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Studies on Generation of Virtual Viewpoint Video
for Vehicle Camera System
Monitoring Vehicle Surroundings:

Kunio Nobori

Abstract

The purpose of this research is to develop a method generating virtual viewpoint video,
for a vehicle camera system monitoring the surroundings of a vehicle, which can
generate virtual viewpoint videos easy to grasp the presence of objects around the
vehicle and the distance and direction of the objects, from videos taken with multiple
cameras installed on the vehicle.

In order to generate such virtual viewpoint videos, three-dimensional (3D) shape
information around the vehicle is necessary. However, since there are transparent
objects, specular reflection objects and low reflective objects on parking lots and roads, it
1s not possible to estimate their 3D shape with existing 3D shape measurement methods.
Therefore, in this research, instead of estimating the 3D shape, we propose a virtual
viewpoint view generation method using multiple approximate 3D shape models.
Simulation experiment using 3D parking scene shows that virtual viewpoint video of
parking lot and road can be generated by using approximate 3D shape model.

Next, with the above proposed method alone, when a video is generated with a wide
field of view of 180 degrees or more, since the generated video is distorted, there arises a
problem that it becomes difficult for the driver to grasp the distance and direction of the
object. This problem was also pointed out in the conventional virtual viewpoint image
generation method. Therefore, this research attempts to solve this problem. We propose
a composite projection model, as a camera model for generating a virtual viewpoint
image, that combines two, a perspective projection that does not distort the image but

can not be a wide field of view of 180 degrees or more, and an equidistant projection

% Doctoral Dissertation, Graduate School of Information Science, Nara Institute of Science and
Technology, March 15, 2019.



where the field of view is wide but the image is distorted. Based on the simulation
experiment using the parking scene and the objective evaluation index, it shows that
there is no distortion of the image in the perspective projection model in the vicinity of
the vehicle and in the distance can generate the virtual viewpoint video with the wide
field of view of 180 degrees or more in the equidistant projection model.

Even when the approximate 3D shape model and the composite projection model are
used together, a region with significantly lower resolution occurs in the virtual viewpoint
video, making it difficult to grasp the presence of objects in the low resolution region.
Therefore, in this research, we propose a method to improve the resolution of camera
image, which solves this problem by using the above model together. In this method, first,
by imaging one color at high resolution and low frame rate, video including high
resolution information are acquired without increasing the amount of data. Next, the
resolution of the color video is improved by motion compensation type super-resolution
processing that simultaneously estimates motion between frames and high resolution
image. Simulation experiment shows that the resolution of the low resolution region in
the virtual viewpoint video can be improved and grasped easily.

Thus, our proposed virtual viewpoint video generation method is capable of generating
videos that are easy to grasp the presence of objects around the vehicle and its distance
and direction, from the videos captured by the plurality of cameras installed on the

vehicle.

Keywords:

Free viewpoint video, vehicle camera system, color image, super-resolution.
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OB EIRE TS, BEOERAY AT OIEh, WEOREIHE R RNRD
AT, IKHEOHREICEDN BRI AT ERHND LT, SEISERBERETFTTO
Mgz cEx b, HOFEY OFRMERE 2 THRE T H72O120%, #IRIC X 5k
DD, BEODATHNLETHD. —FH, TATEHRBETE, o, AL
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ENRMEERD.

MR A BB RE 1S, BB L 7omf s O iR E N ER L 5 Vg 2 AT A HERECTH
L. BB AEREREICBI L CIX, B OD A T TIRE SNIZEEOMBED S LD 15
IR L CH T 5 v A7 AiX(Figure 1a), 3EfiRFE H3 5 D 42 8 P 0 564 fE Ik % [F] RE 12
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A vehicle mounted camera

(a) A single rear camera system

Vehicle mounted cameras
(b) A multi-camera system

Figure 1 Conventional in-vehicle camera systems.
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A Virtual Viewpoint Video

Figure 2 In-vehicle camera system using virtual viewpoint video.
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1.3.1. BEBHBRFRBREOER
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A A=V R=ZAFEOZNZEN O % Table 112777

A A—P_X—XF (Image-based Rendering):
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AT L TG 2 T 2 HIEDNREI TN S.

Light Field Rendering[4]i%, 7 A 7 T LW O 1l Z & OWEFHEE & % Ol
FADAFIED 3WICZER P OEM Ot & axbinftids. 2L T, HELES
BoOHATZEBOKXMEEL, HLWHEROSERERZXIEDT 52 & TG AT
L. REOHDAZ7HEHWDZ LT, EFICHVEWEEDOBMBEZ LR TED.
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— LA Lo X Rk
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EMETIAE '{ﬁwmﬁﬁm&mévaﬁﬁ
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Figure 3 Classification of methods for generating free viewpoint video.




Table 1 Characteristics of methods for generating free viewpoint video

Model-based method

Image-based method

Procedure

Features

Estimate 3D shape of objects from
multi-viewpoint video, and generate
free viewpoint video using 3D shape
and multi-viewpoint video by CG
techniques.

High degree of freedom of viewpoint
position.

Construct light-ray model (3D lines and
color) from multi-viewpoint video, and
generate free viewpoint video by
reconstructing a set of light-rays at new
viewpoint.

High image quality when using dense
camera array.

Challenges

Error in 3D shape estimation.
Computational complexity.

Restrictions on the position of the
viewpoint.
Vast amount of video data.

—0, TOFEFTERO I A TG ORROHM R EITLD, B LWHAOREG
EERTDTFIETHDL LD, AT LENAIEICH LWREAEES &, £
REEOBENME T T 2EN DD, SN2 D L, MEAEROESNEIL, A
FTICHENDMEICRESNLIBERN D D. o, ZHOD AT THEEIND I A
TT7VADREESIR, WRKeWGBT —4ES, @HTL2VAT AL TTKRER
FRRH & 72 D (Table 1).

EFTN_—XFEH (Model-based Rendering) :

BT NAR—=ZAFEE, HEEO 3WTTIREHWT, B HRESAREGZ AT 5 F
15T H[8][91[10][11][12][13][14]. = D FiklE, M L BARD 3 RITIEIR & #HEE
T OB L, HEE L7 3WRITIBIR & Wt 2 FH T RS AG & AR R 5 AL oD 2
DOMELTHER SN D.
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TR EHEE L, BHREAMG Z AT 2 TERREE I TV S, Kanade[8] H 13,
R— 2RICELE L 7= 25D B A (Figure 4a)% F W CTHEEAR O ZAR S EG 2 R L,
B O ISAHTIZ E > TR —L2NOEERD 3 ITTIIROTEHR TH 5, Depth map
ZHeE9 % (Figure 4c). % LT Z @ Depth map & # GAR D@4 2 AT, Hii-72 A
D 5 2 A3 % (Figure 4d).

ETNAR—=ZAFEE, HEERO SRR EFHATE 5720, MIGERD DD
R ESCHROBHENRGWVHER S S, —F, HE L 3RITBIROFRD Ok
ZIZERT 5, B HEARG OB EE T2 BRI 72 5 (Table 1).
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(a) Cameras settings in

b) An in{ai e taken b
virtualized reality studio ®) J Y (c) Depth map

(d) The scene from four alternate viewpoints

Figure 4 The virtualized reality[8].

FRL7EETAR—ZAFEE A A=V R=AFED 2 5O FEIL, WPHERERIT
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I FEEE AT
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T I AT ¥ WD FEX EG O R PTREER[21][22] 2 F L, HER ] C AR
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HETE DHEIT, WERKREOEEM & EAROER EORBRFRE AT, #HEHE
D 3WITIIREHEE T H[23][24]. ZDOFHIEEFT 7 AF ¥ DR WEEERTH-TH,
SR EHEETE S, LinLans, WY, 8Ky, KKK T
ERVHEN S D, Fio, B EONENEBT LRI, 77 AT ¥ Db 54
BRICEA CERWVIRER S 5.

