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Fast panorama stitching algorithm for mobile ‘dévices

DAT Huayang, RAN Feipeng”
( College of Geoscience and Surveying Engineering, China University ofdMitung‘\and Fechnology ( Beying), Beying 100083, China)

Abstract: A new panorama generation algorithm for mobiléndevices wifs proposed to solve the problem of low stitching
speed, more memory consumption, chromatic aberration andN\ghiostingy First, the color correction was performed on source
image sequences to balance color and luminance betweenjadjdeent images. Then ghosting artifacts were detected when stitching
panorama. If a ghosting artifact was found, the comesponding(ohjéct in the source image would be located, and a gradient
domain object removing and region filling opgratids would\be dpplied to remove the moving object. In addition, Poisson
blending was used to further smoothen color transitipns\and hide visible seams. The time of Poisson blending was greatly
reduced after color correction, and a unique memory ‘alocation mechanism was also applied during image stitching process to
decrease memory consumption. Finally, the methdd ‘was tested on a mobile phone with configuration of 332 MHz processor and
128 MB memory by taking photos of resolutionyof 1280 x 720 under different illumination conditions, and compared with the
traditional global panorama stitching algefithih by stitching 2 to 9 original sequential images, the memory consumption of global
panorama stitching algorithm was fro\12.3 MB to 23. 6 MB, while the proposed method took up less memory, only from 9.9
MB to 14.5 MB. The experimgntal yesults show that this method eliminates image seams and "ghost" effect more thoroughly
with high mosaic speed and lowsmemory consumption, and the quality of generated panoramic images is better, thus it can be
used on mobile devices for panoramic image generation.

Key words: panorama; color correction; image stitching; Poisson blending

0 3%

ETHERENEREPHEARBIORZ R ER. mH
RIS & AR BRI 5T RNL(PC) ATRRER, R
ZHET PCHERRHRFESRREERN TRIHK
#CMAGHFEREA I REE RS, A5 ZREREY
BRI B RRAHIR A, HRFIZ RS b E 5
WEAER YA BEREL, FEESRE R AR5

REAR

EASMEEEXTHCET R T RENHT7 TR U

I %5 B HE :2014-04-08 ; {& [E] H A :2014-05-29,

[T T —F T Alpha IRS HEGRHZRE, BRZE %
BAPHERE BT 5 R GRG0 B B PS5 (AR
BEAR DR 13 Bh Wy i el R BC IR 2 T 5 R G SRR I A5 3T
BRL2 1R A — Rt B T3 S AL B B R BHE L F B
REEFHTEHE (BRIBRBHZLTT M R % BB PHEL IR A
THB =T, AREA S B R SO I3 1A H B 8%
BC HES AR B RS A A 22 57 B0 0 EE AT 6 IE. L X O o R
fRR T R SE A AR IR R, (AR SRR 2/
VIR RS ARIB IR LA A “ R 74 s SCAR [ 4 ) 3 il
A XIREEAT T EHE, XA T A R BRI S R

EETE LR LIRS ¥ 300 H (20110023110014 ) 5w e i BEEEABLT AL 45 2 L T8 4 BE I3 H (2010QD01 )

fEE R AR (1964 - ), 3 MBI, 4, W, BT sE m

TTFE A, RSO 1 LR BT

ET7RME RS HRIE(1985 - ) B, HA R, 1§



2674 H AR A

#34 %

Bl A (R AR o AN s 5 SCRR [ 5 K 2 X
YEE BT A, FER R TR B 26 R R 1 N B 5 STk [ 6 ] 42
TTER SR D T R B YT RI R (BB AN A
TLREBRERKEL.

TE & QAR SR B R B2 2 22 ot KRR O T, o df
I BETEARIR” R (AR I TR A M T BR A B, T & (5
AR BETERE A BHBR DHE SRR Uy ik o SUIRLT 1R A WALy
TR 4373 4 3 T G T R VA 48 P 0 5, o 7 TR 57
T AR TOAR 5 T SCRRL 8 — 9 17 TN 38 1) 7 HE 4T BR
HIRA, B R, AR T BB B  SCIR (101 R A T
ZOPRNE R T AT ERERKENEE . BEKRE, X
B kR AR R MR & RS Oy ik, R A F IR G
A KIRNFFERL, BRI RS 2R A S AR Ut
(L1 % AT T itk , Bl B R DD FIE T R R4 A Ok
BIFIRER, )G AR & KRB R AR 3, HEk S
AR B YLTR  SC[ 12 A 13 ] R —E 2R
WA, A OURIE R RER LR REER S,
BREAERERIENGRERZ AN, CHERE T EE R
HECR I BV B, SR A R N 2 R E R TR

