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An Al-based AOI automatic reassessment method for Chip components

Wang Ruifeng' Wei Jiali'  Zhou Jing' ]i Yunjing® Luo Shouhua'
(1. School of Biological Science and Medical Engineering, Southeast University, Nanjing 210096, China;
2. Magic Ray Technology Co. , Ltd. ,Shenzhen 518000, China)

Abstract; SMD components AQI automatic re-judgment can improve the detection ol straight-through rate and
accuracy, reduce the time and economic costs of manual visual inspection. Chip components as the most commonly
used PCB circuit SMD components, its error types are numerous, including solder insullicient, more tin, open solder,
horizontal and vertical ollset, and the body ol the missing parts, wrong parts and other issues. For Chip components,
proposes an Al-based AOI re-judgment detection method, including the body and solder positioning, body color or silk
screen detection and component soldering detection, each step according to the dillerent needs ol the design of the
corresponding network model, and the above models were trained and tested. The test results show that the body and
solder detection network has a mAP of 0.93 and a detection accuracy ol 94.94% under the condition that the IOU
threshold is 0. 7 and the conlidence threshold is 0. 6; the average accuracy ol the color judgment network is 99.41% ;
the detection accuracy ol the screen-print character detection network is 97.6%; and the accuracy ol the welding
problem detection network is 92. 27%. Finally, the overall process was tested according to the 233 NG data collected
and 30 000 OK data, and the overall false alarm rate of the method was 11. 2% , with an average run time of 97. 5 ms
per frame, under the premise of ensuring that 233 NG data were not missed. currently, the method has been tried on
the production line, and the preliminary results show that the method can effectively reduce the component false alarm
rate and reduce the labor cost, which has a good application prospect.

Keywords: industrial application; AOI; Al;deep learning;neural network

0 2 M H] PCBA S0 A a] S Gk A9 BR B #e il 22 50, R B B F
F 1 25 (surface mounted technology, SMT) A4 7= i 7K £8
A 3 06 2= % Wl Cautomated optical inspection, AOD & A 8K H EIR] B W5 DL R IR R &80 . AOL & 4008 % 1t

il

W RS H . 2021-06-01

¢ 114 »



EHE E. AT AL Chip 24 AOL g3 £ 5 5k 5515 1
BFAEMR LA E, BEAKRGERE HE™ W AR M THEABEEN A TELREMN

KRTAMTERELENKE". BATA®NS, AT
R A B SRR 09 B 3 Ak LA BOR MRS B R R S AR
5B — 7 B R BR M - g i5 PCB AR A9 257 A5 J2.4 5 B0 T
HE A 88 SE PR o0 HLR Z W R R T M AL 8 S TE B L
£, AOT KT Sk R, B itk 2 oh . 38 77 76 5k B 4k
Ot REHea 2L LG R E S A e 2T &
RS ARGEGHILE&EME RGN, # ACLRIRE
AT . AOL B R IRIRBM A L AB AR HANT.HT
TR AR T AR I B R A R R LA BN T AR B
BEAT R B i AR & B, AN T BB Cartificial
intelligence, AD 15 8] ]y W51, B B Al SR4HEY AOL £
MK o PCB S — KR EERRI 0, REFH
FES AT G —A~E 7 1), BEAE X & RIS T 7 B
HEATHE AF 42 B0, (5] b AT 400 1) 0 75 AT R T R M R R ik
&L HETSET AOL B3k R i i F 9% 1 B 4T w48 4
B A BAS I , Cai A5 B FH 40 16K 14 36 B 22 0 2% %of 1C e
51 MR 12 95 00 R AT AG I, TP T AT AR R e A - T
XA % FL R AT B N T A T AR T Y ()R, B T B
TR Tiny-YOLOv3 SR bG R8I0 W 45, S8 5 %6 (46
W B AlexNet HEAT B HEFE X 1C 5] BBk b4 347
A SR, 1207 VR 7E R AR VA I S 5 R AR R D g i at
W RIS B 94. 2300, RTAT . SE bR 2R = b AOT K350 B Ak
2 0N R GBI | T 1 3R T 22 B AR A o )
B BB B FT RIS 1 ST 5] A 5 0 R 45 Hh A R
BT ik . AEAEN T HEEN, B Ra —
BB NET AT IR T 2. b, SR Jr sk al

PCBA 4 7= A fi it — 251718 .

