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Abstract: Aimed at the poor real -time performance of image detection algorithm for QFP chip pin repair using mathematical
morphology closed operation, a visual detection algorithm for QFP chip position error based on pole quadrilateral is designed. The
four extreme points of QFP chip image are used to determine the polar quadrilateral, and the chip rotation angle is preliminarily
determined according to the rotation angle of the polar quadrilateral. The pin vertex set on each side of the chip is extracted by the
four lines determined by the rotation angle and the four extreme points, and the rectangular fitting of the pin vertex set on each side
of the chip is carried out by generalized least square method. The chip rotation angle and center coordinates are calculated through
fitting line slope and line intersection. The results show that the running time of the algorithm is about tens of milliseconds with

detection accuracy up to sub-pixel level, which has good practicability.

Keywords : extreme point quadrilateral; rectangle fitting; visual detection

0 355

W25 HL P e R N AL R R 3R A Dy )
K AR AR (SMT) A 5y o 7T d A 20 2% (LA
e ) B E L B A (PCB) 1y SR AR H TR
T2 A TR 2878 B R v TS — 1 E PRArR e, T2 mm
SR TCAR P RIIR 2 | Ir LAAS [R) 3 26 S8 70 A T8 2 ) 1 119
TENT RSN AR F] . QFP S48 DU JE A M 51
B B, R T 20 A h LR T 2 AL T QFP
TCFS AR — BUS T, BUSE AR ML AR AR (5 R
FP R D DX S8R P AR R — B, FE AR B U 18 R g
BT AT 2L B I, X 28 QFP 8 A (7 B iR 22 46 I A g
JEIBR 6 AT R AR I R I A 1) B Bk A8 52 51 I
BAI QFP B H PRI K R TR T A T R
BRI . SCHIRE L QFP Y JLATTREAE SR A 8 , 5 s — Aol
FETH S I A QFP A AN S5, LLSEEL QFP Jo i
PN P 3R 25 S ARSI, R 88 e A0 o I e L ) o o L T
ST

1 QFP & F By JL{I4FAE

i B 8 LRI 2 3R M R T e e A B A o, HOA
PIUE T XA S, A T A A R R st 64T, SMT
TR S 1Y B2 H B TCAE 5 D[R]0 g A 2 Mt %o
NEE R, A LT SESTIE IR 7 B T3 B e
0 5 BTG R 7 e 75 B B AN AS B % i, QFP JE T
BT W ST 53 A0 F oo U, QFP B B
ARV JLTRAE

1) 5 AR

QFP i IAME K EE S, IR 1 iR, i 51 I
B RS RS 1R A, A 4085 1B [ BE S A W] Y

2) W S VU TEAG BT AT YA TR

QFP 305 Fy T0uis 5 | A 2 181 2 rhdm t i 5 L A5 1
Do BT QFP 5 Y5 | B TR HC0 A v 2 X6 R 40 A
T AU B 45 3 B 5 AR A5 T LB B4 00 5
ABCD 3 HFRZ M QFP i85 A OB S DU IE

TEZE B A (1983—) 3 1L E m N BIBER, Wit , WSRHUBBEH Iy i wrse

- 133 -



BHRA -

i

EA) - QFP 7% 1 Wh 3 Z AT AT A iR AR

B2 QFPHAE%

QFP LL_E JUMIRHIE A5 -5 85 R (R AR LR A
Pl ARG RSO T aE . R TE 4 2305
HRSEERARIR BT BR , A BB i X AP i AR R L 7
[ AR P 7516 5 | D BSOS I 8 — S A BEAT AR B, A G 7]
AT AN A, SR e A T PR AN R

2 EFHRAEMBFE QFP & H B
BRI NE %

TP 9 QFP 1 P BRIt e ) i A8

BB S VI | I PR A 00 A 002 £ 400 A5 Wl 2 o
FARYEEE AN 4 DB A T AT AE 4 A% ELZR, R 5 31
B IR B BEBUN B A0S | TS i3 FHE) By e 5
BT ARER AR AT AU A 15 4 S HL it 4 & B
LA AT HE T D AR BRI B A5 SR T T
JEIA 7 T ZE G B 5 R 1/3 AbmdR ), ks )5 18 e
S bR RS A s 658, BT iR 8 s 6 B08E 2 5 | IR S 2, 11
S| e B 5 | A AT AT

