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Abstract

Image registration, is a process to match two or more images of the same scene taken at
different times, from different viewpoint, or by different sensors, with the development of the
computer vision, which is widely required in remote sensing, in medicine, in 3D
reconstruction, and in computer vision (target location, automatic quality control), and so on.
The methods of image registration can be classified into two categories: the intensity-based
matching approach and the feature-based matching approach. However, as one of the most
common methods, the largest advantage of the feature-based approach is its ability of
translating the analysis of the whole image into its features that contains the feature point, the
feature curve, etc. And as a result, it speeds up the image process. After many years of
research, the feature-based image registration technology has made some achievements, the
majority of the registration methods consist of four steps: image acquisition, feature detection,
feature matching and image resampling and transformation.

This paper is arranged according to the above four steps. Firstly, recent research,
characteristics and application areas of image registration are discribed, thereby
demonstrating its wide application prospect. Then image acquisition in two ways by adopting
different hardware equipment is discussed, as well as common image transform model.
Finally, there are two aspects which are we focused on: (1) The process of creating SIFT
(Scale Invariant Feature Transform) descriptors and edge detection technology involved are
emphatically given by studying edge and point features, Then, in order to improve edge
detection result on the low SNR (Signal to Noise Ratio) image, a mathematical morphology
of multi-structure and multi-scale element and Canny algorithm is introduced. So the
performance of the details and anti-noise ability are strengthened, the convenience for the
following steps such as feature extract and object recognition is provided; (2) Based on the
SIFT feature extract, an algorithm using network flow to obtain optimal feature matching-Min
cost K flow Problem is put forward, which utilizes the direction and gradient information of
SIFT and the improved matching cost function for measuring the similarity on the network
flow, with Minimum Cost Maximum Flow algorithm to derive the global optimal matching,
under the arc ratio of the matching measure and the bi-directional check constraints to remove
pseudo matching. Eventually, optimal matching will be achieved. As a result, about 14 percent
improvement can be obtained. Experments on the test image sets demonstrate high accuracy,



robustness, and more application.

Key words: feature detect; image registration; SIFT; MKP algorithm; edge detection
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2 ERECERER AR
2.1 VEGALHERE X

KIMEECHE[19] (Image registration) J2F8[FA— H ARG (B35 PR DL LD) BURAE 2 AL E
LT HE. R AR R, FROVEMZICAES (Image matching), =3 K4 4H5¢ (Image
correlation) .

PG TC 1 ] 5 SO AH 200 P18 2 Tl ) 725 (] AR 488 70 AR R AR HBee, RS0 — BUHEAB 3% 1 AL b
X = (X, y) Best ) — AN bR R i — A X = (X, y'), o AR AT TRk R
TR B EUG Z [0 — o 7285 LR AR, BRI UG AE — i IR T 8 — H bR X3,
X — U I BB HE I B AR 25 . SR e T A AR R AR A — 5t H AR T A R R 2 1Rl
ARRIC R, R FHAH PRI AR 5y, RaT s Ei B R v

B IR AT ECHE R L (X, y) AL, (X, y), #EHRE Pz —ar L (X, y) hZ2FEE, 55—
L, (X, y) NRFBCHE RS . W) EHR O HE 1) B A A nT 7R [18]:

|2(X1 y): Il(fx (X1 Y)! fy(x’ y)) (2.1)
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BT BB IE R D7 22 G BCHE b s W7, X TANERAERTER, AR AS R AL
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A S A AR, T AR 3 AL S BRI R AIE DL IS 75725 B AS [ BT 26 H 1 B IRC HE 7Vt e 2 b
R

T AL EURBCHETTVE — B LR =P R
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FRIRFAE, 2548 A X L FRRFAE o

@) EGA .t E— DR ULHC RO R Z 8] A S RO, K i AT 5 ]
G, F2IMCHE R R, n b &R S DS B nSe i BHE .

2.2 G 3REL
o T A A O BB R R, LR TR R AR . BRI, TR — A L 1 P

W RIS, e TR SR B, AR S BRI R AR, SR A L BT DAL R AR )26
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2.2.1 BBiEHIRIE

T EGRRCHET S, BECRERS D TR, B NATH R A BARY LIy B Rk 3 22
FBL B THAREAMA TR TP, PrAEG R EA S, B 7 RG4S
Ko BHIARNLAIRLHSE = 7 RER G E, RN ERENL L CCD fRABHIREE I SE AL
Fra o F T R B HE A%

KGR AR 2= SBEM A BB IAR, fa BCHEAERBAE . EECRE IR
IR IS EIRAS g, — B =R 5L[20]

(1) BEARMLEEAE =AMZE L, Hedk AR LIA R

(2) WANURE S —MEH L, AT S AL T 1 5%

(3) FHIRAHIARE, shE RIS, B8 R OG R TR BT [F7E 36

PA_E TR AN I RE FE RO PR T HEARALIIIZ 3l , SR B 2 — € UK . (HSERBr A $%
G BT O, Wsstrh R fig sl . AL RE R SO e S5 R R AR R, 247
FESCORI ZE AN ZE 25 BB HFHEIE N T AL

2.2.2 REFIREEE

R S0 AR TE 0 2 TR AR5 R, A SE B S AR AR AR F AR B R A4 Sk AR
B H TR A EE . BEME RS 10 AR IR B LS S B R (5 5 &0 AID
A, BURBCERRGHINRHE S, BT RS BNT ENLN AR AR, TR A
D37 KB 1) EUG AT SIZ B Ah B AN A7 A o

KBERERIMEEL, HXHFERIEMAGT. BERE. 248X, MRS
DT . FEINES R, — A 2 S . S-VIDEO EI(Y/C)#iN. RGB #iA. YPbPr #i
NG B T A FERRCR A RS AR BN ZE S AR, ANE @ G~ E
G s ARk E R . B2 a2 E R4 PCl. PCI-E. Mini PCl Z2EiCAATH
) PCMCIA 2k, PCl 2R fi%, L% PC ML LHNUIIMER PCI B2k, PCI A ZRiER &
R & TARPUESIRE A T, 2R 96 PR 133MB/S, X K& JoikAE i . PCI-Express
SR VR R BITHENLEAL, PCI-Express X 1. X 2, X4, X8, X1 6ZAMA, X1
LR 9E N 250MB/S, X 1 6 A 4096MBJ/S, T PCI-Express HA7 s e L%, ¥
PCI-Express s £ {1 EHL FEHGERERZ - Mini PCI J2& PCI (481, 7 LU 43384 R G AAFREE /N,
PCMCIA ZZICAMH 184k BT EERE R RERTFIRBIH TS, £ LVDS. Camera
Link PAPRRARUE 2T 2

BT 0 H RN LR A5 R, TEOH SR A 2 KIERSE R VT142 DU#IE % G0
SR, WEESMMEIAAN, BORCPEA SRR AR T 220MB/S(IHAS: T AL A& 5
), FREE R KPR 768X 576X 24bit (PAL f#l]); 640X 480 X 24bit (NTSC #l), £k
PCI-Express. #IEHIKRH =5 13 35~ B misieEHl, i R% KM PAL fil: 62517,
FEFD 25 M, $RAR R 13 95T Super-HAD IT CCD, /K P43 #4540 2k

MSTR A RFIERAGHIRIKIEME, KRB RS DL, — PG D2 BRI A B [ 1
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KGR EAZ, NERFRA I T R AR BB R Z TR B S B, e T AL A
FUG BRI BI AT, g5 RHR IO TARSR AL TR 50— Al oL SR ML A B R AR (i PTZ
MRS SO, B M HARMI A2, AR S b 75 2L MULHAS, B DA TG
P 13 P52 25K L

2.3 EHRBCHE A B e i Y

E X TR EAE WM RR (IR e, 4080 BIEE 35 822 B AR L HE A,
R e £, (X, y) A0 f, (X, y ) Feom B LR B AL AR EEAEL, 000 795 0 PR 7 0 A
BHK R

f,(xy)=g[f,(h(x, y))] (2.2)

Horp h FOR ZYE A ALBR AR, g FORIREEUR SN AR, IR DR IR S AL AN () sl ST
U HT SN B AR ¥ . FCAER B AR50 B4R S LR 0 23 TR LA AR e 24 3l S SO S v
RSO MR B ARPRIK A, K E B S AR 45 AT LAY g PR T Ak B 55

P14 A0 e 3= B WA AF e (Rigid body transformation). 1/i 5 2% #(Affine transformation). %
5247 i (Projective transformation) F1=|E £k 14: 2% ¥ (Nonlinear transformation)[25] .
1. N4 7%

WS — MR G b B PR 2 (B PR R S AR 4 31 5 R BEMGE D R AN, IR () AR 4 FR
RIAAS e, WA BT A TR WERE MRS (BiM%0. 7 4elah, (X, y) ZRIAAs

B8 (X, y )it =Ry
' i t
{x}:{c_cmo:_rsmgo}{x}{ X} 03
y SIN@+Cose ||y t,

ﬁ¢¢%%%ﬁﬁ,ﬁﬂ%¥%%o
y
2 (74

U5 W R o 1 4 L S S R W B IR MR DA N B, 3F BRSP4
S g, MUBCHEMESFR IS . OB AT DML, CHERE) BRI R A . 15—
ez, (X, ) A OaPEE s (X, y ) HAs s 2o

a; a, L |X
=|a, @, t, |y 24)

1

X
y y
1] ]o o 1

VIS B A E B, SR T AR T
3R A e

G A — I PR 4 ) — 2% B R i A S T B8 IR MR DR LR, (T AT R R
AAREE, RACLLARAS, MR AR A A e . FEmdEzsialdr, (X, y) 2t Asin s
(X, y )t A R
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X = aX+apy+ag;,

Ay X +385,Y + a5,

2.5)
| By X+ 85Y + 8y
a3 X+ a5,y + a5,
e AR )\ E H
4 JELE VAR H

0 R — W PR ) — 4% B A R W 05 IR R LR B2, U SoRER A 4t
Bt . e e, i (x, y) ARk e (X, y )0 A Kb,

(x.y)=F(xy) (26)

Hrp, F Rt — i@ G 25 iR R LR R — AR Bop . SRR 2 AR
2 i A e, £ iR, 2O ST S o B

X =3y +a10x+a01y+a20x2 +a11xy+aozy2 +--- 2.7)
y = Byo +blox+b01y+b20x2 +b11Xy+bozy2 +--- (2.8)

2.4 KNGS
ARFEFIN T EUGECHERTE S, MBS 73 THRAE R RUR BCEr — M B8, DLR G SRE T

PRI, B A28 T 45 1 PR e 2 o 1 R e PR B0 LR L M2
BRI 0114 BE A ML
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3 E&4FIERER