K56 B R 22 5] B B AOL A s Y2k, 2
Chip MBI AL 256 T LR RRGIN—FER
NN OGCHRINOT R IR TR L 5 AOL 22460 1y
K& BT, &% AOT /&g AL Z 31, 5 78 1% H
F AOT K Z 5 - %t AOT it B 5% % 45 1t (NG-No Good)
BEAT ORI L SR TR AOT AR 1 R B, IR AIR TT 44 I R R
T, BRI BRELIFEE=IBEFELE S R EH
B Chip B3N 4 F HEBERBL PR AR, 5%
PEMR . FEULILAE LS00 T KR 4 R R A I L AR AR 22 00 5 7
Kl 45 2 Fh A W I H S — R B Chip Jof4 & FIR I % .
ERITEMERME TS, 5 BT &A%
TR T IR AL (4 B R A0 SE P, BB L RE EE N A T 2 B
B9 AOT BB o A BB R AR PSR B Y,

1 ®RERF*®

1.1 Chip £t AOI BEIE X EZHELR

T ARSI 23 SR A A S0 5 R s R I 7 A U
B R E X TR A RS AR ST L ar RNOR AR S
I5L R 53 i) 26 N 380 A o B G N IR0 2% LA B AR o A ) o4
g, A PRBTREA I ) £% E Z AT XS Chip o 8955 1R 2E
AT AL B9 A AR B0 8, 7356 I 4 LA R 2 B RS 0 DO 2% 5 6 4 ot
A 10 45 3z F e A A B R I R SRR AR IR . 2
ARSI AR ZE R OK B, Rk M4 Ry OK,
N SR I — TR O S b, e U 25 R O NG, Bk TAR
mAE A 1 FR

BB
¥ it L [ToK

AT ;,ﬁ»[ AN H PR H i H e H
| = L NG

A, R

ik
] . i HibFE |
{ BNNFRE H TR H s J gpal ||
L NG

—* OK

o o 2%

) itk |
PR B2 (G . D45 .
CHEREAE) J

H

L-»~9NG

K1 ATEHNRE

1.2 AEEREMESR

AR AR BN LM T SSDIT Y R 4 454 L %A
FHABME IR TR EN RS, EENNE
U4 B & 2 RV o8 RAE RO B AT A S I Bk, R
mobilenetv2 W45 VE Sy FEAE B ICA B 3L, R RS 0
R BN A~V S LR I~ B Y = E ey Y AR 2 R LR
558 EIE, B4, B F Chip 2804 808 {5 B, AL U8
M — E R R R L & R T RS SSD M 4% R

Z R TR JG — R B2 U2 SE A7 AR A iy 13 5
F HF T, P25 25/ R 2 FT .
1.3 ZAREE®IR5 M %

A AR ) 2% B4 XE Chip 2804 A 4% {4 1A
G R BE AR N FE PCB AR b A B H B oo RS, |
4 s JE TR R e T A A S B S0, EEX) Chip 2800
P, ELAE 1 O] L o B LA B 22 B AT T . 7 Chip 2600
B, KBOE SR A 3 e, RP A ShEE

« 115 »



Ak W F o

F R K

B2 Ak IR E SRR

B Re eSS, MR ERSNRA G
5., T Chip LA S F W8RG RR D B
MEZ&PF A [ AR 2215 00 T S S04 i 68 A 3 BR b oA
LIPS RSV O I NS e e (Y 0 R N (S R R
TolF S HA RN D e e B g 275 151 5 A (] L2 B AR A
G minAEsEARHOC. MEeRETHTHER
BB T XS 20 B B AR S AR AR G B A
DX R A /A 5 TD R AR €0 F 285 7 O TR IR 1Ay 1 00 T o 4%

MXN*]) DX

&

BHi
ZM %

MAER

Log (A)

A, K5 SHEENBEHEARE.

