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A video image-based chip packaging quality analysis method
YANG Panpan, CHEN Qingkui

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

[ Abstract] In the industrial production process, the quality of the chip packaging directly affects the performance of the final
product. Based on this, a method for quality analysis of chip packaging is proposed, using YOLOv3 target detection algorithm to
locate the chip target on the transmitted material strip video image, calculating the recognition frame spacing by distance detection
method, judging the missing parts defects and cutting out the single chip image; using the Otsu method of region division for pin
segmentation on the single chip image, fitting the minimum external moment of the chip pin using the least squares method. The
proposed method is based on the intersection of the extension of the rectangle center point and the rectangle edge line as the origin,
and establishes a relative cartesian coordinate system to determine the skewed defects by the angle between the rectangle edge line
and the y — axis direction; the improved SIFT algorithm is used to pair with the feature points between the template image and the
image to be tested, and the defects are classified according to the distribution area and the percentage of the matched point pairs. The
experiments prove that the proposed method can analyze the chip packaging quality for industrial production conditions, and it is
faster and has better results in actual industrial production.
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Fig. 1 Diagram of chip packaging quality analysis process
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Fig. 3 Histogram equalization processing

232 FERIETNE

PG RS R BE— 200 R A R4, T
B AP RAZ T R T RO 55, ShaS B 3 %1
SEIE AN A s AR 5 SR B X T B
O o ARSCRHAT Otsu 43 #5304, H A ff 20 HL 43 %1
ROR R4 26 18] 75 225 AN (2) B

o (1) = @y (T) x (uy(T) =p1y) > + @, (T) x

(1, (T) _Iu’T)2 (2)

Hrr, w,(T) FoRBEA T B AR R A
0k R PR A L], TSP SR AR N, (T)
o, (T) FRBIEA T W8 FAR R A R R KR
AL, 75 5 SR BEME N w, (T) s A BEAR PR
IREESE , T AERI A T 2R 5 2 o (T) k3
R RARLIN oF 17 A4 K BE{EL

T Otsu 303 %0F PELARAEA T B0 25 B L 2 U A, 5
o3 DXIR R A R B2 1 B 58 5 A DX
IR, X2 R EHR S S B (E T 451, &
BoRw: B —E AL AL BRAS B) 5E B iy 5 | I IX R
AT A OB 2, 3 SR B 5| X S 5 0 5 |

VB A7 A 25 5, DR s % 5 | DRI i 3 R X 3k
173053, XL 5 5 IS XS A T 4308, DA/ Nt A
FARXTERIBCT TR B 52, X5 A X Bl o3 e, A4y
PN R Otsu LTRSS BIE, J2 B0z 6 R R 3=
SRS, 2 XI5 I Otsu B35 (W R A0 3R 1
WRUF

k1 HXEH Otsu EiE

BN U R G SR, BN O A RS R
s TR SR RE SR ) A AR R, Rt i R B
S MR SERE S IAECE o AR X 51X
ST o R e R A

g o S I A ER

1.4 BME =38 18 BRSO B A

2ARTE R 5 I 50 AR Y b A B OC
E Y ASE S T N I E @ {7 R e

W, 9 R 2 [0 Y gy 23 Bk

kE+2
width width b L width
Cp v 2ip v X HI REITEILLE
A 5 DX 3ak K 22 5 | N DX S8R A 5 | DX 3R 40 ) A7
i

3.5 BRI FR R R 22 55, 1 22 5 I X R
AT X B A 20 0o+ 1 50y, 19814 A5
Ao B X3 AR A

4 FG 75 B U T3 45 DX 35 S 4% XS AR R 5,
WRAG R T EHRR G X I, DK Z AR R RS
Rz s TR JE ] 3% 3 X AR 28 K A4 (E

5.5 UG 45 X3, 4 9 G 3 4% X 3k Y
YK BE 5 BT — Ak, SR A 4% DXk P 9 - 349 K
8, M 22 A B K 45 XS e 430031 RE, AR P AN
[F] DX 35l P S A I (R A 7 R A 51 S8 A2 A
5| o B IR AR A

