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

XEHS: 1005-5630(2022)05-0042-11 DOI: 10.3969/j.issn.1005-5630.2022.005.006

PCB 'J:E';m&db\% J‘ NIJ IJ

XAk, TRRAR
E TR L R R SITENL TR, [ 200093)

?fﬁm’_ KR A B R BARAE B ST AT MR SARAANIIT EAL, XT3 22— Al
LBMHR, P BB CER AN ERERENT AL SZHEFE TR, AT
éﬁ“?‘lii?u L&A IR A T KA R AL ﬂﬁ%‘;&%‘ Be AR SRR BB A IR0 AR
T, AR ERRFETREPHRERELIR, AL E2E A BT E2RMNELEES LM
VSl7+OpenCV BRARLE A0 Ty ik R B AL B x%ﬁfm% B A 6 0% S A s R SR AT IR A
VISR B Fn S 25 5 Sk 09 R & BOUAT A ARAE A o4 st %, TG Bl it & A S 42047 ik B
%éiﬁﬁiﬁiéFzz, B4 R & BB BTy X fext b B4R A EE;LﬁXﬁf'Sﬂb SRSk Sk v o it
B RPT ZIE EBG A I R AR AR R £ <0.1 mm, FILERAN: AL R AR
(PCB) Y& B BG5Sk 0 R A R AR A SR AR B RS &5 Sk P PR B B o B R AR
1 ZHBEIEHN, AXFEOPRAEEREZH TR EALFGEEZEEAN,

X§#iF: HSV & =M ; RGBBid 4 & ; WAAS 2 ; #i@RHHT; AN
fESES: TP391 XEFREM: A

Recognition of PCB solder joints and core wire ends

LIU Hanlin, ZHANG Rongfu
(School of Optical-Electrical and Computer Engineering, University of Shanghai for
Science and Technology, Shanghai 200093, China )

Abstract: Intelligent miniaturized medical devices have attracted more and more attention in the
medical industry. These products are mainly composed of some micro electronic components, in
which the point line connection structure of the device core chip needs to be completed by high-
precision welding. Therefore, the higher recognition accuracy of solder joint and welded core wire
is required. Whether they can be accurate and effective identification directly affects the final
quality of welding. In order to complete the recognition of solder joint and core wire in the welding
process with high quality, this study mainly uses the method of electronic microscope instrument
combined with host computer VS17 + OpenCV to complete the image processing, and recognizes

the solder joint and core wire end of the collected image. The color and geometric features of solder
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joint and core wire end are taken as the analysis object. After preprocessing, the region of interest is

highlighted through their respective feature analysis. The segmentation process of solder joint and

core wire end is completed through specific color threshold selection method and contrast

enhancement algorithm. The recognition accuracy error of measured solder joint and core wire end

is required within 0.1 mm. The experimental results show that the proposed identification algorithm

of printed circuit board (PCB) solder joint and core wire end can effectively identify the position of

solder joint and core wire end in the image and display its pixel coordinate value. After data sorting

and analysis, the identification accuracy error of this algorithm is controlled within the tolerable

range.

Keywords: HSV color space; RGB channel separation; threshold segmentation; connected

domain analysis; contour detection
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Fig. 1 Images of original solder joint and filtering effect
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Fig. 2 Images of original core wire end and filtering effect
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Fig. 4 HSV image of ROI single solder joint

B RHIE . Ir AARSC 5L F OpenCV [ HSV
PR R LA HSV Ba S 5000 32 50 iU 55 2k
538 K AR

[ REXTO  diig Sk AT HSV 25 0] A e e, 4%
AN 5 iR . RIGZERATEN, HSV T4
ik B BAXHEZ TR R AR5 X 4, 1E
ORI LT B ORI T AT LS R,
BELHARYE HSV B S50 317 B 53 HIv] g
23 B Zedi S KUAELERR A R B O, 45 )5
SEPIH R AE

5 ROI&%imk HSV B
Fig. 5 HSV image of ROI core wire end

1T HSV 23 6] T BB 3B x2Sk
HMERERIR, DA AT AR AR A X B Sk A T
Ot MBBCRE S E SRR, HARE 5t
S R AFE S 1 s Z I B 0 B 2
ZE5EHEOR, PrRAZS AR MUK LR IR i AR fok 4
THRR T RS LR a5, TS B i Sk 73

Bp—iKE T ARIE L@ (Red), £%((Green),

WA (Blue) =R A G, AFEALEX =4
gy E AR SR AN, B2 T Y
i) HAE A3t (A 3 A R o SRR H 0 6 43t ]
B2 50, ARSCFEET OpenCV T A9 split PRECT
RGB 7 ] Fats 2k I 4T 0 B 1% 8 R, G,
B R IE A, otk HLIE TE B WIE 6 s .