IR L, ZE A R B HEEH AN THX S, 4
RER BB B I R B A SC5 A gk g3 20 |
WL 2%,k 3 fim. MmF Chip 250
SO AR D BB R AT B T IR J2 R AE BRI TR RRAE 32 X
MEEARAFEREW MK aME, Bk, A&7 HEH
mobilenetv2 {45 #), #& R 2 4 H A 4] %8 3 4~ Residual
Block,

I

-
-

sgnsqrt (A) |

20
e
.

-

.

.
-

o
-
.

o

e
4
-

-
e
y.
-

Bl 3 WAt R RO 2 I A fE et

1.4 ZED=Z 400 M %

TR MR T 3 EE R A CRAFT +CRNN A
CTC WM 28 344 . Hoh CRAFT W 45" 28 ] T 22 B¢
P RE 5 43 8], CRNN+CTC [ 452244 H T 5 g
BT AR . CRAFT 19 2% ey 2 7% Jod £ % A% ) 265 440 Al »
Ho i M 45 % A VGG-16 1 W 4 3844 76 i 75 I Br Bkt &
BEZR IR, Uned ™ (55 REARHIRE . B J5H%
Fefik o3 B A P8 BUZ 547 I J5 O 2 [ 19, 45 3] 2 1%
DL R G A ) AR A PO R, RS S A AN 1A 4 BT
Ao CRNN-CTC ML WA 5 Bios, HE 2l &R
2% AR TR Al 25 T 4% L K T OO0 2 A 1. 5 AR 0 2% TR R £
VGG-16 B 25 45 14 s 08 P10 22 ) 28 35 43 B 7 2 B LS TM
PO 5 g G5 TR R R o 4 0 4 45 B I 5 A L B
OYRALAR L SRR 8 i 4 3 SO ) 43 28 4% (connectionist
temporal classiflication, CTC) [ B R 412 . @k P51 A
TAEBGARE, EM T AERCAR GG .

1.5 IR ERGREAM M M &
SR B A I AT U 45 8 S R AR ) AL, o T NG B dis

¢ 116 »

HELLAR I HL 26 B8 2 L e DR AS O B S04 AR X B E bR
2N R ILik T 2R B R GANomaly™ ™ AR R ZE I
Gl P AT E NG B, A OK B 8 ] 75 1) 5 58,
BRI 1A A MISE 1D ARG AR AT 1 A0 %
FI 4 Bt % 32 M T 0 A B E AT A S TR R SR A
R T B PR R R AT 4 A T K 9% E BT GAN
P21 g AR TP T AR A IR R R T 6
B Ho, Lo, PRGBSI . L., o EREEHR
Ko Loaw HFILGERIRHIHIR

2 SRR

2.1 K EEENER

Bt Ak B 5 Y1 25 Chip TR S0 ok I8 T W1 Bl BEAE A
PR ] L e A 22 B0 5 022 B B R4 3L 3 173 R BEAT KR
PR RN GRS . E 7 FR, EARKRSRE 1, it
AL A PRIE N body, S EARIE N land, M %%
YNZRIE 8 Sk B FE A7 /N B 2 4R, RS2 300X300;5



IWE S, AT Al 4 Chip X484 AOT B 3 5 ¥ 5 %

BRE<1x16] |5 ’% (j;@?%ﬁjl) )
WMAEG HBRUZ[3:3716]
EoED)
i BUZ[3 33 R AR
................................................ %*”E[; 332 _w_*

HBREL
(W/2xw/2x16)

h/2xw/2x32
HBRUR2 —%D
(W/4xw/d24)

LRy
/4 xw/4x64

BHE3
(h/8w/8x32)

i)
)

LRBECY
1/8xw/8x128

RERE
(h/16xw/16x256)
)

