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ABSTRACT

The surface mount and soldering quality of Printed Circuit Board (PCB) determines the
performance, reliability, and stability of final products. Based on the fact, the PCB defect
detection is crucial. Compared with other detection technologies such as manual detection,
laser scanner detection, X-Ray detection and contact detection, vision-based detection
methods are simple, flexible, fast, and low cost. This paper proposed several vision detection
methods to detect PCB defects including components missing, dislocation, polarity reverse,
etc.

This paper first solves the PCB image registering problem. Conventional image registration
algorithms are based on key points or geometry structures which are slow and imprecise. We
propose a method which combines machine learning and a modified template match
algorithm together to locate the PCB fast and precisely. Then, this paper proposes a novel
detection strategy, which adopts AdaBoost machine learning algorithm, Support Vector
Machine (SVM), and template match together. Compared with existing methods which are
sensitive to the image quality, imprecise and low recognition accuracy, this method can
recognize components missing and polarity reverse accurately, and also measure the
dislocation and rotation of components precisely and robustly. Finally, a novel shadow based
3-D reconstruction method for solder joints is proposed. Compared with conventional SFS,
X-Ray or Laser scanner-based reconstruction methods which are high cost and limited, this
method can reconstruct the joint effectively, accurately, and efficiently.

This paper set up a vision-based detection platform, adopted OpenCV to implement the
detection methods, and verified the effectiveness of the methods in real applications. From
the result, we can conclude that the methods reached the expected goals and laid a solid
foundation for further study.

KEY WORDS: Printed Circuit Board (PCB); Computer Vision; Defects Detection; Image Processing;
Machine Learning

TYPE OF THESIS: Engineering Design
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B FIT PR R I EUEEAE . [RIE,  S REAE — i MG b SE B I R A
PCB MR . RIS, BEHE GRS/ EaS, PCB I F o as {4 B9 R ST R k)N
N7 AEAFAEMLET DL XN G A R AR B R 8 2 F G AT IR A E AL, Rk, AEAL
PG RBER e 2 —1k,

HH TR Uk [ — A~ PCB HLESAR R 75 2R 4R 19K, 8l 2-5 skIRMERRIAT, H Sk
R R A K G . Bk, B RERE A 5 A ANURAS, SRR AT KA.

H R AEHL A E IR D EEA LS R T Ethernet /) GigE #2111, VGA %11, 1394
P2k, [HAEHUIHI AL, A &8 USB3.0 2 )% . —J7 T USB3.0 7] L H 4%
BAIMISR LRI, R AR R R S P AT, AT . [N USB3.0 14
D& AEwE S, R, A oss. Bober it SR T 5w 168 3
UCB3.0 £z AH#L.

2) TvAHALZE R

TV AAR K BT 75 B SR AR B IS N IR R TAE, BRI 845 Sk 1) o
BESRE . #E Basler A ] CCD A1 CMOS FHMLLE Tk o7 FH AU 2 i &, ml Stk
AR LT HIAENL . PR BRI A b R AR AL . EARATLIR % FE AR B A 2 IR 2K,
HARRIFEARRIERE T WAR 5-2 FToss

#* 5-2  Acad600-10uc HHNLIERETE bR

FaPR 44 PR PERETEAR
K B4 R 4608 4% x 3288 {4%
KV EAR 3 R 1.4 pm x 1.4 pm
M 22 10 fps
% Ft
B USB 3.0
W R 0 Mono 8; YChCr 422_8; Bayer BG 8, Bayer BG 12; Bayer BG
12 Packed
BELIR 12 bits
ARFERSF(L X W X H) (22K 29.3x29.0 X 29.0
S FEIRIE 0CT-50<T
BN C-mount
JEEI F AR MT9F002
JEE S Y CMOS
BOEE A RS (mm) 6.45 mm x 4.63 mm
T H 95 106538
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Xt W -5 Basler Aca4600-10uc AHHLSZFRAM AN 5-1 Atz . B R BAA B VAR
HURSE/NTG . P UG . & A 1] vy o B A

K 5-1 Baslar TOVAHHL

5.2 Tk k7r 38 kAl

Bk S EAIN CAS L I IR B kg 7 ARALI B i, B[R — 25 R R 5k
TR 7 g A A, BN FEZON 0 TSR G AL E
I DA TI:RE =il B UN: B e 5 5 IS a1 S v LS R SR IR S e oG
B RG RE. E RGUL 2 I SR A G, U RS ER =
Yofs S, wledt i BRI 2 T PR SRR AR I IR AR AL, DS TR (R ek A, b ol 5OPR
AR BERHEG R RN EEITm, W RRBEIN ST N

