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Abstract Camera calibration accuracy determines the precision of vision-based measurement. To address the issues of
limited inclination angle detection and low calibration accuracy, this paper proposes a binocular camera calibration method
for target images with large inclination angles. By clustering the geometric feature data of target marked points, the paper
designs a marked point extraction algorithm without prior threshold parameters to enhance the capability of detecting target
images with large inclination angles. Meanwhile, the paper uses local deformation matching of marked points to replace
direct detection according to the matching correlation between the ideal target plane images without inclination angles and
target images with inclination angles. In addition, in order to improve the detection accuracy of the real circle center, the
projection deviation is estimated by calculating the optimal local deformation parameter. Simulation and experimental
results demonstrate that the proposed calibration method is more sensitive in detecting inclination angles than the
traditional method. The calibration accuracy for the simulation images is improved by up to 82%, and that for
experimental calibration images is enhanced by up to 60%.
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Fig. 1 Ideal pinhole camera model
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Fig. 2 Ideal target image and inclination target image. (a) Ideal target image; (b) inclination target image
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Fig. 3 Projection error of circular marking points"”
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part 1: detect circles using clustering
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Fig. 4 Detection framework for large inclination targets
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Table 1 Parameter table of simulated target image
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Fig. 9 Simulation images of target inclination change. (al)-(a5) Target images with roll angles of 5°, 25, 40°, 55°, and 70",
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Circular detection results of target simulation images. (a) Mean reprojection error of simulated target image detected by three

methods with change of roll angle; (b) mean reprojection error of simulated target image detected by three methods with change

of pitch angle
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Fig. 11 Experimental calibration pictures of binocular camera
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Table 2 Experimental setup

Experiment Camera angle /(°)  Baseline /mm

Experiment 1 5.3 164
Experiment 2 15.1 323
Experiment 3 32.0 428
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Fig. 12 Reprojection errors of three calibration experiments. (a) Experiment 1; (b) experiment 2; (c) experiment 3
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Fig. 13 Undetected target images. (a) Experiment 1; (b) experiment 2; (¢) experiment 3

4.3 SHm5itie

AT 0 FE AR A J7 ik L R R TR B A R TR A
W LB A S — R R, ) — R &k
Peo XS kA A R R AR TR U R A
AR H FEAR AR R A o DR, X AR PG H R A
Z 00 B AL T RE S R A BLAh X T4 5 I 22 I I IE

HRAFNT B K PG A R IR JBE o A X AL A O T, AR
SO T — i SR 2 T E A S8 AR b SR SR I O vk T
PR AR A . AT 4. 1 0 B AR B RN A 4. 27
(S 56 B A P, LRI Bk 1 B e O vk i 0, 5 2 iy
TEIRRUE B A R 3K 4,

#*3 FELRGI

Table 3 Statistics of simulation results

Method

Error (mean+SD) /pixel

Max inclination angle /() Time consuming /(s* frame™")

0.08540. 045
0.05440. 058
0.015+0.008

Centroid extraction
Edge detection

Cluster matching (our)

45 (pitch) 0.8
50 (pitch) 1.1
=170 5.7

£4 SRpRES R

Table 4 Statistics of experimental calibration results

Method Experiment

Mean error /pixel Success rate /%

Experiment 1 0.090 70

Centroid extraction Experiment 2 0.092 70
Experiment 3 0.094 50

Experiment 1 0.059 70

Edge detection Experiment 2 0. 060 70
Experiment 3 0.060 50

Experiment 1 0.035 100

Cluster matching (our) Experiment 2 0.037 100
Experiment 3 0.038 90
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