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Abstract 
We propose an alternative way to analyze the planimetric error with a special application to 
quality control of geometric corrections of satellite images. Our proposal is performed in three 
stages: a) the capture of check lines by kinematic GPS procedures, b) the calculation of 
disagreement between GPS check lines and the corresponding lineal structures (ways) 
extracted from images, and c) the analysis of error by means of circular statistics.  
The GPS kinematic allows to obtain quickly hundreds of check points above the ways. The 
automatic reconnaissance and extraction of these ways allow to calculate the error vectors 
due to defective overlapping between GPS data and image. A vector represents the deviation 
between the GPS data (true position) and the corresponding point over the image. Each vector 
is defined by means of its modulus and azimuth. The last step allows to check the magnitude, 
homogeneity and isotropy of errors. 
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1 Introduction 
The most common procedure to analyze the spatial planimetric error of remotely sensed data, 
such a geometrically corrected image, uses a set of check points and methods that provide 
statistics as the root mean square error, RMSE. Despite the planimetric analysis involves two 
dimensional errors, the X and Y components usually are analyzed as independent variables. 
Sometimes, an integral analysis is performed by means of bivariate Gaussian distributions. 
However, these analyses only provide very limited information and the statistical assumptions 
are often inadequate due to data nature. 

We propose the use of circular statistics due to vectorial nature of the spatial error. The 
statistics allow to perform analysis that check the magnitude, homogeneity and isotropy of 
spatial errors. A main problem to perform the analysis is the amount of data necessary for to 
obtain statistics with a reasonable reliability (Li 1991). Some work has been carried out about 
the minimum sample size in cartography for scalar variables but not for circular data. We use 
kinematic GPS methods to collect three thousand check points. We have implemented the 
circular statistic methods by means of a spreadsheet. 
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2 Data  

2.1 SPOT images 
We have used a pair of stereoscopic SPOT-HRV images over the study zone, a mountainous 
area in SE Spain (Granada). Due to stereoscopic nature of the images we have generated a 
digital elevation model (DEM) that allows to construct a true orthoimage of the study zone. 
We have corrected the same images by means of the more conventional two degree 
polynomial transform method with the objective of to compare the geometric accuracy of both 
methods. To perform these corrections a lot of control and check points have been captured. 

2.2 Check lines and control points  
Kinematic GPS methods have been used to capture a set of 2987 check points with accuracy 
better than 0.5 m (KGPS). The field sessions include a set of static differential GPS (DGPS) 
measures of twenty control points with accuracy better than 0.1 m. KGPS points were obtained 
from GPS measurement on a vehicle over rural tracks. We will talk about these points like 
“check lines”. Figure 1 shows the check lines on the SPOT image. 

 

 
Figure 1 Check lines (2987 points) in the study zone on the image.  

3 Methods  

3.1 Geometric correction 
The geometric correction has been performed using the control points in a conventional 2nd 
degree polynomial transformation. We emphasize that the main objective is not to obtain an 
exact result but only an approximate correction. Prior work (Cuartero and Felicísimo 2003) 
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demonstrates that the orthorrectification (working with a DEM) is a much better way for exact 
results.  

3.2 Spatial analysis 
We have used a geographical information system (GIS) to perform the spatial analysis in three 
steps: 

• Pattern recognition. We intend to apply some automatic methods on the SPOT image 
for the extraction of the tracks without manual operations. Nevertheless the tried 
algorithms did not give good results and the manual intervention was needed. We 
digitalize on the screen by means of conventional GIS tools.  

• KGPS to track distance estimation. We calculate the minimum distance between 
each KGPS point and the nearest track point. The procedure provides the XYZ GPS 
point coordinates and the XY coordinates of the track point. These coordinates allow 
to calculate the GPS-to-image displacement vector (modulus and azimuth) for all the 
2987 KGPS points.  

3.3 Statistical analysis 
The statistical procedure includes the basic statistic calculations and the main tests for circular 
distributions. In brief, we calculate: 

• Mean vector length and direction (or azimuth) 
• Circular variance and deviation  
• Von Mises concentration parameter κ 
• Rayleigh uniformity test 
• Rao´s  spacing uniformity test 
• Kuiper test (for Von Mises distribution) 

Both the main statistics and distribution tests are known (Batchelet 1981, Fisher 1993, Mardia 
1972) and we think that is not appropriate to replicate the basic formulae here.  

4 Results  
Cuartero and Felicísimo (2003) analyze the RMSE conventional values for geometric 
correction. The image used here has been corrected by means of a 2nd degree polynomial 
function with RMSE = 19.6 m based in the fit of twenty control points. Next paragraphs show 
the results obtained from the 2987 check points included in KGPS lines.  

4.1 About the error vector length 
The basic statistics of the length of the error vectors (no azimuth considered) are: 

• Mean length = 18.1 m  
• Standard deviation = 16.7 m  
• Min./Max values = 0.1/128.3 m 
• Sample size (count) = 2987 
• Lower percentile (2.5%) = 1.7 m 
• Upper percentile (97.5%) = 62.5 m 

Figure 2 shows the frequency distribution of the length of error vectors. We can observe a non 
-Gaussian distribution (Kolmogorov-Smirnov and Shapiro-Wilk test with P<0.0001). Values 
can be associated to a log-normal distribution with σ = 0.9. The threshold for atypical values is 
about 60 m.  
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Figure 2 Frequency distribution of the length of error vectors. 

4.2 About the error vector direction  
The basic circular statistics for the vector directions are: 

• Mean direction = 40.8º  
• Confidence interval (95%) = 32.3-49.3º 
• Median direction = 43.1º 
• Von Mises κ concentration = 0.345 
• Uniformity tests 
• Rayleigh test, z = 86.2 (P < 0.0001) 
• Rao test, U = 146.8 (P < 0.0001) 
• Watson test, U2 = 4.8 (P < 0.005) 
• Kuiper test, V = 6.55 (P < 0.01) 
• Von Mises distribution 
• Watson test, U2 = 0.45 (P < 0.005) 
• Kuipert test, V = 2.37 (P < 0.01) 

We conclude that the error directions are not uniform (neither a Von Mises distribution).  
Figure 3 shows the circular frequency data. We observe a great dispersion but the frequencies 
of vectors to SW are minor that vectors to NE (mean global direction). This is a result that 
implies an anisotropic error pattern that remains undetectable by means of conventional RMSE 
statistics. 

4.3 About the blunders 
The non-uniformity of circular distribution suggests that the error magnitude is not spatially 
independent. This is a not surprising result but only with a great sample size we can to analyze 
the data with a reasonable reliability. Generally, blunders or atypical values can be searched 
for both length and angular values. However, in our case only linear data can be analyzed. The 
distribution of direction values, although not-uniform, includes all the possible values and to 
search anomalous values is a non sense task.  
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Figure 3 Circular frequency distribution of the error vector directions. Lines represents the mean direction 

(40.8º) and confidence interval (95%). 

Figure 4 shows two lines where the error is bigger than 60 m. The geometric correction of this 
area is, obviously, poor, but the standard RMSE statistic of goodness of fit based only in 
control points are useless for detecting this.  

 

 
Figure 4 White points are KGPS “true” data. Red and yellow points represents the tracks on the image: red 

points with error smaller than 60 m and yellow points with error equal or greather than 60 m. 
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5 Conclusions 
The spatial error has a vectorial nature, so a proper analysis demands using circular statistical 
methods. We must use hundreds of check points to achieve a complete analysis and also the 
points must be distributed over the whole of the study area. The conventional RMSE fit value 
is insufficient for providing a complete information about the spatial error distribution.  
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