(a) A (b)R ©G (B

B 6 RGB HiEEE
Fig. 6 RGB single channel images

YR 6 45T, G iEiE TR S R
IKEEZ SRR . R T o P M7 G L 22
S, LR S A B RRIE AR BT 4R HER
BE, ARSCEEH—Fh LT RGB HIEE T RIRHE 5
1) 7 125 5 L i Sk 1) i 5 43 B B U]

ZE TR, E AR e RO Sk ) B (.5
FEOESEAT AT, e T A B A 4 H i Ak 2
HE, ARITFIEEAE BB R

2 1BEIRRIE X

TS b X AR R RS e Sk B (R 23
B Ko BT SR BT AE , AT E B R ORISR
Uik IR PEER 23 i R e SRR Rk

T HSV 2 8] B AR s PO Sk i AR dn 5] 7
IR o B STl B S (R AR IR HSY Bl S
BRSSO BI B fE ], 0] LASR AR A
JIAEDCIER, SR JE ARG 23 B P A S o 46
E IR, IR S il oy, 7
E Ao ARG T 1 5 X 5 S AR R
B, st SR T 0 s L s R R
Mk, SERUE RS R o

SISNAV K REAZZ7 3/

1) X6F T B A9 7 A5 PR AR 0 47 B € 25 ()
BI85 5 HSV B 23 [0 2 B8 R 47 B (E 7>

. HSV Fifaas F{ESH
( JRER )*( e }’( e

I )—»(%Efﬁiﬂlﬂ Hﬁﬁiﬂ%’ﬂ)

B 7 BROAREERE

Fig. 7 Process of the soldering joint recognition algorithm
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Fig. 8 Image of soldering joint segmentation result
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Fig. 11 Mask results
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Fig. 12 Schematic of contour center point
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Fig. 13 Solder joint recognition results
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Fig. 14 Flowchart of core wire end recognition algorithm
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Fig. 21 Core wire end recognition result
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Tab. 2 Calibration plate specification parameters
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Fig. 22 Calibration results
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Fig. 24 Solder joint recognition results of different cases
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Fig. 25 Solder joint recognition results of two methods
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Fig. 26 Schematic of solder joint distribution and naming method
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Tab.3 Comparison of coordinates between algorithm recognition and manual recognition of solder joint

SRR AR SR B AR 55 A B/ pixel N T AR B 5 AR b /pixel [RX FG A /pixel
a(0, 0) (380.00, 528.00) (382.00, 530.00) 2.83
a(0, 1) (380.00, 637.00) (382.00, 640.00) 3.60
a(l, 0) (512.00, 528.00) (516.00, 530.00) 4.47
a(l, 1) (512.00, 637.00) (516.00, 640.00) 5.00
b(0, 0) (1082.00, 528.00) (1086.00, 530.00) 4.47
b(0, 1) (1080.00, 641.00) (1086.00, 642.00) 6.08
b(1, 0) (1209.00, 532.00) (1213.00, 530.00) 4.47
b(1, 1) (1209.00, 641.00) (1213.00, 642.00) 4.12
c(0, 0) (380.00, 1232.00) (383.00, 1235.00) 424
c(0, 1) (380.00, 1341.00) (383.00, 1348.00) 7.62
c(1, 0) (506.00, 1232.00) (511.00, 1235.00) 5.84
c(1, 1) (506.00, 1341.00) (511.00, 1348.00) 8.60
d(o, 0) (1082.00, 1232.00) (1086.00, 1234.00) 4.47
d(o, 1) (1077.00, 1345.00) (1086.00, 1345.00) 9.00
d(1, 0) (1209.00, 1232.00) (1214.00, 1236.00) 5.39
d(1, 1) (1208.00, 1345.00) (1214.00, 1347.00) 6.32
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ML R R ARG 2 8di, PRI 44 B, 4R 4 FIER S s,
Xk AL 8 ARG RS F R BLOFERE, XF R A S 56 20K AY£0.1 mm A4 EH 1R 25 Y ]
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Tab.4 Comparison of measured values of center
distance of solder joint circle (left and right)

SRS AS AR /um AT IR/ um - 48X {E 25 (H/um - 3522%/%

al 450.00 456.82 6.82 1.49
a2 450.00 456.82 6.82 1.49
bl 433.16 432.95 0.21 0.05
b2 439.77 432.95 6.82 1.58
cl 429.55 436.36 6.81 1.56
c2 429.55 436.36 6.81 1.56
dl 432.95 436.43 3.48 0.80
d2 446.59 436.43 10.16 2.33

F5 BREWENEEIE(ET)
Tab.5 Comparison of measured values of center
distance of solder joint circle (upper and lower)

TS A A /um AT/ pum e HE 22/ um 1R22/%

a3 371.60 375.00 3.40 0.90
a4 371.60 375.00 3.40 091
b3 385.23 381.82 3.41 0.89
b4 371.60 381.82 10.22 2.68
c3 371.60 385.23 13.63 3.54
c4 371.60 385.23 13.63 3.54
d3 446.97 378.41 68.56 18.12
d4 385.40 378.41 6.99 1.85
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Fig. 27 Core wire end recognition results of two methods
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Tab. 6 Comparison of coordinates between recognition algorithm and manual measurement of core wire end

ISR TPN SN AR SR ARG 8 3 Ak b /pixel N TSHME 2 A br/pixel R G 5 /pixel
1 (1789.00, 534.00) (1785.00, 532.00) 447
2 (1241.00, 767.00) (1240.00, 760.00) 3.68
3 (1788.00, 355.00) (1791.00, 352.00) 424
4 (1718.00, 502.00) (1719.00, 507.00) 5.10
5 (1842.00, 510.00) (1845.00, 511.00) 3.16
6 (1874.00, 582.00) (1877.00, 586.00) 5.00
7 (1751.00, 534.00) (1758.00, 531.00) 7.61
8 (1094.00, 1370.00) (1090.00, 1373.00) 5.00
9 (1228.00, 754.00) (1230.00, 750.00) 4.47
10 (1798.00, 654.00) (1802.00, 650.00) 5.66
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