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2) BARSE 2 B BB R T 10018 K 5 3) HAR L s BGE sl e R A I, & G IR A —AOtRE. i L3 #r T
SR FHIE 215 54 PR AR Ak BRI 73 288 58038 R gk DR 0L L Aol 322 0K 285 DI 026 0 53 6 T AT, T S 0 58 JO'G B X 2 v BT R A

2 TR A PR32 A DA — A 155 SRUI PR3 v 407 2 5 0 Sl 5% 0 A B A 1 988 R £ L A 2
it o DRI, RGBS TR 75 22 [R] it b 2 A R0 T GRS Al PRI 1% o e e L5 1 TRUn) T {5 RS Al P 5 ) i 5
JERFAE , A BRAE R U G P AL 8 T B A B RIS A 3 G 50 B ASAE o B T, 0 TP T 1R ) 2 % 5
AR S 0 B R TR PRGOR 75 R R PR Y T AR AR L o EERRARRLUE H AR 1R AR S, S BUZ AR
PSR B R AE AR 2,38 0 B, R AR fF R0 S PR BURFAE (S B 908 Eo il i OB A EHR R AE A5 B B9 A A
JEE W A 15 UG PETAR R 1 A  BRAR R A REAE AR B . WR E P AL B RRIE AR B R TR BUE, W
A RO PR b A0 T A A {5, AT I P 1 3R ) 1T 45 O s 1 1 12

P58 42 43 B B RO6 2 HARME L R EAT LUT R f : DBERDE H AR R 920 L H AR XIGE 2 L H R X IR
HL JC LI B G2 H b, 1 G5 B O P, SRR H AR 0P 8 — > 58 B A 18 8 B 2) EROE B AR 2 — Ak
S0 B FAR  H H AR XU 14 2 HAL 5 VR 2 AL, 300 4 DXCBOCRE 5 Al 1 it 3, B H AR X 3% 20 1% 1l
Sk, L 8 J N A7 AE LI 5 3) B MO H AR RO R 80 2%, HOL B AR 278, SO LN, 120 2% il 3 A 1 25 1
o R A RRAE R ARAUOE B AR OUEL & — AN I T HOE B AR WA S 2l e, BT X RAE
EGETH A LB P ARG 5 H PR R4S F B9 H AR DX A 5 A 2 58 J A Ok X BEDOE B AR A0 H AR

T O ALK, 1 O o AR HE AT 0 B, AR SCHR T — B R T BRI R 42 (Binary Large
Object, BLOB ) X S8 Al 1 G F5AE 23 A 19 i B R X0 G2 B R IRG 7 5 o %007 Wl ad 8 280 807 16 4k
JE RG2S bR BLOBECH , @ s B Ay, DUSE BN WO FBHDE B ARTE 58 42 43 8 ARG RS T iU

1 Eigt=

JEF BLOB X I8UR 3 2k RR A 43 A7 04 1 B BSOSO 2% B AR 3000 J7 219 B 2 32 1 — A58 — i IR 0
SR TA) B 58 B AN TIRE < 1) % Ak R 14 RS 19 P A 6 2 AR R 28 IR A5 R 47 000 5 2) X 1 58 42 43 85 1 o .
B G SOE 2 AR BEATIR S, FE AR RO B AR A1 323806 HAr iR SlAr s . 8 T S2 B ThBE , $2  my 2k
BLOB X3 1 31 R AE 20 BT 0 o BRSO 2 B AR U 7 ik i R 2B B0 - 1) AL FBU TR & 2 A
5 2)BLOB X URHIE AR B 25 ; 3) FE T BLOB KU FRAE G2 11 19 OG5 HAR U 5 4) 3 T 3 SRR AE 53 B
R % 2 H AR .
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FE G IO H2 v TR D 38 R R A B o T RR R B O BT EDE AN G B AR, B B ARG 4 A
FRAERTE o A TR A B bs b 19 32 306 B AR A BDG B bR, 75 205 & R HLN SO = #0E BB IR
— A SR A TR B A 0 T R, 6 B AR RS T K

5 B8 e 6 %o o L S 2R R T (e, y) L 2 ROSE R X om B9 8 A I 4% (Bitmap, BMP) , m=600, n=
800, K T 7 M Ge it 1 R W FRAEAE B I 28 H e K7 23 (OTSU) X I, y) AT ZAE AL 38, — B 1k
BIERR AL, (e, y) o FIBRECFIE AR, ki B FRERIEHE A BIZIKEEZ A 451 5T
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] SCHT, 45 - BT BLOB DX BURINA % R5AE 43 87 14 1 B FEUROBOE 2 B BR U 5 s

TR 53 A ASACRT LUK B Fr AT S5 rb 4383 4ok, i B AT DASR R H A8 B RRAE 288, i AR A OB O R E O AL
KAV /3 H 5 A S AR A

A SCH BRI J7 T B B — > BLOB X I 47 887 , 8 5 5CTE 5> BOLB IX 8 i1 7K ~F- /3 B 75 1) %
KRR . — A B S B AR R R 8O A U3RR

Lo, (2, y )= BR A Lyoq (2, ¥ ) } (1)

A, " BLOB X (45 , BR it FL B #r i85 R £ (Blob Recognize) .

XAEAS BLOB Xk 38, RRAF A5 B2 B0 25 SR A0 35 - 1 X area, . XY J7 [0] #1003 B centerx, il centery, XY
77 1) 4l K lena, A1 leny,  #% 87 X 35 M region,. left £ region..bottom Ak 3% #7 i join_flag, . H A5 R 51 25 5 mng _flag,
%, BLOB X045 i # /£ 0<_=i<"blobcount, blobcount } BLOB X I A~%, T, (x,y) R 5 i 4> BLOB X 35 .

W — 0 T AR AR IS 19 4 BLOB IXCBURRAE A5 B A7 i 75 BLOB B & v, B 6 K B 45 T BLOB X il 4>
% blobcount, &> BLOB X I A XY J5 [ il rhoc AR A o7 8 R 3T D8l H AR U 265 A ks

endsNumber

area, = 2 [(pPoint [£+1].x—pPoint[ £ ].x)+ 1:|

E=0,k+=2

lenx; = max (pPoint [ £+ 1].2) — min(pPoint [ 2 ].2) + 1

0 <= k<" endsNumber 0 <= k<" endsNumber

leny, = max (pPoint [ £+ 1].y) — min(pPoint[£].y) + 1

0 <= k<Z endsNumber 0 <= k<" endsNumber

endsNumber pPoint[ £+ 1].x ( 2 )
centerx, = (/)|/point_sum

k=0,k+=2| [=pPoint[ £ ].x, point_sum ++

endsNumber pPoint [ £+ 1].y
centery, = (/)|/point_sum

k=0,k+=2| I=pPoint [ £].y, point_sum -+

region,.left = 0; region,.right = 0; region,.top = 0; region,.bottom = 0

mng _flag,= 0

A, endsNumber by 5 5 28 B X 17 114 £ Be 26 4%, Bl — 4~ BLOB X3 T4 1% 194754, pPoint[ £].x 43 31 A /K-
2 B 3 R L B O S A B point_sum i — > BLOB X 89 1% & 4%, B i AL, mng _flag, i B AL 510 2%
S BUE R 0.1.2.3,

1.3 ETBLOBRXEBHEHMESRITH N FEBRIRINFE

TE IE 5 0 6 6 6 12 o B R oh , A2 B AR R 4k F 58 4 FRIRAS K F5 i join_flag=0. K T
SE PO v T R R L 8 3 RS Bh 4 e B0 A8 BMOXY i 15 3 OGRS B B AR XA 59 A X 2 A7 B X
o SO H AR A 306 H AR ASE 5 HAR 17300 .

