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[0051]  $% FIRTTEE, BTk P IR (4) 2 AEP IR (3) 15 RSB bk L Py A i LTT A MAT
PR 2% 120 T 1R 56 JBR 2 A B A IR AL AR B R (A5 B st RS BV T ) v B s 0 B R
PREY d, [FIN 5% ORI 248, 19 HPE 2 0, ARG T LG A3 B0 I 46, £ vHiZoti il
LR AL I R AR K, 5 4 0 T TLEE B AR = f B 24 U R R N 1+ k2 R
P R LGt — BO A b N R SR B I A AR AR e R AL A R LR )
P
[0052] 5507 P R 1R 0 23 S AR EL 5 A 2 BH 46 %) 1 5 0 7 P45 mp 3 ik P e
(45 B 20 73 BIF0E BE IS BE 3 M 732, A W s D < 1. A8 FH Hough B0k NI Uh 56 R 2k , 7% &
TG R AT 2 AR RS 5200 52, SINEE T TR A AR XL Snake B84 73 F1555))
ik it A P F BB PR TP 45320 o AR S ST LA P Snake 5 SR AR TR ARG ) B 4% P
1205, T A2 ) I 2% FE S ik M08 P o R PR 430 L, LR AR B8 SRR 4 AE 13 5 5K ) AL ) BA
B AN G 30 & ) FAR B IR 225 ] Ve N AR B 2% S51E1E, R Res 5 KR B ok
75 PR G A TR I S AN T R 1) 0, B R A 1 P b i R g R, T Ry 1
— BT P SR (.
[0053] AR FHMA s RO « A B AL il /2988 7 P8 b S ok L A5 P A P L B
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&) 7 A S 25375 JEE e M 75 3R R At AR e 7 5 g W P AT AN 882, IR RIS 1A 7
FIA P REL F 1 H bR b AR AR & B T AR A AT B A PR, P 2
(E ARAEZE AR AR 1 0 A4 R AT R S Js e I P 8 5 AR AR IR S ARURE D B ik o
f AL K S 3 A 4R 10 B 2 (15 R

R 1 152 AR

[0054] W& 1 g1l Py o s 6 JBR e i WA K1) s 46 1L 7 75 AR, I B 68 ROT 7 HE R 0,5 I
4B TG U R S 250 Pk P T S T TR SO BB X I, (ROT) o 18] 2 8] 1 o ROT B (AR bR R %k, Horb
AR B B R R ISR R ARER R BRI x AARR, AT X AR BR RG] v ALFr.
[0055] &l 3 75 By EIME A & P h A R IR o () SRR 253 0l Ry X6 RV I —
{7 BEEUE 16 PL R SL, PL AL T LIT b, SLAZF VAT Lo (b) 8o (a) (I Re . Hd,

I PR TR ARAE JEL L I B 2 RNy BE 2, AT SR A AR R R T AE A, $R 3R 7 ) 75— A4
RARTCE B — AR HX MY (a) A SLo

[0056] &I 4 M ARAEP 4 B £t A 1) 3 Pt (a) SLy, 5 PLy, BHESNIE ; (b)SLy.,
5 PL, BEBKIE 5 (¢) SLy., AHXS PL., ALAESRR VL

[0057] & 5 Jysicitisl | k5L B o Sl ki s A B R B

[0058] & 6 skt 1 i sn R L AR M B 3l §IHRAL B 2l R, () 4
JE U MR P R 5 (b) M A RIS S R IL 8] 5 () 7 Hough ARSI ) PL A SL
(d) B nBIEJE I PLAISL 5 (e) 7n RAEAS BB AK ML P A (0T 4R 48 R 2k 5 (F) 7m
Snake HIASIEEAY 5 S0 LS A R LTT A MAT 34 5% (RS B 5 B2k

[0050] W 7 xSl 2 sh R HIA A TR B 3l 70 B 2 At 2 K A Hp R R & 2R
L. (a) Dyl S e i R 7 B ROT IS 5 (b) () R A AS e BT H 370 &1
JTEA RIS S0 I i 8 A P IRGL F IR R 5 (o) D (a) X RN 3 2 1) Sl ik o B
RN SUR R o

