












Normally the computation proceeds as follows: 

In the first stage the angles of exterior orientation of pic

tures are unknown. The coordinates of perspective center are 

either fixed or free unknowns depending on the situation. 

The adjustment will be repeated, until the orientation 

parameters don' t get any more significant improvement. The 

significance of improvements will be tested by t test and the 

decrease of standard error of unit weight by F test. Further

more, the correlations between the unknowns exceeding a certain 

limit are listed. 

In the next stage the main terms of interior orientation or the 

position of perspective center (principal point and camera 

constant) are added as unknowns. If the pictures of the camera 

in question are used for analogical measurement, the interior 

orientation thus obtained is final . The continuation is only 

the analyses of residual errors. In analytical measurement the 

interior orientation can be determined more completely. For 

the main terms of interior orientation the values can be deter

mined in connection with the determination of radial and tan

gential distortion. In Fig . 8 there is presented the block 

diagram of computation. 

Some results 

In the next some results are presented which have been obtained 

by the procedure described above. An example is the metric 

camera using a glass plate and the usual non-metric camera. 
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Fig . 8. Block diagram of the calibration procedure. 
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Non-metric camera 

Photo size 24 mm x 36 mm, nominal focal length 55 mm . Four 

orthogonal test photographs, fixed perspective centers. 

l. Determination of the principal point and camera constant 

dx = 0.100 ± 0.008 mm 

dy = -0.031 ± 0.012 mm s = 
0 

4.1 ]Jm 

c = 55.584 ± 0.001 mm 

Residual errors on one test photograph. 
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2. Determination of radial and decentering distortion 
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-1 

s ( rad) = 3 • 5 ]Jm 
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Metric camera 

Photo size 120 mm x 165 mm, nominal focal length 99 mm. 

Focussing distance 3.6 m (c = 102.05 mm) 

Six test photographs (3 stations, two rotated positions) 

Free outer orientation 

l. Outer orientation of test photographs 

so = 4. 6 lJm 

Residual errors on one test photograph 
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2. Determination of the principal point, camera constant and 

radial distortion 

dx = 0 . 009 ± 0.003 mm 

dy = 0.029 ± 0.003 mm s = 
0 

3.0 llm 

de = -0.016 ± 0.006 mm 

RADIAL DISTORTION 

dr (1-Jm) 
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Residual errors on one test photograph. 
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3 . Comments 

Due to the limited size of the test field there -were· no test 

targets on the borders of the oblique test photos . 

The coordinates of the perspective centers of test photographs 

were also measured geodetically . No systematic discrepancy 

between measured and calculated coordinates was found . The 

RMSE of discrepancies was 0 . 6 mm . 

Concluding remarks 

The calibration procedure described in this article has been 

introduced at Tampere University of Technology . The test field 

used now is too small for the calibration of cameras focussed 

on long distance. However , the procedure has proved to be fast 

and useful . 
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