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Algorithm of Image Stitching Based on SIFT Feature Matching

LI Yun-xia, ZENG Yi,ZHONG Rui-yan,GUO Tao
(School of Control Science and Engineering, Shandong University, Jinan 250061 , China)

Abstract: A fast and accurate image stitching algorithm based on SIFT feature matching is proposed. SIFT feature matching algorithm is
hot and difficult in the field of matching feature points research at home and abroad. Its match ability is strong, and can be dealt with
translation, rotation, affine transformation circumstances matching problem between the twa images. To some extent, images also have
a more stable feature matching capacity even in the perspective of arbitrary capture. In this paper, a new image stitching algorithm is pro-
posed on the basis of this match thinking and multi — resolution spline. It uses multi — resolution spline to determine the width and splicing
regional weighting function, so that images are blended at diffe;-ent resolutions, thus the blended — image is clear and smooth seamless.

Algorithm in most cases can be automatically completed, the experimental results show that it improves the stitching speed and reduces

the difference of image.brighmess. It makes the blended — image natural and realistic.
Key words: SIFT feature matching; image stitching; multi — resolution blending; RANSAC algorithm; L — M algorithm

0 51 §

R ERTENRERSESN - EES X, E
EHMWIEU L RARIEENERAITLEDEN
MAEERRRERARANESR EFEkX, @A
M ER RN RO IS — R, ERE MEK
FETB K EBRFIMPHERCR AR RN I
ShOHRAIX FREEMNE B TERGBHESERNHR
B, BT —FMET SIFTHEREMN LSBT
GEE R PEEE T Bk, B O B M SIFT R AiE IT A
RANSAC ¥ . L-ME BN L5459 p & 83w R

R EH1:2008 - 04 - 15

HEEME WK 863 i1 WA H (2006AA040206)

HEEBN FZEU84 - ), T, RN, BHFRA, FEHRIF
EEE SRH TR BN RS Y &, 8%, REH
R E RS SR TR IR A,

THREEGPEIAR PR RHRE, KR T HRAMRE
BUEAG T RS RATLER GO,

1 SIFT $$1E S 1REX

David G. Lowe 7£ 2004 E R4 T HAWE T A
BEARMHERIN 7k HEXRE T —-HETFRE
75 (8] 49, X5 BRI E R B 2O T R R R IF AR
BR RS E R B F - SIFT B 72, 2K Scale In-
variant Feature Transform, B} R BERAEFIE R

SIFT B8 SofE REZ [H# TR E R W, 0 &
FBE i (Key points) AL B ARSI RE  RE
1 P S SR AR IR FE B0 0 VB R 1% R B O ) R 1EE
DASEEREE 3 RBER O 1ol B Fo et

SIFT BN LR FEAE 4 M FRK:

(ORI RUBE 28 [RIARAE, AR B W B KR S LB
FREER .



a4 - A SRR

% 19%‘5

QOEHEFIEGA E . BT U =48 R §L

T E R R ARA BE MR, FIA £ BRIEX LR

R SR RE I SWRLE (B DOG B D47
HEBIRINGWANRL) , LY R IL R EVE R VIR

' ﬁEjJO

Q)ITEFEANERER, FAXBSPHERE
MR MR E A BN RBABET NS, &
BFRAEREAEY,

(4) = A MAFIE R R o

XHLRBEHERA VC+ +6. 04 F K, LR
FmE 1R,

(a) labl (b)lab2
B 1 #flabl #= lab2 2L SIFT 45 4.5

2 SIFT 4${ECE

SIFTHALREEGERINE. E—HERE
SIFT 444 2 1, BD I\ 218 45 VT AT R 45 P SR B S R
B4R RS EER LS EN R S R E
SIFT 4#1E B R AL

YPIEEG 8 SIFT HENBERE, T—$ R
PG R RFAE 7 B RO BRSUBE BORAE N P IR B R P K
SERHEMEHEER. RERG)FREANRBES,
RS BB (b) FRAR BB Bl AT A, 7
B4 A, S0 R B B9 B I LA WK B g >
T TFEANBIRME, XX IRE R, BRX A
HBE, SIFT LR A B SBL, BEEMBE. WE
2 B3F SIFT LIRS ATHI B LA A& 31 o