L (h/32xw/32x160)

| BEES
(h/32xw/32x1 280)

Bl 4 CRAFT [ fEg"

[ ki
¥
8 R 2

BUEE: S

B EINE B

R E

Kl 5 CRNN-+CTC K% #Eza s

SRJE BEAT BEHLBE A L B AL I A5 B A 2 AT B0 98 5, X 3
58 e B R HEATIH — A S hm R AL

AN 3 45 SR . AR A LR A U I R A L A
3173 WEE A, AN 2 535 I R4 623 . £

N AL
*Lewo=lZ-Zl,

s Loon= =31

W (X)=F (D)hz
&

Y .
a8 i

& 6 GANomaly M £&HEZE

(@) BEFHIIE

(o) REFREHHAE
W7 R RES R

MR AR K A& 985 [ (average precision, AP)
5 B985 B (mean average precision, mAP) X % 2% 4 fE
AT . BAN TR R B & DA
HWAEE BRESIR WA 580 2 AL, 4 B R
033 B4 G 0 A R AT T VR B A A T R B
S5RMERBENIE. AXFREX AP 5 mAP it
BRM VOC BB & Tt 38 M 845 09 05 vk B i B 15
BERT 10 B SO0 AE #1705 25, 45 2 A~ 25 51 F000 AE B9 A~ 4
R EAE I L (intersection over union, IOU) FEH N 0.7, &
fEREEM 0.5 BLE 1. 0, K R 0. 05, i1 BB — R 5 4% 2
BRGS0 2286 P-R ZA0TE 8 fioR .

P-RHIZE mAP=09348
- body -= land

O L ] L ] ] ] 1 ] i ! i
6 01 02 03 04 05 06 07 08 09 19
HER

W8 PRk

ZHE 153 body 19 AP 2 0. 95,land [ AP 2y 0.919 5,
mAP 2 0.93, ZETOU WERN 0.7, BEEBMEN 0.6 1
BT T E MRS A T MERE 2R S 0. 949 4, @i MR 7T
DLz B, 2 4 5 0 2 AR T ) 0% LM 0 T A A RS B B
JULH A AE M 4R b ) B 3 A7 0 38 5 R B 9 iR, A
BN ES ] LB T 2 A A R 0 0 T
DA R A

« 117 »



Ak W F o

2.2 AEBBKENER

AR AL B 5 U0 G SR B M SR R R T A I IR A E
W% F R A R B, TR ASRREFE ]
@, YIZREUE 20 000 Mg LR B A 7 e . A E,. BUER
8 000 s B FH A R 35 . 2 A, Y SR8 24 000 1R,
BRBMEOANERIEERARF V., ZEERN AW
B ITE S FEEAR A5 A 1, B B R g Sy s R L 43 i)
of Fin % L Hn BHL L AL 2R HE AT B A YL AR ] 3 MK

PEARLI A B AR B AE 3E 4 271 i A s e B
AL 16 976 WE & Fr s R BT R B s AL 4 357 TR A
MRS SR LR SR R E S B 5 s
R 10 5% 18,

1750

1 500

1250

1000

1750
i 500

| 1250

2 LS E]
(a) AR R IR

8000

7 000

6 000

5000

4000

3000
12000

1 1000

(b) PR BEL IR, S (TR PR A

2 B £}
(o) RUBIRSG: R IR IERE

F1o HASE RIRBES

¢+ 118 »

 H R
*®1 HA HBE BRAGSENKER
LKAl B4 F B i, /R
R/ % 99. 98 98. 26 99. 98

IR 25 5 F 3 R B o 25 3k 8T —
AR MR, AL BB B T AR A I B R R
BREAB TR, FRB RS LA RO ETEM
ot BRI AU W 2R 00 3 8 T — A A Ry T R A R R
2.3 AEFHRNLER