LERZE: W8Sk A b g A R R e A R SO R, B R R G5
HE e, & EOCHR R MAREM NS FELE, T8 ERRARAE, W3
W22 B AR G I R IR E RO ER

2.2 A E M BRI AR R SRR B IR HE R, @
G R GBS A b e, 5 B AR T T A AN REFE BB T AR, T R AT
HEOUK, Wt RGN RBIRERNEZE.

3G A M BRI R R G R S EoR, @i
AR R G E B H GG, AR MEWER R, RSB0, WHOLE RGN
G R ZE R AR HL

4.3 QAR AT BT BT I AOE DG AR R ST AT USSR
WA AR AR R GE . (B BRAR T AN — 3 LT85 Sk R A P10, ot S 3 32 il
SR, WG RGN RERZEF N . AR BB R A Pl XA
TR BRI, DY R DX T anAsns] s R £ L 2 5 A DY A XA D9 T il b [ 5 I
H O DX I e B

5.7 : AR KSR EMBKEOCEDEARIE RS, @t RAEGA
P, RS O AR ERAE [ —ME A MR R R S B R Lo, LR
ROt . 220 IR 2 2 i DR R] — D S B AN AT KB 2k (T S AN,
BOCHT R, KPOLIT RN, KA REILRAR — & L.

6.8 : A5 AR ANk AN — R ELERBL At R R g e A2
2, WU 2 AR R GAFAE M AZ o AR 22 SR Bl VAR B T LT IRAR, AN S I R
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GIEIE . XA SERZE . B, BEL k2 M ERA X ).

1) TolkBs Sk Fabn 75 Ko Hr
(D HikAErR

FH T B Sk o 1 ) B Sk O RS e AT R R R v i G — Bk, BT AR
FAEATESINE, SCEERES, A RWERSHR Y (22 ERER LR D
AT T, R Ao R X T B

HH T AEALAS (1) 52 C-mount #2:3k , #HHLER Sk 2O CMOS 2 [H] 1 7R 4 v=17.5mm.
[EJ B SR T 3l AL 404 211 PCB AR G AL FE AR ) 3 B b 0 T 95 am b4, R S 28
MBL RVFMIZATE T, PR AT DUE M s, J SOk R, WBEFE STl
u=40cm. MRHEEEABIG R HEIGEMEE R (5-1 FriEEi s R,

11 1

== (5-1D)
u v f

NTHEA LS RE, KM 16mm Gk, RN, BTFARREFAFES
R B BRI 50 RO A 3RS, TR AN 5 208 B2 0 v ) A 5k

(2) Bk

— % 1.4-16 BIS6HEE T TOALABNLEE Sk I IE 5 JEEVE R . AR LA 256 A0 1 1
RGNS HER . TAGRMOERBIAREAR K, 75 M2 B AN TS il A st B 11
oL, [, JCREAREE /N, WSS/, N TEBMFERKE, WFEESR A
B4 P Y6 B[] B 2 FH A LR A2 28 2 B0 R PE 1 28 o 38 24 388 n Mg Y6 I 1) ] DA 53 ] Y6 I8
BRI TSI N TG, (E 2 i SRR B 3G g G i (), A R RE R i, G
R )

[FII, P AF S 3 s B AN REAT 3G 0, RUONAHIAL R AEE DI 3R 65, RIS
BT s R AL AR R R AR KRS0, R4 RS SRR, TRk #iviE
BER AR AT FH A AR ATL AR B 1] A% I iR 3 K 357 50-60 ), [tk CMOS A& 88 7E —
EMRE T — TR, I ST MG DS T O U 5
(3) BEkirHeR

TV 3k 53 Hr B AL 73 HR R M 2800, R AE Tl A I FE R i B B R AR . 8%
LI FER R FRTE AT 1 2 KB BE N R T I 22 AR AT 2R 4 X 2, FRA 2
CLERTIZEAR” o 2 R S T IR B P B — R, A ST T A R 2R R
PR RS N, AR R T OKEI R T, X R TSk AR ER, X N AN
HERESL B E 52 FH.
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Q —
- 9 8 - 9 8
@K HEEBE BB BRI (b) MR8 LU R B

K 5-2 ARSI PR R RCR

AT BB SR I 3 #E3E08 500 383 AHNE T3 F A AHATLOR U6 AT DAJE A 4%
HANL o HE e fE . R EEREIIR R

(1) WAEFH T RA A BEH R B TG Sk B 3 E A X T AR AT e A A i,
ANFREAEETE W 0K PCB o M SUER SRS A R Ik, WAEREA T A B Al
B b, FEXAEN SRR, sk R O a2 .