[0060] K 8 xSkl 3 s R HIA A I ) B 3l 70 B A At 2 iR A Hp R i & 2R
L. (a) D1l S e i R 7 B ROT IS 5 (b) () XA AS A B IS E 3 70 %1
JTEAF RIS B) h fE A P IRIL F R B 5 (c) D (a) X AR N T4t 2 i S ) ik i & Y
RN SUR R o

[o061] P 9 Sl 4 sh R HIAS A M B B 3l 70§ R Tt 22 i A Hh R4 7 5 2R
L. (a) D1l S e i RS 7 B KD ROT IS 5 (b) Ty () XA IR AT AR A B IS E 3 7 1
JTAS B S0 i i 8 ) A REA S BB IER 2 5 (o) A (a) o BRSO N T 22 ¥ 35 sl Jik i 2 PN
SR SUR IR o

BALHEAR

[0062] T [H] £ A S A5 ) A e BH A A F0) afn 7 AR 75 PG 3 ) ik i A P AP B ) T E ST B B
G SRR R Y S B A O R — R i i Ui

[0063] St 1

[0064]  —Fofr fi & &8 75 145 T Sk afn 8 Y R S KT SREATL B B 3 BRI R X S RE A i O
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2 HREAE T, BAE DL T DB, Wi 2 s -

[0065] 1.7 55 75 PGSO B T ST 2N — T SR AL 1 T s ifn 727 8 75 A, 4 1L A8
7 B AR T KNSRI, T ENURE BRI Z K/ (N DICOM % X B3 3kEL ) A 8l
#EAAN 4L

[oo66] 2. A T b4 7 i A e B Py rh S — AN RE T BGRB8 (ROT) , WL 6 Y 1]
@% (a);

[0067] 3 7EHE T B B X I rh R v A 45 21 P R B LIT (& 8 I 5 WA 5L ) f
VAT ( FP B S 4META T ) P45 TR IRRG AR R 2L -

[0068] 3. 1 {ERRJEIE R X S5 rh Bl A5 21 1 2 S8 ik 9 rp B LTT A0 MAT PR 453 7 1)
WG m 2, PR A

[0060] (D4 il

[0070]  FH T LIT I MAT 34518 05 AR FELE R J5 70N, AR I BRASE A6 B 5 ) 8H R 9% (R
TR ET7 R s AT FEREFE T Inj3 ERiA % . Hnid g e Sl

[0071]  f(x,y)= max{o,a(G+i(x’y))} (10)

[0072]  Hrr, T(x, y) 37~ ROT WH WG, Wil 2 fiTos s AR bR R LLEHG A2 B A N TR AT,

0
FE PR R SR R AR PR R G x AAKR, AT R R ARFR R GE R y Qéﬁ,a?%ﬁ y 7 R SEL

l —(x2+y%)/ 207 e Sz — v \ A
Gy () = oo G e 20 BREAL 0 BRI, 0 = 1 (LURE DAL 14

2= A/ 0. 066mm) ;

[0073] @ fHiL 5B -

[0074]  FEIM A EUEH, WA S LIT AIMAT 2 H 2R BEE 4, AR X ROT FI5
AL, BRIE O e TR SR T R, LB T EY Hough AR b B, HAGBIRD -

[0075]  a. WFEFIAZE f(x,y) MYEALE] [0, 1] XTAJN, BT = 0. 3 47 —fHAk, /35| —
EEE

[0076]  b. PREHL ROT BRIMIEZ TEE N, 1, BB R KR (HREA S
AL ) s ARSERER 1, = 100 CMERZ N 8L, R 3K/ 0. 066mm) , 48 {8 EIE7» hy N, 5%
HRESKTEE (S]i=1..N),N, =[N/ |51, FKEBAESEEA 2 BT BRIG A i
FE A HE

[0077] 3 Hough Z& 4 .