B AR5 I 2 CRAFT 4% Il 25 52 5048 3 13 356
W S % 7 22 ED 9 Chip 26004, I B 6 1C S H AT A9 %5
. BEHLEECE H 10 017 WEFE A YR 4 30 A B0 46 A )
WEAMT NG, YIGRHTH = B HE B S8 R 17 45 1,
B 11 i YNt AR P kb A LR GE AT B WL SR R AL B
MLIE P SE B fi b ol . CRNN+CTC i 4% B4 I 25 508 4 5k
A E 7 4 B IUS 3RA5 B U KRB R . N RIEE R A
PR RIRUIE AR 4R AR /N B 1 O vk B R R R ER K
T L AR T

@) TR R AR

(b) FREMERFRE
TR 2 BB AR

11

R BRG0P 2% D 7 AR A 0 ) %
5T R 2% o B X T AR A 0 o 285 4 AS B 5T A A T R
HERAR LI Fo G 1R P PN F5 40, RS SRk 2
Fios s B B 85 R A97E 10U B{E K 0. 75 B 548 A3 3.

F2 BT CRAFT M489 304 E i 4% i 45 R
Mgl AER/ KRR Y% F. A
CRAFT 98.9 97. 6 98. 2

X T AR 9 2% L A OF 70 R E 6 R 5 4 8 1 25 4R
R BEVE AR AR o [R1A XoF Lb 1 3 ol 1] 2% 245 40 190 TR 1) 28 5 S T
TREERUNZR 3 Bras , o rp 4 3 1 2 2 HIRVE A U4 8 22 )
FHACABE B FE 4 » JLAE /MR T AT 7 91 22 [ BB i v

®3 MAEBERSTHHEEERER
P 4 L5 4 R/ % PR
CRNN 90. 29 1.08
CRNN-+# =T 93.12 0.74
CRNN-+HEE S+ FAN 94.53 0. 69




IWE S, AT Al 4 Chip X484 AOT B 3 5 ¥ 5 %

5 15 41

MEIAAR MATERANHEHEBFERAT
2.83% , F Y B IE B AL T 0. 34; AN A FAN J5 3K
WRA R —HET AR T 94.53%, 4B E T &
Z0.69, LA AT CRNN+EE - +FAN i W 4% 21
GEAGEL,

2.4 EEEEHEN

Bt Ak 20 5N S Y0 SRR B R IR T AR L A A
W 4/ B0 15 ) B9 18 A B0, 4t 15 233 dE, Hf OK 0¥
15 000 g NG #4i5 233 18, NG s 1A T80 70 ¢ fe il
W, NTWERBEAZRG OK 5 i 83 DL R ih U
BB B g B T — AT i 12 B . 4R
AR L AR A BB Ak BR RO RS A 0 AR AR L IR
ST 0 G 45 2 LA B A ) A 04 A A 2 e R A L B R
HRRE D80 BRS04 A 5 4 0 2% 2% A
ZRENMGRN ., WEEHEN, R LRBIRKLIENR OK
5 NG M35 Sz 408 K /N F IR E 1 A, A5

4 OK, &K NG,
ES->ENLD

B12 Kl R b B ) — A7 1/

TR 25 5 . AR SC R 233 i NG B 5 7 000 g
OK Bl A7 0L B0 3 o Ak IR B A Ja i B I8 X
R EEWIE 13 Brow . BT OK 305 NG $UE s
EE A5 7™ ORI R AR TE SR ROC ik 5 AUC 1 S Hm
PEBE R PEA HE A 5 SR AN 14 BiR .

(2) NG#

(b) OK¥EA
E 13 NG5 OK A R4

1.0

0.8 ’
s 00
=
o4l

02 -

AUC=0.993 4, RZWME=0.0452 ",
L I 1 L Tr
0 0.2 0.4 0.6 0.8 1.0

B
Fl 14 Ganomaly i ROC 48

WRIEE 13 iy ROC M2k A LA 2152 22 B (H
0.045 2 i , AUC 35 %] T 0. 996 3, LR AE7E 12 i NG Bl %

T AL BUFE SR AR 20 9 NG B iR HI L OK AE LT - 46 %
OK $His o FI e R B T B K. (B SERs
b, il T NG 84 0 8 7™ B 2R KT OK 80408 9%
BRI, O AR I T NG B4 B W IR 465G
BB /IR 22 1 S 0 0 BIE , TR B 80 000 i OK B /i
T, B &3R5 92.27% M MERR R, ARk BB M
2.5 Chip JTHFE #|# HE 28 B 4 1 g i

