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Abstract 
Being aware of the importance of the knowledge of the accuracy of the geographic information 
contained in its digital cartographic products, the Army Geographic Institute (IGeoE) has 
been investing human and material resources with the objective of developing work 
methodologies that allow to evaluate the positional accuracy of that information. 
The IGeoE has been using as reference the NATO document STANDARDIZATION 
AGREEMENT (STANAG) 2215 of October 15, 2001, entitled Evaluation of Land Maps, 
Aeronautical Charts Digital and Topographic Dates, which describes a methodology for 
acquisition of planimetric and altimetry coordinates of a sample constituted by 167 diagnosis 
points, for an area produced with a certain scale. The IGeoE, experienced of the difficulty of 
finding good reference points to use in the quality control, it was developed a work 
methodology that allows to do those studies. This methodology allows, in a selective way, to 
search the areas of land in order to embrace a significant number of details contained in its 
cartography. Having in mind huge amount of details contained in a sheet of the 1/25000 
military map, it is not possible to check all those details. In conclusion, this article describes, 
in a briefly way, the main phases of the work that is done in what concerns of the Quality 
Control of the IGeoE cartography. 
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1 Introduction 
The Geographic Institute of the Army (IGeoE) assesses the positional quality control of its 
vectorial information with the purpose of evaluating the accuracy of that information during de 
acquisition process. This way the IGeoE can study other methodologies to in order to improve 
the accuracy of its cartography. On the other hand it allows the users to know the exact 
accuracy obtained in a specific sheet 1:25000, M888 Serie. 

Being aware of the importance of knowing the level of accuracy of its information The IGeoE  
has been assessing  the position quality control.  However, and due to the costs involved in 
these studies, that assessment doesn’t not include every 1:25000 sheet, but a group of sheets 
involved in the aerial triangulation process. These studies usually include sets of 9 1:25000 
sheets of different areas of the Country, according to the field work of Topography Section. 



7th International Symposium on Spatial Accuracy Assessment in Natural Resources and Environmental Sciences. 
Edited by M. Caetano and M. Painho. 

836 

2 Methodology 
The IGeoE has been using as model the NATO document STANDARDIZATION 
AGREEMENT (STANAG) 2215 of October 15, 2001, entitled Evaluation of Land Maps, 
Aeronautical Charts Digital and Topographic Date, which describes the methodology for the 
acquisition of planimetric and altimetry coordinates of a sample constituted by 167 diagnostic 
points, for an area produced with a certain scale. 

In order to calculate the accuracy with 90% confidence level it is required that a sample of at 
least 167 sample points are used for each product or for each area inside that product.167 
sample points produce 166 degrees of freedom. This sample size produces an uncertainty of ± 
10% in the indexes of calculated accuracy being the level of confidence of 90%. 

The following formulas are only applied when at least 167 diagnostic points are measured to 
represent a population that is big when compared with the sample size, this is the normal case. 

After the restitution of the details that constitute a 1:25000 sheet we have the cartography in 
vectorial format (product to be tested), which will be compared with the information collected 
in the field (reference source) of the same homologous points, according to the criteria of data 
acquisition previously described. So, we will have a number of variables to define: 

To evaluate the precision of the planimetry  it is necessary to calculate the Standard Circular 
Deviation of the measured differences between the tested product and the reference source, 
CM (Circular Standard Deviation). It can be calculated from the errors in the two axes, E 
(distance to meridian M or X) and N (distance to perpendicular P or Y): 

2

22
NE

CM
σσσ +

=  
(1) 

( ) ( )
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−∑+−∑

×=
12

1
22

n
NNEE ii δδδδ

 

(2) 

Where: 
δEi δNi are respectively the individual differences between the measured coordinate and 

the "true." 

NE δδ  are the arithmetic averages among of all the values of Ei and Ni respectively; 
n is the number of diagnostic points. 

When there is no systematic error, that is, when Eδ and Nδ  don't differ significantly from 
zero, the following formula is used that allows as to determine the Absolute Horizontal 
Accuracy.  

CCMAS σ146.2=  (3) 

Table1 gives the classification of the horizontal accuracy of the vectorial information 
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Table 1 Horizontal Accuracy (CMAS), [STANAG 2215, 2001]. 

Map Scale 
Rating Measurement at 

Product Scale 1:25000 1:50000 1:100000 1:200000 1:250000 

A 0.5 mm 12.5 m 25 m 50 m 100 m 125 m 

B 1.0 mm 25 m 50 m 100 m 200 m 250 m 

C 2.0 mm 50 m 100 m 200 m 400 m 500 m 

D >2.0 mm Poorer than rating C 

E Not determined 
 

To evaluate the Altimetry it is calculated the Deviation Lineal Pattern of the measured 
differences between the tested product and the reference source M can be calculated as 
described above  
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where: 
δHi are the individual differences between the measured and the "true" heights from the 

reference source of each diagnostic point;  

Hδ  is the arithmetic average of all the values of δHi; 
n is the number of diagnostic points. 