[0078] a. {# A Hough 25 22 7. — 4 B +F 5% (Accumulator Array), EL A Z Ul Duda,
R. 0. and P.E.Hart, Use the Hough transformation to detect lines and curves in
pictures. Comm. Assoc. Comput. ,1972. 15 :p. 11-15;

[0079]  b. 7B VHRERE P8 R KR, Z N N S, F BRI — R B E oy EH
2 PLy, BN PL, X R 40 AR I Z B LTT B MAT

[0080]  c. & XASEHER]F dyp = 515 F (R A/DH0.066mm) , d,, = 25 FE (BE
KK 0.066mm) , 0, = 1° RGN PIBL T EALE, BT PR ) 4500 5 70 BT
BN IEASPAT , P A R PR 45320 7 T FR) 8 80 30 5 A — 5 IS B, D) PL, RS, 2 TR) RIS A
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0 MWL 6 < 0, s H PL FISL, Z [ AEEE d N R A RE&A dy, < d < dyp0 FE R
THRERE rR B ) — NI S0 R B 4% B, FRHCM IR B 46 SL;» H1 T Hough /E?ﬁ%ﬁﬁJﬁi%ﬁr%E
B TG 25 A7 B 1) G\ AR b AR AA AR 3 St 0 7 PR A S T (9 — L4 5 i st ) 8 7 )
( SAARRENEI AR ) B LA BT AR RS54 T8 R A B i K (WP PL) /9 |
T3 FUR 7 B =AM X 8 48 & e KR B AT SLy o

[0081] DFZIE :

[0082] B EiFE AT FEUGEH E IR BEL S TG IUCECRE , VAL R IL A (1),
T A 7 B G ICE R SR BT B S, IS, R, W 22 I A AR W S FS L, 7 B
WY SL,, FTSL, S5 5 S, ATz R0, Wi Resl i, W DAURE IE, (R IE 28 HE, B2 R AR R A
7 B1% S, IS, ofEREAT B — IR A8 IE 2 1T, Bl — VAR IE M E R B E N 5%, U IE
AR L IEA R T T IS

[0083] S, P ERELXN S FEIGHRIVLERE V, & XA

1 il 1 lszl
[o0s4] V= ’P,TMZPL S,(PL, (S))CI'H—I0 1S, (L, (5))ds (1)

[0085]  Frr, [PL,| 1 [SL| \%IEPLU SL; K JE . PL,(s), SL, (s) /2 HZE PL,, SL; b

[1)—ri, S; (PL; (8)) 5 S; (SL; () AiZmikl S; + B HUE

[oose]  ff 1 /3 Bt ¥ 44 S, WP i PL; ATSL, BL A2 S, H I PLy., RF R B8 3 57, I S,

WO SL R AT IE A, TR EES, A S, BB A 4 A s AR BR ¢ R BRI,

S; A S, BT HAL I 4 N s as by oo d BFIARRE 73 v., vis Yer Yoo B EATHEF 15 2

vy o<y <y’ punEg T a2), WAE S, PR SL,, fiiE R . SLy, H
BN, AEAE 3 A OL < 5 PLy, S KA, KBRS R (1K) — 12,

oog7] vy ' v ', <max{y ' v ' Ly ' v ' oy ooy

(12)

[0088] 7 S,., "I SLy., i JCiR, WILA PLy., F1SLy, ARTE TR —F EHE Sp. &, 4G S,

o PL, B SL; HIBRES D, 44 SL,., B2 PL,,, E7ysU 748 SL,., 5 PL., BRESR D, WA BT 2

REIER) SLisye SLyy E PLyy EJ7EF 7GR T PLy, & S, 1 BT I E I IE 2 T 7 M E 2

e W PL., 5B ESYT, W SL,,, 75 PL;,, EJ7, 50 SL,,, £ PLy, T 5. Bl 6(d) 278

(c) RIEMZ R,

[0089]  OFAT AEZIESEH (PL |1 = 1., NJ AL {SL; |1 = L. N} B RAHE, #%— KR

FF [R) B8 2B SR, BT IR A B2k, Sorb R b — 450 LIT AILEFE BRER, IR T — 4250 MAT )

