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Abstract: A curved surface measurement method based on monocular vision system is proposed to
measure the curved surface of the special-shaped parts. First, the monochromatic vision system which is
composed of a tricolor LED ring structure light source and a three-color CCD color camera is used to
collect a single color image that contains the surface characteristics of the measured surface. Secondly,
the correlation of color distribution features of the images, the regular of gray level variation and
characteristics of adjacent regions are analyzed, and the segmentation method is designed to complete the
target surface segmentation. Then, the calculation equation of the measured surface height is derived
based on the image model of the monocular vision system and the related parameters of the material and
the experimental environment. Finally, the height of the measured points is reduced by solving the height
accumulation component between adjacent pixels. On this basis, the surface curvature measurement
model is established and the curved surface is measured. The surface curvature measurement experiments
respectively for 3D printing surface samples, screw thread and SIM card slot are carried out based on the

proposed method. Comparing with the laser triangulation measurement method results, it shows that the
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errors are all less than 3.6 % , the measurement accuracy is 0.000 1 rad, and the time length of measuring
is less than 0.6 s. The experimental results show that the proposed method has good adaptability for
measuring object edge, height abrupt change, height gradual change and other types of surface. It can
achieve high precision measurement and fast measurement speed.

Key words: Optical technology and instrument; Curvature measurement of curved surface; Monocular
vision; Visual measurement; 3D reconstruction
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Table 1 Radian measurement results of curved surface 3D printing samples

Sample 0 1 2 3 4
Monocular vision/rad  —1.,49X10 ° —1.36X10 * —2.14X10 " —3.74X10 "' —2.95X10 *
Actual curve/rad —1.44X107° —1.32X10°* —2.09X10* —3.71X10* —2.93X10*
Error rate 3.47% 2.94% 2.34% 0.80% 0.68%
Sample 5 6 7 8 9
Monocular vision/rad  —2.92X 10" 3.01xX10°" —2.24X107"  —1.85X10°" —1.47X10""
Actual curve/rad —2.88X107" 2.97x107" —2.21X107"  —1.84X10"" —1.46X10""
Error rate 1.37% 1.33% 1.34% 0.54% 0.68%
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Fig.11 Comparison of 3D reconstruction results and laser triangulation results of thread
2 BYIENELER
Table 2 Radian measurement results of screw threads
Sample 0 1 2 3 4
Monocular vision-1/rad 1.15Xx10°* 4.52X107" —3.34x10°" 5.96X10" 8.39X 10"
Triangulation/rad 1.11X10 ¢ 4.56X10" -3.39x10°* 5.91 10 * 8.44 X10*
Monocular vision-2/rad 1.14X107* 4.58X107" —3.31x107" 5.99X107* 8.44X107"
Error rate-1 3.60% —0.88% —1.50% 1.24% —0.59%
Error rate-2 2.70% 0.44% —2.36% 1.35% 0.00%
Sample 5 6 7 8 9
Monocular vision-1/rad 4.37X107" —1.41Xx107" 5.98X10°° 1.65X107" —6.52X10°
Triangulation/rad 4.40X 107" —1.39x107" 5.88X107° 1.69X107" -6.64X107°
Monocular vision-2/rad 4.33X10°* —1.43X10* 6.00X10 ° 1.70x10* —6.49X10°
Error rate-1 —0.60% 1.42% 1.70% —2.42% —1.84%
Error rate-2 —1.59% 2.88% 2.04% 0.60% —2.26%

SIM A #1720 52 B 22 R PR AR AL G435 D5 YRR oy T 4 72 8 g T Lk % 5 72 TR0y T Sy 42 5 oty T 9 88
0 v R R PRLAR 0 e A P BR AT 20 31 R AT EEAL L PR AT LR B . T X R R T ey 7 1) KR 3
S BN 2 Ay PRAS D5 ) Bk SIM R AE HEAT 3% s 55 BB SIM R A R B0 46 sl s BEE O = Gug)  Hor i
Mg oy AR © T Ay I 1) b AL ARAE . T 1) BNyt g dh sy J7 1 RN dh,  BIEUE 70
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Fig.12 Comparison of 3D reconstruction results and laser triangulation results of SIM card slot

#x3 SIMFENMEMNELER

Table 3 Radian measurement results of SIM card trough

Sample 0 1 2 3 4
Monocular vision/rad ~ 1.76 X 10 * 2.57Xx10" 3.27X10°" 4,.90X 10" 1.82x10*
Triangulation/rad 1.68x<10°* 2.51X10°* 3.20X10°" 4.84X107* 1.87x10°*
Error rate 3.57% 2.39% 2.19% 1.24% —2.67%
Sample 5 6 7 8 9
Monocular vision/rad  —3.21X107"  —4.,52X107" —4.97X10"" —6.40X10"" 0
Triangulation/rad —3.17X107" -4.50X 107" —4.91X107"  —6.21X10"" 0
Error rate 1.26% 0.44 % 1.22% 3.06% 0
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