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Viewpoint Movable Cinemagraph Generation

from Video Captured with a Moving Camera *

Akihiro Nakashima

Abstract

Recently, applications such as Google Street View that enables us to explore
the virtual space created based on real images are becoming common. Although
such applications currently display still images of a target scene, it is expected
to give users more highly realistic sensation if they show motions of moving
objects. One of the projective methods that can reproduce motions in such
applications is generation of a cinemagraph, which is an infinite looping video in
which some objects continuously move. Conventional methods for cinemagraph
generation assume that the optical center of a camera is fixed. However, the street
view images for large scale environments are typically captured by a moving
camera system. In this case, the appearance of a object changes according to
the captured position. Therefore, it is difficult for conventional cinemagraph
generation methods to generate a cinemagraph from a video captured with a
moving camera. In order to create street view images that can represent dynamic
scenes, we propose a method to create a cinemagraph from a video captured with
a moving camera by using a novel view image generation technique. In this study,
the dynamic objects whose motion can be reproduced are limited to those with
periodic appearance changes in local areas (e.g. like trembling of leaves, flow of

a river). For this propose, we generate a cinemagraph for each viewpoint using

*Master’s Thesis, Department of Information Science, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT1351076, March 12, 2015.
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the images that are generated by transforming input images to the appearance
of a target frame with novel view synthesis. In order to enable smooth transition
between adjacent viewpoints, we then generate images of intermediate viewpoints
from an adjacent frame pair of cinemagraphs by searching for and connecting
similar frames in them. In experiments, we demonstrate the effectiveness of
the proposed method by generating cinemagraphs from videos captured with a
standard monocular camera and an omni-directional camera. We also build a

prototype system of the street view based on the proposed method.
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Cinemagraph, novel view thensis, view interpolation, virtual space
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DY AT L TIRESEIZEUTUTO &S RERE TSNS,

(1) H13%, ATHE, Bh5AROESOBYHK S EmETRRE NS,
(2) HREHLE I A B E T B T BRI B A L B

(1) 220V T, RE(LBIEZEBANT, BVROEIE 2R UAP KD &V
Giigak 1—YIZ5R 5N TES., BERERATRAREFIEL LT, BYA
DADERIZF EHi T B 27T T 7 LIRENBHEHOREFELRH L. VA<
7'Z 7T, HAIZEE AR O EUEESI NS DO TIEARL, Ei§dsF k&
TEI & BB R D FEIRAFAE U, B R D FEIK D AWK DS FE HAMK) 72 B & % SRR 12
MOKRY., ZDXIRI AT T TERERT BT [22-26) BMEEL SHFES N
TW5., fEkFEE, Sl OEERLIZIEEE S N BEGEE WS Z L%
Aifgz LTWwad. L2L, Google A MY — MY a—0D&dRAKBIAE(LBLSE
R EEET 256, —RICBEIY X 5 TRy U728Il&EZHW SN2, ik
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Bt U BB U TE DX F#EAT 57210 TIE, REFAfEREE5 I8
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] D5 (ZRFFR IR B B D R B & 7 B RE YA D B & DB R RRIZ L - T

1



HIR X NAME, BNBEBEIZHB L TWRWE WS HERH S, £/, 26HHD
R A B R D5 O T R D & Tk 26 BIREINTWED, TV
F4 YL DIEIDRET LHELND S.

AFX T, (1) OREIZH LT, BE L 7-BIHE» 5 H 5 G RhiE To
BEAEBTLUAYT I 7 RENT A FERRET 5. AANIZIK, A0
ERDET LV — LD A IAEESRZHEL, WO RO=RouREETT 5.
I, HEUZAATAERALE LU =Rt BREFAVTHR T L — L %3
L, NRTV—LDAEZREEN S DR ZITH— I Nz i — S B g % A2 k3
5. R UT- RS EIEBRIC Y 2 7T T RERTIE [24) 2 @A L, H D8N
BTOYANYT T 7E2EMT 5. 72720, K% TIE, BTN ER CEIAD
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B =T Y ADDHN B K512, HHGAREGEKROEMZHWTY 23T T 7
M0 b R G 2 AR R USRI 2 2T 5. TS RETEZHWT, BH
W U 7= B0 S WA DB & 2 HE L D DB EI MR Y 2~ 25 7 2 K
U, »OZRICEHEDCAN) = a—D7a b R&A TYVATLEZMET S,