BT AL, 2RGSO R—#GROmEE2 AT, SHEAZTEA, W
AW & T HHAROIET Yy E KD, ZhEHERO SKRILBRT L FIETHD
[9][16][25][26]. Z D LXK, T 7 AF ¥ DRWK GRS, EWY), SEmbLHY, K
EHEmThH-ThH, Wzt encEhE, 3kaoRkEfETEs. L
MU G, HATEENDRVWEEL, TATOMEIZRY B 5561%, 3K
TR DREENKE VIREN S 5.

AR L7277 2 F %, FEUR, BE, Wz ZnETnUHW5FEDIED, Filo
E21Z, 220 EZMARDLEDL L THTFIEORREM I FXBIBEIN TN S.
TIAF ¥+ T AF v E AW 3RTBIREEC HIEIBWNT, 77 2AF ¥
MIRWFEIR D 3 IRTTIEIR A HEE CE R WIEA R T 5 Rk L LT, RELHEAA
b L TT 7 AF X ORWEERD 3 IR 2 B3 5 FIE[27].

HE+7 7 2AF % FEREREBEICB T, B A TEENDRWEEIC 3 RITFIR
DIRENRKEVREEZRRT D HIEL LT, 77 AF v E2MAAbEDL L TLY
FRFED /N E W 3R TR & IG5 2 F1L[28][29].

Bl + P2 - AR EIEICB VT, I A TEEND WA M 3 RITIRIR
ERAATERVBEEMRT 5 HiEE LT, BEEMEAEDED Z L TR 3K
JLIEIR & BUfS 3 5 F1L[30] [31].

LLEICR LT, ZHABED S 3ot EHEE T 2 FIEICIE, S8 X
i, BSOS TR EHE T, 1o, B ATEENDRWGEEICHET T
XD FENRho T
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(a) Convergent view (b) Parallel view (c) Divergent view

Figure 5 Camera configurations for free-viewpoint video.

WERD 3T Z UG 5 ik, bk Lz 85 3 Rk 2 #E
ET D FIEDOIENC, KORITRMZFHNT L2 & T, Eifg & BEEEE 2 [[RF I
39 H5RGB-DHN AT HHAND HIELREBEINTWVWS[32].RGB-D I AT %#HW\5 &,
WO VB R ARG T2 2N TE D, L LAanD, BAYCHm XY,
KO SRTIREHE TERNE W) BERDH 7. F£72, RGB-D I A 7%
B HE T CIEEERRICED 3R AFHH TE R WVERES, 7 AT70ELIC
WERN G DHEAI, HEROSZENKEIT L > TiEF O 3RITFIRICK X il =014
LoilELH 5.

J1 A FBLE :

B AR A BRI S b 0 A Z Bl iE o #8152 Figure 5a 12779, B B A
Mg OO A 7 ELE X, Convergent, Parallel, Divergent @™ 3 22 KAl 4 5[33].
ik U7z B ARG A R IR, BBERS T2 AT L AMT DA DOMES
MENIVIEE, B SNDEBROFZIB DI, ZDT DGR T DA D
NMEIZL - T, #WERh A TREN RS, #$ERE 360 T L 5 2l b8l
£24" 5 454 1% Convergent view (Figure 5a), #¢ 5K % ZE4AICBEN L7780 b 88T
% 35413 Parallel view(Figure 5b), 7 A F D JE 0 Z BV e 5K 2 B2 5551
Divergent view (Figure 5¢)7%, TN ZA@EEIR T A THEL E R D.

—J5, BT EEHH AT AT LT, HERICRBE LD AT TRELE,
HOE Y O H B SME % A% 5 72 % Divergent view (Figure 5¢) D 1 A 7 Bl i& & 73
5.



1.32. HHEARBEORE

ek B M ARG AR SN E, ElELERHOBER T AT AT MZEAT
L%6 OEE RT .

A A=V R_R—=20HHE R A RKIT, RERSONFRBILRIC S 2 ANLE DBk
B LUNERTE R\ =9, Divergentview O A ZEE, 1o, RONTZEEO B A
T TR LIZBg D, BHZRREMEN D OMBEZAERT L ERRETHD.

Z T, KX TRETNAN—20HAEARGAERFEL, Bl AT 2T
A~NHEHATHZ E5RBD. EFANR—20H B AMGER T EYEHRD AT
AT DA D EA OMRARRREIT, VAT A0NBE T 5 EHEESHEKIC, &
Y, SEEENY, KRR W e & D 3T IREHEE TERVWEEERNFET D Z
EThD.

Fo, ETNAR—AOHBERBGAERGTIEC L o TER LZBREGIZIE, BED
BRMRBIIZFELRNWT —F 7 7 7 EBRRETLELER L. ZOT7—F 777 b
DRER7RJRK %2 FREITRT.

O BOEMAER « AR LI O GEERBO KM RELDOT —F 7 77 k.
R AT OIRIERRZE, WERO 3T OEE, BLY, JAREMG % 4k
THEDN A TETNMZERT S, 3WIEBIROBEL, ET ARX—ZAFEIZE
T HBENRD 3T DHEE DFRERLFRY , 4 A — VX=X FIEIZEBIT D HR
TERO KA T ORRZESCRR Y 72 ENRIK. B A TETIZONTIE, kDTS
JVTIEERD IR 180 [E %8 2 5 AT B I X R B AR AR TH D 2 &
P JRIA.

@ fRGEDIEY)— AR LT ONLEIZ L - C, MBRENRRLT—F 777
N BB RS A AT D B ORI e R & g GIR O E BITRIE, EERICHE
G T DN AT LGIRE ONERRE RS, ZO720 B B ARG T
DALEIZ L 5T, R E I A T B L O GR & ARAEFLR & ORERECH E 12K &
RFENH D ENFA.

@ HESAO R - HEO N AT OB TN ARG T —F T 7 7 b
BT AT DEEREDENL, ZOBEBNEMETIN T =T AREDNRT
A B DFRZEDRA.



Figure 6 An example of distorted free viewpoint video with a wide field of view.

EiED L, OBOKMHELDORINTHD, B ATOREBECONTL, &
A FIRIEIZET B AF9E[34]%°, RKIEA A T T B R ABR A R T15[13] % i A 3
L2 ETHITE D, 3WILIIRHEE DFEAERIAV 1X, BHREAMRG AR v
2a—HAEVarOFEEELTRVAEN TS, LLAans, FBHEGHEK R L
IZHFET DT R TOEEERD 3WITTERZFRY 72 < HEE TE D FIEITREZITR .
F2, KRB E AR T OO A TETVICERT LT —F 777 Ol &
Figure 6 [IZ/ R WA TETNMICONWTIL, 2 Ea—X 7T 7 v 7 AOFEHEE L
TRV ENTNDD, RECHERI TR,

QDIRIGENIEL) 2 DT —F 7 7 7 MZOWTIE, RO TIEEm SN T
ZRhol. ZOBHBERRGAERICKT D, B AT LREREAOREIZ X -
THELDT—F 7727 FOfl% Figure 7 121, K25, HO% T OREN - HEE,
BRY, BHWETOLELA OIS, BRENRFMIETL TS ZERNDNDS.
ZOMRD XD eI — T G, EERE ORBEOR FICER L AREERH 5.

10



A virtual camera

Figure 7 Example of partial low resolution in free viewpoint video.

ZDOXDRMBBREARTIZHT 5 1 DOMRKIE, SEBHOT AT 2T L2
ETHDL. L, BEBEON AT, BATROMBT X B mikT D5V AT A
DARXNRERTLEVIMEEHESY. £70, REFLFO1EZEDT D OEFEIN /N
ELX B0, BEMETTEWIROMELREAETSD. Z0a R MERORE
T OMBEL, HEEEUERS 2T BN TIE, HERREE RS,

QDML T — T L ADR—FL, AT WO E O A5 A+ 5
ZETRRTED.

DLl Z Enb, BT /V_"— 2D H B SBG AR 7 2 % #0550 B AR H o B
HAT VAT AMZEHA LSS OMEE R,

Problem 1: E7/W_X—20OHMBEAMGAER FIELERI AT AT LIZHEAT
D56 ORARMWREEIL, Y A7 LAPBET L5 HGCEKICIE, EY, Sk
S, K7 & O 3WILIBIREHTE TE R WWEERNGFETLIZETHD. £
DI, PEERD WK OHEET 2RO ET VR —ZXFIETIE, HBREE R
BEARTERNZETHSD.