WILHTE R4 o

[0090] 3. 2 XU Snake FAYEHAL, -

[0091] & X W Snake (d-snake) HEAY[1RERIZ BRI A

[0092] By e = EinitBou (13)
[0093]
o[ L, 1o \
Z I ‘ (14)
T4 4 L@?E 4 4 ‘f‘h Ll
smoothing energy
[0094]
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— 2 2
E,-~a ;J_a(rl L )L dq+(1-a)), Ll — /(T )dq (15)
P444%% 443 144924443
uniform energy boundary energy

[0095]  FIRAXA, 'y BRT aMRE T (@), M 22X T g % I'y(@ . g € [0,1]
FRBELIBE, N 0 BB LRI A, g N 1 KRB KA 5 A, g A IRE
MR R E TR — M. T (@ = x(@),y, (@) & LIT {FREHLE, I (@ = (@,
vo (@) Kom MAT IR R Fo owyy, 1= 1,2 205l LIT 5858 &k 15K J) R 80R MAT %6 55
TR I REG Wi, 1 = 1,2 230008 LIT 5834 A0 B 2R 50R MAT 28 BREG M A R4, wy, =
0. L,wy = 05wy = 0. 1,wy, = 0. 1, a PTEBRLRAENT B IL SR 45 50 B 4 “TAT AR,
KGRI 6 (b) BB R B X, a = 0.2 ;

[0096] A Ey e IEBNRAN, HEHEHBE AT BRI AT LTS 2

2 4 2 2
[0097] %:wil c x;i Wi ‘ )ii Ta ‘ xzi _a x327i +(1_a)@(xi7yi) (16)
ot oq oq oq®>  0oq Ox
2 4 2 2
oose] 2 =, & 2w, ‘ % +0{5 S ‘ yz_ij+(l_a)g(xi’yi) i
ot oq oq oq oq oy

[o099]  HA, i = 1,2, HIFAEMAE RS EMGE A LT R MAT AR 77 1) 1 dh £, [F]—
x ARFRXT I A ME—E) LTT R0 MAT 167 y A&k, A E 0 S50k, b v, % (16) F
(17) B 4 Mty TR R (18) H i 2 AN 7% -

[0100]
_ 3y, o'y, 'y, 3y,
%:wil (3):1 Wi thl +0![4 J;l B ayzl +(1_a)@(xﬂyi) (18)
4 144“4244@‘3 1%24148 144%%1 43
smoothing force uniform force boundary force

[o101]  Hrr, i =1,2,y,(x) R LIT 8Lk, v, () o8 MAT 524k, {6 (18) i 3 Il
T B IR OGHE 0, SRR BRSPS g, S LIT A0 MAT PR 4558 R EE 1 IS
FE— 30 58 = IR TL Ty, PR B SE I BRI A 2. AN SETBI XS 6 Do f T BE 22 70 4%
= WA AL R e B A= L 212 TR (19)

[0102]

Y/ = (4, + 1) +aB -1 )+ (- )l ] (19)
[0103] M, ¥ =[y/\, 3oy, T RR LITGE = 1) sRMAT (i = 2) $ 58 4 9 25 BAL )
J AN SSAE n TR AR AR AL R ) i (Y RRWIRREE LR ), A, 2 — AT AT H o Bl
Wigs Wy =AW, 2w, 6w,y —wy —4w,, wi, IR CIRIEEXZE AR ), w, = 0.1,
Wiy = 05wy = 0. 1,wy, = 0. 1o BREDMRALITRDIA 1, -2, 1 F=X AR (RIS 2
K%%%ﬁ?ﬁ‘@] ) s IJ iy | E@$4E%EB$: Fin = [fy(xbyiy,ll)’fy(xby:Z) :::: fy(xj,yfj)]T,i =12
TORNE R B B AL T A RAE n I RAE )3 £, (o y) TP EBUE AR ) B SR BRI
Ff e N2 pg 2k e T e Ra TR B M, R il 14 BRI Aa e . %(x,y)ﬁﬁ
Y XMEARTEALE] [0, 1] X IEN, BLBG (EILF P= AEATGE . o = 0. 2. (ERBRE R B L
WA ARSI AE x Bl EARERE 10 MRS i, FE B BUL R RIL A B A TR 4 4 R
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PE SR A B T A A, PRI TR AR Py P B EC R