38 5 0 AT ' B v L RO BARRE A, A B RO 2 H AR 43 i A B B o A BOA ] L H
P HAL S — ANl B, F WO B S 20 1 B, BT ORRAE Gl SR R LR RO A% HARTE 4 B HAR
DX b A 5 1 S8 B BOR X DG HAR M RO Bhr . BAR RN E2 550 R 405 DA R R R K
B TR A DX, 8 TR R 7 mng flag, #5835 2) R &> BLOB XA 4B X k5 3) it & — 1~ BLOB Hrb Ak
PR AT A T AR B R B X B A9 4% BLODB %4, 43 531 i 4 blobcountl 1 blobcount2; 4 ) [t %% blobcountl Al
blobcount2 K/, XFAL4EE H b A1 3= B0O6 H AR #2847 H AR TR .

1.3.1 % & @ Ak K 69 AN 3 18 3,

— b, O B AR R B AR X R Y P A 3% 38 S AR R R R K, B — 4> BLOB KU TR E
LS T AR AL E XY 5 i AT T (2) 3R A B i T AR R K Y S B B R 1, (L) THRR IR KA 32 38
A (2, y), WETA B9 BLOB X 8 48 22 1 AR A R AT K B A~ BLOB X3, 4 S 3806 B Fr A0 H
PRI EE BLOB X, AR ER RN

l) — max ared;
0<Z i< blobcount, i = p
(3)
qg= max area,
0<Zj<Iblobcount, j=q,p# ¢
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A, area, 55 i > BLOB XBUHY TR L p g 20 531 4 T AR e A T AR YCOR BLOB X 808 % 107 B DS 4 5 o T
TR 5 KRR A A T A 32 3 a2 X3, 45 2 (4) v A ming_flag, 8 R 3, oAt 3% 38 38k A 5400 B 1 mng _flag =0
AN 3R AR T LR A 32 37 3 a5 R A% 2 i A D I Ok
1.3.2 #E|mA@ARRKG BLOB K 34t 5 69 48 7 X 3%,
2% T A T B e K 114 16 3 BLOB X306 I 9 568 DX 38R, 2 R B8 35— A BLOB Hp A b - 75 A 1 AR
I KA DS A 19 % BLOB A EUBOE 35 o 994> T AU K 19 BLOB D8R8 X5 17 19 46 B X8, 75 24 [region,.left
region,.top ] [ region,.right region,.bottom |, 43 il % /8 BLOB X3 [ £ FX AL Y] [ATFXAF Y], HARX
KN H
region,.left = centerx, — lenx,
region,.right = centerz; + lenz, — 1
region,.top = centery, — leny, (4)
region,.bottom = centery, + leny, — 1
BA> BLOB XU 3 FLn 200 2 72 B XA B Y RF 0, HA T X/NTERGKERS AT Y/ TREIE
JUSF I 29 31 45 {F region,.left™ =0, region.right<(n, region,.top~>=0, region,.bottom<m.
AR DL B X520 50, B e % 59 54 BLOB DX 0 57 98 il J5 Y6 BLOB DX 0K P il BRI A 245 .
Xt F A BLOB KIsOR 3, #00Y BHR 2~ o

Lioh en = { L (2, y )|centerx; — lenx; << o << centerx; + lenx; — 1,
(5)
centery, — leny, << y<C centery, + leny, — 1}

K, I (2, y) TR i BLOB X3, & AN I A8 56 B X35, 1, 0 (o ) A 5 2 38 500T 7 19 2% 5 16145, 7K
SFRSE R 2 X lena;, [ H R PR 2 X eny,.
1.3.3 %#tH—ABLOB ¥ & 2R THAGRE KX A H A BLOB A&

LR H A5 A FE WO B Anpy B AR R0 56 i 72 32 2l o 48— > BLOB Ht A2 A5 7 T 7 4 18 H fe
KB DI A Y 4 BLOB AN EI0OR S 301 o 1200k 58 580 12 S AR 418 ' 8% o 42 vhE 9 o 't 2 AR R AROR TR 118, X A8
PG H AR B, B R — A S50 B BE, B H AR 09 3535 X B region, K- 1 B W 45K 245
FERLRIOE H AR 09 8255 X 3 region, N BRI A7 78 1 FRAE /DN 04 348 38 358, 40 SR 5 0 PRI b A7 7 B8 s 1, 485
JEMEE A T A PIEER T T X EROE B AR KU, BT R RO6 B AR R B AR 2 09T B SR80, S WO B R
1 K 57 X 38k region, 7K - R 1 5 1] W94 K 2 4% J5 AT S 2% BOMH Ll 2 0 0 T AR R AR 22, i ik i B3 T 1k
s EBOL H bR Y X region, N BY A 5 45 S0TH BR 5L PRI AS T AR B KA DX I 19 4 BLOB AU 24 U3k
A

blobcountl= " count(i) while(region,.left<centerz,< region,.right&.region,.top<< centery,< region;.botoom )
0<Z7<Cblobcount, i==p

blobcount2= count(i) while(region,.lefz<Zcenterz,<region,.right&.region,.top < centery,<< region,.botoom )
0<Zi<"blobcount, i==¢q

(6)

1, blobeountl 26 75 T AR B KOG 2% H A5 8k 57 X B 43 5 1Y 3% 38 50144, blobeount2 R H AR KL% H
T 2 5 DX 38l PN A 55 1) o 3 BN B8, p A g 43 0 R T AR R AR CR B9 BLOB X 3 4 5, count (7) R B> i% 38
B0 A8 AR (centera,, centery,) 78 T X fic K (1 3% 18 3 region,, 5% region, N F 4~ % .
1.3.4 & FE HA & K BLOB K 3% 4942 %] 4% & mng _{flag,

MRS B — > BLOB He A8 bR A7 - 9 A T AR A K X 3 N 19 %% BLOB %1 blobcount1 #il blobcount2 )& ,
[ %% blobcount1 F1 blobcount2 K /N, 41 % blobcount1<Cblobcount2, M| blobcount1 X} W 14 £ K1 FX BLOB X 35
S EEROE H AR, U AR A mng_flag, B M 1, blobcount2 X i A4 5 K i AL BLOB X 38 4 3 #4006 H b, 501 b5 &
mng_flag, & 4 1; JZ Z blobcountl >>blobcount2, blobcount1 X 1 i £z K i 1 BLOB X 38 &y 3= 306 H #5 , 351
Fr & mng_flag, & 4 2, blobcount2 X i i 5 K 1 AL BLOB X 38k #5480 H b, L5045 & mng _flag & b 1. LU
FHPREEBRAA LR N
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] SCHT, 45 - BT BLOB DX BURINA % R5AE 43 87 14 1 B FEUROBOE 2 B BR U 5 s

1, while( blobcount1 <Z blobcount2&.i == p)
mng_flag, = (7)
2, else)
X} F blobcountl % F blobcount2 (1% Bt , 75 22 AR i 11 L 2R £ area_xs, #E 47 H1 W, 1 AL R 02 X0 e KBk

UK R 32 108 3T R e A R K 3 AR B DX v AR LA, 2 KA

o SL area,, (i==pli==gq)
area_xs; = Si - centerr; + lenz, — 1 centery, + leny, — 1
. ,. (8)
2 2 fhlob,cul ( X, y)