#E AOL SRR A R 224 A A e 0 0 2 7 A e AT
TamMME. AN AOL EEFEE, 4% 37 A IR 24
Py BB B AR V5000 BB AOT K I 5 45 5% 2 4R 15, ik
fRAGH CH+EEH i T SEIN, k38K 43 2k H B /K 8 B
KA 2 ) 4% HE BEAE B2 Openvino, #2133 18 2 & 7 CPU
TR, MR P 7 LA B o B A R, AR R A, R &
H A W 2 ok | R B R A A | R A AR AT E
L CPU 4 Intel Core i5-7300HQ, NTE 8 GB, M3 %4 4L
30 000 R, ELr L& 2 BN 45 B9 BUAE 15 000 IE, 615 6
B9 15 000 8. WAL B ARIRFI RN 11. 2%, AR &
B4R S AR A3 02 E L iIRFIR 0. 6% RS
e g R IS O IR AN L 3 418 WL AN HE 10,91 %5 T4
FiR A5 IR S B iR R 2L 768, 1R MK 5.12% . E¥H&EIF
BATFENT 97.5 ms, Ho o N f & 22 B AS I 7 £ 28 b #E B
33 ms, f F 22 BRI 734 B AR FE AT 149 ms,,

ABE G4 Ak B0 SEBR R R, £F % Chip 5T 1)
AOT R H T 2 F AT B AR D AERE , 43 50 % 454 46
AT S B T AR AR, SRR AW, & K
I FE BT £ A R 2k 8 T B AR, SHEL T X
Chip ZE 0 K508 W58 A W, R4S, H
HIKE AL FH R AOT A _E (AT 5T 240 A X Proh 09 J2 32
Vil 151 » 74 SR AT A0 B i o i N P B8 . AR T R TR I AR i
T A RN AOT B Al BRI T £ &
ATATHY .

BT A BREHF IR T AL AOL B 3% 4 4k T &8
WA, WM E R T W ) AR,
AR AL B0 S I AR BRI B R EARS TAER &
K, AT IS M SRR AT T W02 R R AR
LI 2 T2 R LS RN v R TR s B s i )
TR AT AT A TR

1) 74 AR B0 60 T+ A 2 0 IO 246 A T 1 o 2 £
B4 43 285, T8 7 b o I 109 B € R I T 2 5 & 2k T 4B 1 i)
B, A 2.2 gl iy 4 50 (| L0 BT AL, Y AT R 4 AR B R
ARIA B 100 %6 i 1R8N HE T 22, 0 b 5 B R R R 0 A I i
FRT, U A B R) R 6 4R 4 R, AT PR R R T 45 R Y
HERR R, o 3G T Ath B ) 2% 74 o 1 122 2 A 1 U 4 I B
IG ¥ R RS TAE AT B ZE R A 22—

« 119 »



Ak

W F o

F R K

2) FATALIN A5G L TARAE A AR Y 5 7 A7 A 0
SRAER., HMTHRGR T YRHERER, MR RE
o i 2 B2 v il R v AR I G ) R S X L R 7 R BR
BRI SE . TEBUA BEAF AR AR T . AR SL AT R E MR & 4
19 5 AT B2 B0 4%, 7 R o R VB A R 09 1 B0 T 82 TR