6.4 22 AT I o B X IR AE G b A& K% T 5
PR AL A,

TN AT DRI PEE , A o RS s 5
A A EHZIFR A1,

A3 F) R B 5 | A 43 AT RE 23 B TG IR A5 n) it i
PN AF IR, PR o | A 5 e s AT T A5 22 45
1B, HizBnT DL RBRET s s | I A A
By asii, X EUR AT iz 55, B S R i 45
VR W AR 43 A 5 | B0 A% 38, AT A A e 3 | BB D 1)
R 280 5 Xk 2 Ak 2k B RS 0 AT T b B 85 B R 22
ARME PR A ok, PR IE ST D) PR AT SR IR
A G BB R, s BERAESCR K 4

X k;wzdth]



80 s

i 2 S I I VA

12 %

Bios

(a) JHP (b) BEZHKIEIE

B4 HEERIERRE

Fig. 4 Closing operation effect diagram

Sy BN S R4 I, AT LLSE 3k 5 | i (o4} A B
FIRr RS HBLS  ERH G . D sl a5
MR 4 A3 % mi o i i, A /s —3fe 125 43 04U
G4 FRHEL AN UIIEAE R 5 RS L 2 0 i
ANIMERE T O R B LT o B
WG BRI AR P(0,0), 4T MR
Q(m,n) , AIAFHUL AR (2, ,y, ) MBS EAR LD
T

(o) JEimIEE

IDDIRICRY
X2 Sy
X2 oy

S5 )

Horb, mon 53 908 BUR AR R W17 8O 51 %%,
flx,y) RHEUGTER, (x,y) AERIIKBEAE

MEZHOTEE S Frn, Db Ass s Pl

(3)

Xo

Yo (4)

JE AR R L, 5 /D AR T I A LG
ZHICH 0(0,0) , LLOVE RIS ST AHXS B A ARAR
R 1% REAE SRS FHIE S8
Harris SIFT
(GRUIEEE LRy oalll] FHAE SR
Harris SIFT

AL LD Q BIARAR D (x,y) , s Ao A 0
Aa(5) i

0 = arctan (5)
Y

Bs5 mESHITHEE

Fig. 5 Angle parameters calculation diagram

2.3.3  Harris—SIFT E{{ VT

SIFT BEFE I 32 B4 h T AR AE s A DU 5 R AE
SRR A3, AR AE ASAGHI) A 75 8 22 v 8 v S
B ERY | BOARSCHE ] Hards 8778 KR
JE 223 (RIS A A B A BI)/N RUBE 25 [1], 2 57 SIFT 4y
TEF IR F 5 ZE DT IC SO RS TEFR 43, >R F AR s S 2 1)
TR T G BORE B VTG , LAS B 5 15 B T
fic #45., Harris—SIFT % VC it 5 3% 0 F2 75 2 a0 6
s, XH , Xt Harris—SIFT 583k fp 4% 20 IR J2
TR R,

FIARRFAIE i 4R

FEAE RAVE R VEPC s 7 IE

FUARRFAE 5 4

6 Harris—SIFT E;X 1B REE
Fig. 6 Harris—SIFT algorithm process diagram

(1) K R fA 0, Harris 52058 3 8 5 19

— i Y R Refs P AGHIN 7y A5, AH LE SIFT B30325 Jo i+

DoG ( Difference of Gaussian ) 4573, Bk i 38 B2 5

PR Harris £ R I 28 3ok 2 37 /N B 0 XX B i

CRERE[TIN S OIS IEN VAR S O g S/ Wi R
N

R =det(M) -k (traceM) * (6)

det(M) =A, A, (7)

traceM = A, + A, (8)
Hrpr, detM iy M AT 5V traceM g MO
Ay A, B FHAHOCHEFERY 2 DRRIE(E; £ 0, — i
HU{E 4 0.04~0.06,,
(2) B fA SRR IR Il 2, ARP AIE A 5 1, A=
B AR ] SIFT Bk B — 1 s 43 e 7T L
WA SRR B RE FE IR AR m (v, y) AIJT W) 6(x,y) , BF
SRR A INE



5 8 1]

Wiy, 45 — b T MR AU B B o A 7 vk 81

m(x,y) =
[LGe+1,y) L@ -1,9) T2+ [L(x,y + 1) =L(x,y=1) 17
(9)
L(x,y +1) = L(x,y — 1)
L(x +1,y) = L(x — 1,y)
(10)