AR —FFET PR B R RR S ACRRIE R
2 RAE T IHRE BT BB AE, 7 AR R
(o 452 1 T A R 1 R G AR B B 5 LUK, 5 B DU [ 14 ] 2
THESITEBER R MR, Uk HRZERE B E45 5
SRIEER" RR” il A e R BB R R AR N 2 B
il , DU B SRR B A T #E s ) FURTA M B S 2R
YRR B R A T I AL B
1 FEntk

BB IR BB BHEIUT 5 (S, .S, -+, 8,) , B Sadh Rk #]
BEGRELANE RCB @755 7 1 B ALE R B &Rtk
T ERERBFI P O ERER RGBT BHEIE, M A2
A TR T 2R AL, IR BE R R @R R AR A
ENGERZERR I nBLAE R — IR B G IE 5
Al E AR I, W AR SR EE S, .

REFIEGH A RER R, ERERIEEHE T
BERIERET LR —RE A S, #HTEURIE, 6 25 &
& S, MRt 1, 2[R GRS 1d I 7 W R BHER AT
“HRE R ERRFIATERAE AP 1, 5 S, Z I
B, FHODMRMSRE,AHMSENEGER 2R E
I; REH T —REBGMENSRTEG S, , 2l Gk, &
ZUESR EEBIRANERE, RASHERZMA 1 fi
No

AR SCHR [ 11 ] B B8 05 I 4E T 00, RIVEE I P B 42
i, RFH SRR & B I SRR ER S, AR, A
DR A R DHE R B BANTE . XHEEAEARITRER
T WA NI RE PR
L1 BERIE

TEFARR AR P8R R 37 R b R & 2 4 28k, S BAE
BEGZAEABHBAENREEZR, REASESREBT
AR

N T BT (ORI, BT 2t RCB HITHESKX
T E, EEGRT So,8150,8; e y1§&si—1 58,2

AR ER, S, 5 ST RN E B X, 83 Ltk e i
IR/ H) RGBH, A KR S, ¥ BRIER MK o, , , FHEEL
BR[15] A S, MEBAIERE:

0= 2 (P ([ Y (pei(p))75
ce {R,G,B},i=0,1,-,n (1)

Hp...(p) Gp..(p) HHRGEpFEEE S, 58! Py
BEE;y BIMDEEBEEELRN 2.2,

Fl ¥
{ [ & E _REGIEA S MER |~
BB E RS —
B8, 8, ".85.) TAYERAME R B 2 R T
! S04 B P A, AT 0 RIS P R
HEREGRGR }
EABNOY A% [ RSPl OEREY |
1 :
Ny A ER oS bk
Ve by B ok T S Bl %
1
- - S
K EE 7 :
epnEnEg ||[EER
1 =
b Bl 55, (W85
prEse [ ZRAERECHERR |
— I P {5 5 5, 1 O, &
IS A _
R & B 5 i+l
KA B REARE |

1 FESERE
PRI BN ERRIE R 0. b | ERGFI 3
RO HERB/NMERERMLE, HHESNORE
18 ¢ MERARET g,  BERBE/D_RITE(2) , HEL2F
ifE g o, EMFET 1,

min Y (g.a,; -1)%; c € {R,G,B} (2)
i=0

FR(2) B U, MRS, RS MY 0 5k
Ba.:

6= Yo,/ aice RCB,i=01n
=0 =0

(3)
BEFREERERK o, XE2RLET g XK
8BS, T ERRIE, B
P, .(p) < (g.a. ;)P (p);
ce {R,G,B},i=0,1,--,n (4)
P,.(p) &S, WREpHEEEEE: e {R,G, B} PHERME.
BT AR B EIZE T MSRIE, I R BRI
HHEF g.a. ;0
EHRFEGAE S, B AT EMART A% E
ESER RMELLFR T ARBERERELAE, £T
IR BETE R ( Grey World Model) 89 B 3 5 P85 77 B 7EAR K
R L ERT X EE RS, ATREEEI TS E R E
EHIEAR. R, VTR K Rt R T R R
RGB ;@i _FHARMM B, B R RENE G,
1.2 “s"Hp
1.2.1 HEBMHB%R
FOREBRERTHEE. FREGIBTFIHER, &8
Mz “ R, MM ERNER XS ERE S B