R

(a) labl
B 2 labl o lab2 & F SIFT $4£47 & K B

(b) lab2

3 BEGREE
3.1 RANSAC CE Rx}iR4k
AL TG AT 75 B A T AL S 5 AR TEE R ILED, th

VEACXT Y B B TR T BB, Bk, 5
F—R RS ORI R RA & B0 B el
WEUT il 5 X 47 38 4, 42 1 DR D 2 A X, 3o R
RANSAC X i b 3¢ 84 B4 1) 3 3 3847 DS 2 5 3 4R 4l
RANSAC #3510V 2 5 T4 VL Ac A9 SR BB B, T A4
RA: ’

HE N IMBESAERNBIERS P REENP
RAERBERH—-NSERAMFEEHER =41,
ZRBENSHELTE » MRIREARB N> 0. B
TEREFRB R EREERE X MERY 2.

B TARLRIERT & K:

(1) I\ P HFEDLER » NI SN TE S

(2) HBEBANX » MHERTTE S —MER M;

Q) MBPBEEATHRKHY N -—» MBS HE
HEMSEE M ZREIMNER,{CRE M N RE
AVFEERE P P EEE S84 count,

EEELTA)~(3) k RZJ5, M RLBRK count
fEABERIBI R BT SRR, B RS p AR count I
BARBI AN S, HARH N — count M A BTN 5b 4

RN AT, BWERFH 4 MR SBH, X
Hig S8 IBE R T E SR 16 NN, BRER 4
AEFESN T, BESNT TR NEIER—N S,
XA ST ERER . AN SRER 1.25, 8
R S SRR HEZE N 0.5107 MR RE, B X BEHE
ARRF dv=d*(z’ — Mzx),/NF% T BE R S 3
A MBRE, K TREMINA S, LRIERKRAA
HEARREZRUAERE RS NTITTLIRE TR
EIRSESRE—SHEBRER M,

3.2 L-MHRLITHIENER

HTRHESRIRE, UE E—SPHRER
ENEREFRARE ALK EAI XM N EES
X AERAERF M #TIELR MR, £ RANSAC #46iX
—Hd REBUHT AR, EX—SPHREZAN
FREEMBERERE M P8I RHMSE me(k=0,1,
<, DZIBERIERERE

XHREBT L - M(Levenberg — Marquardt) & B: 1
ERER., RTEKER/N_RASE,L-MHEE
B RBURRAT , BLE B R B AE ARt B /D — SR R
BIRHE ST, FLIT 0 Z AL 5 R 0 B 2 46 I O AR R
MECGE T FEEZ R BT E AN, RS — R Ems
B/ MEBTIZE R, 8 T B/ ME B I & o U A5 B RT —
Bo NBBAFSRE, ©I1ER I B 52 IR 7 8 8 2% iR
BUR LA R AR RIER S B £ R B R s, Rl
IR REREE—E RN, P B ZRERE, TR
EICE AR EBHIE 0.1 MREZ N, TiXXHRA



B1H

ELRES BT SIFTHHELRNBR G ER % - 45 -

9 RANSAC R 215 3 BE R IF M AR IE M IR B0 IR 2278
—EEEN, AR R R ERNS 2.

FEREFE R 22 RPCHATIE LR AT, TR A A
FHE SR AR B IR E T AR IRER W E AL R
BXA T LIS IR B B R BUSRE , R E
RASRHE.

PARS BRI B R 2 B/IMER AL THE U
M B R RBOR

F(M)= Zildz(x'i,Mr,-) +d*(z;,Mz"))

Hp,d(z,y)RAH = MAY BKICHER.