& = centerx; — lenz; y = centery, — leny,

K, area /R 5 i BLOB I FL, 10, o0 (2, y) R T A TR B K2 3 3 19 8% B89 BG , 7K 7 3 B R F 4393l
2 X lenx, M1 2X leny,o 'y (2, y) & — DA FI A SEBE X I, 1, o (2, y) R R UG EG HIG — A HE TR X3, T,
(2, 3) A Ty (s y) B —A>F XS, B DL area s, TR R AN T4 T 1o 6 TRIOE B AroR Ut A B A T
80, RA D 1 B S, BRI TE AR R B T 1, 6 308 B bRk UL, B B AE T AR 8, R R B /T
1. FrLL, 24 blobcountl %5 F blobcount2 i, i £ & ¥ area_xs, K A9 ARG H s o IR 3 b5 & mng_flag 5 &
g 1, T AR R B area_xs /D EFOE HBR KRB mng_flag & 2, HAXEKRH

1, while(area_zs, > area_xs,&.i == p&.blobcount1 == blobcount2)

mng _flag, = (9)

2, else
14 ETFREHESTHMELFERIRMNGE
XK 280K % B OR U, B T A6 BARAL T — 00 E vb 2 0K 3% B8 P S 027 B bR 9 47 B
KARTT LAy Jy AR AR Jay , BDZE AU L BRI R A2 BARVE T AR DL A ey ol DLt D0 A 02 | 76 K o &
B, 502 UL B S B0 T R A AR BB (AR S B, HA TR A S KU PR T A R G f
JFRAR B o an, 75 B R0 R B 58 BRI b, 22t R BT A AR TR B B AR AR 9 100 %6, - TR TR 43 0 A
TR EGRFE BERRAE R 50% LA B o BRBE, NZEA BT AT 1), 43 6k R TR G R e B AT A BRI, K
U 4 O Il AHR (158 8 5 R TR0 TR 4 JEE 22 ) ) A O R 880, I R A — DA C R BUK T 0.95, Uk W 1 iR
i G R R o S . LR B R S - 1) R G R R 1R 1 T 5 8 J6 R AE $2 B 5 2) B Al [ A5 RN A 3 ) 1 4%
50 AR AR VT C 5 3) 157 TR R AGORY 3 s 35 0 BBy 5 4) DG At Ty 1) 5 R0 TGO 35 kG % TR
141 ARAR B AR Ae 4b £ B AR 40 B 45 A2 42 T
A A Pl A5 0 R TR P A e B AR 2 B 3 B2 3R A 2% MR AR AR P 31 . RO MR =R R f (2, y) , B
GRS R X, FEIR A & G TR R g(a,y) , BUR RS A nXme 8T IWZAEAT B J5 a) £ o U 34 % &
G R I e A, B R B R AR B i 2%, TR AR IR N ZE AT T A T [l 43 Sl A 0 AR Al 30 % Tl A RN A TR 3 2 R
BT E R IT 5 . Hrh 24 7 R X AR BR T8, B B X Y AL BRIE A .
Ao 21 2 G X AR AR Y 90 B B, DK B BT S AT, A BRI &R il R B — D R SR T
255 1 X AR BRAE, S — 47 v Br A B9 K BE A ER 4 T 0, WZAT I X A FRiC A 00 m AT &4 R 52 ¥, dh k18
mA> XAEFRIF A o 4 DN 30 A6 D A 485 A 30 25 LA X AR A T A0 0 £l () o BN ZE 2046 0 %) R U1 20 2 FRIAR X A
FRIFANIEH ge(y) I X535 3R Ry
Jfii (y)=a, while( f(x, y)==2558.8.x ==min(x))
g (y)=a, while(g(x, y)==2558.8&x==min(x))
KA, AL ) A g () B9 A B P SB35 T o, 2 BUE S LA (0,n— 1), y BUEYE IR (0,m—1) ¢
TE A JH AR AR Y 50 E AT 30 2 R AR R0 I, 75 22 59 SR ASE Al 300 2% AR A R JBE AL 42 0 55 T O (R A i X6F o7 g A
PRI A, HAOR B K BEAESE T 255 W AR AR ¥ 91 327 81 8 A RCAL bR 7 41 o DA A 300 G0 00 %) 5 A i 2% LR 280 X
AR IFIE N £ (y) , AR
S (y)=a, while( f(x, y)== 2558.8.2 == min (x)&.&x > 0) (11)
X BEE R A (0, n—1) ,y BUETE R A (0,m—1)
e AR AR B B9 A 20 X A b e 5K B2 C, BRI BHR 09 X A r P 5K BE S G, iBHIE LT, C<<C,,
Co=mo MNZE 1K BB 321 2% G A 30 X T 9 () R XTF 5 f () O F 4R, R K B2 45 F 255 e A2 i1 X Ak
FRIFHN A -

(10)
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1.4.2 A B A% Ao 592 5 B 4546 B 45 4 IE B
D) FEFF U 20 2 BEAZ A8 A e 371 v 48 2% s A2 DG A7
2o DL A FR AR AR 30 2 IR RRE U1 300 2% RAR v D26 300 460 00 B PR A4S XA A P 91 £ () B g (), T
MFEANKEEANTR o R 1 RG4S 3 510 00 AR RS FIAR OGP 34T LU A, 75 224 g () B BT 5 /1 () K BE AR [A) 9
JF3 .
(MBI EKESET CHFIFIIEHR gl y) KRR m— CAF 750 50 0 5 fr () B0 iz 550, 15
Fm—CMMKRE. HAXERRN
r(i)=corr( fix(x), giu () (12)
A, corr KR —4EAA SC R AL, Y BUEYE I [0, m— C,— 11,
TEm— C A HHIC R B, BEBEAH O R 8RR 0 5 90 % I 14 e 2 7 B 4 A S AR DT RE 1, 92 24 s, e KO AH
KREGCH rwe HAKXEIRN
Sen = 1, v&./hlle(.r(z')zhmax(r(i)) | (13)
rien=1(i), while(r(i{)=max (r(7))
2)TE R R % R AL AR 7 9] rh 48 2R d5c A DL L 7 91
R B AEVC LT 91 N X AR BRTF 51 g () H 3885 2 AL B R s K BE R CLIF ¥ 51, %7 91 R d5 A DL
B X498 K b (y) AR IR R
R ()= g (), while (s, <<=y <514 + Ciy.) (14)
S AT E X7 50 AR R A Y T 1) AR AR AL A — e A e AR DT A B L 2 (g (y) L y) , y B EUIEL Y [ A
(S ST Cr— 1] o i EAEVEIC A7 B R — > 2488 ) &, 25— 5 KR XA AR, 58 Z 9 RoR Y ¥R . FORTERFIR
Sl 2 P A5 b i 4 38 1Y 55 A 30 % PRI AT DL IE 1Y) 7 7 1) o
1.4.3  FriR 5] B4k E AR & A b
T THU OR300 W7 2 R0 157 R 01 30 2 TR A5 1 e AR G TE T 910 310 W A TR 0 TR 52 75 Jhy G i TR
L DA B A3 FRAT T N S TR D B A RO 30 G R 0 R AR VT L P 81 () S i e AR DR E 7 1 2 75 5 B AR 41
S R X A5 T 91 £ () 58 A AR, 38 3 AH ¢ R AL o R FI BT o fl T 157 U030 2% G0 B 2306 B AR FIB 4L
ot H AR & AL, AN F 5 Z (8] W AH OC R BT T 1, S AH O R B R 238 T 1, W 7R AN 7 1 AR B
MR G S 50 285 3L, 36 28 B H Tr=0.95, Y4 r\, > 0.95 i, Ui WY 7E Fof PR30 300 2% PG A7 17 91 A 17 BE AR s 2% JR4R
XF I AT B A o A ) T, DA S SR I 45 SRk A TR R U BRI %k g () AL T R AR R i %
July) o HICUEBT TR R GO R E R . A SRR
ol = 1, while(r.e > T,) (15)
0, else
Ao, T, 32 GRS 72 A5 2 BIE, BRIAE N 0.95 ;5 join, RS 7 B FI B bs 5 BUE 088 1, 1 RN K%, 0 /R
ARG IE o
1.4.4 MMEAM T @ R 3 AR T A5 AR
220t A (10)~(15) , 58 ) 1 AR 45 DA Zc 30 A6 00 3] 174 340 25 S 100 ) e 1 TRl FRT 50 45 S Rt i R . o T i
P EIAGOA 3% R 0 25 SR i mT S M 75 240 S NAT 30 3l R i 30 T ) AR VR R ) W A R TSR A SR RS i A
8,3 34> T 1) 8 G N i B 5 D i R T D AR ] o FR R A R D AT S BT R I B S & KR o R
R n— 180, K8/, 24 [, y) 80 g(a, y) IKEEESE T 255 IF, 32 3¢ X AR 2 81, 20 3038 0 o () FI
o (V) 52) N30 SR AT A DU B, DA AR 00 2% IS4 f( e, ) FNRE TR B30 2% AR g (o, y) OARAS AR AR ST 5108 Y 7 ]
ABRAE , Bk f, () Fl g, (&) ,a BUEVE R [0, n— 115 3) NN AT Kl B, 30 % MR B y T AR M n— 1 %]
0, KK/, 2 e, y) B g(a, y) IKIEAESF T 255 B 30 5% Y 5 W AR AR TF 51, 53 B K S (2) 1 guoun(2) 54)
MU A5 34 T 1) 9 dpe A DT BE AR AR T 51, 53 5K P () Ty () g (), A IE R BT TR g7y T P KR
b 753 511 K join,g, Jjoin,, Al join, o
R A D7 ) B EORE HE A AR, 2 A 1l oA 1R 3 A A A T 1A A A A 1R R RS A R i A
BB TE UM R 90K 1% 47 3 join_flag Iy :U3R7R
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1, while( join, == 1/[joing == 1lljoin,, == 1l[join, == 1)