Hop ) L 3R FHE SUTTTE R 25 8] | s 07 ek 4L
5E ES BT,

(3) LB SIFT FRAEA A 1) 5, O 1 B PR RAE
SRR TR AR | DLOGHE 55 35 ) o HhuO s | oK
W16 > 4x4 B F NS FF 500 8 ANBREE 7 0], 4
AR AR USR8 — > 128 ZERY SIFT 471k ] &,
N T IHBROEIREAL R T, % HASIH — e Ab 2E

(4) FFEDERC , i K- 4R5R (K —fi
H 2) SR HCRK TG IR B SR AR AU 48, 3% s )
RIS 5 UG SRER B LB/ N T T(A SR T
N 0.8) I, BN NI

TEVERAC Y 0 b B e KA Y s A —
FESEIEBRECXT ), — M X DT HC J5 B4 s X 5 FH B AL
RAE—EUE (RANSAC) AT —21JR N R A B
TR AR V2 B R O S R 22 ARE 15 22
FHTE IR RN GG RBRUB N EESS,
AR W g iR BC AL, H RANSAC 595 AR
BOA FRR, 55 E SCEE, A TER R 1) B AL
PE, LR B, H S48 A R IR S R 2
BRI TR A W R, DR RCR AR, i
i K-means A58 1E VT L & 0 B0 & 45
BEVEWLANR

Hi£2 K-means BREBIERAR STHiE

BN LS R S, B i IE RR R
R RS RL SR A BR A B B, B R SE
IRV HC s ARG RIS AG O B

Wi B S BRSO RS

1.Fork =1—N.:

PR BNRFIE— . DERC SO Z [ R BRI S d

F3 BIAFAE —  VEIC mO0F 22 [] 328 2 5 7K - ThT e £y
0,3

W d, F 6, IMAERImEES F,

2R M AR A F i T K-means RIS, & E
RAENEON K = 2,102 DRSO ST
A F, BRI SRR R R O A
AR ; 2 Pl s AR R OSBRI 45 1R A

3. T IEMR VLR S S BOS BH 2
5 g IERR DL C s 0, 4 5 — DEBCAT 1R 1 2 531 v i

0(x,y) = arctan

MR VEEE S X SE A € TR AIRR,, S RME IE R B
VLM S XSS P,

3 ZWERKSH

3.0 XEMESHIBEES

ARSLIGTEF I EE A . Intel (R) Core (TM) i5-
2450 M CPU@2.50 GHz HJ4b¥i#s ,8 GB 17,4 GB
BAE, BEAE R 48 Windows10 64 i, JF &K ¥ 5 R,
Python3.8+TensorFlow2.4.0  OpenCV4.4 {5 4b ¥ %
F1YOLOV3 H #5 K il A 42, { F§ CUDA10. 1 F0I
CUDNNI10.1 fin#is5,

TR BE 27 > SR AR T IR 1, w2
TAE XL A [ i B 00 7 By PCB AR AT
N THREFIN LR, 43 50 D28 Fi T 26 [l 4% B 3
1 0005 PCB H FE A< 5, Bl HL XA A% 1845 3 A7
90° . 180°F1 270°JiE % , %k 4is 14 5 J5 4845 3 000 5K Il
GG, sk EUR A 7 AN R AR, BibRid
U P REAR G 2 A BRI 1. xeml. SC A4, 122 3C 1 = 2
TEROBHR SRR 2515 B, VIZREE I 5 A 0031 5 ¢
3:1 1 R4y, fdHH YOLOV3 3T #8247 05 A Ay
AR LN Sk, D20 i R R A T 08 & 2
T e f5 B, LME T X0 R B R gt 7 N —2 1)
30T .