%94

BRAEME, i€ THHEEO LT EHREIET K 2675

RERE BB EF IR E R Y. fiENEREPE R
7 E W8 A A FR B BOA R B 8. DA A B0
SRR XS ESRER R (WA 2) - BAWEBG FFie %
AR Fr X 52341 R 1 {500 R A v JBE K 47 5 W MR 9
Xt 52 TR LRI R R 6 BE K B 5 P RS B, I K Il &
TERRE , AR IBERG K& BRI REEHE
X&%(G,,6,) K G, 56, HiRER(xy) IHx 5y
FRIBRRE s R E R /3% ( G, ,G,) EHAERARER L N
THENEN, FABERREY(G,,G,) HABE R
EIHA TR, SRABIAAL T RS AR, FI RIS B R B E T
AR, o

| ﬁi)\%%‘%ﬁ%ﬁ’ﬂ@@ |

HEHENG.G)

Y
[ GBI =R B b |

DR EBRN E bk |

| ﬁmﬁ%wzﬁ |

METHIZERRIERA TR
KFERBEAE R BH(G.G)

Y
FAEEAWEREY
(GG IR EEAdiv(G)

Y
SKABIAM HF RV I=div(G),
FABREXENE GBS

B2 BERRE EK
B I(x,y) A REE, B RN 15

Vi (x,y) = div(G) (5)
Hh V2 3k Laplacian B
VZI(x y) - 021(96,9’) + 321(96,9’) (6)
’ o ay2

div(G) R Y
. 3G, 9G,

le(G) =§+a—y (7)

FHVER B T A6 1 SRR A o JT 72 , Bk I
REY(G,,G,) ERGHTRARER -
1.2.2 HERREBAL

B BEIX SRR B SRR PR U B KR, TR IR R
ARG XK, Z ST BT A ER RS, #

TERRWE 3 PR,

| WEE%?EE’J Kik || | HHEEEEELER |
R BB E ‘
mIREEERECE || | RWESRESRNHT |
1
[ ebsEzaR || :
(3B 5 %A T BAR IR B T |

<HRABEFTART
AR EE ST AR T
EHBRER AN TE

HFERIR BB T

I EHE RGP CE) |
B3 B

B CIRPURH XA R, BRI B R B N C(p) 5 A&

REMEBENPOEL— T L HERRENEES
BT R R 4, B T R R K I S
ARSI X T B AR RN T, MR PR G0k R 3
MR B AN T, 36 4 BIE (5 2% (AR BE R FRLAT LG
R ERBAELA I T RN 2 B4y B  FEE BT
BRI KRR, B R, EEAARE NGB
BRI S K R

1% S, BB ERKE, O EEHANE R, 0 £ %E
3= QRIS B & = S, - 0,60 BRI OHHR K
FMRENE—EEEE C(p) , TR % 212
FAZS KA WAL C(p) K0, BN 1,

0, pef

c(p) = {1, it (8)

BlE— AT AR RS (G,,G,) R E R
(G..,G,) MEHEFTHA, (G, ,G,) 7K IIAT LR AR
BB Q MR L EAEE p WL, BT ¥,
HHRR(O) HE TR P(p) :

P(p) = R(p)F(p) (9)
H L R(p) FIT p SIDRI RIS F(p) 2192 p R
iF1E B FF1IF 12 B, F(p) (EAK;R(p) TR E SHIATEN
g B 7 KDP BT R E R SR E KRR

BB AR AT , e B T AR LR 60 8 MR
R etk P(p) s BEIRGE p, MEHT v, , Kb p, F
Wy AT R B B R A SR, BRI etk
SORIEH P (p,) o BERIZAGE I TRZME N
SRR G R . BERSRARH T ERELFEESH
HAGE AT EEA R NIE L., —HaE
o BEIT @, B MR BT ¥, € @, i
T W, FERRE_E AR, 3540 B BB SR W, 1
BREERERES S BT w,, 25 B fss e 9 (G, ,