join_flag = (16)

0, else

2 HEAIE

TE G e Xof 42 v LA AP, AR I I ofE T AR 1) B B AN TR xR AR P ) A A BT AN TR o A R
AT B, i T O RORBEADOE SRR B T A 75 R DR 2 PR3 5030 00 T A Dl 2 R 8RS 2 AR 25 R AT IR
Jf1 4 e AN BMOXY BLAEAS P F AR 5 42 00 0T s e ME BB B, i T HOC R A BLLOE R 5E 2 80
TF R b 36 O 58 42 03 JT BOARZS , HURE ZE At A bR g 2R U, )5 sl Rl e i, i & 951&4%3{%‘(
Je A AREE S B HARGL B . P, AR SR TR B 05 76 A [ B B 391 S B RS 328 0K 25 AP AS e 5 H AR R LAY
o AR SCAR Y T BLOB $RAE 43 BT (4R 12 36 20 F10i ol 26 A U0 S i BB B - 1) —{E Ak 5 2)?&%%}
SRR 3) FAR RS . UG F bR R Kl 40 B AR an i 1 s

| Binarization |

1]

Expansion

Morphology

Corrosion

| Get the two largest BLOB regions |

Y
| Statistics the number of valid BLOB |

alid_blobcount=

 J No

- valid_blobcount=
Extract coordinate sequence
0 S 0 810 0 - 8 o
Calculated lati fficient
alcula ericorrref 11(?;11 joe icien Yes ¥
z | Blobcount1+1 | | Blobcount2+1

Y

|r |, )>0.9

(rdUW ‘l" ight!” left

blobcount1<blobcount

Is adhesive iamge

Y A\

Invalid target BLOB No.1 corresponds| |BLOB No. 2 corresponds
\ : .
to the analog light target to the main laser target

Is single optical target

+ A \4

A

End

W1 Xt HARR A S8 A 2 A2
Fig. 1 Dual optical target recognition data processing flow
2.1 WSz BARIAA R4 2
2.1.1 =fit
O 8% 0 422 1 T D PR AN 5T 2 B s A0 Ze A TS BE FLAR , 20 S D RO L EHOE . FERELEDE H AR
RN S0 A bR XBGE 2 | H AR DO A0 I8 FLAR 5 2306 FARES S0 AESE0 | H s IR 2 22 | H A X sk
LS V2 AL o RO 0T e R R AT R R AT, 1A 3 B (A B SO i AR 5 R
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Fig. 2 Original image Fig. 3 Binary image
212 HFHMEFHHE
1) 6 iz 55
X ER A A LS S g EAEME TP BLOBAE B . o 7 IHBR 3806 B Ax A [ Y = i
R O AR AR R A T iz ST — B F IR A A B OO0 B B i o il £ 09 9E % E
BLOB X385, kb BE45 A0 4 FroR .

(a) Corrosion calculation results (b) Simulated optical (c) Simulated optical
target clipping target ccorrosion
A

(¢) Main laser target erosion (f) Comparison of results before and after laser target corrosion calculation

4 B RBFHA¥LELER
Fig. 4 Results of the first digital morphological processing

A E R AT fﬂﬁﬁﬂuﬁ B AE 4 () im o B H AR 855 AU fl 28 5 4353 o 4(b) A1 () i
IR o BRI B AR Tz RS Y BRI AT R, R B B BR Y T \\ﬂﬁmq/“ b, 3 02 R B
H AR SO0, WL T RAETE B BUR R I g BB ROE B bR i U S AR A Tk,

EWOL A bR g a8 s R R A S5 A E 4(d) N Ce) BE R, AT L& B30 B e & B AR K (H
NG XA W R0, FEEEERI N D o ER T BB R R O B 5 4D H iy AR B s 2) J ik
% — 28 BLOB X8 i 1 AR /N, B [ ACH HR i C R D S, 323806 H AR E ihoz 8505 19 B 2 A8 1k 2
M F R HOE B hR 2RSS0, JF B B b KBRS0, A Hhs &7 24000 o 3x 20 B 8RR AE XA L
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i SCHT 45 56T BLOB DXL 2 F5AE 23 Fr 1k 2 R B0 B AR IR 5 5 ik

A R =5 350 B AR 04 47 A 4 BORT R 50 B2 AR 35

2) KRGHIE ks &

M 3k X ki B R R R AT 5 R B TR A 2R A R R I A2 B K Al A 1Y 32 30O B AR I K AR
B T AR I I AR R X (2) X6 R R BT TR S A A B Dl R R K 02 RS 45 T Y BLOB 5 8 T &
TFL 88— O R BLOB PRAIE B RS S & 1R 58 — R 88 ik 43 5 H First . Second #F 47 HR I .