Problem 2: H B ABGE AR ITEIC LY 180 FELLE O WERLEF 4 okt 2 4 pled-
LA OMEIL, AIRL Y XOREEM T AT ET VERAWTAER LB W
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T, BRES, Bl EOERSEG ETIIMRICRE 2L THD. FORRE, B
EToRELYE OERENEROBERENLS L2y, HEY L OBEESCT M H
NI NWZ ETHhHD.

Problem 3: H B AMGERK TIEEZ, F—ERERET DI A TEER DR, »
O, BHE O EZEN ST D872 E, ED A TSN E IR SRS D
LI #E AT 2856 OB, (AR SR TR R T 7o AR AR5 BE REIR S AT D
ZEThD.

1.4. KPARDAE & RBIXDIERL

ARHFZED J5 8+ & KRim L DOHERL % 71~ 3 (Figure 8) .

H1ETHE, AFREOERLEHNEZRAZ, EEELEHR Y AT LA O/KIZ O
T L, IR LB ST 2k, B AR 5.

#2BE T, AWFFEORTIRE 725, Problem 1 ZfiFik L, 3Tk EHET DN
b0z, BEOEE 7 3L RET V& AW TR SR A R E 2R T 5.
BHEFOBEBEANZEECLZ3R Y — 20Ny Ial—ya rERics, U
TNE A DMMUBE R AR N — R U = 7 2858 U 72 BRI 2 X 5 B EREm I &
0, ERL3RIEFRET AVERH WD Z LT, FEEESOE KOS 2 AT
& 5 Z & &7~ 77[35][36][37][38].

¥ 3ETIE, 2 EDORWEIE T TIL, 180 ELL LD EIRE T 2 A+ 5 &4
B L7 BT 01T, EEEE SO T M OEIEN L < /e 5[0 (Problem
2) BT D ERAD. T ORBEITNER ORABSLRE AL T HIER ST
Wiz, 2T, AERABBERHEO T ATETVE LT, BIZEER VA 180
VU EDOEARBFIZ TERWEEFR L, REFIZAWAENECESHHNE L D2 2%
MAGDLETEEARNET TV E 20T 2R AMG ERIEZIRET 5. Bhd s
—rERAWEY I 2 b—va VERB X OFBNFEHEEZEICL Y, Holr 3EHi
HWEET N THROELN L, BATFEERENZET LT 180 FELL LD IRHEF DR
AR & £ T & 5 2 & &R 37[39][40].

FAFTE, EERL3RITBRET LV, BEERNEETAZHALTH, (AR AR
iz, MGBENRKE URT T 254 LT, AR E T oW oA 2 i
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#2 LI < < 72 2 [/ (Problem 3) Z fifikd~2 1 A 7 WG O @ fiftg AL IE 2 42529 5 .
ZOFEX, FT, AT—MEO LD 1 Ak EMRBENOIKT L— AL — h TRE
THZET, AGESNREGORG LY, T EEEOTIERESGT S K
2, 7 L—AMOENE &R ARG R MG &[RRI HEE 2 B & 4l (8 A AR AL T
ST, BT—MBEEMEENTD. VIab—ra UERICIY, REESE
ToORMBBEHERBOMBGELrREL, HELLS ISR 2R T
[41][42][43][44][45][46].

FHHETIE, MELL3IODOFENHEMBELERI AT LAICHEARTHL Z &
R, BEFIETERINDREGEARGOEE (MBRE) OFhE, 77—
HAGEBIE DRI 21T > 724 R A2 R . CG g 2 AWV v 2 2L —y g VERICK
v, REEOFIMNEERT.

6 ETIE, AWFZETHONIZERICLY, HlEUEREAEED AT AT L4
EEBT LD, FICHE LZEEON AT ThRE LG, HOFEY O
DF S Z O PRBEC 7 1) 2 042 Lo VO B % AR T & B (AR R R AR R T TR
WL D2 ExfmoT o & b, SBDOEIAIZOVWTENS.
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Vehicle Mounted Camera

High-resolution reconstruction of Simil
a video sequences from a vehicle cos imtiat
mounted camera (Chapter 4) to left

A 4

High-resolution reconstruction of a video
sequences from a vehicle mounted camera.
(Chapter 4)

A 4

Virtual viewpoint video generation method
using approximate 3D shape model.
(Chapter 2)

A 4

Virtual viewpoint video generation method
using composite projection camera model..
(Chapter 3)

Virtual Viewpoint Video Generation Unit

A

Display Unit

Evaluation of overall system
(Chapter 5)

Figure 8 Overview of thesis content and the proposed system.

14




2. EPIBRAMKRETNERVEEBNASVATLD
E=HDORBR[ABRERTFE

COETE, HEBELEAHOERH I AT VAT ACEATLH LN TED, 1
NN IR MR AE R BRI O W THRET 5. AREBOEAROT A T T 1%, &
R DRZEIRERE T 572D, EOREY & EZ20 1 51800 I L 7B %
EIRFICIRRTHZETH D, EBRITIIIATEZEL ZENTERY, HO EZED
AR 2SN DR Loig, 370bb, ERSMEZ AR T 27012, @
RO 3SKTIBRIERNDSLETH S, Lo Lans, BHEOHEK R EOEREICE
JAMED SIKITIIROHEEIL, a v Ea—F Y a U BHICBIT 2 EKRMEL
LCHELEZ S OMENMTONTWS. & 2 TREIERIE, #HEERO 3 RTEIRE
HeET ARV, FANIIER L7 RI 7 3 RITIRE 7L % IV TR Ak
BEERT D, ZOELSKTET MITH, EEMERESNTEY, EisHE
ESNWT1IOMBIRSND. 2070, 3WITIIROHEE DK EE 229 BAR DN TFAET
DEFHIGROEREICE VT, RAERAMBEZAERT 22N TED. ERTIE,
FBEOFFEHEGCERK R ETIRE LI E iy Iab—va VERE, VT
Z A MR R BAGR A RfN— R D = 7 50 U 7 RIS L D B BRI kY,
SR EHE CERWHEEENGFET 256 TH, ARG L LR TE 5
Z & %~ $[35][36][37][38].

21. FE

B EL R OEIE D AT VAT LARE K L TWB47][57][58] . Z DV AT A
X, BEEEF, HoOBIE, EEORE, T IAM Fa—F—&@miRT ok ED
K COEIR Y — N2 BWT, HOE Y OB 2 EiRE Iferd 5 2 & T, EinE
DREEIEHROIET HENTE D, AV OO F & OBt % B5 L3 2729
12, VAT AT Lo THERESNDMEIE, ()VEANRN &, (i) EDOF Y DBWOA
>, HEY L OEBECY O TN DN FH 2 b, (i)Y — s U
HBFHEA OB EIR R TEDL L NEETHS.

PERDHEMEDERAETH I ATV AT LD 1 OTHI) T Ea—HD AT AT
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A[ATIE, 1990 B ELBFRIAFETh 72, ZOT AT AX, HEOEZEHIZHK

BELIEHATIZE ST, HOBRGEZRE L, By LB EERENICRE LT 4
AT VAILRRTH I LT, EIEEEIC E@&ﬁ@%@%%ﬁ#é(ﬁwmmy L
ML, ZTOYVATATIE, HORRLELIZ, BEHEENLNAL Z ENTERVIEA
NDIED.

HOREFHOIES DR NG Z SRt 5 721, BHORFE, %, £AIC 4 50
HATEHEREL, TNHDOH AT TRE Lti@ﬁm(ﬁEjﬁ@él“)@BﬂH%%]f’\“(T
A AT VAR RT D, SVTFADAT VAT LABREINTWS (Figure 1b). L2
L, 2OYATLATRRIND, HOFMRLEL DR 2 HRNLE & IR M T
L7z 4 OOMENG, EIRE D, METoyo a2 R+ 5 2 L NREET
HHZEDDD.