FEERGRCHETVES, BT RER BHUEICHETEA & BRI BB BFE, mdid B RE
AAFIE S FIE BRI R SHRAE. CRRAE AT, RRAEZRBEAE) SRSEILEIRILAC . it URFAE SR B 5
THER) BB BCHE A B, TR UL A2 B R BC A A o 0 i M e AR E 2T T
FAE PRI %

BT BHRRHE CRMIERD ECHETT VR R L BAREIAE =AM T THI[23,57]:

(D FAEREEBRER SEDRZ, PR LR R T 58

(1) FPAE A2 R N R BRRFALE, X ARPBEARAL L PR AR RIS S AT L (138 L g

(3) RFAE R AR UG P FEE A A RF A 1) SR (B AR A USRS, AT DUKOKHR s DL BC O AS TR R

PRI, T EBAFIE CRRAERD AIBCHE T IR AE R ECHESUSAS 2 1T BT

BT RHAE A MR BCHE T IR W0 R s

RHEFE I FFIEDLHC K52z ik

y

A 4

3.1 ETHHEERE & ERIZE
Fig. 3.1 Flow chart of image registration method based on features
FEARSCHEAT HE T HRHIE S G RCHERT 7o b, SR A SIFT (Scale Invariant Feature Transform)
(AR £ T SIFT BAE SR FEIL SR SRl ETR A, 00T 6 AR 25 [ e i 7
LEIRBULIR
KBRS W EUR DGR, SRIE N SR ISR IR

3.1 BGFRFEA I FE

12 To5e 2 UG b B o 3 AN B HIARAE ,  BAEAE T MG B bR XIS e R, R R
1% B 5 A5 AN TT AT b X IRUC R 58 A (R i . MR 130 2 3= BER DN UG R SRR E 1
RN, R EG A KA H LR Z 3 T o BRI 2 R0 N ERR AR TR . F Rkl
G L 2T R FEAE AR B R AR A TR TICRAL 2 R A7 T IR FE R I 5 ek /> 128 Ak . AR
Hes B DRI R FE I S ECR R R L 2k s A4k, ST RIR A Z . R TICRAL 2 53 77 SR I —Fr
“H S, HEr, HTAZENNETARZ, W Roberts H T Sobel 1. Prewitt & -1-Al
Canny 572 U -HIIJE, TG ZE— N8 LR ISR ESEU .

3.1.1 Roberts 1A% MEF

AR A LA BT 1) bR 22 20 AT LU R R L AOIE A5 25 Roberts 34 25l 55051 F %



B RHIE 1 R DL BRI 7T

JEEE, SRAX AL AT PR R 2 ZAB B, B

fo=f(i,j)-f@i+1j+2) (3.1)
f, =1, j+1)-f@i+1 j) (3.2)

b B A1
RG, j)=f2+ > 3 R, j)= f [+]f,| (3.3)

M2 4y 7T LASR A3 Roberts 875 22 48 4 (1 +1/ 2, j +1/ 2) kb 3 S5 6 FE 8 P (1 302 A0
R(i, j). @Eammis, mERGi, j)>7, MLAAG, j)RiLZ 5. Roberts Lkt T
KT 2277 [ RAT PI935 2 25 04T BRI BRI, LA MUACT . 2 B 7 [ Gk M e B 47
TR FIA%, I ERI R Aok e, (ERT I 7 UK

3.1.2 Sobel BN E F

Sobel LA IIHA AT Z . DAAFR I B AR AR R L) e, #E—A3x 31
BRED, S O hORERAE X,y I7 T R
S, =[f(i-Lj+)+2f(,j+D)+ f(i+1 j+1)]-

) . .. . . (3.4)
[f-1j-D+2f(,j-D+ f(@i+1 j-1)]

S, =[f(i+L j-D+2f(+L )+ f(i+L j+1]-
[F(i-1j-D+2f@(-1))+f@i-1j+1]

PURAE (1) s OB L R B

(3.5)

f'(i,j) =S +S; (3.6)
J9T WAL, AT R R R T
£/, §) =[S,|+[s,| 3.7)

f'(i, J) = max([s, |

Sy\) (3.8)

Sobel IMGKME T REGEERBHEMERN L. T . AW AKEFIEN, #iT o
RIBUEECR . & IEBRE TR 7, 2R 730, J) > o0 WO RiG)) 2L .

Sobel AZAIN 5 AMETT DL A B A 0 R, T L e s B AR AT, I8 1%
WEFE U . (H7E, Sobel FLr Al T —LbPhil %k, ML AT, FRAC TR E fr
L.

3.1.3 Prewitt 1144 ME F

Prewitt 14 2l 5715 — FhSR ALl Sobel 14 Zder Il 51 AIAGAEMRIE 1, @I X BT\
AT A GATIN K e 5 e o 5 g5 K AR i Gl FE MR K0 o Prewitt I Al 55152
XA
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1 1 -1 -1 1 1 -1 -1 -1 1 1 1
1 -2 -1 -1 -2 1 1 -2 1 1 -2 1
1 1 -1 -1 1 1 1 1 1 -1 -1 -1
(a) IEVEJT I (b) IEATJT T (c) IEFETTIA] (d) IEJETT I
1 -1 -1 1 1 1 1 1 1 -1 -11
1 -2 -1 -1 -2 1 1 -2 -1 -1 -2 1
1 1 1 -1 -11 1 -1 -1 1 1 1
(e) PHFFJT I (f) b7 (@) PaILJrH Ch) ZKFd 7 [l

Prewitt 4G4 N5 1 IF AEE mUER AT B R L, EXE A -PEIER. H25 Sobel
ARG T —FE, BRI DGR, B LR, B SRR X FE I 405
B BT Prewitt A Z A IH TRl )\ A7 IO BT BRI R, BRRIEHEER R
K

3.1.4 Canny B Z4EME F

X — MR E G HAT A GAT I, —Rn] 7 N . B sE ARl = 2P [21-23]. Canny Eik2—1
HERLUPEFAIZM B (multi-stage) FIELE L. Canny BiEH =AML MIHEN]: (1) &1
frllvERe . A SRR RIS, AL S SE A% Sk, R ERE R K. (2) 4F
(e ALK B o AN B 1ih 2 i 5 SRl S S B il . (3) UFAI I Zm N . BRI 3 )il
2 JERS IS VIS JEYNAL/S i VAL I3 = RERITE S BU N Sy /[ N

(D) BB RE . PRSI B B2 H BRI RS, RN G b ) e 7 AR AR S AR 4 o o)
ARy, A EEAE AT I S5 R (R R, B TR R X A R %ﬁﬁj(ﬁlzﬁj\?)ﬁ
e BT PRI 75 1) R 3 B 1 1 25 FE A0 2k (A S thoxd A G R i o &) o IRIE R
TEINGANEFE 2 A E— N, P s8R vl DAFE H e 83— MU AT E 7 %o

(2) BHEEMITR AT M 5. H—B il A A R 22 2 v H 580 B 0O ME BE AN 5 1), FH — i f
SEUA PR 2 AT 5 BRI AS—4E AT 51 A8 0 — Bl 3 22 Ex #1 Ey R

E ~(S[i, j+1]-S[i, j]+S[i+1 j+1]-S[i+1 j)/2

(3.9)
E,~(S[i, j]-S[i+1 j]+S[i, j+1]-S[i+1, j+1])/2 (3.10)
Al j)= sqrt( EZ(i, j)+EZG, j)) (3.11)
ai, j) = arctan(E, (i, j)/ E, (i, §)) (3.12)

B AR EIG f(x,y) 30,j) A Ab e FEWEAE AG)FTTT A ai,j) .

(3) BEFEMRE AT IR RG] o 86 FEMR AT SRR ], DAEME f(xy) b(ij) At
(AR BEMRAE AGLJ) I RN IEA BB E 1 R B AL R, TR EER H ARROAE A H L e 10 2% 05
AR oY) BB R AL GERE AG)/D T E L 710 PSS 3R AL 208
BE, WRACHIZAE R SONARA S A, % AG)) BN 0. BINfiRE GRS, RERER

10



BT R R ) R VT RC BRI 7T

AR B R 1 5

(4) XA EEAT M FNERA % . BOE A BUE o M, (7, > 1), XTAERROCAE IS EHE
BEATRUSIE AL, AT RIBMINEE R, 002 DL BIE 7, 70 315 2 S T2 ALK ERME ¢, 7
SRR Tie B T AR S, FroAsEE, (HRiE s T 1A% E Bk, KR T3
EEAL, WRE TEZMEE. TRUEG T, DIEG Tk i T &% 55k 5 &
LHD LA IR

B JURR G AR 0 e A R Use, X TE M LR MR, AR AR IRGF, 1fi Canny 5T
TE G XM A A R 8 F UG T B 1P [22] . A LA b DU A FE 00 100 s ) B v ) &L
PV R AT TG, Roberts 27, Sobel 57, Prewitt £ . Canny 57445 S 40
3.2 flion. MR BAABURKE, Canny HF I RAL T A =il Gkl 5 1. (B2 MfEfE
ARZAL, BEIRFEHUT FEX E B RN, TR BA AR B AR S s He R
B BARD SRR BRI, AT AT B AR S A S, TR S PR AR TE RSE
S nda i A S BN IR, O T RN I, AR T AT 2 R 2 4G
LR MBEEEA S5 Canny B HISE & 01D &L [62].

FHEHE

Roberts E 7440 Sobel EFHM

Prewitt B F#&: Canny BT
E 3.2 JLMuA%eNE 7RSI EHE SNSRI

Fig. 3.2 Several edge detection images by classical operators
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315 BT 2 RESEMTENREHESEE Canny HTARE S MHEHR M

P A A IIEA B RIS i, VF 2 58 R B TS AT T AR
BIMA T B R [24-29],  TRIASORE 22 U 22 2504 0 3 AU TR 45 24 Canny 57 (1910 4%
REUTEME G, FEBRG BEREEIT. MisH XM, HEMENRGNRGERIG 2R
TR AT ARBOE FRTE B ik BE 1S 56 R 20 S B AN 75 o MG s, LR B0GE: H AR ZR
IR, SRS TELEERT B R Canny BFREAT LG4 .