[0104] K DU 3. 1 43 B3 K i B Py rb R A 9 2% 30 R R0 U 58 R 2 AR N 22 43 T Ak
1T REIEA 200 Ik, A BIRE AL A BRER LT 30 BR4E v, (x) FIMAT 503048 v, (%) o

[0105] 4\ JEEISIE MRS -

[o106]  HRE IR 3 kA2 FI145 B A0 B0 KL P AP R LIT R MAT P 4510 48 Br 2k, 76
P A 2 T 4% 2 5 2 1) e SRR AL KRS B LA I Rt CAFDRE PRI ), AR X
122 ELPE B d, RIS 1 S0 s 0 (P340, 4330038 i, ARG AT LA R B i 2, A 1%
Je v A SO AL I SRR K, B A N R EEE S d AR AT A R R
AN+ k> TR 8 5P Bt — B A T o b % B BRI B 22 8 S R L T
SRR EE RN 1A S R ILEK 1

[0107]  SEJEfH) 2

[0108] AR Sl 1 (K77, ST 7T TR (a) BMGIEAT H 305 #1453 2030 80 ik i 8 Py i
LIT I MAT Y45 BIRS i 5e e, W (b) o B (c) 2 N &l )3 ik i 2 o A JEE LT T
FIMAT PR 4530 TR0 Rk o MR PRG£F 23 0 15 381 1 S sy Ak ot A5 P P JEF LT R MAT P 4320 57
BBRER, Goit — BN o A RS SR R I AE bR vE 22 VAR R R A H A M R LR A
B G R IR 1o 2L R AR AXTARER N TR CERERDN ) RE#IRIRE .
[0109]  SEjifs] 3

[o110] AR SHER] 1 (7730, T 8 TR (a) BMGHEAT 304 #1045 2030 5 ik 18 P i
LIT I MAT PR4cI0 A BREiGe B, W (b) o B (o) A A T2zl 3mah i i 2 i 5 LT T
FIMAT P45 T0 TR 5e JBR 2 o FRPTRE 1 0 1175 20 (R 02 Fi 0L P AR RS ) LT T R MAT P 4500 57
BERER, Giit — BUE N IR 05 S R A R VEZE VAR R R T A R B A A
B SRR Lo G R R W AR X T N S EAE R R AR (BT 1mm)
LA RE IEHR 2E

01111 SEJtfs) 4

[o112] AR SZHER] 1 770, T 9 TRy (a) BMGHEAT B 300 #1045 2030 80 ik i 8 b i
LIT I MAT PR45I0 A BREifEe B4, W (b) o B (c) A A &3 ik i 2 py A s LT T
AT P45 I0 T 5 B S o AR PR 16 0 1045 20 R S0 20 Ji 0L P R ) LT T A MAT P 43 57
BERER, Goit— BUMAE b P IR 05 R R R B RV 22 VAR S R A T A A R LA A
B A RIER 1o g RR AR ATy rp S R DR A (BB KT 1nm) 15
WA BE A 43

[0113] £ 1

[0114]
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S D X el 531

g bz
il R fE 007 0.708 0809 091 11.1 1.13
1 0.7275 0.0636 8.7365 0.7781  42% 40% 18% 0 0 0
2 0.5625 0.0230 4.0812 0.5762  100% 0 0 0 0 0
3 0.7807 0.0727 9.3167 0.8357  15% 43% 34% 8% 0 0
4 1.2233 0.0955 7.8100 1.2719 0 0 0 A% 8% 88%

[0115]  E3&rR T ALEUR S 75 T A H AR IR ZE L T 20 A O DX TR 7 A DX T R
A2y mm, A2 R EUE %
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