F1 F-RMEXRGITEBLOBRIFHFMAEFR
Table 1 First and second BLOB statistics comparison of BLOB details

No. Area Center Lenz/Leny Region
First Second First Second First Second* First X Second Y
1 10053 10857  (140,154) (139,155) (132,126) (135,129)* (4,274) (26,284)
2 4006 5964 (424,272) (425,274) (95,86) (101,89)* (324,526) (184,362)
3 122 356 (454,302) (416,215) (19,14) (43,20) (373,459) (194,234)
4 109 170 (424,211) (425,222) (23,7) (23,9) (402,448) (213,231)
5 70 106 (425,222) (421,322) (17,6) (16,8) (404,436) (313,329)
6 33 80 (421,321) (449,326) (10, 5) (15,8) (433,463) (318,334)
7 27 79 (403,221) (484,271) (9.,7) (10,9) (474, 494) (261,279)
8 15 28 (484,270) (365,273) (4,6) (8,5) (356, 372) (268,278)
9 8 23 (449,325) (395,312) (6,3) (6,4) (389 ,401) (307,315)

e 180 AT R & I ik s 3 8 BLOB IXBUEA WA 5 T8 (19 728 4k : 1) BLOB IX 380 % 1o AR AZ K, 461 4
No.1 T R 10 05310 857, No.2 1 1fi F1 4005 964, No.3 i fH 122356, 2) /K F-FI 3 11 5 1] 19 b K 28 Kk
141 No. 1 7K - J7 18] 4l 1 132135, 3 155 1) 4l K 126129 ; No.2 7K F 5 18] il & 95101, 3 £ 7 1) 4l K
86->89;No.3 K J7 i) 4l 4 1943, 3 15 1] il K 14—>20.

RIRSF K2 5, R 4> BLOB XSG AT 2K CK o X PG B AR, IR BEEDE B AR 02 5200,
i B JE o R BB S5 e iR, LB LA 2k . B85 FHOL AR EZAE 1) 4 BLOB X
TR Sy T FRRE K ) 3% 38 X 85 2) JLAS BLOB X AT 8 23 45 I B — > 1 AR B KA BLOB X35 3) 54~ BLOB
DX B FLIR TR AR /N EE I AR o E WO B AR KRS I K iz S a6 He 45 R an i 5 B R .

(a) Details of each BLOB region before expansion (b) Detailed information of each BLOB region after expansion

B5 I#tERARYTBAKEESER
Fig.5 Large expansion calculation results of the main laser target

MIE S A LA W 200 KRR SF K G2 305 , No.2 . No. 3 X i i BLOB 34 3 [X 48 i FLAE K 5 No.4 % R (1)
BLOB X7 2% ; No.5 % i ) BLOB XA T AR AZ K, i B BLOB X P 9 4 A~ FLIIRIH 2%, 0 79 BLOB IX.
SRR A2 6 B K 5 No.6 X0 19 BLOB X sl 3% 8 X 8l 17 FRAS K 5 15 5(a) H No.7 5 No.4 Xf i i BLOB X3 &
JER— KA E X3, B No.8 Xf i 1) BLOB X 8% 5 I A No.5Xf iz 1) BLOB X3 ', No.8 Fl No.9 %}
N BLOB X 5l 37 3 X B FRAR KT
2.1.3 B AFRA

H BRI 5 2 AR 8 G VR 7 A5 2 AR B AR A5 0 4% 4 BLOB [X sk 1) & AL R0 15 B UE AT F 4820 #r , 3 a2 W6 4>
S E O E bR, A RS H AR o R BT B AR XS R A e A8 BR A7 T A TR SR KR D Y A
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BLOB /4~ %4 24 blobcountl, 3= 3 56 H A5 X 1 A9 rhCs A6 A5 A7 T P8 A4S T8 B R K 89 X8 N 189 4 BLOB 20
blobcount2, £t %% blobcountl F1 blobcount2 K /), 41 5 blobcount1<Cblobcount2, blobcount1 X i #4 f K T £
BLOB X BEEE H A5, blobeount2 X 1 (4 iz K AR BLOB X8 = HOE H A5 s e Z IR R

L, BAn iR 5 E2 0 44D 9K

1) 48 28 1 Bl R P4~ BLOB X

R A8 T8 AU R 4 BLOB XS 48 2 45 5, 7T RUB 2 No. 1 No.2 X 1 i) BLOB X 38 43 73 4 Ay 455 421
6 B AR A1 O B AR L H bR o KX A BLOB X8 mng _flag % &~ 3, W14 2 i 7n o 3 54 1l AR i
K BLOB X 38 iy 48 2= 25 2L an 151 6 th 55 =9 & 0 H AR TR -

Fz2 BHIRFERITEE

Table 2 Comparison of target recognition results

No. Area Center Lenx/Leny mng _flag, Region X Y
1 10 857 (139,155) (135,129) 3 (4,26) (274,284) (4,274) (26,284)
2 5964 (425,274) (101, 89) 3 (324,526) (184,362) (324,526) (184 362)
3 356 (416,215) / 0 / / /
4 170 (425,222) / 0 / / /
5 106 (421,322) / 0 / / /
6 80 (449,326) / 0 / / /
7 79 (484,271) / 0 / / /
8 28 (365,273) / 0 / / /
9 23 (395,312) / 0 / / /

BLOB area information
retrieval

Binarized images Search the largest area

No=1

Area=10857
Center=(139,155)

Aixs Len=[135 129]
NngFlag=3

Region=[4 26] [274 284

No=2

Area=5964
Center=(425,274)

Aixs Len=[101 89]
NngFlag=3

Region=[324 184][526 362]

W6 %AW BLOB K B i# 4 5 %
Fig. 6 The detailed parameters of two BLOB regions with the largest areas

2) 48 2R WA 1 AR R 89 BLOB B 4 %5 17 4 5 1] X 48

AP BRIE N Ge it B — > BLOB Hu A B A7 T P A4 T AR B K JE DX 4 T 4 1 BLOB X 304~ B0 45 o
WA T A B KA BLOB X 38 BT 6k 107 5 308 T IX 38, 6 78 4 [left top ] [right bottom ], &K ¥k i BLOB X 38 ) 7= I+
X ZEEY AFX AT YBARME, HARER R left="P .0 A KR X— X 71051 top =D ABKR Y—Y 7
A, right= PO AR AR X+ X J7 [l bottom =0 ABAR Y4 Y 5 [ Bl o

W% 3 FrR , No. 1 X W BLOB 5 X 38k A [4 26] [274 284, No.2 X} i BLOB 4 & [X 48k 4 [ 324 184 ]
[526 362] ., 40, No.1 %t BLOB X #=[139-135 155-129][139-+135 155+129]=1[4 26] [274 284].
No.1Xf i BLOB X W 5] 7 46 I AE A 86 X I8, Hoh A% BLOB XA K AT 7 B 4R RS IX 8, No. 2 X
N BLOB X3 40 [ 7 5T AE B BTk X 88, b B i BLOB g0 #4755 K i1 A9 JR 1h R X

3)Gi it — 4~ BLOB Hts A b A0 F 6 A4 TR e K IX 8 P B 4% BLOB 4~

BTG H AR A3 30O B AR 09 B AR S0 e 58 o R Rl ) G815 BLOB Hub A bR A7 T P9 A4 1 R K 1Y
X3RN B Fr A BLOB N EOCRSEM A . H AR R B a0 &1 7 f1 & 3 iR o X F No. 19 BLOB X 30k Ut , 7
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*3 BRIRANRRKILE

Table 3 Decision process of target recognition

No. Center Region Is the center in a region? Blobcount statistics Recognition flag Recognition results
No.1 No.2 No.1 No.2
1 (139,155) [4274][26 284] Yes No 1 0 1 Analog laser*

