%44 H5H o A # Vol. 44,No. 5
2022 4F 10 H OPTICAL INSTRUMENTS October, 2022

XEHS: 1005-5630(2022)05-0053-08 DOI: 10.3969/j.issn.1005-5630.2022.005.007

J T FPGA BEHSAL PR N B it Al £ 52

WRAE, KR, EEE, BRI, ZIERT, MHK
(LGP TR CHA G B S5 TR, LI 200093)

WE: o THAREANRETRE PO ETRRE, MEAEZZHRBE M, LTINS
&8 HIFIE LR A — AL RAH . AN Z BOR L N B b kAL 09 )T B AR AR, R T —
Fr A T I T 4 A2 3% 45 1145 7 (field programmable gate array, FPGA ) B4%4L 22 49 M FL4TIF 5
K] R4 FEA R A OV5640 45 A4 B R & B4 B AR S BAR BB ST R4, B
Verilog HDL A2 444414 15 2 AT AR A2, LI S| Fe Bt P 3 ik 6 3503t AR X 45
RARW, %R KA REIT S AATFANIT LR s, REF 6T ELAFRKIRE D
T 0.1 mm, ARAFEZ, FEEE, BAZERER,

KGR THAEFZEHEITES (FPGA); B, JF &40
hESEE: TP391 XEEREM: A

An endoscope welding spot detection system based on
FPGA image processing
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(School of Optical-Electrical and Computer Engineering, University of
Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Electronic endoscope is an important equipment in the modern medical instruments.
With the increase of production, automatic welding of endoscope signal line has become an
inevitable trend. A field programmable gate array (FPGA) image processing system for welding
spot detection of endoscope lens module was designed to accurately and efficiently capture the
welding spot coordinates of endoscope lens module. In the whole system, OV5640 is used as the
image acquisition device to collect the image data of the target board. Image processing is carried
out by Verilog HDL hardware description language for welding spot detection and defect
discrimination algorithm. The hardware test results show that the system can collect the coordinates
of solder joints in real time and detect the defects between solder joints. The maximum error of the
collected coordinates is less than 0.lmm. the detection accuracy is high, and the real-time

performance is high. The system has a wide application prospect.
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Fig. 4 Structure of pixel coordinate system
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Fig. 6 Flow chart of welding point coordinate acquisition
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Tab.1 Comparision between the detected coordinates and the actual coordinates

FEA S 152 A b7 /pixel SEBR AR AR/ mm T AR AR /mm XA FRE% 25 /mm YAEARER 22/ mm Y& S AR AR 25/mm

1 (621,355) (6.660,3.794) (6.713,3.838) 0.053 0.044 0.069
2 (620,294) (6.691,3.189) (6.702,3.178) 0.011 0.011 0.016
3 (590,328) (6.367,3.502) (6.378,3.546) 0.011 0.044 0.045
4 (645,321) (6.951,3.438) (6.972,3.470) 0.021 0.032 0.038
5 (647,408) (6.951,4.378) (6.994,4.410) 0.043 0.032 0.054
6 (648,346) (6.983,3.762) (7.005,3.740) 0.022 0.022 0.031
7 (618,381) (6.681,4.086) (6.681,4.119) 0.000 0.033 0.033
8 (675,370) (7.254,4.021) (7.297,4.000) 0.043 0.021 0.048
9 (635,343) (6.854,3.675) (6.864,3.704) 0.010 0.029 0.030
10 (644,278) (6.929,3.059) (6.962,3.005) 0.033 0.054 0.063
11 (609,310) (6.593,3.329) (6.583,3.349) 0.010 0.020 0.022
12 (670,309) (7.243,3.329) (7.243,3.340) 0.000 0.011 0.011
13 (636,355) (6.843,3.838) (6.875,3.838) 0.032 0.000 0.032
14 (655,298) (7.059,3.254) (7.081,3.221) 0.022 0.033 0.040
15 (618,324) (6.648,3.492) (6.681,3.502) 0.033 0.010 0.035
16 (676,333) (7.254,3.611) (7.263,3.603) 0.009 0.008 0.012
17 (681,315) (7.351,3.373) (7.362,3.405) 0.011 0.032 0.034
18 (643,274) (6.918,2.994) (6.944,2.971) 0.026 0.023 0.035
19 (640,314) (6.940,3.384) (6.922,3.394) 0.018 0.010 0.020
20 (684,277) (7.351,2.994) (7.384,2.994) 0.033 0.000 0.033
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Tab. 2 Analysis of experimental results of welding spot detection

AR 3T B HJ{E/mm & KAE/mm %/ ME/mm %2 /mm REAEY
TR X A bR AR 2 0.022 0.053 0 0.053 20
T L VR AR bR AR 2 0.021 0.054 0 0.054 20

J AR ARER 22 0.035 0.069 0.011 0.058 20
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