(2) WNBERARIAEEE. SR RMMRME RN K, FEXH—J e T
BEEBRARIM T T2, BERALMANE. o PrRE kA EEF R TR
CRP R D 2 X3 UG R B RbR HE D, FREEZ N 1-3 NE AL, R Gi)d oA f g 4y
AlRE . G, 500 JIR R BESLAEVEREMM A% LU A RGE TR R A7, DAt A ikt
Bk

2) Tkt kit A

TP SL A S R 22, LT hr e ) 838 Tl 83 k42 11 C-mount 22 1182k
i A H A Computar. HAX FUJINON. HA Pentax. HZA KOWA. f&[E Schneider.
fHi[E Zeiss. [ Basler. #HIE SPO S5 AR . #AR R o RFEERE 5 k.

% 5-3 Computar 4izkik Z%

L) M1620-MPW?2
FEFR 16mm
AL 1:1.4
S INCLEEM 8.8%6.4mm
el F2.0-16.0
A 30.1*24.3*18.5
TARREE -10 T-50 T
KHE -0.1%
JeE fE R 21.1S mm
7R C-Mount
JEPE IR 22 M30.5mmP=0.5mm
G 33.5mm*33.5mm*28.2mm
HiE 639
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LSS EL RS UG R R, W e Computar [ 16mm, 500 Jif%
=Bk, WSO M1620-MPW2, FiSkPERES BN 5-3 frid. B, W&E
HURTEEPE () B2 4 A, A Computar 45 Sk (1) 5t S AN AR BRARFI R 52, 7wy i AT
R AL T AN P A R I A . AU A8 AN 23 PR 9 A5 ) AR A T AR 23R
R, F T A A P Computar 4 Sk 474 T WL AL (99 845 T4F, B3 Computar
TR It A

5.3 NIk kA

ARSI D IG5, ERERE) T LSRR 7T AR
FEPE. AERLSERRI SRR A 3 0 R R A A A 0
b, AT 5 R MBI R EC R, R0 5 B 77 2RO 2 T B 5%t 7 K
WIARRIRFAE, R 52 I 26 P T LAENL 38005 K B30 T LAS N 8 SR O 20 SR A6 1
AN TR RS 0 S AR P RIS B, 20 R 01 S R B, 0 T
Y B T R O A £

i TR PCB AR L, 4K HIAM X B0 PCB AR, T 00 TG 81 DX 5.
(R, T PCB HIMHUREDGH, HANEE = SR, BILREH R
B, BAE SRR BRI 77 31 S TR PR ST T 0 BRI, A
THUBIUSE R 7 AR LI P, G450 L 76 B8 4 R T 230
SR SR, I T HTBLN PCB BRI T IR, JER AR S IR, 38
AL TSR AT ST, A BRI S R U 4 R 0
PRI -2 1 A X BRI A0 S5 LTS, R BV RO 6 7 e K B R
GAKBOLIOT IR, #2% PCB K IRIHEITE.

D) GBI 5 5

E AL IRET I I el — A ORI T 2 R R b LA 2
A

RV AR IR TP IR0 32 92 ) 0 R ) B 15 X Sk
P BRI BRI 252 117 k0] B DR E S 5, S oh A H P B B S — 42
M, P AEROR IRE H R 5T BLGE A R 0 F A7 55 T30

SORE: BEERIRE IR S SR . EOREIERS, WA HOR ISR
AL CMOS 11888 0 P TR 75 -t 2205 95/ SRR AE S AE 4R 5, I,
e TR 77 2 HOBEHLIR A, AL 75 22 oK e Bl s 4R R ALY 23R s R
HOFERE, (ELR KOG B N IR, I8 ORI 3 o L, T AN U
IR B B O

MR ORISR IR 7 B YRR SR 75 2 R I, 4 BT P
IR AT RGBT, FIRI0CR 2L HCE, 10 LA R i 5
FRHIT, Ik B A R LI R
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i 73 an P2 ek IR BRI 4 () 2 LED MRBH##%, {H2 LED B
W AAEAC I )48 FH ) 0 A% A 2 ISR B S R i Il B, KN [ P 2 5 2 (1S R I =
FEARIE, DA AR B AN 77 S CAE, R RAEI R 58 e Ja 5 L R, gl B A )
], /N R AN R U ]