LR 6 D 360 R OB 2R TE 5, RHNMA A T[48] B FREI N TN D.
L LRnG, 1HEOEGMA AT T, BHRICE> ClEfkEh sz, HOA2HE
FHZFARLIRETHZEIEIRAETHH.

—J7, EERE DMEE TEls LTV D IS S & B 5 02 o BB fE#E v X
FALBEINTVWA[A9]. DY ATF A, GPS, ik, ZF7V 7+
Y EFALC, BEICEET N TE S, HBHE AT A2HHT 55
BIZBNTY, FREZBT 2 ELITEEZTICHDLZ &G, HOBY Z25M7R <,
N, BN G EREICIR T T AV AT ANLETSHS. £, Zh oo H#hE
HIUATALATIE, BETER2NWS—0DBZHb52 L0, 2 AMREWVWI ELHETH
5.

FRELZEEZ RS 57200, HEmENERH OB 2T v 27 LI, R
RAAEREEZEA Lz, 8% &@ﬁﬁ%&?%r?@ $@ﬂ@%£ﬁ@1ﬁ5#
O IR U 7o ARABA R kA & SR ISR 2 2 &6 Th D, ZomBlE, HOFY %
AN, HOFYOMOFES, HEYEOHBESCHOHFRMNbN v &
Nh, BIRE OLRREREL X TE 5.

%1$Tﬁﬁbtio&,_hif AR R IRAGR AL B O 723D DR 2 72 J7 1A
BRERINTWVWD. ZHHOFEIL, EFMCESL FIELEBICES L FEIZ KR
END. KBRS OMENEEO D AT 0 BHE T THERDD IR VEE & AR
TEXAED, EFNAR—ZADOFELZEA L.

T NR—=Z2OHBEERGERTIEL, LTFDO200RT v 7 b5,
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(a) A plane model for near surroundings (b) A spherical model for far surroundings

Figure 9 Approximate 3D shape models of vehicle’s surroundings.

2T w71 = NOWIKD 3IRTIBIREZ TG T 5.
ATy 72 AT ERE SWRITBRICKRET 57 7 AF v~ v U ZHIFIC X
> TRARE R 2 BT 5.

Lo L, BEEIGOERK R SITiE, SWWCslE Y, IR Y72 & MRS EE
L, BEfFO 3IRTTHEE HIETIE, T oDOWIKD 3IRITIBIREZHEE ST 2 Z LiFiz e
NWERFHRETH T, T, kO BHEAMGBAERIESZEHI AT AT A
T 5 2 LIXREETH - 7.

ZORBEERRT D02, HORY ORIREEE L, Tl 3R TEIRET L
RO T RABGLEIGE 2 AT 5 a "R N HIEERET 5. BEREIL, Elo)E
F O 3WITIRE, FHE, FHEROMAADOE, 7230 X5 B RIRET
ML > TERIT 5. fl 2, B REEAR—ZRIZBIT2HOE Y O 3 RTE
WL, FiEE7 /v Figure 9a lIC K » Tkl 5. £7z, EW DS O 3 kILBIRIZ,
EIRE TV Figure 9b IZ L » CTIERIT 5. T OBEEOEL S KTET VE TOHE
LTHE, HIRRRICESWT LI OOET A ZERT S, £ LT, @BRLZIAMS
WL & O TRARS R & AR T 5 .

RKEOERIZLLTO®EY TH5H. £, 22 H<Tix, Tl 3keBRET LVEHW
TRABRL SR 2 AT 2 IR EIEOFEM A ST 5. 23 HiCTlE, EREEZ IV T LH
ALYV AT LT L72fE R %, 24 HiTlE, #5 &EBREICOVWTRRS.
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22. MEPBREBRETILERW=REBFRBRIGER

AKEITIE, IREFTIEZFEMCERL, B EFMOT-DICHEBINTZY T XA L
VAT AIOWTEAT 5.

221 FEBME
MRERFIET, ETAN—20 B BERBBRERT 7 v —F I EEDUW TRARR
BEERTD. WKOET NA_R—ZAFENETRD SRR EHET 5800 I,
REX, HEHROEU3IKRILERET LV EZHOLNPUOHEL TEE, Higy — (1
JE U T3 IEIIRET VD 1 DERINT H Z LIZ L > T, #EHED 3 WK
255, HliENERABAOBEI I AT VAT LAOFH Y — I, B, Hiijo%R,
Eﬁ@%‘,iki7?4yF:~%~®‘ﬁ% RO HT IV EOERR Y —
SHETHILENTED., T THKERY— BT D, SWAKREOEY O 3
ﬁm%%%,ﬁUB&m%ﬁ%vweLf%%#bwmabfk<._m%@L%
=%, GPS §5, ¥7 v 7 b, HEL Y, BIOEEGREICL > THRIEENS
DAL v FREDE I oTHETHZENTED. LR T, KFEIX
IR — U O ESINDHEOE Y O 3wLBIRITEY, B3 RICERET VA
BEBRLUTHWD Z & T, RAEERARGZ EKT 5.

222. REBRABREBLERFIR

UL 3 RITIIRE T v % O T2 AR A o £ B T IIE % Figure 10 127”9, B
B AT OWNEE LU ST 2 20%, FANHKIEL T, £, T3 kT@ik
TT NS A Tk, MEINDEERY — NS U TPOEEEF L TR E, 8
ERFIZIE, B HEZERTORESEICE ST, T3 REBRET VL EHA
DIERLD 1 >Dt > hERIRT S, 209 2T, LLFOFIECHRABE B & A4 Rk
T5.

Stepl: HOFIHRLL D A WP E SN HILD A I X > THEDE Y 0%
LI5S A )

Step2: H#H A T OHEKE, HOF Y O 3R TR EETIRET VICEET D.
Step3: AR A Z b RIEIRET NV RICEE SN a2 LT 5.
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Video seauences from vehicle mounted cameras

Projects the images on the
approximate 3D shape model

— L e

A virtual viewpoint
Approximate 3D '/ P

shape mqQdel |

Sensors
Selects one of the

sets of a 3D shape|g
model and a virtual
viewpoint

Approximate 3D
shape models +
configurations of
virtual viewpoints

Renders a novel view seen
from the virtual viewpoint

Figure 10 Overview of the proposed method.

HAFUEL LT JBERE, Wil AT, KB AT, 3WIHRET VOREL
Figure 11 (27”3, fAED A T 055 BB O E Y Z s 5 B 2 A k3 5 72 0121,
BB A T O JERE Uy, VWIS T2, B#E A A T Ol A (U, vo) & RO IE &
VN, HE A T R OB (U, volE, & TCIIRE TV BICEET D (A R
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2D position in the virtual camera image

/ (uy, w)

2D position in the
camera image

3D shape model (a plane)

(Ue,Vc)
Z N
x /
Vehicle coordinate system 3D position on the shape model
(x,y.2)

Figure 11 Geometry model for virtual view generation.

