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Abstract

In the rapid development of industrial production, Printed Circuit Board (PCBA) plays an impor-
tant role in modern electronic equipment, and PCB defect detection is an important link to im-
prove the quality of Printed Circuit Board and reduce the production cost. In order to solve the
problem that the electrolytic capacitor components on PCBA are prone to errors in manual visual
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inspection, a scheme based on the combination of USB camera and APP Designed tool in MATLAB

» o«

is designed. App Designer is used to design three panels: “Image Collection”, “Template Production”
and “Online Detection”. The module of “Image Collection” is used to call the USB camera to collect
images, and the module of “Template Production” is used to perform ROI cutting and grayscale
processing on images. The “Online Detection” module can take out the information in the template
and call the USB camera for real-time online monitoring. The experimental results show that the
system can detect the leakage of capacitance on PCB board accurately.
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Figure 1. Aluminum electrolytic capacitor
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Figure 2. Overall block diagram of visual inspection system design
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3.1. MATLAB App Designer &4t

MATLAB App Designer 7 Mathworks 22 & 7£ MATLAB R2016a 1 1E 0k H T & GUIDE fI# %=
e HLAEIEMEM T SMOER, XA MATLAB B RGH m X R RS2 G — AN EEK
JEEEFE . E B AENS. Web (IR, BeHS I AR ETE R 40, HRAERIE RS EMSEM GUI
(Graphical User Interface, K F#:11). H AT LATE App Designer B¢t T H o, @ik a0 a] Mk 2 15k
ZHETEH P SR AG R, A R S g e A ol g 5 AT Dy, BT R T SRR AR [4] [5].
T A G0t i AL AN T A JR B2 R, DR 3R EAT R, AR R G IR BT T = AN TR g - A
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Figure 3. MATLAB capacitor leak detection framework
[ 3. MATLAB BB &R ML HHESS

4.1. METREHER

PR BB HR 1) T2 ST e PGB S, e SR T () — MU AT PR 5 [8], AR VA LR (A
KR, EFREE 4 frox. ZEPCRAH R B E 4 DMed, R DR T ISRk, %
THEERT S B K ## imaghwininfo (‘winvideo’) 1 videoinput (‘winvideo’, ID)RA %L, 13 FSKIREN & % ID 15
B JE#E FPRBAT A 3R: PR $AH S B iR AR, 2D AR SEILAKSE frame = getsnapshot() Sk,
Horr frame gt 2R E R “ORMBRAZ L " HAL M closepreview() B B S B . B A3 imshow() B8 %1,
PRSI N B SO B AR AR B rf, — 8 T AR ML BR B oK AL bR R AR B AR S N, R T s B s
frame SNHIFRAE I B, ‘parent’ . “ALbRFl AR B, “app.UIAxes2_2_option3” JyAtR RAJHAEL .

imshow(frame,'parent’,app.UlAxes2_2_option3);

axis(app.UlAxes2_2_option3,'on’);

4.2. HEARBIFERRIR

PRI 1l V2 s 2 A IR AR AR DA v, SO AR R A B O B AR A il A /] 73 2z 1) RO
ML UK BEEALALBE . CRAFARAR A B =557
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Figure 4. Video capture module panel
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4.2.1. ROI HY$EIR

7 MATLAB A 1 13847 ROIHEZE 7] fi A imrect() B £UR imerop () B 2UAC & SE I K Zh /¢ » getPosition()
PRIECRT F SRR E R B e XS AL bR . MBI S NIRRT S, BARSARRL “+7 , B RIAT T He
PSP B HEIE, [FIET getPosition() A% mT LLIR [F] ROI [X 38 (1] [start_x, start_y, width, height], E ROI &
B (X, Y) A5 LA AR SE BRI R B . 1 SR 7 R s

h=imrect(app.original_option2,[50,50,30,30]);

pause(15);

pos=getPosition(h);

img_ROI = imcrop(img, pos);

imrect() N ¥] “app.original_option2” 4 “Ji EUER” A, W46 42— N[50,50,30,30] 1A TEAE 4
5 B, 2 A HEE RS 3 5€ i 5 I getPositon() 2 HX ROI A7 BLAF &, Z 5 R A )5 (1 4RI F imerop()
BRE, {RAFN img_ROI, FHE3REUKHERZHIE “ROI EUER” (K8 Fr R4 . TT imerop() B E I FEA X2
=imcrop (X, map), HH X BN TBERTTHIE F, map B XA getPosition() B HR [H [ H & .

4.2.2. BRREHALIE

X MG REAT K B AKL R (IR IR %, A App Iz T i KAl ~FIMETE AL 9] IRt
SRR PR B E A bR AEZE, X G E, RIK uits KA AR H (kA double 28754 . 4R
P KAEVE AT I BEAR 1010, BRI =id@iE B — MR M KA, T 5 i) ROI #:8Y & Fr gk
ITA PRI S AN K] 6(a) s, T LATHELR I A 178.5, FRukZE A 47.87: 4R HF BT K AL
i, B SR E =@ A — ME R I, IR AR A ] 6(b) o, K BE¥IME A 170.9, bRt 2K 48.77;
R A5k, BRI — 8 A SR HCEE AN IEE I L B, 78 RGB = JE5E AR N 1, Ik
PR RS R AN 6(c)fn, Gt HEIKEYIE N 172.3, trdEZN 48.84, FEINFESZIRAS MR FIR:
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Figure 5. ROI box selection
& 5. ROI fEi%

gray_img1(x,y) = max(img(x,y,1),max(img(x,y,2),img(x,y,3)));

gray_imgl(x,y) = (double(img(x,y,1))+double(img(x,y,2))+double(img(x,y,3)))/3;

gray_imgl(x,y) = R*img(x,y,1)+G*img(x,y,2)+B*img(x,y,3);

app.meanl_option2.Value=mean2(i);

app.bizozhun_option2.Value=sqrt(var(i(:)));

EH AL gray_imgl(x,y) T8 M2 K EEAL A B I MR AE, AR R img(x,y) TR 2 A RGB 15 B
Bl Hh 5 — B N R E AL B TER), Jr U 25 img AN EIE AR, [RIEREE 20 3 1R A4
9P B AL BE RO 380 K P A A B 38 A1) o 55 4 2515 R P (1) mean() iR A0 SR SRR FE ML, T 48 1)
AR HIEE, var(Q BB SRR MR EAETT %2, TFI7 Ja Bl bR 2% .