AL T, 2ETY R~ T 7HEBIZET 20158 & B A AR A B g
DR EMBL, KAROMED T E fift B2, 3ETIE, BEiREL7-H)
BN S DY A< T T THEBE FORRMKGTET 7 AF v~y BV 7% AW HR
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AWFZED HI, BER U -8l 5 S Wk OB & 2 B U 72 Sl B il e
BRI T ITDER, BIOFNCHE IS AN — M a—2HETLZLT
H5. KETRIEALABH 2 FEHT 5 H B REGRAE BB S 7R, YMAD
EE2HHT LRI T 7 EBICET 2R EMBIL, ARRFEDOALE DT &R
N5,

2.1 BEHRKRERERICET MR

ek, WX N T E 2 ARG RERAERTIRL, NREREO =Kok &2 E T
U\ 5% Model-Based Rendering (MBR) 7%, X RES & #i U 7z it 2 2F &
BT 5 Z & THMHA RS Z AT % Image-Based rendering (IBR) %, MBR
1% & IBR &z flAG 72 Hybrid rendering(HR) EIZ KA TE 5.

2.1.1 Model-Based Rendering(MBR %)

MBR %1%, HHEEMAEGERZ TS NREREO = XaRICT 7 AF v <y
VY7 UEZIRGETIVEER L TEE, THEFKE LR THY
52 L THIREERT Z2FIETHD. HRESEOBREHA VD20, HABEIC
B 2UAORBIREROEXRIICENS. LAL, ERI N5 HBESERD NS
Z=ZRTTR DS ITHRAE L, BRI EReETTFER S IC L Es NS
RIFRFAZ FUHEDRN=00 IR 2 0258120, 10X SITERL
HERIZRBPEAVED L. 207D, NREZLZBED =TIk EREER
SHBTBEODFERIMREINTETNS., ZDLDBTHEIE, BEARITE
HrBH T 52 L TNROBRZFHIT 2REEIN R TFiE L, WRREZ I L 7-
A S I & > T =IRTR 2 #EE T 2 ZE 2 FIEICKAITE 5.
URTIE, SFREIIDODVWTHRRS.
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1 RABREHHE U 72 ZUGER [1]

ERWET 0T 4 TAT VAR 2,3 PRESINTWS. Y 2HWEF
(1] T, NRBEEISEL -V 2RRT5Z 8T, L—¥2RKRHNLTBHIT N
5FEFTCORMZFBZTLYYT—XEETS. —H, 72747 ATLA
FEE LT, RS 211, 7BV XFIZE->TAY v MEE M REEEIZ G
U, AUy MEBMEHDOAZAZTAY Y MO EEZRTET2Z LT, =AllE
DFEHIZ K O W REEFD =00tk & BATH G & U CTHS T 5 FHEE2REL .
ZOFHEIE, AV MNEEENUDDFHIT 220K Z2 BT 5. Z OfMEIC
LT, Kawasaki & [3] 1%, & HANCET 2R E Rk ik ca— FMEU 72K
NE—VREAWT, FHRMOEMEIZERII Uz, ZhsDOFER, HEDEWE
BO=ZRCRERETRETH 50, TuYV o XML 3 &\ o Kk
B EHWS., ZTDd, O —FRFRIZZIROETLEITD Z L IT#H L.
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ZEN L Z O ORENLTFIELE UT, ZHKRAT VA EPHIRRER AL
Nhd. ThoDFEREZ, BGIETZRED T A T ALE LA R OE B D E D
O =R EITS. TN DT, TuY s XXM UYL v o 7Rk
BRI BE L LW, & A T OALERBRZIERET 2701218, &aERD