DJFEREME(X, Yy, 2)) EIRET DL, RE-DBKY LD, FD=8, A H AT OHFE
JERE(uy, W) (ZXFIGT D, I D A T OEBEE(U, V) E RO D ENTE D,

(uvrvv) = Pv(xv» yv»Zv)

(xv: Yvs Zy, 1)T =F(x,y, 2 1)T

(ucr vc) =F (xc» Yer Zc)

(xc' YerZes 1)T = Fc(x’ Y,z 1)T
_(Rv T, _(Rc T

=y 1) E=(7 )

0 1 0
(2-1)

ZIZTP, P, ENEIRB AT LHBHIATDOAATET IV (NER/NT A H)
ERIHEBEETHY, £h A TEERD 3RITIEE L MR EEOBREET. F,
Fo 12, ZRENRAET AT L BN A T OHEG BRI T HALEES (SR T
AR) HRT IWILEEERTHY, 3WomiEHE R,R, &I EBRE) T, T, %
AT, U JEATE R O JEREAE & 4 7 A T JERE R O FEAEAE & OBIfRZE T (X, Vv 20),
(Xe, Yer Ze) 1%, T AVE FUHL ] FERE 2 O FEREME(X, y, 2) DARAR T A T FERE R & BH A A Z
JEFEA D 3RITTIEFEME CH 5. B h A 7 OB P kS X OB FoiX, B A
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w

=y

TR L 0 FAMZFHA L TR <. (D A T OHNERE P, & AR F, X, &
FHETH® D, GXEHE A AJE P @@%l%&mb/%mﬁﬁ i PH AR AL IE & BRI,
FANZREI L THL. AT X T PNEH H1E(2-2), HE A A T PNFEHLE
FOBAEIIN23)T, ThENETZ k@f%é AREE T, FrICH 0 23 EVRAR
NAFIIERNEIATET NV ET S,

(uv' vv) P (xwywzv) —( xv; yv) (2'2)
(ue, ve) = P(x¢, Ve, 2.) = (1, cos @, 1, sin @) (2-3)
. = feb,

(6e,90) = (tan™ (E2) ran=1 2
HHE N AT O %Wﬁwum’ﬂﬁfé%%%?WL®5@yn , TR FERE (U,
VOIZKHIET DT A T OB (EHR) &, BWRET LV EDORAFHBEIZLVRD D.
REPEED D51, HEI A TR DITWEZAWDS. &5 ,ﬁ@@%%w
T, BRET NV EDEXY, )IZXIST DAAET A T O EFE (U, Vo) Z R D 5.
PLbick v, HED AT OEBEE (U, vo) &, RIED A T O FEEFE(u, v) & D%t
IR EGD Z LR TED.

I, HH AT EEORIR AL ICHE LGS, BoORHLE, mif, %5, %A
O AFMOFERIE, 2EOHEBWH AT THEHEL TIRESND 2D, RIET AT OH
FERE(Uy, WIS, 2 BOHEE D AT OEFENXIGT 5 (Figure 12). Z O HEARGH
W@ﬁﬁﬁﬁﬁﬁéﬁﬁ@kbfLHWMO®ﬁ%#%/w 2 U CERIRT 5.

(i) FEELIFAOER I A TWBEEHT 5

(ii) ATE T ITBOFE Y 2 TG a2 EHT 5

(iii) 2 BEDHH N A T WG L EEWE R (RFRELZ ) 75
VIR, HEIZHr0 BSEEWIRY, ()VEFZITAOERD A TMB AT 5.
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Areas taken with
multiple cameras

7

Vehicle mounted
cameras

| ) e

7 t.!,f
_

Figure 12 Areas taken with multiple cameras.

2.2.3. B3 RTEKRET IV

Vo, EiOMA GO, RO X9 BRI T VI K o TR
S AL 5 Ll O JE FH OVl 3 IR E T /L % Figure 13 (2777,

1 V1 E 7 /L Figure 13a 1%, Hipb o &0 28 AN I m P CTH 5 72, BEHY
DJEL D3RR Z TR T2 D12 LT 5. Bk E7 /L Figure 13b 1%, H D
JE PR DAFAET D72, FRICH T OIEHERFIC, BEHEA—2ADE T O 3 RITIE
WEELPT DI LTV,
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FHANZFHAE L THBLS ZENRTE L, ETROD

Virtual Viewpoint: Virtual Viewpoint:
Downward Downward

3D Model:
One Half Ball

3D Model:
One Plane

() Near surroundings (b) Far surroundings

Virtual Viewpoint:
Downward

s St 3D model:
\ o One Half Ball

3D Model:
Two planes

(d) Wide rear

(c) Near surroundings + far rear

Figure 13 Configurations of approximate 3D models and virtual viewpoints.
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Filter parameters Host PC

=
Clock CPU
generator —i 7y
Camera Filter
) v parameters
:/'deo—> A/D 1 _Pre —»{ Frame |¢—»
< St filter memory Rendering Display
> virtual —» Post = p/a >
view filter
A
“— > > v
Same above Mapping
. r‘* tables
> Same above <
Figure 14 Block diagram of the image synthesis hardware.
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Figure 15 Configuration of the experimental vehicle with 4 cameras.
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Virtual viewpoint:

Downward

3D model: One plane

l Virtual viewpoint:
Downward

3D model: One half ball

(b) Far surroundings view
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Virtual viewpoint:

Downward

‘Rearwar

3D model: One half ball
(d) Wide rear view

Figure 16 Generated Virtual Viewpoint Video.
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Figure 17 Generated Virtual Viewpoint Video from different viewpoints

This image sequences are generated by a software simulator using video sequences
captured and recorded by using experimental vehicle.
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2

(b) Parking rscene with a cliff of 3m in height behind the parking space.
\ J .

(d) Generated virtual viewpoint video with a cliff of 3m in height behind the parking space.

Figure 18 Example of virtual viewpoint video with a large difference between
approximate 3D shape model and actual shape.
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(c) An image generated by averaging in overlapping area

Figure 19 Generated images with different method in overlapping area.
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A virtual camera Vehicle mounted cameras

An image
generation unit
Unit

A display
(a) A typical configuration of vehicle camera systems

(b) Perspective projec-  (c)Equidistance projection (d) Composite projection on
tion on a plane on a half ball model a halfpipe (proposed)
Figure 20 A configuration of vehicle camera system and examples of generated
images.
(@4 BOHEN A T W BEANT, HOE D 2T 2 mEE 4 Lk, (b) EHHNE. HEEN
P ELS OB ey, (o) FIREEN . B EE ECTHRIcRs. (EGHE BE
1£) TIE, BRI ELS OYBBY, HOE ITERBHERFIND.

[62],[63]. BEHALE £ COMRBEHIM & EISEIE L 2 0 AT ANFEITT 5720, EiRE
DEMEABRETE S, LOLAERD, AT AL 5 HENEGERET S, FEbhik

36



DI OIEREIZHEOE Y Z R T MEXNDH D, 07D, BEEEHE AT A%
R LZHEICBW TS, BIREDNEDOR Y Z R ENTELHBEIAT AT L
XEHTHS.
B O AT VAT LAOREFE LT, EOBRBICHE L L HOH AT THO%L
HERE L, TOBBEEEFICIRRTDOIVATLARDS. L, TOVAT A
T, EIEEIIEOLELAORRAENE R D Z LN TER. £ 2 CIlLH T, Figure
20a D X 912, #HEH DB A Z (vehicle mounted cameras) & BLIZ X E L CHOJE Y & 56
AR L, R LTCEBRNOEHEORE Y 2 2204 A Z (a virtual camera) 725
fFIER L 7= 425 PR 4 % 42 % L (an image generation unit), ZEp% L 72 B2 BN O T 4 A
7L A (adisplay)ic 5 L CEIEHICREL2HE A AT AT LANERLENTVD
[35][36][57][58].
IO ORFEFHEBREART DHEBI AT VAT LOTDDOEMGERFIELE LT,
BGAERD T ATETNVEREDEY OFRET VIS, TNENERIE I AT ET
v EEERTE T V& D TE[35][36][67]X°, EHHERE I A T T L L OLERIE
WET NV ZH WD FIEB6][B8] 2R ST WD, HiE O FIETAR L2 mEgix
memb@io , EOJE Y OFMAE A S REHOBBE RS ENTESHH
, HEWOAMENRDLHY G, L, SEAES, FEMICAKERELD 5

i‘%m“@é‘iﬁb\. —J5, %EOFETAR LZWi#EI1X, Figure 20c ® X 512, JRWRE
DOEBEEARTDHZENTES., oL, B bEoERI WG ET iﬂﬂn‘v‘? R0,
YL ORBEOEEE L WG EOBBENEE LR, ZORE, BEEYL OREES
FRNRHNDIZ W,

PLEDOIE RS, AL TIE, Figure 20(d)IZ - L2k 912, KEMREI Y L&
IRV &, B E OB EMG ECERICR D, KEAE, RIRFICH T EG %
BT D FIELRETS.

3.2. BAEMWE

EF B E AR T 2 FiEE, BIAAT AT ERCD05E, 3REET VERN
- HEGE AR TE, D222 KBITE 5.