FA L- MBS R/MURZE RS, TLUE
HOERIE PR EERERE A MR E D, TR A

_ 5 8F(M)aF(M)
G aﬂlk aﬂl-[

b= - ZF(M)——“];%

REHBEMEHE m ME—-BEEAM=(A
+AD T b K A R RERERSH, BEERE
REzAY. R —-HEA, ERRE FRTE
—BfH. XPRAYRE FB/DB/NT 0.1 8EFL
B BBERE F HMER—EFLEER,

Bl 3 2% lab B R4R4)E RIILRL S5

\ . By
B3 labBgBeEmiEE

4 BHBE

BAEEGEEMERE M, T UAXHHRL 9 B AT
A5 LA 2 ERR) B0 B B K, IR M A L A0 MR I
MBI —EHF NS HEGRHERFER. FEXEN
2, B FEENFHRNERE RS 4 B 3R
RBH, X LHERABREEELELR, SRPEF
R R4 R WI 0 ) TR0 B B W B S b, BRI, ZE
A BPRENESRITAE, HTEGIEES
RALIRE AR B R, A 2 AR 1 B
% P RAT PSR AT R H 48 7T
B, EREGSMR Y — A% B EGRE, EE—
SR PR S IR B AR, R R B X 358 5 0 0 i
HE ER B R LA 4@ B, E S — MR, I
RS AR BOR B £ X 350,95 B 2 ot PO R R SR 2R
WRNZRREL ., BISHAHSHILBEZIS R—
VB MR, S RE G BB R A PR 150G 15 0 SO0 4k

LI ERRE A& 45 R S 4 PR

B4 labl #= lab2 &2 R

5 KREE
B Sl TRAA T EERMN S 7 EEPHEER
ERNERETRY ., SREERE LT ERRE. B

(b) PHEELER
BS ATSIFTHAEERY $BERIBLER

6 SR

AN T —Ff BT SIFT 4R E T AL A2 B 31 K
LEQBHETE, R R T REERIETEE
RERARCBEABERBERTERHERREE
HyBkiE, RE TS R SIFT FFEIRR R A R E
KA, FEAR T R4 & 104512 IT AT 2 ; 18 ] RANSAC
B ABBNERNERELERERE, ATT#RT L
-MERBEERABRHE/ME. KEXERERHA, 5
FHiEX FRABGRE A REREBAERAFEL
BEBEFHALEE R, 7EREN Pentium 4 CPU 1.
7GHz,256M N7 K L i B 476, BFEBIR K /DA
640 X 480 FE % ff IR A1 290 1~3s. FIHELLE 1
(a) . (b) BIIE K PF4E R B, R A B PHERE R 1s,
A LA J5 H R — P R B E IO TG B B S LR PR 4

ik, BRRERMME.
(T#%F 5270



52 - HRIBERS KR

LiRLE

AR R BB ARG, DA BUR R
RELHUT MBNRZEIRHE B EFT
e EFHILEE A B RE TSR A S
REBIRE BB BT EE, AT 4R/ T B R TR
BT RA

4 BEERIE

AP FIE S R4 ET— A% Petri P89 T4 5 I
FE KB & T AR PSS RAEHUR 3 17l B 2 B
AETEE, BREN TETFRERIA TR
SRERER A, RS E E BB LEBRS SRR
FkEE N MG ARE S BN

BE Wk
[1] The Workflow Reference Model[EB/OL]. 2007. http://

e or e s e B SO U SV UV S G
+=—+ + LGS Siesn aits Stebs atete Sl Siote Sheth o

+
+
+

FU S
st

(21

[3]

(4]

(5]

(6]

(7]

(8]

www. wime. org/standards/model. htm.
TFY, EBE. BR IR Peri MEES (1] HHHE
VLI AR 55 ,2005,41(15) :211 - 214.

van der Aalst W. Verification of Workflow nets[J]. Lecture
Notes in Computer Science,1997,1248:407 —-426.

Desel J, Esparza J. Free Choice Petri Nets[]J]. Cambridge
Tracts in Theoretical Computer Science,1995,40:91 — 101.
CPN Tools[ EB/OL]. 2007. http: //wiki. daimi. au. dk/cpn-
tools/cpntools. wiki.