XTI B, AT RER:
G, Vpe @ .
G. = {G,I,q,, Vpe ¥, NQ (10)
G, Vpe @
G, = (11)
! {Gq/qy, Vpe ¥, NN

H Gy, G, ) AT W, OB TE S R A
TRZ:
_ {S, Vpe @

12
Squ’ Vpe ¥, NN (12)

Hepr:S, R4 ¥, BERME,S HIRER,p, 71 ¥, WEAE
BRANARERNBTBRER LA TER,

HIRFTREA AN ERIRE , EEE TR AERNER L =
S kBEREY(G,,G,), T E RN B IRERIE
O ENAE RN E SRR, BEFREGHRRZE R
PUR/ A58 T LSRR SR IE iR s
1.3 AREE

TARARR S 25 T I GUBR B8, BRI i S TR MR A b 1)
82 (G,,G,) ERGHHEE RS A LHIER S, HEHISE



2676

H AR A

#34 %

i, R PR AR 1, ZEKEEL A 1L WE 4 iR,

B4 Riegima
W8 S5 R B 1l 'R ST B B0 div(G) o TR SEBR R AE
T, — () A
Ix+1,y) +I(x-1,y) +I(x,y+1) +I(x,y -1) -
4f(x,y) = G (x,y) -G, (x - 1,5) +G,(x,y) -
G, (x,y-1) (13)
K (13) B— R 7772, F R AR SLIEH B R
AR . WX IR, WA SRR E R B B
L), JHMELE SRR B IR, AR IEN T
BRENEBRIRLE BAEEREMN, AR T REERSH
WATT R SRR

2 LR

2.1 BEKIE

BB AT AT, A D IR T T IR A 485,
TrPRER N 1280 x 720, 3T & T g K A RN RARF , FEBC B
4 332 MHz 4L AR F 128 MB NFFE)FHLE#EATINR, L0 4
FINE S Bimo

(b) THFARA B R AR AR5 UGS

RABRIOUIERAR

(d) BREERNIEEG

(&) AT A M R Bl TS U A

BIS  RCI S T I AL A RAT

B 5(a) BREAFDLEGRE T MEBRNEGTH . BS
(b)) FFEAIEMIE S MR RMIREH S WEREWE
B OEFTUEEAHENEERE, BS5(c) MAMBE
HkMsRE A 150 ER=ENER, AR THES
(b) ,BeREREEMRAES, BS()REIEEREN
FER, BERIEAMUSE/DN T HERGRERN GEMREEER, W
Bt TENEBRFIINOE. REREGEERLK,HE
e RA 2N AR IERNE; R, EAERIERE, BE
AT IR, 5 (o) RAHR MR Z 1 (0 R B IE S FH 96

e IIEE RN 2R A, P RA YRR, TR XK AN
PARMEEAERABIVIN 5 Wo ATLIF HE 5 (o) WECRAE
T 5(b) F(c) , MULTTLIE @ RALIE T ASCE B H
B& BRI A RE

HASCRR 12189775645 5 () PORBGRAE SR, 5
SN 6 s, AT Z B 22 T E S 8 T 7T Lo BRI 7E T IR
B G B EES BN, B IEAREE 2 bRiX L2
F, MR RS TE LR O E 3, F A i B
BRI 12 ] 7R A E B

Bl6 SRASCERL12] 7k sk a5

B 7 S53CHRT 12 | BRI T 3 5 A SO R A RA o
HeoE (a) 2 9 MR BEACHEIRE G K (b) R A
WRL12 [ A IE I T R RS R A, 1 T RIS B RTE
ORALIE G BRA, N0k 12 ] R B AEAR RESE &
THER BZEIG; B (o) HAEIR BR8], AT L
B HFRT BRI AR N

W 15 1 R (51

o RGO A T R 2

(o) AR SCAR H 0 7 Pt e 2
BT SBR[ 12) S ASCE A IE A

2.2 “BREHEB

el 8(a) , tABF B R B R Sh ik, 25z I SUHR
(1] THERGRR S I 4 A 8 (b) , T LUE H H A
AR R M B AR R AR TR
RIBEGFIE , BER SR E, NEe R hiER =RE”, m
Bl 8(e) iz,

o

B8 REBE

2.3 RNTFHFXLSH

1A MR BEPHE T RS 3016 1 778
PAFIHRE LLBE, SRR 16 ] P B 7 iR 7E BHE S R R B A R
B A AT A SR AR WA NN T k. @t
IR BA b, A CPHER BT E N,