A PHE & BT A EM R TIEIE, 16/ T 360 EOKFEARE 2Rk T 5B
I AT WD TFIENS H[56]. LrL, BEREHFEOREEEZ 1 BEOh AT T

37



WET D ENTE R,

@@@ﬁf7(%%bt #Bic, arvva—2veva  Hifz@EA+s2 LT,
EEE O EARD 3WTTBIRE R L, 557z 3WonEIk & IR Bz

Vo —X 7974y 7 2A0HEMZ#EAT 22 LT, HOED Z{LEH A G /L2

B EAERT D FEMERINTWVWDI[5L]. ZOFER, BT AR EDHOFBBREINE

WHBARRS, @ER EORFENFEOEERIL, 3WLBROBEHATET, i

O DR GARDMHG 2 AR T E 720,

BED T AT Tt LT BRI OIS BR A HEE LU, HEE L 72 %t s CEfG 3 82
BT2EDICEGEERTHZ LT, HHEOEGEZ SR EEDLELEGE KT D
FEMERE SN TWA[52][53]. Z D FiEE, SWITERICEENGEN LA TYH,
2HEBOHEAIMOT NN R VEBREERTED. L, TT7AREDNOFERE
DR W BRZ BN, 2 BB OIGER A ELSHEE TE W, Efa Ak
TE R,

3R AR ET 2DV, EOFY OBREZ AU LEEERET VEHWD
FIEMERINTWD. BEBERDOI A TETIVEREDOFY ORIRET VI, Th
ZOERKNE T A TET NV EFEBIRET VEHWD FIES, FHEERE D AT
T EEERIBRE T V& VD FIEEL STV 5 [35][36][571[58]. Al L7z & 9
2, AIEE, A, FEMICKER LY EERRTE 20, BREX, ERN

W ECIRiRRIC e, EEY L OREOREREE BE EORBENEHI L2 5.
B PHER AR N T, JRWREOEG L, ERAEERWVEBROAERE B L
LT, BELOFENMBRESNATWED, 2% MW L-FEITRW. #EERD 3
WILIGIRIZHE B L 7= F1H:[35][36][51][52][53] [57] [58] 1% 7>, Hifg D EH ZMHIET 5
FE[59],[60]15°, HA RiRZEHiE T2 HIEELHIRESN TN DD, KREN IR fERER
IFE STV,

PLEDEENS, KRimC T, Figure 20 (@)IZR L2 X 912, JRWHRE &, ERRA
g ECTEMRE D, REARL, R TEBZERT 2 FIELRET 5.

33. HAHEHASETILZERAV -2BRBEEEBER

AKEHIL T, HEORE Y OIBIR Z Bl L 72K T 7V 2 HI v 2 42 )8 PH 5 A p F 1%
CBWT, RV ATZOETNVE LTEHEHNEN A TET VE, BOMY ORIRE

38



THE L TEARERRET VE, %M%M%wééﬁl BARTFIEEZRETS.
BERE AT ETNIL, GG L FHHERED 2 o2 HBaDE A TET
wv%%.ﬁ%ﬁ#%m@;@mém@@¢%ﬁk FEIIXERR T, £ OEEIE
SHREER R L9 A 2 & T, BT RANTIZER S E S ECERICR Y, o, 180
ELL DR OEGE AR TE 5.

IR T T VL, s AR DEEBRET A TH S, HOI <®
Ve, ORIV FERE ZMAS DY EAERRICT S Z LT, Holr< TlE
FROSER ECEMIZZRD, o, KEREY EORBZ2EHmG A2 ERTE 5.

331 2AEEREMFEOHME

KX CHITE & T 2 2 HBEBOERFIEL, WKEDATONATET IV EUE
SWILIBIRET L (LI, IRET V) ZBRVWT222HiLRAETH 5.

O E D ORETT V%, [35][36] [67] [B8] THWHITW 5D, FEIRET L,
IR ET L DIE M, %%&f X, BT 5, BHAEEBRETLEHND
REBH AT OFEEE P, BRHEIATET N, LHEHFEIATET L, O
E7, |EBETHE, BB TL2EAHNEIATETLVEZHWD. BHEAEIATET
NEBXOERHSE D A TET A0, BFEEE(Uy, v) & D A T EEE R O FEFEAE (X, Yo,
z,) & OB%%E, X(3-1) , XEB-2)ITxrT.

BENEIATET L
(uy, v,) = (1, cos @, 1, sin @) (3-1)
T, = fptan@

(6,¢) = (tan™ (_V xv?yuz),tan‘l(%))

ZHBEREIATET I

(uv; vv) = (re Cos @, 1 sin QD) (3'2)
T, = f,0
(6,9) = (tan™" (L220) ran-12))
R(3-1), KB2IZEBNT, 1y e ITBETHY, BFEEERIZEBT D8P LNE O

39



HEETH D, (0, o)iTH A THEERIZBIT D, S, Y 2)DHHERT 2 OOMET
BV, 01 ZE CEll) & ORTAE, ok Z P LOREERTHS. f Lz NE
BT, SEMHTIC BT 2 BBl CThH 5. DIEORITE, Z MO & o
fa 8 0 % N LIRS,

332. HEHEIASETIL
KL THRETIEHEHE I A TETVICOWTHBETS. EEHE I A TET

ZBIT D, ASFA 0 L& OBFEZ, KEBI)ITRT.

BEHNEI A TET NV (BRERE)

(uy,,v,) = (1. cos @, 1. sin @) (3-3)
.= fp tan @ if 9 < 0(:
¢ fe(6—6,) + frtanB.  otherwise

(0,9) = (™ (L220) a1 2y

fo, o IXTNETNEHRHE, SHERE BT 2ELEHTHD. 6.1F, 2 205K
ETILVOEROARNATH D, X(B-3)IE, AHMA N 0. LLTFOHEICERNE, A
SO 0. L0 KREWEHICERMNE CTHD 27T, f, BLU01%, TE
ICRETED.

RRIETIE, HAEREIATZET VA, B Tl U7z 428 P& A4 o A8
AZICHWD. BEREIATETNVORBA AT %, O EZENG LT ATAE
ICECE L723A, ASA 02 0. LINOHEOITEL, BRI X > Tl a Ak
L%, 3WILZEMP OEMRITEE ETHERIZRD. Fe, AFHAON 0, LK
X HEDGEEN T, SR RIS X o THEGE AR T 5720, 180 ELL EDJA
WHREBF OEG A AR TE D.

BERE DA TET NV CTER LIZBEBRIE, EENE EEEHEREO 2 D OHNEE
THT, A0 LBE re D (JEE=R) BNERD. 20D, 2O00KEET
VOB O B WTIMHENRNERE TH DL Z LI LD, BOELNELD. Z0K
DERL, HEETTNLOER .28 T5, 2O00HEETVOGE r. 2 AHA § T
Moy LIERN VT E, NS5, T7hbb, f, lcos20, & f. &L DFEN/NSL D
L9, ffe 0 2%itT 22T, BAEZEBT D ENTED.

40



O
S, >
7

(a) Aplane

w5/

\‘@s@r

*a
J'e,/"
(c) A halfpipe (proposed)

Figure 21 3D shape models of the proposed method.
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Left Right
" (b) Images of vehicle mounted cameras

(a) Parking scene used for experiment

Figure 22 Camera images of parking scene used for experiment.