BUp s Heras (Mathematical Morphology) [65,68]5& — 18 % ). LA Ak
flixt EUGHEAT T 2R, B R — B TS S5 0 3 25 5 BRI I G Rt R TEAR DA I
DU BRI BT R, FEMR R S BRI 7S L 10 A 5 R AL 2 vl R A 3 B R i g . 3L
EABHEAR: (1) K (Dilation), & U EE /ML GRS D
AL K AE UG IR G BN IR 4, G 5 EUG AN e s (2) J&§4d (Erosion),
B DL BRGNSy, AR R R R s (3D FFJE (Opening), it S B s
A RE, BRI/ NI, TELF4IAL Sy B IR RE I BRI e L (4 G
(Closing), #iftieigi /e Bimmidfe, B AEPN AN LR, YA R 5t
(4 FI[30-32].

PG 250 M TRUAL B o — A JE AT FLAE 8 S I, ex e 2R MR Al . R AE S
SR PR AR . ARG UEIE 7 E G S BT30S BRI A 3, T 7E JE R
e 75 [ [ B 3 B T G B AR TR, AN REARIF I RAF R A M5 B . TS 2408
PR FE TS5 I UATRRE, FIRTGE L n g BUSEATIZ 5, IABIREIERRE A, Ak
B AR GRS B R B S H A TG NG L R A — 8,
Xof G5 A G F R 7 A A R URK, 155 377 T AN [ PR 2k sl s 2 P, RS M e 3R i
BN BRI G S I RCR A IRR R R o TGS [24] 2560 A DL B — RUBE B 25 DB a8 Y AFE 5
e, RITEHH B A E@)BKP R, IR SCRA 7R E AR, 155
HH I8 R IE 8 B AN 7 B A R o 5 R e 3R A T 7 R

¥ 2 REZ GG RINBCFRAS S Canny 57454, T DUIRKAME, 700 RIE - H L
#o HIrkun s

(L Hsfhih. mlestEnEGgME REL TR ST, WIEHE, LLERRES,
BRKFEERG . H, 4589705 disk-shaped Al square-shaped; < H 2o ROR g . L
FUG R FISL AS BB R R 24 T, A3 7RSS . R SRR RS B H 1Y, (R [RIR Ay
KT —EFEEE FRIBD, BT AN BE DA UG A e 24 (b 3 AR

(2K FEA A A SR AR MG IR BN B 238 1 B33 SORE BIGe LL— M ELf R4 o (it
RBORIE BG ST H AR RS 2 LA TR ), 38— /NG . H A2 08550 7 5
(1 [F) B SOAMEAS H ARFE BRISRS, B VR AN R BT

() AEMFRT MG . BT EEAEUGARSR, 15 HFR IR0l GBS A R RIE i, FULTE
5 2 SRR B b — A KB ¢ R EME B bR IS AR BESEAT ), 53R %%
R A ) 1.

(4) $REGNZE . EH] Canny 57X i 2 HEATHEL
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B RHIE 1 R DL BRI 7T

KRR B SR AT IR, IR B A R RCR WS AR TR TR E R B (P E
TEPEARLNEDE B IR, BALGEILE IR AL TERR e A (TR, RE S K IR EZ s R B R ) ey
PRERE, AERMRIEMWT . JEIL[33-34]) Ja AT Canny 5510 Al (2R -

3.1.6 BUHEAVIA G N EEIIE
T DA B P Ak i P GO A B PR 130 SRR SR IO B3 B AR SCHR H 7 ik A 2

P
K 3.3 fEZ% i SR 46 B GANR F rh (BB 25 e 5 iz F Canny 5745 2 L 2 1%

a b
3.3 FEIEESH Canny ETHRIMLER
Fig.3.3 Lygus lucorum Meyer-Dur Image and Canny edge detection with median filter

K 3.3 ()RR E S B AR L BRG] 3.3 (b) 5 a UG A T E g I s 1
iz Canny FAKNAR B I KGR, HARKIFEEREN . H IR H AR SRR e i, K
5B S S e R DN 45 SR R 1 AR KK

K 3.4 (a) (b)7Jil iz A SR Y (1 2 RUE 2 25k o i) B IR 48240 Canny 574l
R B A GAT R . RIS ECN:  Rascshapea=2, Rsquare-shaped=6, & = 1/5, t = 20,

13
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3.4 FALIEAVZEIEENRAN Canny KR
Fig.3.4 Preprocessed image of Lygus lucorum Meyer-Dur and Canny edge detection
P 3.4 (b)rha] A H MG 1y S i A B B, R ook T PG  Z ( AR Ao
ERERXAAAN R AE AT, B9 AR BRI RCR 7T AT Y H AR ) R RS DUR B, HALZ 181 3.3 (b)
A TIRKEEE
P 3.5 7 A0S ik S 4 P A5ORTOR) P P AL i 8 25 W Jis 7342 ) Canny S50 45 21 )7 2 EUR

& 3.5 FFIEHKERF Canny HFHMBIR
Fig.3.5 Zeuzerasp Image and Canny edge detection with median filter
K 3.5 (@) FIE ORI 2L T EIMR 3.3 (a), (HAFFESGHEAIIRIELR . AIE] 3.4(b) RIS &5 SR AT
AT tH AR5 a0 A G b AN NI i s, R as RAZE] ORI .
K3.6 (). (b Zralfeis AR I EE T 2 REZ 2 4l e RmBUH R Canny 574
MG R AL B E AL GAT I EHR . RIS HUN:  Raiskeshaped=2, Rsquare-shaped=5, O = 1/6, t = 30.
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B RHIE 1 R DL BRI 7T

a b
[ 3.6 FASLIRRIF SR E AN Canny HMALR
Fig.3.6 Preprocessed Zeuzerasp Image and Canny edge detection

M 3.6 (D) RIAS I AR AT LU Y MR AGWE A 15 21 1 B R k55, 75 2 A I 45 SR AL A 3.5 (b)
AE R ME.

PAESERRAIER], RAIA R AT 2 RIE 2 4 He R AR A S Canny B HI4G
WL IRHOT %, WRARIRGEE, QA0 AN NEGE 2RI/, ismaE
NFEERLEER

3.2 RAFAEAS IR

FROESEICAT 2 A FE SRR AE . ZRAFAERIHIRFAE o RFAE VT AR v] 721X = Fh 75 30N R A [H 1
JIRULHES, HZH0E 00N o /R SR IEIE A [URHIE e 0 B A N RURFIE . DRI, AT 1 B
48 RURFAE L S HAE MG HE R ) e, B R/ 40 SIFT HFAE A5

FURFIESR TR — M UG 9 K B AR/ R I B 1 #0238 A — 285k o, BAE R =
N BEEESEENRER, O ZNHTHHENL 8 2 U8 FRAEE F R 2 P A
Z AN ULEC O RO 5o R “UF” HORHIE R BB IURCIE R OB ) — 2 o RPAESR U HE S AE T
3. FaE . —EERRHESREL

I A B FBC VR 7R BN IR B EUE B — R AR A RHE 0], w7 N 2 I AT 38 MG ) e 4
28 NS BA R RERAE, RGNS, SNV 00RE s, BFE K EHE A 2 4 B
HEFERE RN, — W 8 3 s VTR EER B G Y an i, 0%, TR, B
DX 3 1) O R R AT 5 1) R [35] o

] P A0 R AN [ 1 R BCHE S 10 AT T KRBT AR, o B TR i R T
1 I F AR T Moravec[36]7F 1981 4FH FH A s S AR UG 31T L #E - Harris[37-38] 41 Stephens
75 1988 4EXF kAT T B, 7F 1992 4EHRH T Harris £ AR, 56 3L 8 THs shn vk B Ex A
—HEE A, MU Harris £ 2URTE BURBCHE R B 0 TSR] 7T 2 R . [R5 E S K221
Lisa Gottesfeld Brown /£ SCHR[1]H c 45 1 FGECAER) 32 RS S AR SN U RN H o 4t
TR R BCHE R AR S 32 B /2 45 IR T2 2 MR AL B L 18 B UG AL 3R S5 A% 40 3 Ui . Harris
£ R T BRI RO A A LB AU, DRI AS () RUBE g PG M DA™= A G R D RE KR . T
Schmid[39]F1 Mohr 7E 1997 =4 H T 5 T JUBEE 25 [A] AUA AR & B2 1) UG RR AE H R 51—
SIFT(Scale Invariant Feature Transform)HES:, EIA SIFT HAR1G 3 (1) EHGRHIE 7] &0k RUEE 148
WARFEAAR Y, FIHBH T EERR. BEZFEENAR, SIFT 55 CA AU R L RF
A, T E e . RBEARTG 5 1 = e A BRI o G R R FEAN AR, T AR
SEM T R AR R BB R AE DL L 3T M Brown[40]7E 2003 4 SIFT H AR T4 514
PtEE, S TR A B B g H R — BEAR N LA S5 R R b Bl e ] e Sl e i — Pl B a5 1 1L 1)
BevERIHE 2. David G Lowe[41]7E 2004 4E:K SIFT HoAR M AT HERiRS]. Rong Hu[42]7E 2008
N SIFT HORH TOUAMR . SIFT DAHMURR AR R 1 4 S FH B &N 7 T, A e 241, 3
H T MRS SIFT Sk Pt s i SO 1 3500 44
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3.2.1 SIFT 45 &

David G.Lowe £ 2004 fF 4% | HA I EE T AL BHORMRHER 7, R ER$SRH 17—
FPEET RSB 0 MR AT e L 22 07 S A 4 R 45 AN 32 1 1) PR Jm) A ARr AR i ik 35 —
SIFT H1[41], HA4#J2 Scale Invariant Feature Transform, EJJ & ARARERAEAS #

SIFT FRAEREIR 22 B AT ECERAT FRRERR 5, B RS 8 R AR )7 S A4 R ) 308 Wi A2 1) 7
e R A 2 T 5 B ARFAE DU IC R0 o B b 52 1) DR SCHE S 10 i IR 3 2 DR DR 76 AH [R) 28 B R SRR AR
R, TR BRI IR [44]

SIFT SEFRIUK SIFT Rk [r) & H A 1 H RS9, 60]:

a) SIFT HFE2 BRI R R AE, e . BRSNS AR ORI AR 1, WAL A A1
D5 A, W 7S O ORFF— e R T AR E

b) MurtE(Distinctiveness)df, 5 EEFEE, &M TIERERELEE E T HIE. MR
VTHE[23].

c) M, RIEDER LAt U4 K& SIFT Rk A & .

d) midtE, 20 SIFT VRS SEEE 2 n] DUA S SEhf 12K .