FEPRIE R T, AN A R B O ORI 1 45 SR XA AR R I RE ), DL AN [R] 1 e B
J5 AP

B R R e R R, 15 B R LR A

MG IR B DRl )G IR — 0 (W A B S Bk R i, a8 vl DAR 5 24
PRI T, 15 3R1H  SCR A Al S AU IS B R

B @ LED ROy Bz Ja, TSI OLRT, Ak
1) A3 AT DA LG AT () S0 R o TR G DI LU 4838 A5 3 B A A PRI ARG DU

BURT R SRt — N, BRI IE G R T LB YRR IR B . [F)
I X JUAAT 28 2% BB I BT B R

2) IR Y

N T 453 PCB HREHIYSTEMI EIMR, 1 50 75 ZE bR 2 B R A i PR, BT
SEINBRKM . WK 5-3 Fras. KU ZA8 M RS 6, IR RIE RS A
SHENANLA . FRS, AT SRR EGE S LED fUOGREAE & AT IR, PAT
FCIRICEEAH BT, BRIRAEToas 2 2 T B RY, w2 e B i & .

k-

B 5-3 B MR (SR B R

3, R B BT RN R B, KRR K
W% PCB RP8K, B AN IEESH =48t LED F541, RULRId#4> LED 4T Bk
KA EIHEAFAEA— S 8, B 02 N B — 5t nT DA B S 24 21 T 6 YR .
H T 6UE A PCB R (15 M B, 6 R R S e A F-RMINTHET X 38k, A2t ML G R
EPEAE M . R AL ZE SE i 5-4 iR
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K 5-4 I RABTEIREE 51 SEP AN T ROCR

5.4 PGk & 22

KRB SRR, ARG 32 22 H 2 R AL AT 432 52 (ARG P AN A ik
WHIA, EENETROER LT SORFERFE SRS H s PCB B, RIEE
PR, HATEIRZ GEN SR, R&EENGRAE 55 Frx, H2E& EJTREM
eGP R T, P R EE . SO TR ALAT & ALY SR e, AT LA
Mo & 22 A M S 1 AV ARDL . R B0 IR I Al B SO 2R, AT LA Y IR 22 383h
LR, ARM IR, FIE IR SR MDCIR . X [R5 2 38 A R A 5 S 361
af — B PR R

Tv HF R ARURGERT K B 70 i W0 5 I FE RN - S R A P2 A v ) 2
Ko ASCHRAIH FEERRS RE M O 223 22 KA AL SR I 7 3K

2. SCRMPCIESE S RDCIR I 28BS BRI, TS0 8uh A B LE s A,
P RC - MOLIR R B AR R, 22— LU A ke

@BREHELE ()RR e
K] 55 ARSI [ A A AL A
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XL G ZRI RS Wk 5-4 BNd
R 5-4 Pt 6 2R SHCR

LLRSy XCY-SW-03
FHBLIE L 15-75mm
SCHENT = 0-900mm
R G 0-17mm
R R R 0.01mm
IRz A 0-300mm
SCHE e 0-360 /i
JEAR T I HFE 0-55mm
RGF 400mm*300mm*900mm
HE 15Kg

T EAIT- &, RIX PCB AR RS AESRFE AT vl S vy, SRR AA I, A
Wah ROV EG AR c I EoR, HEANLZ BT T . 68 R A I b 1 a1
5-6 A7

5-6 il 4 K= EARIC

5.5 K& /NG

AFEFEAHE T PCB RN RS SR A AT G . 3N AT
RRERGUR . TOARML. TolgEsk. A0 SEIe & AL I 2 Ak AR G TR bn . Y75 5K
AIRBER N, FEHRS AR I A 6

HAE, WEST T TIARNLERI 28, fHCHER IR A RAE M TERERR Sk, FFiEHE
%5 Basler 477 [1) Aca4600-10uc FHHLIE WA R G i EMG REK 5 o

ZJa, WIS DR, FIOu¥ . AT T &5601, 464K
RALPrFRIESE T HA Computar M1620-MPW?2 %3k .