Table 2 Values of camera parameters used in the experiment.
K2 HATETNO/NT AL EFERTRAWHE

NATET IV INT AL ERBRTHWTE
I 8] 3% $40:640 X 480 [pixel]

[ & B X:0.01<0.01 [mm]
T HE EERE : f, = 0.8 [mm]

T A TALE: (X, Y, ) = (0.0, 2.5, 2) [m]
PR 5 SRR - fo = 1.53 [mm]

A FALE: (X, Y, 2) = (0.0, 2.5, 2) [m]
BE S AR - f,= 0.8 [mm]

FE SRR - fo = 1.78 [mm]

A REERME © &.=74 [degree]

A TALE © (XY, 2) =(0.0,25,2) [m]

AREOERIZIL, A Ea—F 777 ¢y 7 A(CG)THEM LI, HOFIELALIC
WELIZ4B0O0 AT OEBE AV (Figure 22). 7 A OFFENMEIL, BIFHIE~7
By b7 U, EAIERT I T —TH, xS on—71r—re Lz, VS
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AT Ko TEEHRY SN BEBOBGAERIZIE, EAOA AT 2O A Z
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EHATETIVITEBTORHE G EOREN 16m L7325 X )2, SHEENE D X T7E
TMIEDOLEAF M OEE A 180 b L HIC. TNEFhRE L. EE
B A TET ML, EHRSTR OB SEERE f, (2[R C T, $@%%ﬁﬁﬂm;@%mﬁ%
EE%E%%ZJK?’FEET%# 180 E & 70 B K 51T, AR 0, & MR RREf, A3E LTz,
HHRSE, SRR, SEHED 3OO A 7%7/v%ﬂ%b\féﬁkbtiﬂl
B{% % Figure 23 (239, BRE A A T ET V& HWTAR L7z Figure 23a Tl
HORBMEZRLD ZENTED 9 R, HEYDOAERDLNY Hwvw. LarL, HiE
WL, EHEMRT 52 k#f%&w SLHEEER I A T E TV E R WTARK L
7c Figure 23b %, IR, EF AR TE 5. LaL, EADEG LTI
7o TWDH. DT, HL L OFEEEOERE & u@i@ﬂﬁ%ﬁmtbmLflmt,cu\.
ZORER, B L O TN HLN I V.

KL, |BEOEAKNESD A TET VAR W TAR L7 Figure 23¢ 1%, i
BAIRLS, o, HOB S TRERPEBR ETHEBRIC/R>TND., £07kd, H
EME OIEBEL TN D0 B, U b ZEnh, BEBEOEAGFHEIATET
NEAWD L, IRWRE L, EMRAEERVEGE, REFCHZ TGz Ak cE
HZ L EERTE.
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(c) Composite projection (proposed) on a plane
Figure 23 Images generated by (a) perspective projection, (b) equidistance projection
and (c) composite projection (proposed) using the plane shape model.
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3.4.2. BRKETILOLEE

RREOEMAFBRET VA HWTAER L 2FE A &, ERIEOKRET IV
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334 HiDFKFHESHZ LV RE LTz,

i, CEER, EHED 3 oDIRE T VA VTR L 7 28 P {4 & Figure 24
WZRT. SEEBIRE T VTR L2 (Figure 24a) 1%, KFERE LD FE ToOME
L7e\u, ERIZIRE 7 0 CARC L 72 Eitg: (Figure 24b) 1%, EARSEE Tl
W27, EEMEDORBESC NN IZ W, ISR L, FEHEERET LA
FWTAER L= | (Figure 24c) T, KERRE D EORE 25 &, @mHFOHESA
O (B oAk 2B CHETHZLTED. 207D, ELAOFEN
PPV GV THIZ, HOE OBEMITEG ETHEMRICR DD, HEYLOE
BiEC A 0 B,

bz b, BEFNEIATETLVEAFERRET VEEZMAEDLED Z

T, KR EDIRNEF, o, ERBEERZVWREMEGE, ARk TEx5 2
L hfEFRTCE .

343. AASETILLERRETILOEHIEM

AT 2 8iCn L, RIELWERIETER L 2EFEGZ, FBIEEIC XV g
AT 5

BEHBAEDO SR, EOE Y omoFES, Mo FnCihiEs FE L e T
HZEREFEFLY., INHEERTHEELLT, BHOLIE, EROEL, HEEO
B, ZENETNRT, LD 3 >OHlitEELE V-

ﬁ£4 3 KILZE[#] T %®,é%ﬁ@@if®£%ﬁ%@é&EéW.ﬁﬁ
0TV E, i ETHEARIC
PEMEESR ¢ 3 KOLZEM T, ﬁ%ﬂ%bm2ﬁ@25%@ 4 J P A 1 C R
DELFEA. ENOITEVIEE, 3RITZERH & Eifg Eo Rt 2 T
#iﬁ@i@:Aﬁ@ﬁ%?@@@éﬁ%@%@b%,é@ﬁ@@@%ﬁ%l%
DOEFEDO ., EN 0T WIEE, 2FFEE G TER I HHEFANLE.
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c) Composite projection on a halfpipe

Figure 24 Images generated by composite projection using (a) a plane, (b) a half ball
and (c) a halfpipe shape models.
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Table 3 Values of shape model used in the experiment.

£3 TBIRETND/RT A5 LR T IZHUE
RET L INT AL FEBRTHV I

T LIE Y A7y b Yottset =2.5 [M]

HAEK KT ryy = 10.0 [m]
FEE ST 1, =3.0 [m]
= F FEAJF MG - w = 16.0[m]

A% 7R & ¢ 1= 48.0[m]
FIAER - 1, =2.0 [m]

ELARER & EEERT, TRROFIETHRM L.

Stepl: ®JEPFHEIGR LD T X LRIED 2 HARKD, EHMREZRDD.

Step2: EHAR LD 2 UG T DGR LD 3 RITHEAE A, CG Wi % (E T DB D
SIWILETAMLHEM L. 3WILZEROPRER M. ZOFRERED A T2
FABYITE L0y R 2 ) S R

Step3: FFRAMiAR & E{R EOEME OFREEY, EROES CEHlo 7 lE2 BERESR LT
5.

Stepd: FHAliA &, BEMOWS 2 M EEZENENMATL 2 DOHEHEEZ S 1T, KX
WHOKHEZ 2 SOEBEOTCE - 7-fE L, 05 D%, HHEERLET 5.

JEFHEBR O, BEHEOELLEHOEAL, BEHEOGHC, FHMET 2 AL o
T, WYPRdD. LRORIETIE, ZHROFMAE, B ELOT ¥ LRGETIC
B L C, #EH-+ 2 FEE LZ. 22T, 10,000 ADERRICHOWT, Kk
OFEEEFH L. BEHRESRE EHERT, FEMCHVERD 2 DOuERN,
HEHOFLNAS TmUNOBEEA (Fh” NOLINT) &, 2FEEEigoS&mE (Fh”
EHEIPHY) O 2 #EM Lo, ERFEHERIL, REAKEREIY E2B L omR
ELTGE (JAPKFELLE?) &, B A THEBOEFEE (RPo” 2" O 218
D EHEHLE.

BN, SENY, HARHEO3SDOh A TEF N ELHBIRE T &
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Table 4 Objective evaluation results of camera and shape models.

H AR T B O FIEZ2 R T TR,

HATEF R PR 7S 5 SRR R

N PES N —

Ak 7L s | | S ooy e | ACFEL
T

@?%%%%ﬁ, Figure 23(&) 0. 00 0.00 0.00 0. 00 0.33 1. 00

%Eﬁijﬁ@ %;’ Figure 23(b) 0. 06 0. 06 0.25 0.11 0.24 1. 00

A G, Figure 23(c)
Trﬁ Figure 24(a)

%gfifgf%’ Figure 24(b) | 0.07 | 0.03 | 0.09 | 0.03 | 0.17 0. 60

HEFR,
Fe A

0.03 0. 00 0.11 0. 00 0.28 1. 00

Figure 24(c) 0. 05 0. 00 0.13 0. 00 0.17 0. 56

A TAERKR LI-2FMEE (Figure 23a-c), B LW, SHHES I A TET L L,
EE AR, FERIIR, EAERR DO 3 2ORKRET NV EMAE TERENAERK LT,
4 JEPHE . (Figure 24a-c) ([2OW T, 3 DD FHIFERE 2 H H L7245 5 % Table 4 1271
+.

BRHE, LMY, BANED3IOOD ATETIVELRIRET LV EMAE
YRR (Table 4, 1-317H) 2256, Tm N O EAREZR L OEBEERIZHB VT,
REREOBEEH R L BN OFEMEIX, WTAOMES 000 &, 1Z&AEELNE
WoLTx L, E%%‘ijGMJETAﬁhé —77, FEFOREFERIL, FIEHE

T8 0.24, A 028, BHEKFIZ033DIETHEN/NESL, HBEREW. Zhb
D END, BEFEOBEEHEN ATET ML, FEBRET AVE AV D 2EHE
FRAIZEWT, HOE < OEMES LRSS, 20, HEFRIKW &V HJT,
BHEHESCESHEHENE L VERL WD EE25.