e) WM, WTLMR I S H Al 2 RFAE ] AT A

FETHRAE s ) BURBCHE 7V, 38 CE AT RRAE AP H A 2 AE i R Bl AT R, X FE T

BIRK . TRASHEX BUG AT D G F B Al EHREURE i, SXRE AT AR REAE ST 1 3
MG BRI BB R, &R, M SIFT SR S SO AR P AR T Xk — b AR,
B R H ¥ 2 4> DoG(Difference -of-Gaussian), B —#)9—{Lf¥) LoG (Laplacian-of-Gaussian)#
FHIERL, X EUGEATAGATI, FEL & EG b FEBURFIE 25

DoG A2 %:: David G.Lowe 7 EIE — 4 F1H 2= [A] 1 DoG(Difference -of-Gaussian) /X
JE 7 (] o ] s AU SRS S ARAE AR 9 RRAE 5, DAASEARFAE R 4 R AP IO MURF P RIRR E 1« DoG 5158
XAMAANFEREMSHZWMES, HAEGIWTERARR A, &0 —# LG
(Laplacian-of-Gaussian) & ¥ iz k. DoG & (3.13) 7 :

D(x,y,0)=(G(x, y,ka)-G(x,y,0))* 1(x,y)
=L(x,y,ko)-L(x,y,0)

LoG S F & — P M i R iy, R EEAEZ Marr 5 Hildretch 7E 20 40 70 44X
ARIEH A — PR RGN “ AR IR 7. 3.1 174411 Roberts. Sobel. Prewitt.
Canny IR IMHE-T N — SEE T, 1 LOG B2 M SHE T, H T2 5h Ak
R A 0] [F 1R R I G AT, e B R A IR IR L 2 e FE N —ME & B, BT
1SN L G2 R TR AR, W ERIE T 1A e AR o (H bl T B IL Gx ANgk 75 [i] S AT
m sy &, B SR T SRR T A 5 B R SR, DR R AR R s B AT
SR HUE 2 1T I

LOG HF /R fEL St il /T, I = e B e #AT (0@ g e, SR A P s i i 51
HEAT B R E A X A, MR LOG (Laplacian-of-Gaussian) 5 1-[43] -

FEEE E, —B R8T A Z 0 R oR, A - S8R R AT DU I 22500

(3.13)
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FHRLAKSE 77 1) — B S ART Bl SO

£ 0)=(FG+30)- G 0)-(f(,5)-fi-1]) (3.14)
K314 T A1, BRI I ESHE TN
12 -1
[ FEE ] A7 38 2 B T [ AR AN X A T TR B 2 N
-1 -1 -1
2 |, 2 , 2
-1 -1 -1
e T SR R A
Q(X, Y)= exp(— X +2sz (3.15)
20

N 315 1, o NEirER s AR 2, EREEBBRIHETEE, £ SIFT H7[f) DOG
BGRB8 A o [E K R/NRGE B & I SR ERBIANE SR BIALARE . A
A7 721 LOG 574 B, W ISR EIRAEA F 2 38 LA . /o [ LOG H-r Al Lifg
PIRCHERRRIL e, (RIS BESRAS B0 R RUR AR 1Y, (HX M A EONBUR; Ko i) LOG H14f
g 7 RN R R AT (BRI 22K T BTN A5 B, WA IR I R S i EA e — e,
SO T A GARERIROR .

xR EAT RS e S, 152

f(xy)*g(xy) (3.16)
IRE LT
o N 2 azf azf v e A A sz N
R E T (8 XN Vf:axz+8y2 , R M HE TN

V2E(Gi, j)= F(+L )+ (-2 )+ G, j+)+ f(, j-1)-4(G,j)

uh (5]
G(x, y)=V?[f(x y)*g(x y) (317)
HAEERR S, X317 &N
G(x,y)=V2[g(x y)|* f(x y) (3.18)
A
vig(x,y)= (%Jexzf (3.19)

A, X,y =—l,-- =101, 1,1 €[Loo). o &EMAi R g2 i &, & Y LOG 4L
FHIRERDAW, =2+20 .
50319 ATLLEH, LOG BT Sehrmt bl V2g(X, y) AU, %K FIHEE AT SRS

/N
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IRl N2 TR R DA E N DI 709

JRIRHLUN 2 X% ~i[23] . B 3.7 72 LOG S4B R4 % .

(a) RiaE®R (b) LoG BFiRERANA L E %

3.7 LoG BEFiEMANInEE %
Fig. 3.7 Edge detection image by LoG

SIFT Sy e e RUBE A A BEAT RRAE A, I SCBE s (Keypoints) B A7 B A SCHE s BT A Y
JUEE, SR 5 18 Y R B sl A3 P2 18 207 T M i ) 7 TV RRALE - DASIGILSE 0] RUBEAN T ] f 2
Ko T SIFT FFALR I RER G D B —— /e, 45 SR R ShBh T . — iR IR SIFT
L A R A SR B A 4 2P

(1) REZAAEREIN,  CLYTD i e S i B AT U

RN B BT TR 7 B 2 RIZR R, AT B RFIE R RERSIE N 2 R
A, Wil 3.8 Frasd ="M RE EREE, WalEkE 5 iR EUY SIFT HFIE R fEIE M
=AREMAALGX B IR 1 U R B I & S AR R A Ak 38 LA R A SRR R B0 R 5E D
RJE R A REEG @ AT AR Z o KRR BE&A, — B4R 4 55
Wrr G, hIX 4 s T BRSBTS 2 =g =i 2> (DoG) &, Wik 3.9 fr

7INo
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3.8 EFERANZRERE
Fig. 3.8 Multi-scale images of pyramid

() a1, o =1

(b) o =1.414

B39 ERE=1 AR, T o WEHTEER, HE—IESHES (Doc) Eg
Fig.3.9 A piece of DoG derived from Gauss images with different sigma in group one
3.10 4 DoG [f]— R [H] () = MR R IS, Ferb i — i B2 181 3.9 1K) DoG
Fg, B w22 70 T ) — IR A I R, AR Z0Aa I R b T 4R ARAH

I S A AT
L AT,

3.10 DoG R =S 8] B BB R (B 4&
Fig.3.9 Detection of scale-space extrema in DoG
FEAS I RUBE 2 [ BRAE I S BT e 9 35 MR 3R /7 EEER R 1R — RUBE fA ] I 4Tk 8 MER
AIAH & RN A7 B 1) i Bl €4k 9 X 2 MR FR 3k 26 MEERBEAT LU, AR ORAE R 3 1A F0 —
2 PR 2 TS D0 8 ) AN 1
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IRl N2 TR R DA E N DI 709

(2) 3 DA =2 — VR B LR Bk 5 O B s O B ATRUBE TR 25 BRAR X b PEE PR S i
ANASFRSE (L Z M L 3 (A0 DoG 2 P B RGR A MR, DIESRILHCAREVE . SR i
FRETI[41]

(3) I FH SR8 s ARIFAR 2 (B0 7 11 7 AT PN AN SR B R E T M 24 R T e
AR

m(x, y) = J(L(x+L y)-L(x =L y)}* +(L(x, y +1)- L(x, y ~1)) (3.20)

o(x, y)=tan*((L(x, y+1)-L(x y -1}/ L(x+1y)-L(x-1y)) @321
30 3.20,3.21 43 A B () AR BE (AR AN 7 T A 2. Horf L i R BE AN S

# EFTTER U
TE DA A 0 AT IS A T SRRE, ARSI /N B s B o, FH T it 4R E = 11
BEEETT ) BARTT 2 WCHR[60]. K] 3.00 R 7 /MFEI s IR 2 07 1D DG B it o 3 07 [\l

o741,
@ o % 2n

3.11 HE R EESEREEHETE
Fig.3.11 The main orientation of a SIFT descriptor

2, BGRRRE G OENTEE, M REAE=MER: B, PrERE. JrE. ik
AT LA SE —A> SIFT RRIEX I

Bl 3.12 SRR DL PP IRAE SO0 B RAREN SIFT FREA OCE LD Mg R, RH#E T
FRPPRERE SO E, 2 DI EUR E S BURHIE s B 20990 314 A1 507,

3 £
. A £ ¥
. RS 5

b .
- ]
.4‘2'@

N

WE 0 5882
.‘t‘?“
‘e ¢ + .

PN ot ‘} g; +%
eleTot #
Tt . b >

3.12 SIFT ${E =
Fig. 3.12 SIFT features

(4) LR SIFT R . B SRkt AR AR ey oC i T 1), DR DR e AN A2k
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Fig.3.13 A keypoint descriptor composed of the gradient magnitude and orientation in a region around the

keypoint location.

DA s A HL 8 X 8 (AR 1. & 3.13 2R () rp S BB AU i s i i B,
ARG RBE RITE RUE A ) — MR R, F k7 ARG ZR R B E T 1), #k KR
o BEASAEL, ] P € 11 B ARy I S B R T S r AR 20 B 7 P45 B DT Bk O o
IRJEAERE 4X 4 I/ BTt 8 A7 R R RR BET7 1) BT W, Sl BN FE 7 1Al ) SR I0{E, BR AT T
B AR R, ] 3.3 A e iz AN R S 2X2 L 4 R R, R
TR 8 AT H EAE B

N T S RRIUHEC AR, Lowe[41] @ WO RFAN KB S 4 X4 3L 16 ANFhF mORHIA,  —
AN BT L AR 128 N KR, B TR 128 41 SIFT F51EIA & . it SIFT $HiEH & 04
ZBR T RN TS5 AT R R 0, P4k SRR AR v & 2 A —4k, T my BAE—
H BRI R R o

K 3.14 7E 3.12 [MASAE AALE BTN SIFT BHAERR T, KIS 5 Sk i R I ARt R AiE
AE R B ARbRAL S, ER O SK I T A AR RE S 07 18], B AFAE S — N7 I AW
I VA 1) 80%, T8 i Skl A7 — AN U7 M) o 58 i Sk K B SRR AE s FTTE R E L,
REEBOR, i Sk EARH B .