2 Furukawa & D FE [7] 12 & 0 kS N7z ZoeBIk

A TN T A =R DWEDPBEL D, A TN A =R DHEEFEE L
T, ZRGMEPBETH B = 2HWBFE 4 RERWTH 50, BEHER
BRafE L TBENREZ R L L6, AN RBD~—7 %
BIDHIEIFHL V. TR LT, Structure from Motion(SfM) i, #HED
Bz A UTHA, SEG» oREN T L, E&EHRTEZNS OXERZ
kDb T, KREGEDH A TABEEHAEL X ORIGRD ZROCEEEHEES 5.
ZDEIITUTRLONTH AT DIELRES % ZHRAT L AR AR
W5 ZeT, BMR=RuETVelids.

ZHRAT VA (Multi-view Stereo : MVS) ¥ [5-7] 1%, 71 X T (@288 DR
DEGRZ AT L, AT VAR E > TENETNOEGO BATHGE HET 5
e TORNREBREDO ZRuuREe Bt 2 FETHS. MVSEORKRNRFGHELE
LU T Furukawa 5 [7] @ Photo-Consistency Z m 5 Z & THT Y X —% v b RITK
BIZH G E AN TEREZDOUEICEAT S FENETONS. 7ZL, 77 A
F ¥ AR W E T TR BRI T OR G 2, B 2103 & S ITERETIVIC
REDPEL 5.

BCUARTER 7221k (8] &, o ZEfiZz R 7 L LN B L HRDEAR L UTRE
U, ZORZ LIVEMNTEHEATON A IO EFLE IV Ty NEED S B
LA OBESZEM (Visual Hull) 23R 96 Z & TRz BT 5F



ETHh5B. Kolev o [9] 1%, XA AWEIZH DAV RT I T 4 Thiimihiti e
PUARTER 2RI kK 5 =oefoc %, GPU IZ X B FEECEEIcE e iR Fik%
RELEZ., ZhoDFETE, WEUERERLGRAM»OIRE LYV Ty M
BOBEZEXT I LT & o THERYRD E DO ZIRICIARITIE W ZIRGCTIR & A B
TE5. AT VAKEBERONICREROMENFHEL RN, HIiTE5
ZIRTCIPARD B AR 2 2 )V OfRGIE P 2 G A I NS HEHE T
ARNPBATUABE RTINS LS5, £72, MVS k& B2 0 REO 7\ =R
TR ZEKTES,. UL, EHAICESRYARDO MM OWTIRIEL W=
RTCTIRDE S W 2 WS il B 5.

2.1.2 Image-Based Rendering (IBR %)

IBR &I, SR ETDEREDO =R ZBIRINIZECT 5 Z 0L, Yk
V=V R UEGEE AL LT, TN EER - AT 5 TEEED
EOVE B AEGE AR T S TETH D, W E T RRED =R K SR
Mz EENALRWZD, ERERRAROE T HE U WML IR E oA
EOYRIZBEALTH, FEEDOEWHEAFTRETH D, MBREL D HRLHH
Bz LK TES. UL, $USOZMEVHEZ 2100 T, HHA G
IZEADPEL S, LR T, BEHROEIZE D FEEOLEIEER 2 W5 LI
KAL TR B,

[ERERICE D FH]

WX NEGR2ZEEER TS 22T, REEENTH D h RISz
T 5FEPREINTVE., RRWRFELLT, E=T71 V7P T7—EVS
2 Ko THIMPGUREGR Z £ T 5 Fik (10,11 Bd b, I o DFEIE, #HEOD
ASEGETHRIG R E G- 2, PGS EICS T 2GR OMEEZRET 5 &
TANEGDER 217D, X617, WMIGROAMERRIZEDWT ANEGO %
TVyT 47952 THREFAMEICB 2 02EE T ke, iR
HifgEAEKT 5 (K 3). ZNSDOFETIE, ANEBKICHNIGREEZ25Z L THh
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Morphed View I