Billington J, Gallasch G E, Han Bing. A Coloured Petri Net
Approach to Protocol Verification[J]. Lecture Notes in Com-
puter Science,2004, 3098:210 —290.
WER,BRAE, LR BT LA BN TERIR
PRALLI]. HHEBLEIR ,2001,24(7) : 729 - 735.

B AR5 . T 150 i b 7 PR G PR R TR BRAERR ST [D] . M
HITL K2 ,2006:32 - 43.

PO S S S T G S PO S S S U W ST R S SR 1
SR A SEASh UEate St SAGSE SAMEE NASSR Shese sl Miute et iete siete aiete niate aiees it tete ol

(E#% 45 1)

SEXM:

[1] BHE. AREEMOHT (M. JLE BEKE B,
2005.

{2] Brown M, Lowe D. Invariant Features from Interest Point
Groups[ C]//In Proceedings of the 13th British Machine Vi-
sion Conference. Cardiff:[s. n. ],2002:253 -262.

[3] Lowe D. Object Recognition from Local Scale — Invariant Fe-
atures{ C]//In Proceedings of the International Conference on
Computer. Corfu, Greece: [ s.n. ],1999:1150 — 1157.

[4] RBEE K8 Visual C+ + BB E(M]. bR . BT
Tk R, 2006.

(5]

(6]

(7]

(8]

T R, BRTF, EBR,%. Visual C+ + FFE KL
[M]. JER0: A BRHERA H A A ,2002.

#BIEE, B K. BRSHEFEER ], #itE N
15 8.,2006,22(3) : 27~ 30.

Upyttendaele M,Eden A, Szeliski R. Eliminating ghosting and
exposure artifacts in image mosaics{ C]// In Proceedings of
the Interational Conference on Computer Vision and Pattern
Recognition. Kauai, Hawaii: [s. n. ],2001:509 — 516.

Seeliski R, Kang S. Direct Methods for Visual Scene Recon-
struction[ C]// In IEEE Workshop on Representations of Vi-
sual Scenes. Cambridge: [s. n. ],1995:26 — 33.

.........
AAEat SEat St St St oo Sici iats Stenn Sieks St Siats Shetn Atetn Steun atete sian St S AR lene st sioie sian ol o

(L## 48 R)
4 HFRiF

AT ATR G R RENBEELIE R, 2 4
TETOE TROMEER, FRARYCETH#TT
BERHR, BB TFHEBEEAHT ATR REWHE
BE, #—5 N TERREM M-SR AR L 3FE
BIEE MBS ®kE, ATRGRAEIEYS
BIEESIH o ATR R4 ATR B 3BT & HEFRHE,
B ATR FARLH AR,

BE X :

[1] Ruda H,Snorrason M, Shue D. Framework for automatic tar-
get recognition optimization[ R]. U S: Charles River Analytics,
1999.

[2]

(3]

(4]

(5]

(6]

+ + + +
ERARASE S S Sietn Stat: Atat: Siate St Sibon Siote Stete St selot Siotn Mt slots mioen Sl mioe

¥ OB, B ARSI P OB AARENERL
i X1, #2442, 2006, 17(6) : 1287 - 1297.

Shaw M, Garlan D. Software Architecture: Perspectives on an
Emerging Discipline [ M]. Englewood Cliffs, NJ: Prentice
Hall, Inc. ,1996.

Yang Fu qging. Software reuse and relevant technology[J].
Computer Science, 1999,26(5):1—4.

Luckham D, Vera ], Meldal S. Three concepts of system archi-
tecture[ R]. US: Stanford University,1995.

Guo Jiang. Using Category Theory to Model, Software Com-
ponent Dependencies dependencies. [ C]//1In: Proc. of the 9th
Annual IEEE Int’ 1 Conf. and Workshop on the Engineering
of Computer — Based Systems ( ECBS 2002). [s. L. ]: IEEE
Computer Society,2002:185 - 192.