3.14 SIFT iR ¥
Fig. 3.14 SIFT feature descriptors
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AEA G TR T R ERECHE RS B 7, B S B Se D SR AN R T,
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¥ 405 F Roberts. Sobel. Prewitt. Canny, —rS#&E T LOG HT, % DOG H-FH SIFT
FHIE R AGATINEET T B 128 TIRBURRELF . Soeom. STRME S RURFAE,  mURR
TEFIERNHIE TS A2 N T 3R B SE 4 1) s AR AE A I T, N IS SR RRAE IUAC PR LR . Hrpol i 72 il
SRR I EIE ) 25 5 B B R DGR, o8 T A SA I I Rk .
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4 BT SIFT $FE S BB B X

FEEE = F T SRR L, SRAS A HE B L ASIFTRAESRIA 7o SR AN T A HRFAE RUAT
AT UME N e & BRI s BEAT B R RO E R, DRI D BEAT PR BC I ZESRAFAE TR B B2, RIVRFALE
RTECRT o #ETT, AEREAT TR R RO IE AR BUE , IR BT B DA HARFE VLRSI FE o RFAE R
VEHC CURRRFAE £ HTBCRT) 2 PR BCHE A2 P ) DD IR

4.1 FFAFUCEC R A

DLAC i R v EALLSE ) — AR, Rl BRI HE . H AR 5l . SEAR DL
PN H AR BRER S U — AR AL 0 — D R A ) —NMRRAE AR, ] Al B (R h 345
G IEANFFAE AR B R VG 2 T v ) ) — e £ P P R AR D3 52 H AR B 55 1R A
SEARUGHD . = ZE AR HARER BRASFAES5 M SCAD BR . VLIC A IR 5 75 KOs BE R /IR L i 2]
FIRBCHERSE R Horh, fERFAEDLRCIERE S, VLHCRE &k o i B ULAC S SRR iE, EMILRS
HiE—RIEE LA RIILS

AEE SN A ERILEC R B R A, SRR ESEH T — Aot LR R m s,
RENS T G Hy TR AL [ R BN R SRR 22 . T, RS ILIC R B gy, R B4R
NWFFEIEA B SR T — Rk T R O RF AL AL VL L A [64], R/ BR A K S

4.1.1 DLBC fE = R 3

FRHAE S UUHC 0 3 22 B 12 B PIANRHIE SR Z AN R R G &R, S BRI RFAIE R FHAH R
TERARRIEOL R, W33 B 2 S ERA A RFAE DL G soxd, AT a2k B HE . AR 3l
AIREFEE JOETEEH . FERURECAET, TR WA AR A — S, TURCE R b 2
PURVUHD, F5ZEHIBRIXELARITAL. ik, 75 B ORI & AH S A AR BE & F PR AR UL P
FESL =R PEESINEE . AEACLRE RIMEAR I B . A PR B B R S e i AR 22 . Y AR
72\ BRIRFRRS A1 S R B [23].

(1) BHITHRIRE

PRI TR ZERIKE R E X S RE Y 2%

X_y:[xl_leZ_yZ'“XN_yN]T (4.1)

AT, B

|2

S:Jvf—mr+hz—yJ?+~+hN—yN

N 2
= [ 2% = Vil

i=1

4.2)

S A& N ZE7S[0] & X ISy Z [A) R S
(2) EHFHEREE

23



TN R 2R A CERALD 83

PR ILHC ) Z 455 HE A (Absolute Difference) Bl ZTEKE R E X 5RE Y 2 Z XN
“danHE 2 A, Bl

S =|X1_y1|+|xz _Y2|+'”+|XN _yN|

N (4.3)
= ;|Xi - Yi|
5 S (R ST AT T 2 00
1 N
S=—2 %Vl (4.4)
=
(3) BRIKEEE
dy =6 =%, F+(y -y, f (4.5)
(4) SHIRERE
dy () = (x=y)" Y *(x~) (4.6)

Ty [P S50 B 5 8.1 B AR R AE 1) B8 IR FE , FL3RA5 10 23 SR8 AR i = R R B0
ERSZEAANIREI, T 55 18] 1) Ty PG RE B8 5 SR A S (R B B TE G b4 B A 0k
A (R0 BE 5 HME 2 22 TR I = A 2 D KB A . e MB R 5K T 2R R
(145 & 1) 1

(5) FHALLE
SE SUHLLIEE S(X, y) M

S(x,y) = (4.7)

Xy
X[ -{1v1

o, K= (TX)20 Y] = ()2 S(x, y) Fem R S UL A T ) AR LR
S(X, y) BT HAR SUCHE T FG AT L. AL 390 3R P 2 B AT — (A R, T
EBCHETE b, AL T I AR R A

S(x,y) = (= )E)T (y=y) (4.8)
=y

Keh, X5y SMFRFEEXG Y ML,

(6) MEAIFE

S S A0 I D P2 PR . ZEUL RS T, B R (A
TSR E . WA | BRI, d R, TRARRE TR, R R
I3

p(d [ 1., 15) e p(d)p(l,, 15 [d) (49

e, p(d) A ARILI RS AR, Hetnil 2R asiE gt 2o sk g . p(1, 1, | d)

MR B IS d I, BEROGH 1 o g 2 A R REBUREE FEE (T L P R 6 0 P B B 3 P 2% . A
JIEREIL, R 4.9 R BOSEORR, BIEA:
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log p(d | 1,,15)eclog p(d)+log p(I 1, |d) (410

TERSL G I MR Ze Rk S, T DAFE SR AN — L R N FE I 2R 2t AE LG B2 21X I 7%
FHRE S KRR B b /D DT FC AR s S, DRI 0 FEE e 132 b 87 FH T304 1 &8 2R DT BC VA R

B TR E R R AR, S mfe e B Semi 1, 8% R B REE B A SIFT Rk Xt 2

F) R ARBA T FE 5, SCHR[A5] A AR B FiE 5 bR K0 255 5 RE B VT BC FHARFAE T LA 2 1) o FEAR TR ST

o G SR I AR TR XS B, AHE TR RS R I R U], B M TR TR PR g Y DT R A

D
A
w(pt, p?)= = . (4.11)
X 2 2
(Z 2

Forf, P = (X, X, Xp ) PHEA R | M AT, p2 = (Y, Vo) Yo ) J2
PRAEAPINE | ML SR T, PY & P S i £ e v PRI S5 A

TSR, 43 B RR A 4.0 AR F B0 B 1R J UL Bk 4, 45 S 2 W 22 T LAk 6 o 45
M TR O MR S I TSR M35, S AR 8 5 A A 2 AR

4.1.2 MKP 1&5Y

RFALE S A DG C RO A B R B HE A% Lo 1), AEA ORI AR, W SRR AR DL I ) AL D B
WAL UC I 7). M AL K 58 2 =3 G= (PP, AW), Mo ARULIMESN:

A={G, i) i€ P je P}, b Mkl w:w(i, j) . — O pRE AN T LA A
FHER, P ={Po, P Py Py} P2 ={p5, P7 . P3P 3475152 Imagel FiI Image2
HURHIE S o BENRHE S B RAEA: py = (X, X0 %) s P = (Yir Yarees Vo) o

A2, WAVCE A ST fFERMA S fEF, FHRE S KK <SN) %L1 ILER

M={e,,e,,6,6, €& cAi=12- K, (K<N), ﬁ?%‘aﬁﬁ@iﬁww):Zk:w(ei)?%'tﬂf'id\
i=1
fl.

pt p?

[ 4.1 WAHTEE —#RE
Fig.4.1 A complete directed bipartite graph
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S [ N2 T =2 VAN D IS
W BRI, ORI K CRC P R  1n) 8, 38 I i 3 A RS T R 1 s
P F B KRR XA 0] . 1) 3E A 2 i 44 29 MKP(Min-cost K-flow Problem). &2 HH 584>
TEBEIFIPIAN S S R A s, W 2. MKP RERYE] DL IR T SR R, M 4%

N=(,AC,K), V= {s,t{UP'UP?, ARimEL, A=AUA UA,

A ={si)lieP}. A ={ij)ieP,jeP?}. A ={it|jeP?}. &X

)0, DeAUA L s

Ci=9 . . . SR g, o w(i, ) 52 4,10 5E SIUTHED R AL
wi,j) (i, ) eA,

TN BRI RN 1. BRTT S, k2 A s R F PN TS # — 463K,

IR AL 1, BN 00 A P2 IEA TS IS t 306 — 408, SRR R 1, %

FIy 0: NP3 P2 IR EIRFTA A RIEL I 52 4 300, b ARSI 25 BN AT 1, BN
“HRE BRI EROBUE, BIULACEE R AUE . # MKP HZ MR B A R ROR

min > C..x; =min > C; X (4.12)
(i D)eA (i 1)eh,
k I=Ss
DX X =10 iePUP?, O@)={jeV|(ij)eAl
j€0(i) jel (i) . o (s .. (4.13)
k=t 1) ={ieVI(iheAl
0<x; <1

NA(B.13) R A (4.12) x;; FIZIA, ARYEILH T A [R5 SR A AL .

N4 HA R RS UL P B e g s 1, ] 4.2

P! p2

E 4.2 HEMHRE
Fig.4.2 A directed weighted graph
{5 2, MKP B H AR 2 I AL s B0 ¢ 4R 3) K 2R AAT, IR e AX(4.12).
MKP 5& —/MREIR I B/ S ORI RI S, T TS MIKP e fb g fe /3 T B KAt )it SR it 5
WAE 1 MKP R4 R O(V || E ).
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413 :/MERA KREE

MKP i ] MR 25 5 4 e/ o O R . i, B — AN s s”, Al s" 4L
POERRFMBIIE A S, RIERKIX AN (', s) LMo E N K AL 0. BLLEH L
R RN B B IRE L A5 T TR N 2% B/ 2R K-

N MR 4E Ford-Fulkerson ik JEHL N MKP o] ¥ it ik . BB A —F
Ford-Fulkerson Bk A AR, RERATIIRAAAE NI S B — 21648, Horhix k45 B A
AINEBAMA, NEIER — XA, FERIIE, X —%0 Mg, 38 BRI
MR A2E([46,47,48]. BT HRERZEA B/, FUEEREEE BN R ek A
BN — %84, BRI 2R S/NSAR . M BEE R 2 F DN fgt, T LA Bellman—Ford &
VR, EHEER R ZREERO(V || E (). ot —SosR - F IR 17 5 5005 7T S B S0k
[49-54].

o — MNMEAR M N =V, AC,K) L— Nl 475, @ — AN T8 8B I W 2%
N'(f)anr: N'FIN BHERT SAES: N BE—IK3, j), Rerfnhv, g&R8d, %
e, MIN" /AR, §) F(),0) S2x R4 983, ) EENd —v =0, AN C; I ]),1)
MEENV20, AN —C, REEEFTEREENOMIN (WE4.3),

Flow v .
Costc ]

O<=v<=d
v Capacity (d-v)

Costc
Capacity d Cost -

Capacity v

B 4.3 BAURM%E P —£IN 5 EErmg N'(f) xRl
Fig.4.3 An arc in weighted flow network and the corresponding arcs in the incremental network N'( )
BN K-mEEWTT
Begin
While i f<K do
Begin 7E Nk s” I t AL P;
WP IEIRRE B2 K,
B P ANE RN I
end
end
end
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LA KSR 30 k) B3

£ N'(f) a8 — 4 MEEkE P, ATLUE Bellman-Ford SR i@, Syt fa) 2 44 N
O(V |-|E). Bkl bsmkfmtin 2% HO(K- |V |-|E|). e KHE, EEErn
W ERO(V |- E|).

