.1. Estimation of the accuracy of topographic 

data acquired by method A 
 

Measurements performed with an electronic 
tachymeter (upon the observance of fundamental 
measurement principles) produce uniform and highly 
accurate observation material, and when fully 
automated, the stage of analytical and computational 
processing (in the total station) takes place practically 
without the operator's direct involvement. In the 
technology of producing a digital map database from 
topographic data acquired by method A, 
measurements are performed with control elements 
recommended by Technical Instruction G-4 [2]. A 
defined number (481) of topographic details of 1st 
accuracy group were surveyed twice. The estimation 
of the accuracy of topographic data produced by 
method A relied on the assumption that the 
differences (∆X, ∆Y) in the co-ordinates of twice 
obtained control points represent their true errors. 
According to the theory of measurements in pairs, a 
formula was then indicated to calculate the error of 
position of a point entered in the database of a map 
produced from direct measurements with an electronic 
tachymeter [3]: 

 

  N

L
mP ⋅
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2
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              (1) 

where: Pm  - error of position of a point in a digital 
map produced by means of survey with an electronic 

tachymeter, 22 YXL ∆+∆=∆  - length of vector of 
shift of control point, N  - number of control points. 

In the research disposed of a set of 481 control 
points which included majority of observed details in 
1st accuracy group. After a preliminary analysis, three 
points in respect of which the length of vector of shift 
of point differed significantly from the remaining 
lengths of vectors were discarded (vector lengths of: 
0.37 m, 0.54 m and 0.87 m, where ∆L < 0.10 m in 
93% of control points). At next stage, based on the 
formula (1), the accuracy of position of type B and U 
topographic details and other topographic points was 
estimated, and the accuracy of digital topographic 
data produced by method A was estimated together in 
view of the entire set of 478 control points. 

 
3.1.2. Estimation of the accuracy of topographic 

data acquired by method B 
 

Topographic data acquired through the 
recalculation of the results of direct measurements 
conducted in the course of 30 years (recorded in 
technical reports) cannot be regarded as highly 
uniform due to the variety of the applied topographic 
survey methods and differences in the applied control 
networks. For this reason, the accuracy of position of 
digital topographic data produced by method B was 
estimated by comparing the co-ordinates of 1st group 
topographic details (type B, G and U) which have 
been entered into the database of the analysed map 
with their model co-ordinates determined in the direct 
control survey. The error of position of topographic 
point was computed based on a simplified formula (2) 
which is presented in full form in [4]: 

 

N
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m

IIP
][ 2∆=               (2) 

where: 
IIPm  - error of position of a point in the 

estimated digital map, 
22 )()( IIIIII YYXXL −+−=∆  - length of vector 

of shift of control point, IIII YX ,  - co-ordinates of the 
control point obtained from the database of the 
estimated map, II YX ,  - model co-ordinates of the 

control point, N  - number of control points. 
 

3.2. Determination of the accuracy of topographic 
data acquired through graphical-and-digital 
processing 

 
In methods C and D, topographic data were 

acquired with the use of the graphical-and-digital 
processing technology. This technology is an 
advanced process, and in the case of method D it is 
even more complex and susceptible to a larger 
number of sources of potential errors. The problem of 
estimating the accuracy of each stages of graphical-
and-digital processing has been discussed by other 
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authors, among others [12]. This paper presents 
estimation the accuracy of topographic data produced 
in the graphical-and-digital processing technology 
through vectorisation of raster maps. 

 
3.2.1. Estimation of the accuracy of topographic 

data acquired by method C 
 

To investigate the accuracy of topographic data 
acquired by manual vectorisation of a raster 
orthophotomap image (referred to as “monoplotting” 
in the relevant literature [21]) was realized an 
experiment in which selected topographic details were 
vectorised twice [8, 5].  

In the process of monoplotting of the 
orthophotomap of Olsztyn (object C-I), the co-
ordinates (X, Y) of aboveground utility points (wells) 
were determined – co-ordinates of the centre of 
circular or rectangular geometric figures. The 
investigated topographic details were selected due to 
their clear identification in the raster orthophotomap 
image. The co-ordinates of 311 topographic points 
were obtained (twice) from the orthophotomap by 
manual vectorisation, whose accuracy was estimated 
(where the differences in the twice obtained co-
ordinates were regarded as true errors) in accordance 
with the theory of measurements in pairs. Accuracy of 
vectorisation was 0.06 m [8]. The maximum absolute 
value of discrepancies between co-ordinates acquired 
in double vectorisation was: 0.18 m for X and 0.17 m 
for Y. The average results of the double vectorisation 
process were adopted as the ultimate co-ordinates of 
aboveground utility points obtained from the digital 
orthophotomap, and they were compared against the 
co-ordinates of the same topographic details acquired 
by means of survey with an electronic tachymeter. 
The resulting differences produced a set of 311 
vectors of shift of topographic points, and none of the 
vectors were longer than 0.60 m. The co-ordinates (X, 
Y) of topographic details of (nearly exclusively) 1st 
accuracy group were obtained through vectorisation 
of the raster image of orthophotomap of Zielona Góra 
(object C-II). They were: I – elements of fence (other 
than pillars); II – corners of concrete structures; III – 
apex points of building contours; IV – apex points of 
curb lines; V – other pillars; VI – pillars of fence; VII 
– wells. The co-ordinates of 501 topographic points 
were obtained on the orthophotomap by manual 
vectorisation whose accuracy was estimated in 
accordance with the theory of measurements in pairs. 
In the course of manual vectorisation, 39 topographic 
points were found to be unsuitable for analysis, 
mainly because their plane co-ordinates could not be 
reliably read from the raster orthophotomap image. 
Due to the above, the analysis was performed based 
on a set of 462 twice vectorised points. The average 
vectorisation error was 0.05 m [5]. The maximum 
absolute value of discrepancies between co-ordinates 
from double vectorisation reached 0.20 m for X and 
0.18 m for Y. The average results of the double 