SRJE, X AR &R Gt Hb B9 N IR 8 R ANAS [5] SR S I8 i s BE AT (e — 2B Ay
@, B HE i A G EsT LED FEFIA BRI TE B EIR, 1ENIRGIR. 7 PCB
PN DL v e A B 5 PCB, Bl Lk e B e T
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B e, LRI G 2R AR S DHREAIRG EEHEAT 1 04T, 4% 1 XCY-SW-03 B 528,

2R, PR LSRN &, ] DU RGN PCB [1iE M. AeE H—2L
ME&. GRABKEE PCB LMK 2, J7 M AT R 7 HIA G B2 A0 2
FlT S IR B 7 0E et B AR
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6 ZiwH5EE

6.1 258

BEE B FHEAR KR, BT rmmmsige 2 it TS/ N R R . DRI
HHNE R T 2ASEH TR, EVRIHEEHR (Printed Circuit Board, PCB)
CENMIRGE, Db 2R PCB T o e SR e, $8hni8 Bt Al
TIEER, A RELRIE A EE . FaE. Rk, PCB RGN ECEE, MILF AT
PR BOCHMBE R X OGFE U R fd R i Sk il 773, 25T 3 sh et
Wk 7k B A S . B RIE Aol Rl ARSI, k2 H
I PCB SR PRI 7 (1) 38 o A S 32 B0 FU R AL 77 Al PCB Je a2 2% V5 7
A I 2 SR g A T AR e EE A A 9

ARSI B MRS 52 ) 45 A AR UL G () 7 o7 s, PRd . R E AL PCB, JFFI:T
132 A BAT BN 2 5 A2 36k PCB UG AT R IR ANV o 83 1 7 V42 e A FiE
Wb ieEE, RERNEE. A5, $2H 7 AdaBoost. SCHRF A S e B AR UL
e VR AR 25 W SR BRI 77V, %07 5 P42 i s 0 25 O RH AR A e 2 s B PR R I TEE A 22
e AL o R e AL RS R R A R BN RE BT . e, AP TR A =R
I, T RRREET X WER, BRSSO RE S S B TR . MR RK.
HPENE RARESERE, SR TR TR AR E R A, XA DL LR R
FEBRE . AR R TS5, ELET S S R AR A R O3S R

ASCHE R TR R a6, ST OpenCV ML R SN EE:, kel i
EA R SEBRRAE SRR, IR R IE T VA nT R e AL R E PCB 5, A
DN ARE3 AT HE AR A T 8 A 25 2 5 B e b R o R v ) B I el 22 . EE R RV BN R T
PEE G A, HXT S MR G R, RAEIEE] T A BAR, NJE4: PCB Gk
MEE— B FEIT T 7 R SLIA

6.2

PCB St H kel — A TRE, HAmER, WAEDE. Al . B,
eI S AR Z WU, IR E 2R, R 5 0 A ] R N 4R B B 2
W ST AN TR

H A AR A R B 7 U BT HOR, (HAl UG, PCB ARk B shig dilid
FAEMRZ AR, FHFEE PR EVEC SRR R H O RS TEA & . E3THL
ALGE I BREE 2 AR DA R R RS, BEETHRNLIEOR . AR BR . BAFEOR
BRI B BRI — P R Je, MAEEAARIRR, @l mrrfetk. mfeEtk. Rk
A H BT R R B S R GO B2 N TS Be A e T, A S PCB AR
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AP SR R AT R B 1 4 E Bh AL, KR B RN A, sEn Ak A
BEAG= dh i A, BRI LR AR VE KT, & DNEME, AR T A .
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FEARLTERZ br, FIEF ZHRAT W STREMSRLIKI T N i 0
o Jk R

B, MIENTEFZIN, SRR R KRB E O RS AT A Bl st
(B30 RAKERZIMIE LT N e, BRI A =FREE TR
ZERAG . U K AL RIS UL b S 56 25 1F S5 07 T 25 J K 1508, AERRE S
A b 5B RKMET, AR LX) i A8 AN QU S ihit A e A T b4 )
FKoilvo EIAEA NG NAL T AR Z 2 HE VR . 5K 52 IROWABEA ., iR, SEHK
KE, A A TARRIBEE . FR R0 5K 22 I A5 TR AN B o

IR S I I 8 A7 22 T AE SO T RE PR BN 3 B AN 3 O KT M ARSI
Iy PhlrategIm, BRI, XK. RFHCEIMEE, 2R S TR
B0 [ I 2 Ui Sl I AE RN ] T i AR BRI e AN SR L I ST L, sk
Yo FREEARINMH, RUTBR S BN, HISLL. S, B e B 3 B A S
Jille ARATIAETS T .

LR H T8, BRaRE5s 7 T2, DR 2, ARSI K
AT
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