1) EG Tk 3

Xof JE A PR () TR AT 008 I8 Acb B9 35 PR 28 ) i K
221k (Otsu) AT B 43 #) B A 97, 4y #E145 RN 3
7R s SR 5 T B bR XSG R SR T/ SR s R R
NSRRI 4 fi

i1 N -
o Wﬁﬂu o0
) )
=S uuﬂugmﬁ
=2 -
— p—
o= S=
= S5
—— S5
= oS
goien ;

4 RERRE

B3 SHEER

134 -

2) ML

HRAE 2, W HLLE R 1 R v, QFP s F 7 B o
A A R £ T 2 AE — 58 Y B TS 25 KK I AR 4k
FEMCIEERY b X T (m,n) (19 QFP 785 Fr GHEAT X 480 43 1)
O AR y BUEIEEE S [1,m/4] 5 B AAR y BUE
JEHEH [3m/4,m] 72 M R AL AR« BUE SN [1,0/4] 5
A0 B ARAR o« BUBTE R [3n/4,0] . 78 BRI 4 41X
Sk A i B — 2 AR P B 4 MR L( X, L, Y,) WB(X,,
You) JUCX, Y0 (R(X,, LY ) K BB 4 A HE R
U—R—B—L [WIFAC AR 1% 8 45 B4k 5 U 3 | 45
WES Fis, FES R R R A RS, HZ UR R
S IE VISR A DU T R 46 £ 6, FE s i & AR A
LU AR S U B AR 6, BT TT LA A6
RS R 15 0=0,,,.-0,

B 5 QFP HR S MihF

3) SRR

FIH 4 A AL U (X, Y) (R(X, Ve ) (B (X,
Vo) (X, Vo) AU R 5640 0 AT LIAAAE 4 40 HER, Rl 6
JR o B Ly sy =k, (x=X, ) +Y, s T Ly y=ky(x-X,) +
Yoo ZEMN L, oy =k, (x=X ) +Y, s 500 Ly oy =k (x=X,,. ) +
Yoo H ik, =k, =atand;k, =k, =—1/atanf, BERHE d,
TSR 5 | B TBUF ) et B A DX I R A B B /N T 43 0 1Y
B, DUDRE 3% 28 A0k TAER QB 4 AT Ao
DA S Q.(i=1,2,3,4)

U y=k(x-Xo) Y

HRES 4 FEHE

&6

) HEIEIUE

S AR AR A Q. (i=1,2,3,4) , R TR
BN IREATHG I o MR A AR BT AR
HAEE STARPEEAAE RIS TN

by
DImin[ 2 (yu—hxy - bb’)2+z (g thy = ble)Z +
i=1 i=1

ks

ky
D (yy = kg =bg)% + X, (g + hyy = 5,7
i=1 i=1



- fEREA -

EA) - QFP 7% 1 Wh 3 Z AT AT A iR AR

SRIGA IR by, by by b, SKAWFEL, SKAFRIER £ AT
SRR REEEE b, by by b, , RSB EIL LAY 4 4
HEFRE, L Loy =k yx+b,, TM Ly.y=k\yx+b,, ZM
Ly:y=kwtb, i Ly sy =kt HH R, =k =k, k) =

1 — v N 5
K== SERME T PR, TORERSL 4 45 H LT TR R A
v

FRE] 4 A SR AR N (X, 7)) L (X,,Y,) (X5, )
4
(X, Y) RS RN ESEINT o = ( YX) /4, =

4
(Z]Yi)/4,9'=atankO

B 7 QFP4EEMEHER

3 BEIUELERSH

MRS E R Visual C++6.0 fE IR -5, H]
HZT G HE A RPN B MFC, A 3 T BIHRBE 1
EH fAf o SRR AR B, B 4> H 40 AR B SR
B EAAA  EANS S UG E 0 5 S R )
YEF AN 8 [T, 4 & il ad « T R S A AT,
MRS T < U BE A E 7 QFP R ETER I |« QFP
BRI B P S I E 8 iRl G B, K
QFP JTH B 2R M S5 R« Ax = -2, Ay = -2, 7% A I
# A0=-9.9° | ZBIEMIBITHIE R 31 ms, R IDRS B ik
FNWAR R RAERE R TG B B H

