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Abstract: To address the challenges of manufacturing, portability, and deformation associated with tradi-
tional large-scale calibration targets in large field-of-view (FOV) measurements, a cross-shaped calibra-
tion target based on cross-ratio invariance and its recognition method was proposed. First, a cross-struc-
tured target was designed by vertically connecting two equal-length rulers. The target featured four arms

of equal length, with circular uncoded markers arranged along each arm such that the cross-ratio among
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any four adjacent points remained constant at 4/3. The main structure was made of aluminum alloy or car-
bon fiber composite material, ensuring both lightweight and high strength. Second, a marker encoding
rule was developed based on the principle of cross-ratio invariance, and a recognition algorithm was de-
signed to enable automatic detection and decoding of target points in calibration images. Finally, a physi-
cal prototype of the target was fabricated and tested. Experimental results demonstrate that the proposed
target can be accurately recognized even at a large tilt angle of up to 80°, and its simple structure makes it
easy to manufacture, assemble, disassemble, and carry, making it well-suited for rapid calibration of wide
FOYV cameras in complex industrial environments.
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Fig. 1 Tllustration of the cross-ratio invariance principle
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structure
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Fig. 9 1D assignment for target points.
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Fig. 10 Image of the fabricated cross-shaped target
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Fig. 11 Experimental setup
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Fig. 12 Target point recognition results at 0° tilt angle
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Fig. 13 Target point recognition results at about 40° tilt

angle
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Fig. 14 Target point recognition results at about 80° tilt

angle
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(b) Recognition results for the target image captured by the right
camera
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Fig. 15 Recognition results of cross-shaped target images captured indoors



% 18 1]

S A, AR TS LR AR R B R b R AR B RO 7 ik 2925

RII T AN ERZEIN S5 25
REU] W HMPLERRZIRZE(CN 0. 017 pixels, 7€

A A i A L DN A TR R 1 — PRI T
ARTCAR H B HE R B HARU D5 VR AT R

x1 ENRERNEBANGESSR

Tab.1 Results of indoor stereo-camera calibration

ZH ZEARHL AL
FEIE f/pixel 4 673.698 4682.842

F 45 (20, 9,) /pixel

(—70.808,—10.56)

(—66.603,26.871)

A foi) W 722 TR - A, —5.912e—9 —5.788e—9
1 1) W 75 [R5 e, 5.020e—16 3.336e—16
78 1o Wy A5 R - e, —5.673e—23 1.018e—23
V) 1 W A5 R EL P, —2.883e—8 —1.652¢—7
Y1 1) Wi A2 R A P, 1.122e—7 1.148e—7
T T W 75 3R b, 5.028e—5 —1.828c—4
GV WG 7 2R b, —2.808c—4 —1.007e—4
0.954  0.012  —0.299
JHE G KA R —0.010  0.999  0.007
0.300 —0.003 0.953
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Fig. 16 Experimental setup for outdoor stereo camera

calibration
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(a) ZEMHPLR SEAVEEIRIEN 4 (PGS0l NS SR RS
(a) Recognition results for the target image captured by the left (b) Recognition results for the target image captured by the right
camera camera
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Fig. 17 Recognition results of cross-shaped target images captured outdoors
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Tab. 2 Results of outdoor stereo-camera calibration
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ERAEG T [—29347.845 —191.363 —4348.558]"

Y 1R 2 /pixel 0. 064
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