30 MR R AGL M < X T R R A I Y 2%, ph TR A
WRBRERERE 2, B RIS A NG 58 E R
A TR B 45 BB S & 7o X NG B8 192 2 . A K& OK £
e v 2 20 B IE A 4B 1 B0 IR A B ARAE . T A 2 E
gy AR (B 140k F , 80 M 4 BRI 7E i A Y AUC R
oA 12 18 NG B AR A XX 12 18 NG 3B S
NSRS b B OK B 15 2847 70 47 » $8 HOH 1= 45 85, 9F
R Umap " HEFT R4, IR 62 NG FRHE R B R OK
FEAE o AP 15 BioR X 12 6 NG s 09 4 1% 1R & 72 7
#:p9 OK Bt b B OK AR 43 A 75 21> X380, 3¢ 3 BT 1)
2% BB RPN vk 1y OK Hodls kA7 1 2, B 9 45 9 K 3
B 2] OK i S5 f FRAE, P 0 38 23 NG $oi A sk
BT bk [R5 AT X R 4 S5 R B B TR R AR AR B R
B AN R R B 2R K RN YR S TAR R AT
fEz—.

15+ a

U oy

g ? <
ol L ]

t P A

5
FEMAEL
#&F Umap $5#1FE He 45 45 5%

(= T L Y o S - -]

5

& 15

O BT AL Z BB H B & B K
IE BN ™ b O R ARG 5 IR ST ik AR A TARIF
WA R GAEI . RIS SR MR 2 MR K
NSRBI N 4 BTN . FRIST AAE o R BORE I A e ) 4
R ARSI P 465 5 U0 2R A0 AT B TSR R B R R 45 41 1B
A LA R e 3 T A% A 0 2% R i R IBOJZ SR R AR SR A
B [ b A BE AR B B R A i R R 2 . R TR LT
AT BIAE 55 AN [ 30R 2 — 10 24 DR A AE .

FTF ALY Chip 2&50fF AOL E R I H AR AOL B
FR I b i — A B4 (H2 BR Chip 280451, AOL &
IR L W I 1 2o HA B B oo £F » a0 HE 4 26 0T 1 L 1C 26
TolF A BB TR ARG 16 TR . Aok TART RIS
e Chip 28 JFUF 52 35 16 I B Al b, 4k S0 45 I 5 B 47K i

¢ 120 »

R4 BREUSYEESEM

TR B2 Bk SHm/MB P FERS /ms
PN Al 11.6 26
A A B €5, s 10. 2 14
PSS Rl 130. 88 149
S 2 S A 2.7 6
R~ 155. 38 97.5

T AT B AOT &R I _E 3 B S2 S AAS IR 2R
YETTHRIA0ER 5 Fis .

it T

(b) ICKTTAE
Bl 16 5o s

(a) HEHEFTAE (o) B+ IO

RS HE-FITIEHR

JEAF2E 5 5% N 25
Chip 2570 i e 28 5 R 49 08 1k
Hedm 28 oo e R S S S AR
ICZontE BB L mERE R
a9 //I\/: . ‘Ir";??*/fﬁ\/g‘ Paringl = A
o T fﬁkﬁfﬂ%\ B B AL ERE
B AF 5
4 4 it

HHr, 7 PCBA @4, £ F Al AOT £l i A
B BTROR I () A, T AR AR TR T . A
E AR B TR R B AL 8 AR X Chip 2870419
AOTR MM ET TEWANE A RE  EBENH RRT
BB, I &M Chip B0 LR F R E %
B EFIREAF R M SR SEAT T A A & LI TR
Chip JoBLF 1 B PR S DL KA A Sk
W, BRTZm R T RETE A& R AT 2T AR, 2
WA R M e R R AU PR 4R L T iR
e B AIR A T RUAS , LA B0 0 B A AT 3%

S & 0wk

(1] #5718, AOI R4 7e PCB i) 8L R iR iR s 4 LT,
B 5ME, 2018(16):207-209.

[2] BRE. ETEHMNE ML R RN L B L EL
W) ], B o F & AR, 2020,39(11) :57-60.