When no there is any systematic mistake, that is, when
Hδ

, it is not significantly different 
from zero the previous formulas allow the calculation of Absolute Vertical Accuracy with: 

σ645.1=LMAS  (5) 

The classification of the vectorial information in Altimetry is given by Table 2. 

Table 2 Vertical Accuracy (LMAS), [STANAG 2215, 2001]. 

Escala da carta  
Classificação 

1:25000 1:50000 1:100000 1:200000 1:250000 

0 2.5 m 5 m 10 m 20 m 25 m 

1 5 m 10 m 20 m 40 m 50 m 

2 10 m 20 m 40 m 80 m 100 m 

3 Poorer than rating 2 

4 Not determined 
 

3 Data acquisition criteria 
Because the amount of details contained in a 1:25000 sheet of IGeoE cartography, it is not 
possible to verify them all. On the other hand it is necessary to collect a sample of 167 points 
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in the field. The problem is how to do it, once it is extremely difficult to find homologous 
points both in the field both in the " vector information". In other words, in the case of the 
restitution being punctual it is easy to say that this point of the vectorial file (dgn format) is the 
same point in the field. This is the case of the details used to the planimetry such as the houses, 
the water tanks, in which the photogrammetric operator makes a data point in each corner.  

But in the case of the dynamic restitution which the operator works in stream mode it is very 
difficult or even impossible to state that in the field the point in the vector file is really the one 
we want. For instance the vegetation limit is of difficult materialization in the field. The effect 
of the trees shadows hinders the definition of the homologous point not only for the 
photogrammetric operator but also for the topographer. 

Due to the presented reasons, the samples are collected in very specific points in the vector and 
in the field which reduces the research areas mainly in areas little urbanized, hindering like this 
the topographer's work and increasing the costs of the positional quality control. 

Another very important aspect in the choice of the research areas is related with the GPS 
positioning method used, which allows to obtain the terrain coordinates, that in the case of 
IGeoE is RTK (Real Time Kinematic). However, to obtain the necessary results the distance 
between the Base and the Rover should be between 5 and 10 km, because there is a group of 
interferences that affect that base line and that can be due for instance to the ionosphere and 
troposphere errors, or to communications radio. 

In short: In the planning phase, when selecting the working area, it is necessary to establish a 
compromise between the distance between the Geodesic control points and the points to be 
coordinated (from 5 to 10 km), preferentially must be points that are well identified in the 
vector format file and on the terrain. Other requirement is related with the characteristics of the 
sample points. The selected points must be spread by all the area in a way that the sample can 
be representative and independent. Preferentially, and whenever possible, the Geodesic control 
points that were used to perform the aerotriangulation should not be the same that will be used 
for Positional Quality Control. 

Once the field data has been collected, the coordinates of the sample points are compared with 
the homologous point in vectorial information that was restituted, wich constitutes the 
geographical database of IGeoE for the elaboration of all its cartography. In this step we have 
two triplets of coordinates: one measured by GPS and other obtained in the dgn file. These are 
the data to be applied in the mathematical formulas seen in the previous number. 

4 Results 
The results of the several works of Positional Quality Control done in this Institute are 
presented in Table 3. This table presents a summary of the results obtained in several years and 
in different working areas: 

Table 3 Final results of the Positional Quality Control. 

Year Area 1:25000 sheets of the research areas CMAS (m) LMAS (m) 

2001 Leiria 326 – Caldas da Rainha 3,107 1,509 

2002 Santarém 351; 352; 353; 363; 364; 365 1,906 1,521 

2005 Almodôvar 570; 571; 572; 578; 579; 580; 586; 587; 588 1,819 2,180 

2006 Estremoz 383, 384, 397, 398, 411, 412, 425, 426, 439, 440 2,873 1,512 
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Comparing with the values in Table 1 and 2 we can verified that the positional quality of the 
vectorial information of the IGeoE cartography obtains the best classification.   

5 Conclusions 
Two objectives were achieved with the publication of this article: first is show to the users of 
our cartography what were the results obtained in the Positional Quality Control and at the 
same time to give to know the methodology used by this Institute. 

As it is verified the results obtained in the several working areas accomplish the criteria related 
in the STANAG. The values that were obtained are very inferior to the specified in this 
document, which indicates that the IGeoE Cartography obtains the best classification as 
definied in that document.   
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