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Abstract: Laser vision is a widely used measurement method in industrial detection, and its calibration
is the key in developing visual sensing systems. Thus, a new calibration method of the structured
light vision system was proposed. Zhang's calibration method was introduced to accomplish camera
calibration. Then, the feature of the laser stripe on the calibration board was extracted, and the cali-
bration of the structured light plane was carried out after processing, based on the collinear condition
of three planes. Meanwhile, the standard size was tested to verify the accuracy of the calibration re-
sult. Based on this system, an experimental platform for vibration measurement and control of the
flexible arm was constructed. The vibration of the flexible arm was measured by this system, and a
nonlinear PD controller was designed to suppress the vibration. The experimental results demonstrate
that the 3D measurement precision of the proposed calibration method can reach 0.1 mm; thus, this

can be successfully applied to measure the vibration of the flexible arm, and the designed controller
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can also suppress this vibration in a short time. Finally, the effectiveness of the calibration method

and vibration suppression is verified.

Key words: laser vision; system calibration; vibration measurement and control; nonlinear control
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Effect diagram of calibration image processing
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9 (492.7,322.5) (509. 2,407. 4) (542.2,571.2) (588.2,805. 2) (646.0,1 095, 8)

10 (641.2,245. 1) (661.1,316. 1 (699.9,451.6) (753. 6,642, 2) (818.8,873.9)
®3I ZBRKENELR ZTJELE 0. 04 mm LLIN, R & BAF BRI E
Tab. 3 Measurement results of segment length B A T R R 22 I 2 A B K R i B A T ke
(mm) e R ELARAE 0. 06 mm L P L 350 B4 6 R B A
No. Ly L, Ly Ly Ls P . 2 R B R N BRI AR R BE A BR 29
1 24,962 49.971 75.019 100.022 249,972 0.16 pixel™ SR 5 A IE B 2 4 500 mm, T &
2 25.020 49.959 75.004 99.923 249.906 FOF 13 #4925 ) 53 B 3 O 0. 16 X500/ f,=0. 029 7

, BV 3¢ B S L & 4 ik

3 25.011 50.014 74.986 99.956 249.965 i ﬁt? DLE‘LJE/”)“y'g LﬁFL¢E%%E
BER BT e 2k 21 A0 0 RS BE AR RR . 6 BRI B 3 T
4 25.007 49.947 74,984 100.029 249,961 . e e . o N
MR 25, a] LI Ay #8 4 1) 2R 45 /) S 68 R S i) =
5 25,022 49.964 75.034 99.994 250.010 A AT 1K 0. 1 mm., FEA T R G0 G
6 24,959  49.997 74.969 100.001 249.920 M EREEHR ., I B X FREERSR U, &K
= 2 (1 XA o 2 VR R Y 4 3
7 25.011 50.051 74.982 99.991 250,032 JRBNRAE L 20 mm 2, BT X AL 19 4k 2
MEELWHREERT , Hik58 0.1 mm IR3NIFE

8 24.991 50.003 75.006 99.953 249.939 - . B
B B, R MERE RO IR B AR B & A3 T IR 3h

24. 979 74, 100. 249,911 . 2 3yt L

Do PLURYAROTD L 836 100 009 2409 ELAAR RN T . R B LR
10 24.956 49.998 75.038 100.064 250.055 J5 25 T A TT RE 4 4 J 5% T O 25 40 390 28 i A AL S 45

AVG  24.992 849.988 374.995 899.994 2249. 967 1

RMSE 0.0256 0.0308 0.0310 0.0413 0.0514

Hi 3 AR ) Bk 45 2R RIAR Bk B R LU 268 X 1%
ZEFEARHRTE 0.1 mm LA, P ¥ {H 5 b5 AR H A9 1%

i 2R
4.3 FHBRI;GNI=H

PRAFFARI R AL SC PR R S IR & AR e AR
S5 3.2 B A 5 0 SRR Y e R Bl 62 F%
AR o AR Sl G I 45 SR X T R 3% (PSD) il £ 4
K 8 s
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Fig. 8 Flexible arm with free vibration
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Fig. 9 Normal PD vibration control
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Fig. 10 Nonlinear PD vibration control
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