3 View morphing [10]

MRS Z E R L, 2BMEICRE L a2 EEH L TWa. LrL,
MBI 2 G & U2 5aIcid, MGz EMrDEBINICEZ 2 Z L I3H L .
TR UT, Wnmz RIS 2 9IS EGEE 2 23 5 2 & C A A
B B 25 [12,13] BREINT VS, BRI AALE TR S W28
B2 AL A %\ % Town Digiting [12](KX 4) Tl&, 7V v T« v 7 Lk
DHLK - #fi/INa - T 2 O BEHR DO BLRALE D PG R EG Z R L Twb. Z
DY AT LATIFFHNEREZ R LTWE., —F, BINREZZEL TR L
T, BIZRE L EBOIERIAA X Z Tl U 8l & F W 2 Fik [13] 2%
INTWVDE., ZOFETIE, BRILOFTT A AN T —IZEDOWTEIRT
MBIZ BT BRI ORIGEREZRH L, ZORMIGEFR? S BH SN2 St
SR W T Y — Y RROBEBRETLE TV EERS 5 2 & THINEREIC
I U 72 R SR 2 AR 5. MR OE) S ITHBEIND A, HEOI AT %
BIZHRET OBENDH D, ANT—RZOEEIANPENE WS EEND S.
IS HEBHEDEICE D FEITBWTIE, BINERE 2% L U8 ERs
BB -V OHHRERBE EYIROE) & OFBLE FRIZHEET 2 FIEITR



4 Town Digiting [12]

HINTWVARL,

[SARIEIRICE D < F3E]

W& SAMERDIELS L2 DTH B L L, EREOF B X OHERD H BN
iR % AT 5 FEPMREINT WS, HfE, SROEE (v, y, 2), AROM
E (0., 0,), WEANBIORHtOEED 54D TIRGTEONAMERDOES LI X
52 LT, NREREOZERZ TIRTONRMER Tl §5 2 &N TE S [14]. A
ROBIRIZBALT, TIRGEDT — 2 &2 I RTHRT 2 2 e N TENE, WROBR
BT B AT D S FL - B O & R E Z2 ARG S e d 5 Z & Dk
5. Lo, FERIZERTO TR T—Ra2H 0TV v 7352838 UL, ¥
VTN T IR o HRRE BRI R E 22 5. 2T LT, Naemura & [15]
1, &0 EWRTEONER TEM AR T 5 Z & THEEL MO % 3h =R FHRE
Fod BHMBERTE L P EN D FEEZREL TS, ZOFETIE, TIRITDNHR
TGS 2 R, RN S ZHIRL, BHHREE2 40t 952 8 THET
NEEFOREZ KIEIZHIR L 72, £72, RAMS AT T—EIZLEO 1RO SR
TElREINET 2T 16,17 BREINTVWS. (LOS [16]) 1, 2AME L v
YEHWCTEREEZBEH LR 0BRE 2R L, RO AMIIN LU TAT Y



ARG 2 Ek T 2 FIEZRE Uz, 7z, Takahashi & [17] 1%, &L
Bt Y 2R L - BRI TR & BT U, BEIREEANR O B B s 2 A4
%Y 2 FREREL TS, 0o OXRMEHRZ W2 TR, EICHEREEZ
WNERELTED, £ < ONMRIEHRE BE L T 2HNEREZ AR L U TEHBRDE K
(Z BRI R A IR T 5 2 2 I3EE L .

2.1.3 Hybrid Rendering(HR. %)

MBR & & IBRIEDNA 7 v Rk (HR %K) Tld, NRESORIK & i
e HWS Z & THABEIDILHIN R E T 5 i & A AL E R D
HHG SR EZ KT 52 e TE 5. HRIETIH, AR U THAT ST
AF ¥ & BV IXERAE % EINY S SUKTE T 7 A F ¥ (View-Dependent Texture
Mapping:VDTM) &IN5 Fik & HAkF Y A4 A MY (View-Dependent Geom-
etry:VDG) &IFIXN 5 UG U 72 BATE R 2> S o ok 5 ZouIkE VW 5
FHEVRDH 5.