AR A TR, ARG JEE -5 S 2 A I R BLA oK

x]
A
e
e
s
wAREEC OIS

RIOTVRE
RhREE
o]
ST
SR
Hough R

At
#RAR

A

e

| o REES arsmEn | | ey |

E 8 QFP & T4k = i a4k il 57

4 5iE

BN ESP B IV W VAR UES o[ (W=t Ao - |
FAEETFAR S VYT AT LA TR AT QFP BIGEAT T 5 fif
BRI ST, SCYGas R A kL
SEMAIERLE  BRIE T QFP JGIF 4 200 M AR TRt , SEORS 1
HIFEE T A I B2 AR B v T L SR
BT, RS AR AT b 0 ML e Rk AR
SE Lk
[ 1] BEERAL. T RS B I R AL T 2 A = S B p RIS [ D ]

R At B RUHL T R4, 2018.

[2] B WA MRS BRI B AR RFFE [ D). FEEE K

2#,2008.

[3] ~TEE. S0 i 3% 1 W 78 S 58 U0 5 7 07 1)

FE[D]. % BB R, 2018.

(4] AR BUEMT[M]. Jbat B I RRA: , 2005.
[5] BRI THLESE I B HLE A SR AFSE [ D], i BH . 18

PR A4 BE , 2020.

I iE B A 2021 - 05 - 06

JWWVAVIVIVIVIVIVIVIVIVWWIVAVIVIVIVIVIVIVIVAVAVIVIVIVIVIVIVAVAVIVIVIVIVIVIV WV WV IV IVIV VIV IVIVIVIVAVAVAVIVIVIVIVIVAVAV VIV VIV IV IVAV IV WV AV VAV VIV IVAVAVAVAVAVAV AV AV AV AV IV \VAV AV \V \Y

(EEF 129 )
3 Z5iE

AR S X YR s A B SR A TR AR A4 B A
EEE B Z AL 53 5 B X TUATTE AR A 2 29
AP BLRAS =25 DA T30 1) A RIS B SR AR
WS AR AR A R, 7E SR A 2 A e v A R R
NNy B8 =M NE €/ b i et
RI R T IR A T W S F R B T A R S
BT SIUR fRR 5 SR L A8 D7 R PR3 B Ty R
TORFIRR B By 548 5
SE ik
[17] sRBREE, SK3E AEAZ. B AR ML OCHER AR B TR DU 5 3

ZER[T]. PUREHF 55K ,2019,38(3) :329-338.

[2] LIN M, SAN L J, DING Y. Construction of robotic virtual
laboratory system based on Unity3D[ J]. IOP Conference Series
Materials Science and Engineering,2020,768(7) :072084.

[3] AT AL, PN, 55, JLAI B 2 R 007 ELSC I - 5 4
HHFFE[T]). SRR 5458,2016,33(11) : 135-138.

[4] e B2 — AP R 2 AT A E B S AT T].
BETT,2019(1) :28-29.

[5] GLAESSGEN E, STARGEL D. The digital twin paradigm for
future NASA and US air force vehicles [ C ]//53 rd AIAA/
ASME/ASCE/AHS/ASC  Structures, Structural Dynamics and

Conference&lt; BR&gt; 20th AIAA/ASME/AHS
Adaptive Conference&lt; BR&gt; 14th ATAA.
Honolulu,, Hawaii. Reston, Virigina: ATAA,2012.1818.

[6] TUEGEL E J,INGRAFFEA A R,EASON T G,et al. Reengineering
aircraft structural life prediction using a digital twin[ J |. International
Journal of Aerospace Engineering,2011;154798.

[7] TAO F,CHENG J F,QI Q L,et al. Digital twin—driven product

design, manufacturing and service with big data [ J]. The

Materials

Structures

International Journal of Advanced Manufacturing Technology,
2018,94(9/10/11/12) :3563-3576.

[8] UHLEMANN T H J,LEHMANN C,STEINHILPER R. The digital
twin ; realizing the cyber—physical production system for industry
4.0[J]. Procedia CIRP,2017,61:335-340.

[9] THI, MA. FT Unity3D I U803 fv 5 FCHE UL SZ N[ T ],
P4 T ,2018(2) :99-100.

I #E B 82021 - 04 - 06

- 135 -



