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General Distortion Correction Model of Omnidirectional
Structured-Light Vision Measurement

Sun Junhua”, Liu Chang, Zhang Zhou

School of Instrumentation Science and Opto-Electronics Engineering, Beihang University, Beijing 100191, China

Abstract In the existing structured-light vision measurement systems, the camera and the projector are installed
inside a glass tube to cover the omnidirectional field of view, inevitably causing the refraction distortion. To address
the distortion mentioned above, the refraction on two cylindrical interfaces is analyzed and the distortion caused by
two non-coplanar refraction planes is investigated. A general distortion correction model of omnidirectional
structured-light vision measurement is established. An aluminum tube with an internal diameter of 288.50 mm is
measured by the omnidirectional structured-light vision measurement system and the internal diameter of this
aluminum tube is calculated based on the proposed general distortion correction model. The experimental results
indicate that the repeatability and precision reach 0.047 mm and 0.23 mm, respectively. The measurement system

is stable and reliable, and the proposed general distortion correction model of omnidirectional structured-light vision
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measurement is highly accurate.
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Fig. 1 Schematic of general distortion correction model of omnidirectional structured-light vision measurement
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Fig. 2 Two non-coplanar refraction planes. (a) Refraction at Q,; (b) refraction at Q,
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Fig. 3 Experimental devices. (a) Omnidirectional structural-light vision measurement system; (b) calibration devices
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Table 1 Parameter calibration results of camera model

Parameter Vision sensor camera Auxiliary camera
2401.9 0 1235.7 2372.3 0 1231
Intrinsic matrix A= 0 2401.8 1038.7 A, = 0 2372.7 1059.3
0 0 1 0 0 1
kyp=—0.12 k,=0.14 kya=—0.12 k,=0.14
Distortion coefficients i
ki;=3.1X10"" k,=1.2X107° kuy=3.5X10"" k,=—2.9X10""
0.9966 0.0226 —0.0785
Rotation matrix R,=| —0.0230 0.9997 —3.7X107°
0.0784  5.5X10°° 0.9969
Translation vector ,=[82.9265 —10.1160 39.0446 "
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Fig. 4 Image of calibration board. (a) Captured by vision sensor camera; (b) captured by auxiliary one
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Table 2 Parameter calibration results of distortion correction mode

Parameter of distortion correction model

Initial value Optimal value

Direction of glass tube axis
One point on glass tube axis
Radius of cylinder formed by inner surface /mm

Radius of cylinder formed by outer surface /mm

wis=L0 0 177 Foi=10.1748 0.9782 0.1117]"
M=[0 0o 1]* M=[—0.0485 7.8X10°°% 1]"
d =30 d=129.9257
D=32 D=31.7866
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Table 3 Results of repeatability measurement mm

Measurement number 1 2 3

B 6 7 8 9 10

Measurement value

288.210 288.271 288.257 288.200 288.269 288.339 288.324 288.230 288.305 288.288

Average value

Standard deviation

288.270

0.047
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Fig. 5 Measurement device for internal diameter of aluminum tube

distorted image points

corrected image points

& 6 EIHMET T ERSEAR
Fig. 6 Light stripe points on image plane
FFAS BRI ARBIL 1) 22 2% o7 A1 7 ) 5 368 FH T S B H
SO A5 R WY, B D A5 A BR A5 A ARORE IE 3% B A
A HET R R R G A R A AR S Y W AR AL IE
FEE TR R A (B A T 2 T 7 1 o {E0F T A R R 3 T
B AT 5 e AR L A RIS 4R A B RS REHE T (.

4 4k 7

P T — b4 5 A AL Ol L i 0 e e R A O
W 7L 8 T A Y 3
FHF WA S5 T A9 4 555 1 T 5l B 1 5 A 0 v 1 20K

PR fiff TR 1 T S50 A P i 2 TR

0215003-5



g3

i

@ distorted 3D points
® corrected 3D points
636.5
635.5
g 6345
£ 6335
w
632.5
631.5 6
B 0 100 -100 0 100
& /mm y /mm
B 7 =dezs oot 4
Fig. 7 Light stripe points in 3D space
4 SLHIAEEE R
Table 4 Experimental measurement results mm
Picture number 1 2 3 6 7 8 9 10
Measurement value 288.20  288.28  288.34  288.24  288.31 288.21  288.29  288.33  288.25  288.27
Absolute error 0.30 0.22 0.16 0.26 0.19 0.29 0.21 0.17 0.25 0.23
Root mean square error 0.23
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