vectorisation process were adopted as the ultimate co-
ordinates of the analysed topographic points obtained 
from the digital orthophotomap, and they were 
compared against the co-ordinates of the same 
topographic details determined in a total station 
survey. The resulting differences produced a set of 
462 vectors of shift of topographic points (∆L). The 
analysis of the entire set lengths of ∆L showed that a 
vector of shift had an average length of 0.28 m, and 
the vast majority of vectors (95%) did not exceed 
double the average vector length ( mL 56,0≤∆ ), while 
several (6) vectors of shift of control point had the 
length of mmL 2,00,1 ±=∆ . The accuracy of 
topographic data acquired from digital 
orthophotomaps was estimated in view of the formula 
(2). 

 
3.2.2. Estimation of the accuracy of topographic 

data acquired by method D 
 

The accuracy of topographic data acquired 
through manual vectorisation of raster maps was 
researched at several stages covering different 
fragments of the city of Olsztyn. The obtained results 
were briefly overviewed in publication [4], and a full 
presentation of the results is available in [7]. The 
estimation of the accuracy of digital topographic data 
acquired by method D involved a comparison of the 
co-ordinates of 1st group topographic details (type B 
and U) entered into the database of the analysed map 
against the co-ordinates of the same points determined 
by an electronic tachymeter. The error of position of 
topographic point was computed with the use of 
formula (2). 
 
4. Summary of the results of estimation of 

topographic data accuracy 
 

The computed errors of position of topographic 
details of 1st accuracy group made an overview of the 
usefulness of topographic data acquired by various 
methods and supported the estimation of real accuracy 
of the analysed large-scale maps. The determined 
accuracy of topographic data is presented in Table 1.  

The accuracy of topographic data acquired from 
surveys performed with an electronic tachymeter 
(method A) was within the 0.04 – 0.05 m range. As 
regards topographic mapping, the accuracy of a digital 
map relying on data obtained by method A is very 
high. The resulting database may be released in the 
form of a 1:250 analogue map presentation. The 
accuracy of topographic data collected in the digital 
map database developed from the results of previous 
direct measurements (method B) generally ranged 
from 0.10 to 0.30 m. Smaller accuracy of position of 
details was determined in control object B-3 and in 
sheet 1(2) of control object B-7. According to the data 
provided by the Office of the City of Zielona Góra, 
the less accurate map fragments had already been 
updated with the results of new direct surveys. In 
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view of the above, it should be noted that the database 
developed from topographic data obtained by method 
B may be released on a graphic presentation scale of 
1:500 or 1:1000. Topographic data acquired from the 
raster orthophotomap image (developed on a 1:2000 
scale) were highly accurate. As regards the analysed 
topographic details, the error of position of a point 
ranged from 0.21 to 0.43 m. The co-ordinates of the 
analysed points of 1st group produced by method C 
guarantee topographic mapping accuracy on a 1:1000 
scale. The accuracy of topographic data in the 
database of a digital map developed by graphical-and-
digital processing (method D) was within the 0.30 – 
0.50 m range. The obtained results indicate that 
databases developed based on topographic data 
produced by method D may be released (in the form 
of an analogue map) in presentations whose scale 
does not exceed 1:2000. 
 
5. Summary and Conclusions 
 

The analysis of the tested methods of digital data 
production indicates that topographic data acquired by 
direct survey with an electronic tachymeter (method 
A) is marked by the highest accuracy. High accuracy 
was also reported in respect of topographic data 
produced through the recalculation of the results of 
previous direct measurements (method B). Similar 
results were observed as regards topographic data (in 
particular well identified utility features) obtained 
through monoplotting, i.e. manual vectorisation of 
raster orthophotomap (method C). The least accurate 
data were produced through graphical-and-digital 
processing – by manual vectorisation of raster maps 
(method D).  

As indicated by the results of this research, the 
accuracy of large-scale maps made with the use of 
topographic data produced by various methods is 
highly differentiated [7]. The above poses a 
significant obstacle to the use of large-scale maps for 
execution of economic tasks, e.g. [9]. The process of 
acquiring information from the database of a digital 
map is flawless, as regards the content of a 
topographic map due to the clear obtain coordinates 
of objects. In practice, engineering applications of 
digital maps are limited to the use of analytical-and-
digital methods [14]. Correct and reliable results 
cannot be obtained by inputting incorrect data. Other 
authors have pointed out that the GIGO – Garbage In, 
Garbage Out – principle should be observed when 
considering the quality of digital data [23, p. 30]. 