I CL_ESEESR T K DGR, {E X P ] REAELE AN L AR IV . SXREFR B — AR IR
A B R VUL R T A Bk . 7RSS R AL AR T, R AR L DT A R A
I LA 25 20 SR 7 R A I A 26 VLA, 23 KU Pk s (DT B s, e, 20742 32 B [44]
MRS AR K. B, BUMIR, ZEERE G A R R

4.2 AR EARHESR

Bk MKPHFEIUED
BN PTREIE

- IR R SIFTHRRE S8 A PRI P2, JE4 i 1776 20 5008 e v

[EEN

N

THEILE R A WP, PP) o T4 i S 045 21 10 s MR L AE 1 2 TR Fr AR

AR, w(P, P BIIMKP i s L i 2% il o 4

w

- N T AN AR, FISIFTRAE B S UM ER — B 3o, i syl E f
EEFEI R, AR A T 1R PR R I B R BRI A W] AR 2 UL BC T RE
ERANINLII

4. WEKIME. KEEE AT DRSS BARR Se Bl T IR B A 24 AR5 e 9
KU SRAPEAT L 1) 3% Y e /I A KDL FE o

- KU SR A AR A UL o R T II_ AUL e P2 i U AR AN X e A 25 440 SR R kA
WA UL, Fo RS i AL AC R3S

Bt BOURSHAR 4R UL

(&)

4.4 MKP $HELEZ T2
Fig.4.4 MKP feature matching process

4.3 KA HT 5 Hk

N Y IAEA SCHR BRI Rk, AELLUR = ANRSE A 1ICCV 2005 SEHLAIL I A ZE [55] 3
R Test4(285K & F) + Final5(385K & Fr) FISD LA G == M8 A [56] (305K & Fr) L if A7 Ik,  SEEs
%A%: 2.40GHz, 512MB, VC++6.0, WindowsXP.
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BT RAE ) BHR LB BB 52

MEAREE G P& PR L 255 T S FIETE, W AR AR, SRR, I
HIRHBIG VLR BRI AR LSS M 2 I T 55

FEIX =/NIAEE b, MKPELIZRE A Lowe s VA [4113EAT LU, ILIEI4.5. Seigrd, fEMKPULHAD
PP, FHmIEN T0.7~1.3 200, ULACEEREERILL 0.6 . AR, EAFI(ZEH
Lowe’s5i%) I B v EAAEE R IRILAS, 72451 AIMKPREIE)E v L RES 15 3 SE RS i 45 31

NT IR EAZ AR R RS, S Information Retrieval Systems[63] 7 ft) 4 & 77125 : Precision
FiRecall. H 153 Recall(H [FIZF)EMAME N —PNEESEHFE L, Precisionfd 5 AP, Precisionf]
SE AT

#of correct matches (4.14)
#of corret matches + #of false matches

precision =

F24.153 )45 H R Lowe’s 77 VR FIAS SCEVEAE MR SE Lt B H P . AHEEZ R, MKPH LS
FIE S PE. B, XTFIARES Lok A, MKPEERIPI{EX$0.87, 1 Lowe sy 1P
YIEN0.73, AL L Lowe s Bk m T RZI14NH 4 M.




IRl N2 TR R DA E N DI 709

4.5 EEEERE. LH2Lowe’ sEEBEIMTEE; AFIRWKPEASEIRITAE.
Fig. 4.5 The correspondences between keypoints. Contrast between Lowe’s and our methods. Column a. Lowe’s
matching results; Column b. MKPmatching results.
# 4.1 Lowe’s ILECEEFN MKP BUE7EMIK £ & L1521/ Precision

Table 4.1 The precision of Lowe’s method in comparative with MKP

Image sets #of images P of Lowe’s approach P of MKP
Test4 28 0.70 0.85
Final5 38 0.71 0.87
Our image sets 30 0.78 0.90
Total 96 0.73 0.87

4.4 KENG

KNG T EURECHER B IR, RV AEILAC R . A SR A SO E . 20 =55 70 0 ik
HSEA A TR AR, R 7B E R TE VLA R R 2R B AR KRR VL AT
AEEE AL MKP #E8, dE fli/DH K SRR, R38Rt X, 5
Lowe’s FCRCSiAHEL, HA S @S H0E . 75 4.2 PRI T R8I Tz S AL .
4.3 g eI B RO LU 28GR, 2B U 4R SR I AT PRI DR
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5 BT EME
5.1 E&IdE1E

EHR 225 FPAE R BOHURFAE D I S5 5 e 550 1 PR AR e R (W, 2.3 1), 2R J5 K H RANSAC
(Random sample consensus) 572%:[58, 613K tH A #2245, RANSAC HyZRIBE LR — 25
%, SRR U @ FEALRAE I T 4G S R AR R A S . R IR AR A A B e A
DA ZAL, o] ARG A B[R —ARAR R, TR S 1) sARARAE AR AR B AL AR AL
BT PUAN G NG 2 2 1), 3 T CHE S B B IR IS Ol SR S EBOR K X — IR,
W RIEE AR I iaEE . SRR E R = R G AR {E74[65, 66].

1. HITARHEE: (Nearest Neighbor Interpolation)

SR e Ry Al NI E e [ER PR R P G ARk fank & N ES| K VA= R SURINE TP & i
IRFEEAE % R KB . Sl RGBT R R, BE BN, (HRERIL, HERBL%SE
PR PR o Fr DL — AR I 7 v

2. XWEMAEEEE (Bilinear Interpolation)

A AEFE(EE SRR — B adifE, I 4 N RT R R IR T E Az R KA . B (X, y') &
VU B4 28 AB,.C.D. ‘eirks s mlh (i, §), (1 +1, §), (G, j+1),3( +1 j+1) . EAIMK
1558 g(A), 9(B),9(C),g(D) . E M F P K g(E) A1 g(F) M-

9(E) =(x'-)[9(B)-9(A)]+a9(A) (5.1)
9(F)=(x'-)[g9(D)-g(C)]+9(C) (5.2)
A (x', y") SR EE g(x y) A

g(x,y) =(y' - DIg(F) —g(E)]+g(E) (53)

3. =CEAEME: (Cubic Convolution Interpolation)
ﬁ?ﬁﬁ%*%m@y)ﬁmfwaXﬂ.g%@&gﬂﬁmaﬁ%@wﬁ W, &
B A% B 16 AN AH I8 R R AR P A0 B (R S

] KRR FHARAE B2 S (X) = Sin(zx) /(7x) 6 1E, AT LAAER R K S I R B, 358 mT v A

HuAF B RAE AU R R IE . =X EE S(X) = sin(ax) /(7x) (=20 el 2 iR
1- 2 +|x’ X <1
S()=14-8x+5x" -’ 1<|x<2 (5.4)
0 X >2

A EiRRE RS, AR TR BEEEE S g(X, YY) -
B, HHEaip

!

a=X—X

!

B=Yy -y
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M35 SAL+ a), S(@), SL—a), S(2— @) F1 S+ ), S(B), SAL- ), S(2- B) -
WE, B4Eg(x=1Y),9(x ¥), 9(x+1y), g(x+2,y) H5 g(x', y) :

9(x,y) =SQA+2)9(x-1,y) +S()g(x,y) + SA-a)g(x+1 y) +S(2-)9(x+2,y)
FEAE g, y—1),9(,y+1),g(X,y+2).

W g(x',y—1),9(X,y),9(X, y+1),9(xX", y +2) it 5 g(x', y") :

g(x,y) =SA+Aa(x,y -1 +S(Bg(x,y) +SA-p)a(X,y+1) +S(2- £)g(x',y +2)

=EBUAN AR R, RERIFRF MBI, Sa ReHERK.

LR EATRD, WEMARE T35 R T B AR =G BNE T B T 5%, IR SE PR M
FIT, 8T BRI TR, SORGEUFIIRBCR, HR A AN E B R AT R 3RS A N FRAE,
Fit AAS SCR ) B3 SRR A KR A B T i

5.2 SEIGah R

N T WAEASC R A ek, DU 926 B 2.2 5 R B ARKLIA S SR, BRARMLR
WIEAEREFHL, BUE KN 320X 240, G ON jpg, S5 254+ : 2.40GHzZ, 256MB, VC++6.0,
WindowsXP,
N H sz — (B 5.1—& 5.5) FI9zih — (K& 5.6— & 5.10) HEESEIE R

e 1 —+ 1+
oF Rica BOAF AERT WTIT 6T

‘ '1'":!"’"0_'*”-"11—,‘?

S
gL CRE T e w17 3
UL L i T T
e S R Y o

() &EEE& (b) FEAEETE
5.1 RigE%
Fig.5.1 Reference image and input image
R 5.1 PR IEIR, W LAE IR B TR . DG DL KA a2 55, T
T 7E P I P 70 350 S X SIFT SR, 7258 — MR AN EE g BB SR AU RS A i 2o 50y 521 An
640, wWilE 5.2 Fios.
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5.2 $2HY SIFT 45fE s
Fig.5.2 SIFT descriptors

2l /N K IR EVE A A 2R ULAL 5, SRE S 9 i PG IE A PO T G e 54 %, i
5.3 fizme

" | 4 ¥ S =
AL ﬁj
] W’I"I"l "“l"'r.-’? Y
N & Wiy 3

i
- "y

5.3 IEfAAYIEECHFE = 5T
Fig.5.3 The correct correspondences between discriptors
HIVLHAC %, SR RANSAC SETHRAS 2 10 55 i BHE A T 55— R AR AR B M
1.248011 -0.050011 -226.700226
M =]0.116902 1.188434 —21.166245
0.000805 —0.000054  1.000000

IR B AR IR, KA AE R R M B 225 BRI B0 T, WA AR B Rk AR
m PR EER RS R 0B 5.4 s o
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T wT -‘:
oF R RNAF mEn" RiEIC ASS

MM %
“ - - - - - - _"
4“"'-" .'W'W" "
- - - - - B

N i
G ST Wk | At

54 EREERER
Fig.5.4 Registration image

T LA Mg B, K] 5.4 Hhlalf — &858, T R H BG4 59%[59,67,69,70]°F
W, BRESEREG, RKLKFHERE, WK 5.5 s,

Ll A 1
T T BN T R - %
st Y T A - -

- “w e ¥
- - -

'm S ——kxd - e el "_“7
g et PORF AEST R n:"

-

5.5 ElfGHtEE
Fig.5.5 Stitching image

Sl R AR PIE B, WK 5.6, MIERAFFERERS TS JC AN LR ARBLES 14 22 (1 )

& 5. 6 fFECAE K
Fig.5.6 Reference image and input image
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TEPIRE EME I ERH SIFT RRAE A, 7525 — MR A1 28 iR G RE A AIE S il 473
#1589, WK 5.7 Fias.