2 (425,274) [324526][184 362] No Yes 0 1 2 Main laser*

3 (416,215) [374195][460 235] No Yes 0 1 / /

4 (425,222) [403214][246 232] No Yes 0 1 / /

5 (421,322) [405314][338330] No Yes 0 1 / /

6 (449,326) [434441][464 335] No Yes 0 1 / /

7 (484,271) [483262][494 280] No Yes 0 1 / /

8  (365,273) [357268][373278] No Yes 1 / /

9  (395,312) [389308][318316] No Yes 0 1 / /
Total / / / / 1* * / /

M7 ERAANZIETEHE

Fig. 7 Schematic diagram of target recognition process

94~ BLOB X3 1 oty A A, A No. 1 HoG A BR (139, 155) v FHIEHE A P, BRI i A 4 K9 No. 1% [
B HR O AR R 7 T TR A TR B K X R N A BLOB %% blobcountl %5 F 1. %} F No.2 8 BLOB [X 8 3 i3t , 7
94~ BLOB X A9 ot A As b A7 8 ANt A bR F4E TEAE B A Bl [ 324 5261, [184 362122 19,43l 24 No.2
H AR AR (425,274) No.3 Hn A F5 (416,215) -+ No.9 FRb A8 45 (395,312) . IR I, i AR B K No.2 X v 4
w0 AR bR A T T A TR B K IX 38 N T 19 BLOB /N4 blobcount2 25 T+ 8, 132 4 & J5 — 471 i 7

F4 ANF R AR EGEE A KIEERR

Table 4 Four directions to determine whether the image to be recognized is an adhered image

o Template edge image Best match serial o
No.  Detect direction — — — Is adhesive image
Start pos Len Start pos Corr coefficient JOIN, g+ ** JOIN oy,
1 Left Y=107 129 Y=82 0.999 0 1 Yes
2 Right X=107 129 X=99 0.924 6 0
3 Up Y=118 134 Y=68 0.988 5 1
4 Down X=118 107 X=68 0.991 3 1

4) He g vt AR BR A T P A B K BLOB Xk 1 4%k

MRS AR BLODB o0 AR B A7 F 95 A4 1 AR fe K X 3 9 i BLOB %% blobcountl #11 blobcount?2 J5 , Fb %58
blobcountl 1 blobcount2 K /s, @l # blobcount1<Cblobcount2, M| blobcountl X i #4 & K 1E AL BLOB X 38 A £
5% H Fx , blobcount2 X A 1 2 KT AL BLOB X3k ok 32306 H AR s 2 IR .
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AR S h B bR R B0 EE w8 Fran o BERE B AR 2 SRR B H bR D A AR A
(139.4,155.1) , H 45 & mng _flag, & A 1; FWHO0E H AR H 2 6+ 52 AR, FE 306 B s o AL bR R (425.0,
273.6) , Plbr & mng_flag, &4 2, H AR P51 P 58 o F2 FE ) 45 2 4n 3¢ 3 i o

w~ 4 2>
=
Al
\' Main laser center: x=425.0, y=273.6

8 HAirRA 4R
Fig.8 Target recognition results

2.2 FhEESEEF BARIR A MR AL 1

K06 B AR TR AT LAGr R 54N BR 1) T4k B 5 2) B A (BT 45 R0 A U1 IR 56 B0 5 fiF 4 B 5 3) B Al 11 5
FRF U1 PG %8 B0 Rr AR DG TRE 5 4) 5 HU31) PELA5ORE 326 A 25 40 08 5 5) DA HE Al D7 1] 1) 7 o TR PR 2 15 S i 02 TR
2.2.1 T

SR T P T B AR AR B R R A B AR I SRR 0 A G B R LA QSRR AR i RS AT U
WY R s AR AR R 3R R (s y) R RS S o X om , T R D G R R R Tl g (2 ) R RS
n X, o m=600,n=_800, B Mz J5 i G AN R U0 S 4f EE 43 5 an 1] 9 Ca) A1 (b) T 7

(a) Template original image (b) Original image to be recognized

E9 R4 E R
Fig. 9 Original images
T ARE U0 i 4 PR RS i PR B A b AL T 40 FAR A, TE v 38 i PRI P 0 SO R .l et 4y
A I 0 T A5 1) 300 5 B8 SRR AT, ke B A R0 PTG b A 8 T AR 0 AR TR A 3 B8 SRR AIE o BT L, 0 Sl
P PRI AR AT A A R 0 S A D0 A L 55 7P T AT 18 00 G R A S AR Ay 0 i A5 U001 PRI A5 15 A R i [
8o BN AR AN R U3 IS —AE Al b BRA5 2R 23 0 4 151 10 Ca) F(b) BT 7, 320 G A I 235 21 3 53l n P 10 (e ) A
(DR .
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(a) Template binary image (b) Binary image to be recognized

(c) Template edge image (d) Edge image to be recognized
B 10 AL ER
Fig.10 Preprocessed images
2.2.2 AR B AR A B AR A B A ARSI

ABE A V] 45 A0 1 R0 P 45 8 o A 418 I 2 0 4 I % PR AR A J 81, ot A 22 30 77 1) G 0 30 5 X A o
S R IEAT UL R o A7 0 AG I A AR 300 2 TR AT 0 X A A e 91 i () A R AEL 23 A1 i £ A 5] 11 () BT, TR AR
W1 G IR b B3 i %%/Tﬁnlﬁlll(b)ﬁﬁﬁn PN O 129, A7 T B i Sk AR AE A 88 X Bk — A7 i

723 B AR R A0 S 1 A R R 000 i B PR AR 3 R S ) R B A B8

200

190 | - Left direction valid X-sequencé |

180 f .,

170 .
< 160 e
X o
2150 i Y

140 T,

130 e

120 e

110 . L : . : .

0 20 40 60 80 100 120
pixel
(a) One-dimensional curve of effective X-coordinate (b) Position of the effective X-coordinate sequence
sequence coordinate values on the template edge image

E11 KR AR % H 4R

Fig. 11 Detect template edge image results from the left

M 320 K5 I AR AR 3 5% PR XA A 1 31 i () AR (L 23 A T 2R A 15T 12 Ca) i 7S 327 31 9 RE 2 600,

‘ - Left direclionl(-)[‘ adhesive valid X-sequence
v

\ /'

3! ‘ ;

o :

i \

0

100 200 300 400 500 600

pixel
(a) One-dimensional curve of coordinate values (b) The position of X coordinate sequence on the
of X-coordinate sequence edge image to be recognized

B2 AEASMAFRA S & EGE
Fig. 12 Detect the result of the edge image to be retogmzed from the left
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PRAF T 5 VU 300 G R AE A 880 DX PN g — A7 B 20 100 1 AR A o7 8, RS 0 % AR 9 A 350 90 () AL EE L T
A MBE X AR R 0 751, 32 T REIRUI G BRI T A Y 5 1 48 T A DL EL P 51 . i at AR, & AR IR
30 2 R X A8 A 7 91 A b B — 2 il 28 8] 12(a) 78 IX 8] [ 82, 210 ] =2 8] 5 B4 771 2% IR A %0 X A6 A 7 51 A b
1B — 4 1 28 151 11 Ca) 58 56 A A% K A AR BL I 32 DX 1] A 5 A2 DG E I 37 0 Vs 7 48 2R IX 3
2.2.3  BEM G A AR R ) B AR 40 B 4F AR IT A