(3] FokA.EVCE. W L ETEHMZ MK PCB i
Fate il 5 R BB L [T, B 7l & 5 U8 25 4, 2019,
33(8) 7884,

[4] CAIN, CEN G, WU J, et al. SMT solder joint

inspection via a novel cascaded convolutional neural



IWE S, AT Al 4 Chip X484 AOT B 3 5 ¥ 5 %

5 15 41

L6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

network [ J ].
Packaging, and Manufacturing Technology , 2018.1-8.

BB A IR PMEL %L B T Ting-YOLOvV3 ¥
45 DL R L T AR SRR R B LA ISR LT . AL 28X
e ,2020,41(11) :12-19,

BRI, TR 2T 1 1C 51 IR B 6L E A Z) AT £ A
FFFELD] LT R K%, 2019,

LIU W, ANGUELOY D, ERHAN D, et al. SSD;
Single shot multiBox detector[J]. Springer, Cham,
2016.21-37.

JRRE , B, 2R . BT IR S ST B AR A I Sk
ZRIT]. AL T B R, 2017,40(11) : 89-93.

Mk JRREL ET SSD Bk M= LWL &
BREAATIILT . B 7 AR, 2020,43(9) 1 29-34.
SANDLER M, HOWARD A, ZHU M, ct al
MobileNetV2:  Inverted  residuals  and
bottlenecks [ J]. 2018 IEEE/CVF Conlcrence on
Computer Vision and Pattern Recognition (CVPR),
2018: 4510-4520.

LINTY, ROYCHOWDHURY A, MAJI S. Bilincar

CNN modecls for [inc-grained visual recognition[ J .

IEEE Transactions on Components,

lincar

Proccedings of IEEE International Conlcrence on
Computer Vision, 2015.1449-1457.

BAEK Y, LEE B, HAN D, et al. Character region
awareness [or text detection[ C7J. Proceedings ol the
1EEE/CVF on Computer
Pattern Recognition, 2019 9365-9374.
SHI B, BAI X, YAO C. An end-to-end trainable

neural network [or image-based sequence recognition

Conlerence Vision and

and its application to scene text recognition[ J]. IEEE
Pattern Analysis and Machine
Intelligence, 2016, 39(11): 2298-2304.

RONNEBERGER O, FISCHER P, BROX T. U-Net;

biomedical

Transactions on

Convolutional  networks  [or image

segmentation[ ] ]. International Conlerence on Medical

Image Computing and Computer-Assisted Intervention,
2015.:231-211.

KADARI R, ZHANG Y, ZHANG W, et al.
[LSTM-CRF
architecture[ J]. Neurocomputing,2017,283.:31-37.
WA, TR ELZEF ST A X5 M4 8 3415
AL &R G5 W R [T, 4088 LR W, 2019,
40(9) :16-26.

AKCAY S, ATAPOUR -ABARGHOUEI A, BRECKON T P.

Ganomaly ;

[15] CCG

supertagging via bidirectional neural

[16]

[17]
Semi-supervised anomaly detection via
adversarial training [ CJ. Asian Conlcrence on Computer
Vision, Springer, Cham, 2018 622-637.

GOODFELLOW 1], POUGET-ABADIE J, MIRZA M,

ct al. Generative adversarial networks[J ], Advances

[18]

in Ncural Information Proccssing Systems, 2014, 3
2672-2680.
MCINNES L, HEALY J. UMAP: Unilorm maniflold
approximation and projection [or dimension reduction[ J .
The Journal of Open Source Software, 2018, 3(29):861.
1E& & It

EWE, TEOL, EERR T ELRE TR
BB B SR,
E-mail: w1318201312(@ outlook. com

BMERM, LW, FEWMA T E NI ENREATH
BE AR
E-mail: carrieweiseu(@163. com

A& T L. FEMR T AHENLREZ ATE
BE . HARKI .
E-mail:1021937079(@ qq. com

HES BNV SMERHEERK, AF A ILERN
HHETAE.
E-mail:leon. ji@magic-ray. com

FHEGERELS 2. GLASM, FERREF MR
2 ER AL LCT BIfR B 2005

E-mail: luoshouhua(@ seu. edu. cn

[19]

« 121 »