5.7 RERSIFT 45fE =
Fig.5. 7 SIFT descriptors
kN KORELENR A 2R ILAC f5, SRR PR R E#f VLS 200 78 X, an
5.8 flzr.

;1‘.: o YN B ’,V'.'""”” !f‘s,:
I e, CfRE
- P By =

,
Ty

5.8 IEHAY LACHHE =Xt
Fig.5.8 The correct correspondences between discriptors
HIVLHC %, SR RANSAC S THRAS 2 1 55 i BHE A T 58 — i R AR R B M
1.333755 -0.039012 -253.354721
M =|0.112778 1.289753  —77.921909
0.000953  0.000256 1.000000

EIRBO AR IR, KA R M B 25 BRI B0 T, WA AR B Rk AR
mL PR B RS R A0 5.9 s

35



IRl N2 TR R DA E N DI 709

B 5.9 BgEERER

Fig.5. 9 Registration image

H TGRS R R R AN rT S ) iR 22, K] 5.9 ARl IR GBI H BRI, K
ME GRS EETE, SREEEMEE, Wil 5.10 Frx, BIE 5.9 HRLFSGE, .

YN s

& 5. 10 EfgHHxE
Fig.5. 10 Stitching image

5.3 AE /NG

RES A T EEAS R ERMNEESOR, 0 TSR E RSN 6. 25
X BB HE R B R SS9 B BZ D iR, MR RCHE R 2 SIFT FRE S 52, A5
KA IR R e/ B A KRB 2R, A5 2URSHR AULAC Xt A2 de i 1 ULAC
(RO, AP DGR R SR AR AR, R AR5 FE vHE PR PR A A B 3T AR B, ) P XL M A
ERIHER R ECHE R BB 2 25 KRR R T, ARIECHERIE, s R a SRR EE
FEPHE . 275 RGN HERIR BRI A, ek . Mfes5 i, PHERKMEIEG
BORET, BHEEREAIE AR RAASCRIVELE VC++6.0 R NI A I ERECHE R G A
T, B CRAESERG FRAEULE, R DL R R S S A R . Bk, ARSI
HA R A& RIS .

36



B RHIE 1 R DL BRI 7T

BESRE

R IR A S BRI I — NSRBI, ) TR R 1] R o 8 38 R
7 HRE ] — 173 5 1 PR 2 W PG4T UL i 1 PR A B A

AL TR ERE . TR . LIRS ) 20 T I BRI, SRR
T PR A e RSB R SRR GE DT

VR BRI HE RIS 5 . RSO IR T PR RO B3R 2, A
B (BRI R R . B WU E AT, 3R T M T2 R S 45 R 10
290 A52R0 Canny B THAE 4 TSR0, AERDICTRR I, WA Bk 1 8 5 TR A 4]
SO BETTFSS T AUREIE, O MR I R I S, e PR L RE SIFT #4E A0, R
SIFT R S R e B (7 S5 e R A P e, 580 K R M SRR E o (00K
O SELIE R R b, 3R T — R T R4 e O DR AU B B0, KA 5 L R DL
S, TS B S BN O, et BRI IO ROR . AT SKB0 R0, AR i
TR E R HERE . PR . SRR KIS 4 2 W 1O R IR BNt UL A
RIS 4 B — B H . (R, FOR A SRR A A, Tk ST ot

(1) AT T % R % G5 HTe R B R A Canny S FAHIS: & TOILEAR M7 %
i, R O (R N AL M, RS, B, AR R R
R 2 BN o A ALK T — 5 IR 7 )

(2) TEE B T, SRS AR O T £ DU R R G L S0 L KR RE O
DT, R, BTSRRI EER ROV || E|), SSHIsHE
SRR RIEE, ST AR EMG, SR A R SIS S, B, FHEITRE iz R
SRR, T S . B, X T A8 75 R R IR 5 UL P 3 Sk S
TR, A F ARSI BT

(3) FEACHLE R R I B I SR MO 0 BB B e Yy, IE R
HOH R IEE R, TP Il <.

37



TN R 2R A CERALD 83

38

[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]

S 3Rk

Lisa Gottesfeld Brown.A survey of image registration techniques [J].ACM Computing
Surveys, 1992, 24(4):325-376.

Anuta P.E.Spatial registration of multispectral and multitemporal digital imagery using fast
Fourier transformation techniques [J].IEEE Trans.on Geosci.Electron, 1970, 8(4):355-368.
Barnea D.l., Silverman H.F..A class of algorithms for fast digital image registration
[J]-IEEE Trans.on Computers, 1972, 21(2):179-186.

W.K.Pratt 2, i 5, S50 307 MR AL BE 27 [M] AL 50 27 H ik, 1983

H.GBarrow, J.M.Tenenbaum, R.C.Bolles, H.C.Wolf., Parametric correspondence and chamfer
matching:Two new techniques for image matching [A].Proceedings of the Fifth International Joint
Conference on Avrtificial Intelligence [C].Cambridge, Massachusetts, 1977, 659-663.

Henri Maitre, Yifeng Wu.A dynamic programming algorithm for elastic registration of distorted
pictures based on autoregressive model [J].IEEE Trans.on acoustics, speech, and signal processing,
1989, 37(2):288-297.

Jan Flussr.An adaptive method for image registration [J].Pattern Recognition, 1992,
25(1):45-54.

Beis, J.and Lowe, D.G.Shape indexing using approximate nearest-neighbour search in high
dimensional spaces [A].In Conference on Computer Vision and Pattern Recognition
[C].Puerto Rico, 1997, 1000-1006.

Chanop Silpa-Anan and Richard Hartley.Optimised KD-trees for fast image descriptors
matching [A].In Conference on Computer Vision and Pattern Recognition [C].Alaska, USA,
2008, 1-8.

J.Xie and P.Heng.Shape modeling using automatic land marking [A].International Conference on
Medical Image Computing and Computer Assisted Intervention [C].California, USA, 2005,
709-716.

A.Myronenko, X.Song, and M.Carreira-Perpinan.Non-rigid point set registration:Coherent
point drift [A].Advances in Neural Information Processing Systems [C].MA, Cambridge,
2007, 1009-1016.

Alexander Toshev, Jianbo Shi, and Kostas Daniilidis.Image Matching via Saliency Region
Correspondences [A].In Conference on Computer Vision and Pattern Recognition [C].
Minneapolis, USA, 2007, 1-8.

Thomas Schoenemann and Daniel Cremers.Matching Non-rigidly Deformable Shapes
Across Images:A Globally Optimal Solution [A].In Conference on Computer Vision and
Pattern Recognition[C].Alaska, USA, 2008, 1-6.

B.Zitova and J.Flusser.Image registration methods:A survey [J].Image and Vision
Computing, 2003, 21(1):977-1000.



B RHIE 1 R DL BRI 7T

[15] A.W.Fitzgibbon.Robust registration of 2d and 3d point sets [J].Image Vision and
Computing, 2003, 21(13):1145-1153.

[16] Li Hui, Manjunath and Sanjit K.Mitra.A contour-based approach to multi sensor image
registration [J].IEEE Transactions on Image Processing, 1995, 4(3):320-334.

[17] Etienne Vincent, Robert Laganiere.Matching feature for telerobotic [A].In IEEE
International Workshop on Haptic Virtual Environments and Their Application [C].Ottawa,
Canada, 2002, 13-18.

[18] Jane You, Parbir Bhattacharya.A Wavelet-Based Coarse-to-Fine Image Matching Scheme in
a Parallel Virtual Machine Environment [J].IEEE Transaction on Image Processing, 2009,
9(9):1547-1559.

[19] FKAHh, 5Kk 81 Ky SR & A MY B0 DU EOUI 2 BHOK 2 H R, 1996.

[20] Keller Y., Averbuch A.Implicit similarity a new approach to multi-sensor image registration [A].In
Conference on Computer Vision and Pattern Recognition [C].Madison, USA, 2003, 18-20.

[21] Canny J.A Computational Approach to Edge Detection [J].IEEE Transactions on Pattern Analysis
and Machine Intelligence, 1986, 8(6):679- 698.

[22] M, 5K, DRI, 45 B BB h il SRR i) SR B 0T 2 0] 40T BEH LS 1. 2004,20(5):106 —
107.

[23] ZEamAs, 52 R R, 2, 55 8 e B R A B 5 R M. b 3 i b H Rl A, 2004.

[24] #Eth, S, KA. FOPRER S UERAE LA BRI 0 b i B A 89T (. ot S5 2048,
2007, 37(8) :795—798.

[25] FiMW, LEWK, KL BT ZEM TR ECAREF RGN [T]. 1L 7 Ak
ToR2E2R, 2006, 26 (2) : 79—82.

[26] skHuFe, XUKERE, B2R, &, B TR F R A S S AE UG AL B i B2 (). B4
AR5 THE. 2007, 7(3) : 356 —359.

[27] PFF, FME. IBCAR A AT EUGIA G I A3 7% T, DT RAIT LS Bt HoR. 2007,
2(10) :501—502.

[28] Ja) Az, AR, Fe T UG IR IA AN [T]. 22 NBRIE = B4l (SRR . 2000,
19(6) :11- 14.

[29] #Eh, g%, 4. B THARE A EGL SR 7772 SR [T ], R R R
S HARRLAR. 2007, 28 (5) 1 40-42.

[30] J Serra.Image analysis and mathematical morphology [M].London:Academic Press, 1982.

[31] Jing Xiaojun, Ma Yixia, Qu En.Morphologial filter based on genetic learning [J].Communication
and Information Technology, 2005, 1(12):749- 752.

[32] Evans A N, Liu X U.A morphological gradient approach to color edge detection [J].Image
Processing, 2006, 15(6):1454- 1463.

[33] & . G A 31 1) rh B i 8t 77 12 S LS Y [D. G 2 175 2 H 1 HBE K2, 20086.

[34] &4 E, J5IA, MG, A s pRad SR (i — 2 A 0] v SR L R 5 8 .2007 43(26):48-
49.