The results of the performed investigations and 
analyses have prompted the authors of this paper to 
formulate the following conclusions: 
1. The estimation of accuracy of digital topographic 
data to the investigated data's usefulness and supports 
an assessment of the real accuracy of the resulting 
maps.  
2. Topographic data produced by various methods do 
not always support the development of geodetic 

documentation at the required accuracy level (Table 
1).  
3. The obtained results indicate that great caution 
should be exercised when selecting the methods of 
acquiring data for the generation of databases for 
large-scale maps.  
4. In view of their experience, the authors postulate 
the need to estimate the accuracy of the databases of 
large-scale maps. Data accuracy should be verified to 
ensure the transparency of relations between map 
producers and map users, and to guarantee that 
national geodetic and cartographic resources meet the 
relevant quality standards.  
5. In view of the challenges faced by the modern 
economy in the era of information society and 
investment undertakings that rely on geoinformatics 
solutions, there is a pressing need to include the 
theoretical and practical aspects of creating and 
updating digital map databases in university education 
curriculum at both the graduates (engineer’s and 
master’s studies) and post-graduate school or courses. 
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Table 1. Accuracy of topographic data produced by different methods  

 

Method of acquiring  
the co-ordinates of topographic 

points 
 

Base scale of the 
map 

 

Control 
object 

Type and 
number of 

control points 

Determined 
error of 
position  

of a point  
[m] 

Denominator of map 
scale calculated 

according to accuracy 
standard (the allow of 
graphic presentation 

scale) 
B - 139 0.04 133 (1:250) 
U - 128 0.05 166 (1:250) 

Other - 211 0.04 133 (1:250) 

A 
New survey performed with an 

electronic tachymeter 
 

1:500 A 

Total - 478 0.04 133 (1:250) 
B - 200 0.14 466 (1:500) 
G - 57 0.19 633 (1:1000) B-1 

Total - 257 0.15 500 (1:500) 
B - 93 0.21 700 (1:1000) 
G - 124 0.21 700 (1:1000) B-2 

Total - 217 0.21 700 (1:1000) 

B - 192 0.34 1133 (1:2000) 
G - 17 0.20 666 (1:1000) 

B 
Co-ordinates computed from 
the results of previous direct 

measurements 
 

 

1:500 

B-3 

Total - 209 0.33 1100 (1:2000) 



 780 

B - 193 0.22 733 (1:1000) 
G - 48 0.20 666 (1:1000) B-4 

Total - 241 0.22 733 (1:1000) 
B - 131 0.10 333 (1:500) 
G - 66 0.23 766 (1:1000) 
U - 121 0.24 800 (1:1000) 

B-5 

Total - 318 0.20 666 (1:1000) 
B - 150 0.16 533 (1:500) 
G - 67 0.07 233 (1:250) 
U - 47 0.14 466 (1:500) 

B-6 

Total - 264 0.14 466 (1:500) 
B - 20 0.77 2566 (1:5000) 
G - 1 0.87 2900 (1:5000) 

sheet 
 1(2) 

Total - 21 0.77 2566 (1:5000) 
B - 67 0.20 666 (1:1000) 
G - 5 0.28 933 (1:1000) 

B-7 
sheet 
 2(2) 

Total - 72 0.21 700 (1:1000) 
C-I U - 311 0.21 700 (1:1000) 

I - 15 0.43 1433 (1:2000) 
II - 36 0.42 1400 (1:2000) 
III - 28 0.33 1100 (1:1000) 

IV - 172 0.33 1100 (1:1000) 
V - 130 0.29 966 (1:1000) 
VI - 40 0.30 1000 (1:1000) 
VII - 41 0.31 1033 (1:1000) 

C 
Manual vectorisation of the 
raster orthophotomap image 

(monoplotting) 
 

1:2000 
C-II 

Total - 462 0.33 1100 (1:1000) 
B - 487 0.36 1200 (1:2000) 
U - 514 0.40 1333 (1:2000) D-1 

Total - 1001 0.38 1266 (1:2000) 
B - 330 0.43 1433 (1:2000) 
U - 219 0.48 1600 (1:2000) D-2 

Total - 549 0.45 1500 (1:2000) 

B - 163 0.45 1500 (1:2000) 
U - 77 0.49 1633 (1:2000) D-3 

Total - 240 0.46 1533 (1:2000) 
B - 105 0.23 766 (1:1000) 
U - 131 0.40 1333 (1:2000) D-4 

Total - 236 0.33 1100 (1:2000) 
B - 73 0.31 1033 (1:1000) 
U - 61 0.29 966 (1:1000) D-5 

Total - 134 0.30 1000 (1:1000) 
B - 49 0.44 1466 (1:2000) 
U - 66 0.34 1133 (1:2000) 

D 
Graphical-and-digital 
processing (manual 

vectorisation of raster maps) 
 

1:500 

D-6 
Total - 115 0.39 1300 (1:2000) 

 
 