Debevec & [20] 1&, FRNZAR U 72572 ZRTRARICON U T, EERBO i
2 SR AISE W R A T O EBRLTT 7 AF vy ¥ 7 %175 VDTM
ERELUL. 2L, MR =RuIRORAZT 7 AF ¥y L UTHETES
», RE T 2 ZAF ¥ Dl % BE IZAE G DY T 2 BEDDH 5. Matusik 5 [18]
i, BhiERE AT UHBEHEAICE Y 2EBRHOZEBZIIN LT, KT ATD
HEFUL & F DEFE % K5 SN ERRD Visual Hull 2 i@ 20 a0z HET 52 &
LD ZIMGTIBRIZI Y EY T TET 7 AF v 2 ) TR A L TERL, (RKIELH
RO B-AEAAERZERT S FEEZRELTWS. Ao [19] 1%, EH
DRI A T & o TR S B2 5, BINEREIZEWTHBE
MEBREERT 5 FIEEZRELTWS. ZOFETIE, £, BHCERBEZ2HKE
o & ESEISIC RS 5. BRISEIBUC T L TIEH o UG- A S N/ &
S REIE DR =R EE L L, ZIReIREZERBUZE—T 1 712k D
ER 7R H AR AE R 21T S, £72, BIRSEEICE U T Visual Hull Z AW



(a) ST (b) LY &Y ¥ IR

B 5 HEIKET 2 AF v [20]

7 H SRR 2T\, TNENOMHEKO A RS EGRE AT 52 212k
D, BRSO HBHEAmGEZERL TV, SREBEORMIPREZHHT S Z
&C, BEREEIZE S HHEGAEGRAEREFH L TV B0, BRE ST
% 7= D\ TEB DO R S N - BEGEA B ETH S, VDTM & VDG Z0FfH L
THWSFEE LT, RS [21] 1%, 47 54 VTR OmG & BT X H
ZEE-BRLUTBE, A4 VT, ZRoTIROIRIK - 22 [0 72 i
Ve 727 ZF v OBMFR - P2 2 B R U 72 ZIoc RO ER e 7 2
AF ¥ OERZITH T LT, HHAREG LIZEC DT 7 AF v DEAZKF L
7z. UL, ZOFEE, BEREITHIG L TWRW.

2.2 YRITVTITEMICET DR

1k 5 D IR & B R OISR HFE RO L WREITH DU 1< 7T TR
X Schodl HIZLBETAT I AF v [22] LIEEND FEPBE D THS. ZOF
FECIE, RN RE) E 28 0 RS YIMR 2 — e iR U - Bl e A e L,
BRIt 2 ZERT 228 THE T L —L e HULZ T L — L2 BHEfd 5
BREL, TIhoD 7L —L%2DRITHILTLV—TETAR2ERT DTIETH 5.
Kwatra 5 [23] 1%, 77 777y b2 HWTHET L IZHB 7 L — L & ZICEBT
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27V —L%, FHBORALE L WIIED D L ITHRET D FEEREL .
INSDFETIE, REFZIZDWTH DI —TEHWPNPHREINE 72D, BIED
JEEADI 570 2 B MA DS BB NI BUFEAE S 2356, # 0 IR UIRHIZE) & 3T
RBMRFEET B MDD B, T ORI LT, Liao & [24] 1, 7L —A
M COWFMRESGEL 7 L — AN TOEMPBEEZZRLU T, BRI LITLV—
TR BB 7 L — LB RET 5 FEERELZ (K6). T2k, Ao
7B BRI T AEEICH G L7z, 72, TOFETIRIATA—ZD
PEIZ LD 27T T T OBEBFIROFMEHOKE I 2 LRICHTTH I L
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