AR AR RN R PR R 48 Ja R DT TC 1) A 2 A 1 U 30 2 AR XA bR I 91 g () TR 48 5 5 M 300 2%
B G X A A5 5 31 £ (y) 1 BE A TR G 75 510, e () T () B FH 6 22 8000 KL 1% T I 91 oA I 4 D i ) 371
T () B Z T O IR WA s PR AR B . TEAR RS b S AR VE BC P 3 Ay, () TE I 13 (a) il FH L € it
LRAEAT AR, R AR 5 RN 28 0k o5 3 A R B ACRT B #EAT AR TR, K B =129, R IR 5., =82, e KAH K R 2L
7ei—0.999,

250 T ‘ 200 p- ; :
;, _Template edge image X ‘ = lemg]alel edge image X' -
200+ ,. coordinate sequence i 180 coor ‘ma’ N sequer}ce“ o
? ~Best matching sequence . - To be idantity the best matching
s 160 ..., Sequence of edge images
5 150F 5, ] ey .
X ! a ‘ .
g
100 \ 120 B
. ‘ ‘ ool . ‘ ‘ . e
0 100 200 300 400 500 600 0 20 40 60 80 100 120 140
pixel pixel
(a) Comparison curve of the best matching sequence (b) Comparison curve of best matching sequence between
with all X-coordinate sequences template edge image and image to be recognized

(c) The position of the best matching sequence on the (d) The position of X coordinate sequence on the edge
edge image to be recognized image to be recognize

W13 AfFRANAEGER TR ERELRF

Fig. 13 Searching for the best matching sequence in the edge image to be recognized

T UL RE TR 30 S RS B AR DT IE 5 1) A T SR R A8E A 3 % TR AL A I 90 e () RS U1 RS Y
F AR VCIE B Ay Cy) B9 A8 B A 28 AT LU AR, 45 A0 13(b) Fir s . AT LA M, 0 4% il 48 A4 48 B A ol M K
{F A B (B A [R] |, 32 PR Ry A P A5 v i) ol 2 B b B 8 20 70 00 T A TR RS b 1 2 bR R B B

TETF U0 300 2 PR 44 o S5 A3 D IE 0 20 6 07 67 8 40 14 13Ce) T s, X A s 3 B0 A AR TR0 300 2 R4S b 1 67 4
FI13(d) BT o X o R R 0T LA e AR DT R T 3 A () 2 g Cy) T 42 2 DA 22 0 8 A5 A T, 0 4 30 €1
187 i - B ST IR 55 AR R 22 30 i 8 R S AL F 7 51 o 7 g () B ER BT 3 19 F 7 51 4n 4] 13(d)
Jim  di P& AT AE P ISR K 1.2.3 4 AT ARIR.
2.2.4  Fran B BAR K & AR E B

T YU PR AGOR 3% B 75 40 W7 1 10 9 2 R R 1 T 5310 30 2 IR T e A DG B ) 1) ) O 1 131 TR A5 2 5 Sk Rl 3%
EIG . R4 (15) , MBI 2 EUER X A bR 7 3 o () 5 AR VC BT 51 Ay (y) B9 AE DG R L K F 0958, A
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2 TR I A TR ) A% R ok i AR . TEAR R SEER L 71, =0.999>>0.95, fif L) join, =1, H1 LM, D22 30 46
T U G R R % R
2.2.5 M AT 6y W AF R R AR R T K ik B AL

TR AR GRS 3 TR0 25 R B AT R L TR B A N ZE A R A T T AR OR W R R ISR S R
R 3% %, AL ER G AR P 14 B R o 18 14(a) A 8 XY BARFE D (i 3) e (0) oo (2 oo () ) TERR M 31 25
B A 8, B 14(D) R XY AR F B (i () G (0) + &up ()« Guonn () ) 1 R 31 30 25 AR B G 7 8
Kl 14 (e) B bR i 2 EE S 1 U RS ) S A3 DR R 7 40 e e ith 4, 161 14(d) i e AR VR BEF 91 A (y) e ()
() I () TERF N 1 G B RIAL B o & 14Ce) P 2% i 42 B A OC R B9 918 1=0.999 .7, =0.924 6,
7, =0.988 5 Fll r,,,=—0.991 3. HLHE X (15), N 44> J7 ) F Wy B Kl 32 45 525 53 51 K join, =1 . join,,,=0.join,,=1
Fjoin,=1. Z5HRUE LN
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(a) Position of the effective X/Y (b) The position of the X/Y (c) Comparison of the best matching  (d) The position of the optimal
coordinate sequence on the coordinate sequence on sequence between the template matching sequence on the
template edge image the edge image to be edge image and the image to edge image to be recognized
recognized be recognized

B 14 K447 #7458 B A OR E O A R
Fig. 14 Judging whether the image to be recognized is adhesive image from four directions
S UL EAREE, 25 45 1) Y B BOR IR FR IR, 25 4007 1 A TSR SE AR AR = LIE, ) Wy R A 1 R ]
18 O Rl 1 L5, IR IE join_flag=1, BV 3R 51 P8 O ol 2 PRI 5 o Ol 328 BT 45 DX s o 80 28R 51 15 B o | 7
B 15 Ca) i, o il T 20 0 (o @t ZeAn R 7 N2 L B R 3 T 1 A I 3 Y B R VT T A A ()
Do () P () TERF PN 10 5 AR L A8 A7 85 76 1] 15(h) i, b 3R T 8 AR AR 32 PR AR v i 2 DX Bl I A7
B ANsR A X TR
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(a) Mark the template image edge in the (b) Mark the template image area in the
adhesive image adhesive image
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Fig. 15 Region segmentation effect of adhesive image
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Imagel.bmp

Image2.bmp

Image3.bmp

Image4.bmp

Image5.bmp

Fig. 16

(a) Original image

(b) Digital morphology
processing results

(c) Target recognition result
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Table 5 Optical target recognition results for 5 different butt collimation images

Optical target recognition results for 5 different butt collimation images

Two largest Two largest BLOB Full Center in blobcount with .
No. ) Recognition result
BLOB centers BLOB two regions )
No.1 No.2
No.1 No.2 No.1 No.2 No.1 No.2
blobcountl blobcount2
1 11234 1690 (239,235) (473,242) 6 1 5 Analog laser Main laser
2 14 055 1203 (165,305) (378,246) 6 2 4 Analog laser Main laser
3 10857 5964 (139,155) (425,274) 9 1 8 Analog laser Main laser
4 14 304 2012 (431,152) (186,423) 3 1 2 Analog laser Main laser
5 6031 1990 (425,274) (195,424) 10 9 1 Main laser Analog light
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Table 6 Processing time performance analysis of multi-optical target recognition algorithm (unit: s)

No. Image name Binarization Corrosion Expansion  Feature extraction Target separation Time
1 Imagel.bmp 0.016 0.234 0.219 0.078 0.109 0.656
2 Image2.bmp 0.094 0.063 0.187 0.047 0.094 0.485
3 Image3.bmp 0.094 0.141 0.218 0.094 0.156 0.703
4 Image4.bmp 0.016 0.063 0.187 0.047 0.031 0.344
5 Image5.bmp 0.016 0.063 0.281 0.094 0.156 0.610
Mean / 0.047 2 0.112 8 0.218 4 0.070 5 0.109 2 0.559 6

ZE 6 PR LVE AR 1 H AR RS A N 0.656 s, Hodh B AL AERT 0.016 s, & iz B FEIF 0.234 s, I
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B ] ) B 2 5 i

XF 5 R B EGOR U, 7E T 1 B ARSI A AN 25 BRI KA BT T AR S S e el R, O 0.218 4 s,
TAEAL F BLOB H5 AF 45 BCAG Ab BEE ] B, #8/0 T 0.1 s 5 R oE T RS R E BRI 50 BT T R Y A I ]
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Adhesion image