%98 WA F . —FE T B REG LT E PRI % 2677
=1 xE[16]5A8XHEERETERNTEEELLE MB [5] UYTTENDAELE M, EDEN A, SZELISKI R. Eliminating ghosting
- and exposure artifacts in image mosaics [ C]// CVPR 2001: Proceed-
gg %;ﬁ; 73:%5 Ff}ﬁ%ﬁf gg %};ﬁf jJ:%f@ Fﬁ}}f;‘gj%fg ings of the 2001 IEEE Computer Society Conference on Computer Vi-
5 03 ) p 5.0 ) si.on a\nzdo(l)’latteSI:)'l9 Re;:;)inition. Washington, DC: IEEE Computer So-
ciety, : - .
3 13.2 10.6 7 20.3 13.5 [6] DAVIS J. Mosaics of scenes with moving objects [ C]// CVPR 1998:
4 15.2 11.0 8 21.4 13.7 Proceedings of the IEEE Computer Society Conference on Computer
5 16.5 12.6 2 23.6 145 Vision and Pattern Recognition. Washington, DC: IEEE Computer
. Society, 1998: 354 -360.
3 ééj: ‘L% [71 YU T, HUI'Y. Highly efficient image stitching based on energy map
ATEBT—MEREFENEENSEREED, — [ C]// CISP 2009: Proceedings of the 2009 International Congress
FESHE TGRS PHERRE, DRSS e T ol on Image and Signal Processing. Piscataway: IEEE, 2009: 1 -5.
FeIE , ALEE T B &, T /b T 7E IS s i b o7 [8] '.I.'AN K.. Re.search Of’l mage mosaic technology [ D] . Nanjing: Nan-
TR R , ISR FRS R RS B 5B 1 7 o B e 1 e ]1ng‘Unw:r51tj:0f Science ixild Tiihnology, “2006. (L. R Bk
W s 5 — T, AL T BB PP 4 BB SORBIFSEIUD]. Hst MAAT AR, 2006)
u&ﬁ%?{@fﬁﬁ%ﬁﬂ' , ﬁﬁ'%ﬁ]“ﬁﬁ E%?@Jﬁ/\ﬁ\]ﬁﬁ [9] f‘]};l]\l(; ;.“.Reseaécl.l on .fast f1Ir(1ja1.1g.e regl;trat;on an(i z;ufomatlc r;l((;ia;c
e . e M A A ; . Beijing: University of Chinese Academy of Sciences, .
gg;iﬁf Eﬁﬁ;iﬂ REHHE A REMREGSAR ;—;iji (Ti‘)ﬁ%)i%ﬂﬂ?ﬁ% A PHEEORBTR D] Jbat: P ER
- N S g ¥ :
%EﬂiIﬁlﬁ'ﬁﬁﬁiﬁﬁ—fiﬁﬁS'&”Bﬁj#'—?%éfﬁﬁ{i&a&ﬁ?ﬁﬂt}[ﬁy:}‘J\ [10] RUAN P. Research on nfilii*image mosaic algorithm [ D]. Chang-
;%%EEE‘,ﬁiX‘%%ﬁaﬁﬁ?i&ﬁﬁH&é% E%@%& YR sha: Central South WgiVersity, 2009. ( Gril. % [E (R BHHELF P EF
@,ﬁ%ﬁ\fgﬁ?[‘%:lﬂ‘ﬁﬁ Ijj}zﬁj—gz//aﬂg%%ﬁﬁg E{%E%E’iﬁ 9”%[ D] N ﬁ(//[\ ':Pﬁj(%é, 20()9.)
S AR, EEBRA LR RENEN, RA—EH [11] . XIONG Y, RULMK. Gradient domain image blending and imple-
SEAYHE. meéntation«on mobile devices [ C]// MobiCASE 2009: Proceedings of
SE 3k the 1stMotérnational ICST Conference on Mobile Computing, Appli-
[1] PRABAKARAN G, BHAVANI R. A modified secure digital image catioffs and Services. Berlin: Springer-Verlag, 2010: 293 —306.
steganography based on discrete wavelet transform [ C]// ICCEEE [12] ~BA S, KOO H, LEE S, e al. Panorama mosaic optimization for
2012: Proceedings of the 2012 International Conference on Compus nobile camera systems [ J]. IEEE Transactions on Consumer Elec-
ting, Electronics and Electrical Technologies. Piscataway: VHEE, tronics, 2007, 53(4): 1217 —1225.
2012: 1096 - 1100. ]13] HA'S, LEE S, CHO N, et al. Embedded panoramic mosaic system
(2] WEN H, ZHOU J. An improved algorithm for imagg\mosdtc | C] 4/ using auto-shot interface [ J]. IEEE Transactions on Consumer
