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Abstract

In traditional production methods, the mixing of chassis materials and the absence of studs mainly
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rely on manual visual inspection, which has problems of low accuracy and high production costs.
This can lead to incorrect products flowing into the welding process and causing batch scrapping.
Meanwhile, robot welding relies on preset trajectories, but the orientation deviation of incoming
materials from the chassis is widespread, far exceeding the precision tolerance of laser welding,
resulting in process defects such as welding deviation. This paper designs a set of intelligent position-
ing and recognition systems based on machine vision and applies it to the field of laser welding of
chassis. At Workstation One, through character recognition, caliper tools and the standard devia-
tion algorithm of gray values, the identification of mixed materials in the chassis of the product line
and the identification of whether there are target studs or not have been achieved. Station Two has
achieved vision-guided laser welding through a shape template matching algorithm. After extensive
experimental tests, the accuracy of both mixed material identification and stud presence identifica-
tion has reached over 99.5%, and the positioning error of vision-guided laser welding is approxi-
mately +0.1 mm, meeting the actual production requirements on site. This system is easy to operate
and highly accurate. It has strong stability, which greatly improves the on-site production efficiency
and provides strong technical support for the high-quality development of the laser welding field.
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Figure 1. Structure diagram of the positioning and identification system
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Figure 2. Workflow diagram of the positioning and identification system
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Figure 3. Zhang Zhengyou’s calibration process diagram based on OpenCV
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Figure 4. Calibration plate image
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Table 1. Nine-point calibration data

=1L RRERIRE
P B R AHR u BERAIR v Bl NAEAR x Blds NAsHR y
1 2392.81 727.84 1222.16 143.09
2 2391.30 1801.91 1268.45 143.09
3 2388.83 2462.99 1296.96 143.09
4 2022.41 2089.95 1280.74 127.27
5 2025.96 1415.65 1251.74 127.27
6 2028.83 865.88 1227.91 127.27
7 1282.39 868.79 1227.91 94.82
8 1279.02 1644.01 1261.26 94.82
9 1270.79 2472.77 1296.96 94.82
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Figure 5. Character recognition flowchart
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Figure 6. Character recognition result image
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Figure 7. Step diagram of circle fitting
7. B ETERE

BERRLTAMAXSEE, SHAEEMRCE T LA —, PLC KHMIRES, KRG nT DIER R
AIFAERE DL, A RIEWE 8 Fros.
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Figure 11. Image pyramid search flowchart
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{EN

Figure 13. Workstation 2 floor plan
13. T seithfE

Table 2. Product mixture identification at workstation one

2. TH—F= R RbR A

P IR=RY¢: ¢ IRENEREIE ¢ RS
A+U 1000 1000 100%
A+V 1000 1000 100%
C+T 1000 998 99.8%
C+W 1000 999 99.9%
D+T 1000 1000 100%
D+W 1000 1000 100%

Table 3. Identification results of the target stud at workstation one

3. TH—BEEFIRRIER

P S VIEFER/€ IR NEREIE G HY 2R
H HFRIE A= 1000 996 99.6%
Tc H R R A= 1000 1000 100%

X AL RIALSE 51 SO RE, NRAEILE E A R SR SERIAS L, BEAT 1 1000 YRALHE 51 3 HOEAF
SN o R GUE AR VLRI H ARRFIE IR R AR, FFZR R e 05 15 BN N ARAR 2T 7€ (L 2445 o
AR T HARARERMER 10 HINKSER, OB RGUEM AR, SKPREASRULLAE X MY J51 L
MIRZEE . MGETTEE R AL, IRZEMEX0.1 mm ity, FFEBIASKEbrBOCR RN BRI ZR, & 5 R
T HEAAGENE 10 HIKRE AR Z ST a R K 14 o TN IRZ IR .
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Table 4. Positioning coordinate results of visual guidance laser welding at workstation two

4. TR MRS SRR E ML FRE R

5 SEFRRASFR(X, Y) (mm) EALABFR(X, Y) (mm) EALRZE(AX, AY) (mm)
1 (1225.24, 92.25) (1225.11, 92.14) (—0.13,-0.11)
2 (1296.93, 124.19) (1297.06, 124.06) (+0.13,-0.13)
3 (1240.44, 143.09) (1240.33, 143.24) (-0.11, +0.15)
4 (1268.47, 143.02) (1268.62, 142.88) (+0.15,-0.14)
5 (1279.04, 94.81) (1278.93, 94.93) (-0.11,+0.12)
6 (1280.75, 127.01) (1280.87, 126.88) (+0.12,-0.13)
7 (1251.76, 146.68) (1251.64, 146.55) (—0.12,-0.13)
8 (1296.93, 144.09) (1297.09, 144.21) (+0.16, +0.12)
9 (1261.29, 97.78) (1261.17, 97.67) (-0.12,-0.11)
10 (1222.17, 149.33) (1222.05, 149.45) (-0.12, +0.12)
Table 5. Statistical results of positioning errors
F# 5. ENRESFIUER
Giiliebs X 77 [ (mm) Y 77 [](mm)
HARTY)R -0.015 -0.024
YRRz 0.1279 0.1266
i 0.1271 0.1243
0.2
0.15

0

[N

o

-0.0

(93]

-0.

[N

-0.15

-0.2

S
IBIRI R

mXHTE WY

Figure 14. Histogram of positioning errors
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FETFEWRIRT, ASCHR M IF L T — Rt R AL s IHE S o B0 AL — BV BRI 5 SR A
TWRANES, QLEMERE T FfFRn. BT RRITARRER R EREE =M. ZME2ER
RS, TR TR E R TR T RIRYE, A AR R A T SR IR AR, S
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AR BOAR AR . %L E MR b, AHT TS 1 — B 1 i R 2% ' 5 Sk BRI s EEAL o R
fr75 % JEI RS LE AT, RFE T ORI AR S BILRCE, TR TR AR UL RC A
SEN e FEBLFERE B, BEXAE R EOR, QUSRS IE T TRV IX IR E . KRS T
HUAH BRI R DR S AT AL TH ARG, M T — B 2 S U R RN L . SEIREs RRN, %05
FAECRFF R AR L IR, B2 32T 1 IS5, i /2 1 O HO SEi 51 3 (K22 D M 3 755K
TR RO LG E LR it T R BRI . REIRINIZE, AW TCHRE S e R A 1) 52 5
P EAFE— R RIR, AR TARRBUL T8 3% 0SS B & 3R R, MHIIE AT Hm #4752 B gt
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