Analog light image

Master laser image

(a) Original drawing (b) Binarization (c) Edge image (d) Effective edge
identification
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Fig. 17 Identification process and results of a single valid target

®7 BANARERRIANIRESHY

Table 7 Single valid target recognition process parameters

Correlation coefficient  join_flags in 4 directions  join flag  single flag Recognize result
7,=0.999 0 join,, =1
o g —0.924 6 join,y, =0 ) o
Adhesion image o 1 1 Single adhesion image
7,=0.988 5 join,, =1
Tiown=—0.991 3 10INgg, =1
7=—0.999 3 join,, =1
. Tagn™=0.999 0 join,, =1 . o
Analog laser image ) L 0 2 Single main light target
r,=0.999 7 join,, =1
Tion™=0.995 2 J0INg, =1
e =0.566 2 join,, =0
. T =0.818 9 join,,, =0 .
Master laser image . 0 3 Single analog laser target
r,=—0.789 2 join,, =0 ) )
Tiomn—0.887 7 Joing,, =0

R E AR AR TR R 1, EWOCEMRTE AN I 1] B A AR AT 00 AR (16) R 1% IR Y fi Al %
b & join_flag=1, B G FN 32 BOE EME B e 20K R RN join_flag=0. A & AADE H A5 L FHOL
H #5920 H A5 255 single flag 731 4 1.2.3.
34 ETHEHBESWMHNMELZERRNATEZEERESN

T UL T 0 SRR A S BT BORE 2E 6S E AR U O 3 6 T AN [RDRE 1 PR 5  U0) T SRS B TR 4 S iR L
ARFRANE R R AT LA BE o A [R)RG 12 R B U AR A 14 18 Frm o &1 18(a) ~(e) 235 Dy J i Kl 4% . —
TEAL I8 300 G PR B P 5 30 % A Al i PRV v RS 07 300 % AR AR 10 485 R SR P AR DX s A 34 AT A5 o x iy
B X RS R AN S TR A & BRI ER o3 il o 2 A bR A T 1) b AR OC FR A, A RS 43 i A
DA 5 o) JIT AR AT AR 3 bR Ak LA SRR DR 3 PR Y B TR BN 45 2R o IR 45 SR 438 R Yes, Ko B i RS #0 0%
U AR i A5
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Image 1.bmp

Image 2.bmp

Image 3.bmp

Image 4.bmp

Image 5.bmp

(a) Original images (b) Binary images (c) Edge images (d) Template image () Tcmplatc. image area
edge in adhesive in adhesive images
images
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Fig. 18 Identification process and results of different adhesive images
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Table 8 Recognition process parameters of different adhesive images

Correlation coefficient join _flags in 4 directions Is adhesive image
7.:—0.999 3 join ;=1
T —0.903 9 join, =0
Imagel.bmp . Yes
r,—0.8551 join,, =0
Tiown=—0.994 6 JOINg=1
7 —0.999 5 join, =1
g —0.926 2 join,, =0
Image2.bmp . Yes
r,=0.990 2 join,, =1
Tgoun—0.963 9 joing,,, =1
re=—0.999 8 join, =1
Fign—0.922 1 join,, =0
Image3.bmp o Yes
r,=0.910 4 join,, =0
Tgown=0.930 9 0N, =0
7 =0.967 1 join,, =1
T =0.990 0 join, =1
Image4.bmp . Yes
r,=0.999 7 join,, =1
Taon=0.922 4 join,,,=0
7 —0.966 4 join,; =1
o =0.989 4 join, g =1
Image5.bmp . Yes
r,=—0.999 7 join,,=1
Fioun—0.919 5 JOIN g, =0

4 Zie
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% BLOB X 3 19 1 #1 Area, H1 .0 C,, 8 K len,, . X 3 Regin,, . A 3 BLOB X 34~ %k vblobcount % 15 & ; Xf
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E R U 0 G R A AR 5 9 B, 18 3R E L E, 19 e KORG8 500 X B2 09 A5 88 AR A 2 97 2, 24 44 5 T B4 A
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Dual Optical Target Recognition Method for Collimated Images Based
on BLOB Region and Edge Feature Analysis

HE Wenxuan'*, WANG Zhengzhou', WEI Jitong', WANG Li', YI Dongchi'
(1 Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi'an 710119, China)
(2 University of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: In order to solve the problem that the collimated target recognition algorithm of optical path
docking cannot distinguish the adhesive state of double targets, a new method of collimated image dual
optical target recognition based on Binary Large Object (BLLOB) region feature analysis is proposed. There
are two optical targets in the optical alignment image, that is, the simulated optical target and the main
laser target. In the initial beam control stage, the positions of the two optical targets are random and
uncertain, and there is a possibility of the two optical targets sticking together, which causes great
difficulties in beam control. Therefore, optical path alignment needs to solve the image recognition problem
in two cases: 1) In the initial beam control stage, when the main laser beam and the analog beam are just
introduced, the adhesion recognition algorithm needs to be used to identify the adhesion state of the two
optical targets. If the two optical targets are in the adhesion state, the two targets need to be completely
separated by adjusting the 2D frame BM6XY motor; 2) In the case of two optical targets completely
separated, it is necessary to distinguish between the analog light target and main laser target in the two
optical targets. Firstly, the binary image is processed by digital morphology to calculate the area, center
C,,, axis length len,, and region Regin, , of each BLOB region in the whole image. Secondly, the number
of valid BLOB regions vblobcount is counted, and the distance between the two maximum connected
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domains dir is calculated. When vblobcount™1 and dir=>100, the collimation image is the completely
separated double target image, otherwise it is the adhered image. Then, for the completely separated dual-
target image, the number of BLLOBs located in the two largest BLOB regions with the center of each
BLOB region is counted. The small number of candidate BLOB regions is the main laser target, and the
large number of candidate BLOB regions is the analog light target. Finally, for the adhered image, when dir
<100, the two optical targets are in a close adhered state. The axis length coefficient len_xs is calculated.
When len_xs=1.2, the two targets are in a very close adhesion state, otherwise it is a single main
excitation target or simulated light target. Moreover, the repetition accuracy analysis of the adhesive optical
target recognition method based on edge feature analysis showed that the correlation coefficients of the
adhesive image in the left, right, up and down directions are 0.967 1, 0.990 0, 0.999 7 and 0.922 4,
respectively. The mean value of the correlation coefficients is 0.969 8 and the mean square error was 0.034 4.
Among them, the correlation coefficients in the left, right and upper directions are greater than 0.95, which
are marked by red, green and yellow curves respectively. The mean value of the correlation coefficients in
the left, right and upper directions is 0.985 6, and the mean square error is 0.016 7. Since the third type of
adhesive image is mainly the adhesive image formed after the laser target and the simulated optical target
are migrated in the vertical direction, the overlap area is mainly located in the upper half of the adhesive
image. The experimental results show that the proposed dual optical target recognition algorithm can not
only realize the recognition of completely separated analog light targets and main laser targets with the error
less than 3 pixels and the processing time less than 1 s, but also realize the identification of optical targets in
the state of adhesion and a single independent optical target. It meets the requirements of self-adaptability,
accuracy and efficiency of the optical alignment image recognition algorithm and the repetition accuracy of
the recognition of different adhesive images, and can solve the problem of the optical alighment target
recognition algorithm to accurately identify the adhesion state of two targets

Key words: Optical path docking collimation; BLOB region; Edge feature analysis; Dual optical target
recognition; Adhesion image recognition
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