FESEI B G T HEA T FLSES A BRI Y
YRk % e il T AL A b A%k 2 T AP TR
T ARBLEL 40 fps it 58 55 il 400 I R AT T 1 40 A
SRR IR O Bk AN SR E
b U R B DL RGES R I T BRI logo 5 T SRR &
1545 200 TRHEATSEIR IR, BREATAE BO A
£ 6 B{E R 100, BMBURLA B 108 AR 7RO
Fr ERMEE 5 BRI ES T AU R B B A D E % X [
A3 R 15% ~90%F1 0% ~ 15% , B UL B 25 %} 4 LR
it 90% , WITA Ay AN A7 7 B il 58 T 53008 R B Bk
DEBC ST H A T 10% ~90% # A 75 78 Bl 4
TR BE , DEC s X o5 FEAR T 10% , WA 7R s i
BB
3.2 iR IERR

K IPEM AR A A HE R Pre, . #1422 % Rec, .
F, = Score I X RERFA,, KA AXF 505

TP,
Pre; = (11)
TP, + FP,
TP,
Rec; = (12)
TP, + FN,



82 B o /5 M5 MM

12 %

2 X Pre; X Rec,
=t X (13)
Pre; + Rec,
FP,
FA, =1 - Pre, = ——— (14)
TP, + FP,

Hdr | TP.(True Positive) 7~ i JFEA MY 1E 1
HABIFES]; FP,(False Positive) 37~ HB2RAEA
BERIINN @ REEARWIEEN]; FN.(False Negative) 3
R i AR H A REAS A1)

3.3 ZWHERKSH
3.3.1 YOLOv3 HARKZI 45 R ir

FIH YOLOV3 M2 FE T Il 2R A B BE ity | 4T
ARG, 28 SR 3R 3 2 80 I3 2, YNl 2k
WAt 2 & 7 Fros, AT LR Y AR BYAE R 5
AT AR P A0 6 (B T T A s IS AR T A PR
P 2t 60 A A W RN |, 1A B AY 4 2k
(BN 0.024 JFE THE , A FHARSEIEL, 1 )
ZER L IR BB PR A, W] LA PN Gty (A AR 4G
IEE S s A,

F2 WENESH

Tab. 2 Network training parameters

SR WREH
AL PR ( Batch Size) 16
WIf2# > #( Origin Learning Rate) 0.001
AW (Epoch) 60
By R RS (Input Size) 416 x 416 x 3
ToU B {H.(IoU Threshold) 0.5
EARERRU(Step) 22 000
(a) Bt E% (b) 2 &b 1%

(&) EIEHTHFE S IT L

avg_epoch_loss
OO0 02D
Soooooooo009
SSSSSSSSSSSS
WhE RN IJ0000\O
NOULOULOUNS NS LD

0 10 20 30 40 50 60 70 80 90 100
B 7 IZREAE Ak 2k

Fig. 7 Loss curve during training
3.3.2  Harris—SIFT B4 I 25 50T 74k

A SCHE Y Harris—SIFT 8535k 51555 SIFT &3k
FEIE s R B ()] L 25 R a1 8 FrR , AR SCERE L
SIFT S8 A 0 ik [a] [ L 4 45 2 ~ 3 A%, A %00H: e A )
M

—_
(=]
1

=)
T

(o))
T

~
T

SIFT

A S5 S R e ]

[
T

Harris=SIFT

(=}

R RCE EDREE AN
B8 HiEMEX L E

Fig. 8 Algorithm detection time comparison chart

i PR J5 B9 Harris—SIFT B8 72 % Bk [ K145 33k
TR, 25 5 9~ K 11 FiR

(0) B IE R FHIE R TT L

B9 RESLHE®
Fig. 9 Invert chip images



5 8 1] Wiy, 45 — b T MR AU B B o A 7 vk 83

(a) BAER (b) ENVRIE T Bl baE R 5 (o) WEHT ARG () EDVRRE s PGSR 5T

(e) I RTRFAE DL AL () B 1E 5 HFAE 2 DE
E 10 ENRISERER

Fig. 10 Misprinted images
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Fig. 11 Improper plastic packaging
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Tab. 3 Defects detection results

FG2E0 S EG/ ik IEREIIR/5k IREEG ik Pre/% Rec /% Fy /% FA /%
EH R 200 199 1 95.12 99.50 97.26 4.88
o g4 200 195 5 94.20 97.50 95.82 5.80
R ER 200 185 15 93.91 92.50 93.20 6.09
IRl 5 200 176 24 89.34 88.00 88.66 10.66
PR A 200 181 19 96.79 90.50 93.54 3.21
R 200 180 20 82.95 90.00 86.33 10.00

Average Value 92.05 93.00 92.47 6.77
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