39



TN R 2R A CERALD 83

40

[35] WG BT B ICHERT SIFT SERT 78 5 523 [D]. sl e 3 T oK %%, 2008.

[36] Moravec, H.Rover visual obstacle avoidance [A].In International Joint Conference on
Artificial Intelligence [C].Vancouver, Canada, 1981, 785-790.

[37] Harris, C and Stephens, M.A combined corner and edge detector [A].In Fourth Alvey Vision
Conference [C].Manchester, UK, 1988, 147-151.

[38] Harris, C.Geometry from visual motion [J].In Active Vision, 1992, 39(2):263-284.

[39] Schmid, C.and Mohr, R.Local grayvalue invariants for image retrieval [J].IEEE Trans.on
Pattern Analysis and Machine Intelligence, 1997, 19(5):530-534.

[40] M.Brown and DG Lowe.Recognising Panoramas [A].Proceedings of IEEE Internationl
Conference on Computer Vision [C].Nice, France, 2003, 1218-1225.

[41] D.G.Lowe.Distinctive image features from scale-invariant keypoints [J].International
Journal of Computer Vision, 2004, 60(2):91-110.

[42] Rong Hu, Rongjie Shi, I-fan Shen, Wenbin Chen.Video Stabilization Using Scale-Invariant
Features [A].11th International Conference Information Visualization [C].Zurich,
Switzerland, 2007, 871-877.

[43] Fangwei Zhao, Christopher J.S.deSilva.Use of the Laplacian of Gaussian operator in
prostate ultrasound image processing [A].Proceedings of the 20" Annual International
Conference of the IEEE Engineering in Medicine and Biology Society [C].Hong Kong,
China, 1998, 812-815.

[44] Krystian Mikolajczyk and Cordelia Schmid.A performance evaluation of local descriptors [A], In
Proceedings of computer vision and pattern recognition [C].Madison, USA, 2003, 1615-1630.

[45] Alexander Toshev, Jianbo Shi, and Kostas Daniilidis.Image Matching via Saliency Region
Correspondences [A].In Conference on Computer Vision and Pattern Recognition [C].Minneapolis,
USA, 2007, 1-8.

[46] Ravindra K.Ahuja, Thomas L.Magnanti, and James B.Orlin.Network Flows:Theory, Algorithms
and Applications [M].Prentice Hall.1993.

[47] XUHRZ: B, B 2B S A BE AT B 2R 1 [M]. AL B8 AR 27 H i+, 1988.

[48] HH=E, D3 B 5 4 e [M]. Jb R R AR A, 1987,

[49] R.K.Ahuja and J.B.Orlin.A Fast and Simple Algorithm for the Maximum Flow Problem
[J].Oper.Res., 1989, 37(5):748-759.

[50] R.K.Ahuja, J.B.Orlin, and R.E.Tarjan.Improved Time Bounds for the Maximum Flow
Problem [J].SIAM J.Comput., 1989(5), 18:939-954.

[51] J.Cheriyan and T.Hagerup.A randomized maximum flow algorithm [J].SIAM Journal on
Computing, 1995, 24(2):203-226.

[52] J.Cheriyan, T.Hagerup, and K.Mehlhorn.An O(n3)-time Maximum Flow Algorithm
[J].SIAM J.Comput., 1996(6), 25:1144-1170.

[53] D.R.Karger and M.Levine.Finding Maximum Flows in Undirected Graphs Seems Easier
than Bipartite Matching [A].In Proc.30th Annual ACM Symposium on Theory of



B RHIE 1 R DL BRI 7T

Computing [C], Dallas, USA, 1998, 69-78.

[54] Takao Asano, Yasuhito Asano.Recent Developments in Maximum Flow Algorithms [J].Journal of
the Operations Research, 2000, 43(1):2-31.

[55] R.Szeliski.lccv 2005 computer vision contest [DB/OL].
http://research.microsoft.com/iccv2005/Contest/.

[56] Http://cear.gucas.ac.cn/SDL-HomePage/SDL-Home-Page.htm.

[57] E¥gEE. F ) UG EC B AR 78 [D]. 78 227G b Tk oK 2,2007.

[58] D.A.Forsyth, J.Ponce.Computer Vision:A Modern Approach [M].Electronic Industry Press.2004.

[59] E7E. KEIRHECHESI A S FA T 5T [D]. 74 2278 % i 7 BHE K ,2007.

[60] X F T RURFE B EHRBC HE SR FE[D]. Ll 2R 1L 2R K%, 2006,

[61] 3. T RHARRAE R R UL RCAT 78 S AE T b 0 B [D]. AL 5 b B RR 2 Bt 7 Ak
F,2008.

[62] fAl 37 0%, AR AL, 26 B TR A A 24 Canny B 7 IRIA S8 U VA D] 1 H SR FH 27
1#%,2008,28(2):477-478.

[63] Z#a.F TRl X I B8 73 38 5 R ORI FE[D]. AL 5t E A7 Be A 95 A e, 2008.

[64] Xinying He, Qixiang Ye, Guihong Zhou, Jianbing Jiao.Image Feature Matching with
Network Flow:A Global Optimization Method [A].Proceedings of SPIE in Visual
Communications and Image Processing [C].California, USA, 2009, Vol.72570F.

[65] X1 7 M, 553 o Rk ey, A 3 80 RUMR AR BE M. b ¢ e 7~ Tk H i, 2003.

[66] VEHEF FTRAE s UL AC Y B BT V0 78 [D] b A vh il i K %72, 2007.

[67] S0 . R AL 3] A G Fib 5 [D]. 78 %275 4 Lk oK 2%, 2006.

[68] 2L, YE AR L B I a2 U E I T EHRC vEE T 7 [3]. 55 AR R 2% 24 (1 SR ) 2
fii),2008,11(4):105- 106.

[69] J&=. FEI&HE I H BRI 78 [D]. AL 5t Ab 558 K 2%, 2007.

[70] skMete. MG To & BRI B 8 [D].77] B i) g oK 2%, 2007,

41


http://research.microsoft.com/iccv2005/Contest/
http://cear.gucas.ac.cn/SDL-HomePage/SDL-Home-Page.htm

TN R 2R A CERALD 83

42

AIZHAE A RIFEARILL

[1] frr s, FREASE. ETHFHAESM Canny B FHILGSRITER]. HEALR
FH224, 2008, 28(2): 477-478.

[2] Xinying He, Qixiang Ye, Guihong Zhou, Jianbing Jiao. Image Feature Matching with
Network Flow: A Global Optimization Method [A]. Proceedings of SPIE in Visual
Communications and Image Processing [C]. California, USA, 2009, Vol. 72570F.

[3] fATros, AR, 2. BT HEEHAEEM Canny HF IR HEDZRIUTE]. &
AL TAE AR A

[4] KRB, VFVE, fTHroe. —HBE LR SeSEULE I R ILEC /i 0], 8% 5E R,
2008, 17 (4) :51-55.



B RHIE 1 R DL BRI 7T

(=

MWNESSE
fBge, &, WWZRAEN, AT 19814 3 A, fEAbR K25 BRE SRR EBE B 7T

HEH -

2001 /9 H ~ 2005 4F 7 i T IL AR KFHE S R 0E, SRBE 2 LA

2006 £ 9 H ~ 2009 4 7 H AEM LA K 245 B AN E S HER Z B vt HALS FHEOR Lolk st
?téE;

2007 4F 8 H ~2008 4F 12 A i T ERHE et 7o BB, & PRt 7 .

ZWIiA :

2006 4 7 H~2008 4 5 H, JIbEHE T %BHIIH (72006433) : &+ A T A2 i 8 1 v [
& U [ B AR A

2007 4F 8 H~2008 - 12 H, Z 59 EFIERE AFRIGBITE « “ G235 N3 H bR
BEEIERE L.

2007 £ 8 H~2008 - 12 H, HEKARFIEHEETH : “GRAETHEZ HirshSH0.
WU S ERER R 7L

2007 4 11 H~2008 43 H, Z5kmRE: “RE” 2RhERGIT K.

KRB

[1] fT#roe, FREa%E. ETHEFERESM Canny H 7 IAGSRBOTED]. THEHLNH %
%, 2008, 28(2): 477-478.

[2] Xinying He, Qixiang Ye, Guihong Zhou, Jianbing Jiao. Image Feature Matching with
Network Flow: A Global Optimization Method [A]. Proceedings of SPIE in Visual
Communications and Image Processing [C]. California, USA, 2009, Vol. 72570F.

[3] AW, V¥, fHse. —HKE ERERILAWIEZILR > #O]. 8558,
2008, 17 (4) :51-55.

[4] T, FMLZE. SETHEEEAEEM Canny BT HIER R FEDGRPOTE]. S8k
W TR

43



TN R 2R A CERALD 83

B i

AR GIEERE T, B AR T RFI ISR B, 2w m] Sl A g
IR W9 NATTZRIE SRl 2 (1 SRS o

SR ) U JA e L B AN R A B o SRR S P 5 22 SR AE 2 ST 25 T3 TE Rk
AERIRW, LGRANE TN, FINAERT L4530 RR S, IR SCISEs A
ARG RIBAR T, FRIRH T VPR AR IR IR SCERN, A8 T OREN BT
e, SRR T ERMBISOE . A L, ISR AN RO A i
fr, JFLLE CEE RAEER e RERMNET F, 2R, &A%, RN ZEE
AW AL, IR KRR BUR A A ARIRDEIR 58 T IREF, 1851 T HAT514,
PEVERIIA AL . AN AR IS A — 22 AT ) AR 3SR T R R S . 2 =S it Je
YGRS AL B, 7 AR S T 7 e a1 JE A AT 5 5% e PR AR !

PRI 5 RGURHAOT U B XIRZ AT 7T 2 A0 ORI 70 AR e ) SRR R 2%, A2
BARMSCYS F45F TSR B, AR SIS PSSO AR T B P RS RE FE A B
SDL s & (IR 2 M FEAL [R5, AR IR R BAE 1 —A> R4 A 5% S S ANARAR 17 L ) 2B s 34
85, A TR A L AT B

SRR RS TS BRI TP IR 3K AR 2 AR 25 STAN AR o (K S RFAT A B o

R RO IR SCRE, REHA TR A4 AR IFRE R, AT — B DR FAFAE A 5L
Fy AEBRE AT S K A T REE R (IR TS . AR LR IR 2 RIS, Rt A 2 3]
XS IRASCRR AN B, SR A AR AR e OGO A

e, B YOS E TR ML R 225 B A B AT R BERE T2 e, X LA )
NERIEANENICTES (NES S o3 E S ib) iy -y

(GRS
2009 £ 6 H

44