T ENE TR

a

@ (b)

Figure 6. Maximum grayscale (a), average grayscale (b), weighted average grayscale (c)
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FRECOG AL B EERE ) KA TR Ry G B =iIEACEIL 10 MUE, FIFH Xlswrite(si%, 5 —
ANSEONRF SO L, 55 AN SEOVRENHEREE R, RRGSE 20K, YL—Uilion, H
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Table 1. Holds the template information values

=1 REERESE

REAR HfE
PG K LS 1E 137.7
PG K FE bR 1 22 53.88
ROI 4 AL AR ME 14
ROl A AL ME 75
ROI % &% 16
ROl &% 19
RPEN Tk LS SANR
R AL H 0.2
G HiER E 0.3
B iHiE A E 0.5
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XA T B N A BAE B E R, Kl PCBA H IR A R AiRtG . A 7 SR 2k S s
ARSI, AR AR Y, TSI 7 ik SRR A rh R 7 QAR ), 3 o0 A R AT 3¢
o BATELAE AT LS ORI ROI AR AR BES (ARt 22, JEE SRR R IR F g oo (4 B
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Figure 7. Flow chart of online testing program
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X UE B AL 3 EER A xisread () eRiEL, 1%L xisread (‘filename’, ‘range’),  “filename”
B2 T S S R AR, “range” FEIE T ERICRA AL E, W “ALA8” o ZJEHG B )
MREEH RN A &, EEH ROI MBS R )G, M BEAESRB R SLm fa i) A8 hr R L, {5 rectangle() B
AR LW N PR

rectangle(app.UlAxes_2_option3,'position’,[x_start, y_start , width , height ]);

FANSHONTH L AL TR R AW, 58 DS HOv AL E R L Position”, J& T #)2 BAARALEE R .
B bz A e B B R U %) A FEAST I (R, AR 2R G 8 i W A 4L IR B3 BB A A HEAEL N 15, KB
bR HEE ik 15.

4.32. REAEHE

RGN BB Z )G, BB EELT ROI B FFHEAT KA, O 1 #ifr A SAEBCH IR I A L
Xt AR L NI HR 23 0 A AR Ty 3 BRI SR 7, RN A BE B (S (AN o 22 th 2
HES B AR

4.3.3. FELHEM

TEIXFR Sy, P ASEAR i) VE 1 ok R A B 4E S AE — AN while 71, RTDASZEL ROI 87, KA ALHE, HZE
T A 1% 190 U T e SRt A IR W, IR 5 40 R P -

up_mean=app.Upper_MeanEditField_option3.Value;

Iw_mean=app.Lower_MeanEditField_option3.Value;

up_Deri=app.Upper_DeriationEditField_option3.Value;

Iw_Deri=app.Lower_DeriationEditField_option3.Value;

zhenshi_mean=app.MeanEditField_option3.Value;

zhenshi_Dire=app.DeriationEditField_option3.Value;

If zhenshi_mean>=lw_mean&&zhenshi_mean<=up_mean&&zhenshi_Dire>=Iw_Deri&&

zhenshi_Dire<=up_Deri

app.EditField_4.Value="pass";

app.Lamp_option3.Color=g’;

else

app.EditField_4.Value="no";

app.Lamp_option3.Color="r";

end

X BAE T I 25 N BIE B E, zhenshi_mean Jy S i R (1) 2K £ 35118, zhenshi_Dire Sy SR Al 1)
IRFERRHEZE , AT S kil RO PN R 2K FE SAME AN K BE bR E 22 FRAE BB G Y, A 7R “PASS” [R]INf
AT G, RZER “No” , MHKAT A .

5. HRTA
5.1. “3RENER” miR

SETAR A 8 Fran, widdy “TUE” W RAFTOT B8 Sk e, e BUBONIE I A — Wil BEAT 40, 2 A R
i “ORMIBAER L BRI,
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Figure 10. “On-line Monitoring” panel
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Figure 11. On-line monitoring of missed insertion results
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il “ORAFAE R AT LA (o) 4 O i A Kt AT DR A7 o

5.3. “FELEHT” TR

SR & 10(a) h s, EPEANEAEEAT IR, s TR, RGEe A SR EOCRE B
I SR AEXS NI SCAHE S, 2 J ERERG 3 s A — U RS S AR Bos il 45 3, (b)miioe Aok &
AN SRR AR

6. MIRLER

MIBAT CTFEEREIN 7, MR L5 R 11(a) i, Al ROI X 38K PS54 v 142, IKJ& bk 22 24 53.07,
1E A [122.7,152.7] F1[38.88,68.88] K ML A I 5 S )y “Pass” , KrilHE R T Sk s BT K Hifif Fi 28 HL
T, MRS Rl 11(b)Fras, R ROI XK FE I ME N 148.1, KEFRHEZEN 33.83, AL AS I 4 5
j"j “NO” .

7. &g

ARG T BRsE)r EA AN MR, BeRmE IR, HR AL KT
BURAIMBLE, ZJn®EZ Mg nkse. [N, ZRGUAGRER RN, 2N TR RS
TR I 42 8], AN A
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