ISIS.E’OS: .Proceedings o.f the .2008 I.ntemational Sympostiim on Infor- Flectronics, 2008, S4(1): 16 —24.
;n(;l(zllon Science and Engincering. Piscataway: IEEE, 2008497 - [14] XIONG Y. Eliminating ghosting artifacts for panoramic images
[3] JIAYA J, TANG C. Eliminating structure and fatenditfy misalign- [C]/7 1SM 2009: Proceedings of the 11st IEEE Multimedia Con-
ment in image stitching [ C]// ICCV 2005: Profgdehngs of the 2005 ference. Piscataway: IEEE, 2009: 432 —437.
International Conference on Computer Vision,, Piscataway: IEEE, [15] XIONG Y, PULLIK. Fast panorama stitching for high-quality pan-
2005: 1651 — 1658. oramic images on mobile phones [J]. IEEE Transactions on Con-
[4] WAN Y, MIAO Z. Automatic pandrama image mosaic and ghost sumer Electronics, 2010, 56(2): 298 —306.
eliminating [C]// ICME 2008:) Proceedings of the 2008 [16] CRIMINISI A, PEREZ P, TOYAMA K. Region filling and object
International Conference on Multimedia and Expo. Piscataway: removal by exemplar-based image inpainting [ J]. IEEE Transac-
IEEE, 2008: 945 —948. tions on Image Processing, 2003, 13(9): 721 -727.
(k342672 1) [32] BOIMAN O, SHECHTMAN E, IRANI M. In defense of nearest-
[27] ZHANG N, YANG J. Low-rank representation based discriminative neighbor based image classification [ C]// CVPR 2008: Proceed-
projection for robust feature extraction [ J]. Neurocomputing, ings of the 2008 IEEE Computer Society Conference on Computer
2013, 111: 13 -20. Vision and Pattern Recognition. Piscataway: IEEE, 2008: 1 -8.
[28] SHALIT U, WEINSHALL D, CHECHIK G. Online learning in the [33] SHOTTON J, WINN J, ROTHER C, et al. Textonboost for image
embedded manifold of low-rank matrices [ J]. Journal of Machine understanding: multi-class object recognition and segmentation by
Learning Research, 2012, 13(1): 429 -458. jointly modeling appearance, shape and context [ ]]. International
[29] LIUY, JIAOL C, SHANG F, et al. An efficient matrix bi-factori- Joumnal of Computer Vision, 2009, 81(1): 2 -23.
zation alternative optimization method for low-rank matrix recovery [34] ZHANG H, BERG A C, MAIRE M, et al. SVM-KNN: discrimi-
and completion [ J]. Neural Networks, 2013, 48: 8 —18. native nearest heighbor classification for visual category recognition
[30] ZHANG X, SUN F, LIU G, e al. Fast low-rank subspace seg- [ C1// Proceedings of the 2006 IEEE Computer Society Conference
mentation [ J]. IEEE Transactions on Knowledge and Data Engi- on Computer Vision and Pattern Recognition. Washington, DC:
neering, 2013, 26(5): 1293 —1297. IEEE Computer Society, 2006, 2: 2126 —2136.
[31] YANG ], YIN W T, ZHANG Y, e al. A fast algorithm for edge [35] GRIFFIN G, HOLUB A, PERONA P. Caltech-256 object category

preserving variational multichannel image restoration [ J]. SIAM

Journal on Imaging Sciences, 2009, 2(2): 569 —592.

dataset, TR 7694 [ R]. Pasadena: California Institute of Technolo-
gy, 2007.



