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Camera calibration method for close range large field of view

camera based on compound target

Liu Wei, Li Xiao, Ma Xin, Jia Zhenyuan, Chen Ling, Liu Weixiao
(College of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: A compound target for camera calibration in wind tunnels is developed, solving problems of
low precision and high costs caused by a large field of view, small object distance and severe distortions
of optical images. Moreover, a camera calibration method for close range photogrammetry system based
on different constraints in different regions was presented in this paper. The 1-D calibration frame and 2-
D planar in the compound target were utilized to divide the field-of-view into two regions. Based on
distinguished constraints offered by the two calibration references, camera intrinsic, extrinsic and distortion
parameters for the two regions were calculated respectively. Then the 3-D coordinates of targets can be
reestablished with high precision according to the image region where interesting features lie in. In the
end, accuracy contrast test and verification test with respect to the proposed calibration method had been
conducted. The results show that the root mean square calibration error of inner region is 0.165 and the
root mean square calibration error of exterior region is 0.276, verifying that this method is simple,
effective and of high accuracy, meeting the precision requirements.
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Fig.2 Schematic diagram of the camera distortion
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Fig.1 Schematic diagram of the pinhole camera model
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Fig.3 Compound target
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(a)Target image captured by the left camera
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Fig.4 Apparatus for camera calibration
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(b)Target image captured by the right camera
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Fig.5 Target images captured by the stereo cameras
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Tab.1 Camera calibration results for different regions

Region of the target Intrinsic matrix Pose matrix between two cameras Distortion coefficient RMS/mm
858.013 7 0 520.379 2 -0.0071 0.9985 —0.0550
k =—0.083 5,k=0.053 6
Left 0 858.1906 504.5432 | R=| 0.9998 0.0080 0.017 3
el camera 21 =0.000 5, p,=—0.000 4
0 0 1 0.0177 —-0.0549 -0.9983
Inner
. 0.165
regton 873.0285 0 521.3530 -69.936 2
k =—0.083 1,k=0.060 4
Right camera 0 873.3631 503.4587 T=|-135.2279 ' o
p1=0.001 5, p,=—0.001 1
0 0 1 813.255 1
851.0324 0 521.627 3 -0.0043 0.8592 -0.1321
k =—0.062 4, k=0.068 7
Lefi ( 1.4231 503.4334 | R=| 0.8562 0.012 ).356 2
eft camera 0 85 3 503.433 0.856 0.0127  0.356 2, =0.000 7. py=—0.000 6
Outside 0 0 1 0.0328 -0.1597 -0.6349
, 0.276
regton 840.012 4 0 517.3246 ~19.632 6
. k =—0.056 8,k=0.043 9
Right 0 840.1725 508.324 1 T=|-19.6159
1t camera p1=0.008 7,p,=—0.001 5
0 0 1 921.342 2
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Tab.2 Re-projection error results based on

different calibration references

I ion Outsid i
Calibration target/method fimer region Lutside region

RMS/mm RMS/mm
Compound target 0.165 0.276
Planer target(Zhang's method") 0.259 —
One-di . .
ne 1m,en510nal object o 0.421
(Zhang's method!™")
One-di ional object
ne-dimensional objec - 0.349

(Kalpoe D's method'")
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Fig.6 Invar gauges with different length dimensions
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Tab.3 Length measurement error of the two invar

gauges
Length of the  Positon of the Measurement Measurement Standard
invar gauges/mm invar gauges resultsmm  errors/mm deviation
1 175.231 4 0.216 0.172
2 175.122 4 0.107
3 175.266 4 0.251
175.015 4
4 175.211 4 0.196
5 174.903 4 —-0.112
6 174.814 4 —-0.201
1 1 050.242 2 0.225 0.258
2 1 050.251 2 0.234
3 1 049.680 2 -0.337
1 050.017 2
4 1 049.712 2 -0.305
5 1 050.193 2 0.176
6 1 050.278 2 0.261
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