BEEREAATET VA, Wi, FEK, FEHAEO 3 SOBRET VEMAGDE
TARR U 728 PH s o ZEh#5 5 (Table 4 @ 3-517) 75, AKEHRLL BRI
FRIZEBWT, FEo 1.0 Icx L, FEEEMHERIL, £a£h 0.60, 0.56 /M0,
RHEIPFHOIERRERERIZBNTS, FEREFLMERIZ 017 &/ <, & HITHEN
JRNZ ERDoND. —J5, Tm UNOEMERIS X OERERTIE, FERTvnFnb
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\\
(a)Perspective projection on  (b)Equidistance projection (c) Composite projection on a
a plane on a half ball halfpipe (proposed)

Figure 25 Surround view images generated using the real images of the parking scene.

003 L EEEGLOITH L, EHAAETIH0.00 EEMFEAEEN. ZNHDOZ LD,
HFERRET VL, BAFRE I ATET AV LMAAELEDLZ LT, HOIL OHE
MRERCHEEEERZ BT 52 &<, AKREU L X ORHEFHOIFRFHEFERN/NS
W, TROLEENIANEEHEGE AR TE D, RPN EDLEEZD.

344 BEI—2OEBEG TOFM
BEEICL D, KWHRE L, ERSEE 2O PHEG 2 4R T& 2203 % iR
T 570, B AT CHECEE LY — OERBEBREHNT, v Ialb—v
3 TRV BEBARREIT o7, KSR E LTLLT D 2 DONERIEEZ W,
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T-2.0[sec.] T-1.5[sec.] T-1.0 [sec.] T-0.5 [sec.] T [sec.]
(a) Perspective projection

— : - N i Qs R -
T-2.0[sec.] T-1. 5[sec ] T-1.0 [sec.] T-0.5 [sec ] T [sec.]
(b) Composite projection (proposed)

Figure 26 An example of the advantage of wide field of view.

PEREL « BHFE I AT TN EEARET T V& I D 48 P s A Bl 15
[57][35][36€]
PERYE 2 FIEBEFE I A 7TV E IR E TV 2 v 5 48 PR R A kT
1%:[58][36]

RBIERORERIEL, 20 3OO FIETER LR, BEHE Y — 2 025 E G %
Figure 25 (2”3, IREEOEHEFE DI A 72T 0 EHERIRET V&2 H W TAR
L 7= (Figure 25¢) 1%, 7€kik 1 CTAR L7-mif (Figure 25a) X W ¥ A <,
ekl 2 THAR L7- S (Figure 25b) LV, BHOI LK DEMNNS L, HOEL OHE
FRIZESR ECHERICRD. 20), HLWlE ORBECH RN LD Fhu.
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S
R P

(b) Cop-ite projection on a halfpipe (broposed)

Figure 27 Generated images of a pedestrian near the vehicle.

FERIEDIRNTLE O R & R T ROl %, Figure 26 (273, Figure 26a, b %, H
OHIHFEMEVBIOERETLTL 53— I8 WT, TRENHEEREL, #RE
THARR LT 05 BHIFROBEB TH L. WTNHEEY &5 W ATk TEERKE S
To Ik O WAL, BT OD A TG EZ T, BT L O B A
24[km/M] Td o 7=, FRFEIETHAR Lo B, TERIETAERKR LcEG &~ T, 15
WRBEIHEEARRTED., 2O, BEETERLIZEBRORIFNEN &
DR THLHEFZAD.
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(c) Parking lot adjacent to the store

Figure 28 Generated images in various parking scenes (proposed method).

HOWEL ZHTHENBRT D — BT, ERIET EREBETER L2
PHIE 1% % Figure 27 (27”3, fEk{E 1 THER L= (Figure 27a) 1%, BHITH DE T
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SFEIEREFEHE Y —ATBWT, FBERIEIC LY AR L7428 P % Figure 28 |2
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45 0 1 SRR A B E L 35
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Figure 29 3-image-sensor camera.
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Figure 30 Outline of proposed method.

422 BIELEBEGSOFRRBHEICLIEHREETE O L—LL— FBEE
D ERK

RREETIE, RGB Z LT EL 7 L —A L — MR ZEEEEZ AL LT,
LR OB REZMEICHET D 2 CERMEBELEE T L —A L — MEEKS.
BRI, SR ER 7 L —2 L — D Gy &, B EE 7L —A L — D Ry,
BihnaANTELT, GLERIUEMEGENOR, BERILUE 7L —AL— THDE)HE
% Ruv, Guns Bun Z2ERT 22 L2 HME T 5 (Figure 30). ADENEE Ry, Gul,
B iZiX, R, B OZEMBIZR &R DIEHRS, G ORFHIMRZE IO RS, B
é\iﬂ“(b\fib\ ZOTDERBER 7 L —AL L — FOEEE Ryy, Guw, BHH%—}EE
T A0k, 2D OEIEBGRICB VTR S EA, ERNRETLE, 7
V~AF‘aﬁ®$b’a°0)'fﬁ$&7b>M%iT“a%5.

ARFETIE, MBEORLLAMOZEMMRET L E LT, FEFTEKICHE W TR
Ry DFHBE DR \ONG A, mIA S OB B IRV, & WO RGE (RPFTEHEEET L)
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ERWSD. F£io, BIEGORMNRELOETLE LT, Tl 7 L— A0/ EIE
F—7 L— AO/NEHBEOWHEETIC L > TPl TE 5, L HE (FiEdhxss
V) EHWD.

THETOEL ORI, 7L —AoMoBhx 2FENCHE L, o2k n
TENEG 2 KT 2 [76][771[79][80][81]. Z Dfi#ikIE, BEfFo# S HEETFTIETY L —
LAROEE Z@EWVHE CHE T 25812, U0 09FENTHS. LaL, R
DOEYEHEE FIETIEL, KAFIETHOMGENMILS =Y 7o IRE £ 58 E &)
b, MWHETEHZZMHET 20FRNETH S.

ZIZTARFIETIE, 7rv—LoBoBEOMEREZR LT 572012, £RT 25
fRIgE S 7 L —A L — FOBEBRICB T, 7L —AMOBEHFEMEDOELY RK/IMET S
fEZLE LT, 7L —AMOBEZERTDH. £ LT, EREBRICBNTESR
N7 L — AWM OB & 2R 7oz, B & & AREGZ FRICHEE T 5. AkE#
FRBERRNZ L L, Z YT IMMRBSND ZE0G, EROKMEGRE T L
— AN HEE LB XK LT, BEOHEHENM LT 2EN/FTES. S
BT, BEEME LS X2 SO TER LB G, EMBEE L ORENK
W 2B NEFETE D,

AFEEELT 27 7 —F L LT, B OBMRE FIEICBNT, B0
FRAG S R TR O & AR & AR E T L2 L CRIE S, FRER#E kIC X
DWHEE T2 FIEDRESNTWA[82][83]. LarL, ZHHLDOFER, =V 77
MEFENDIRRBEEGRE OB EMEOEE /NI T A EEE LTEHEEZERL
TWD 7, B & OHEERE 217 L3 20 RITRERN TH 5. Zhicxt LIRERED,
TV T TG E IR SRR EE 0D A Rl I [ O B SR 0D 75 A e IME T D ALiE A
fBELT, Z7Vb—LAMOHEEZERTDHILET, BIXOHEREON LEX5.

BRIOMBEEZHWTHBEDOR L2X5T7 7a—FL LT, 7 —7 4 VX EE
DFEYA X0 T FIENBSEBRESN TV SH[84][85][86]. L7L, ZnbdFik
1%, a3 3(RCGB)DIGAIZ 3wk x HWEH DM ENATE 2. Zhicx LIS
51X, R M OMEEBmAICHAT 52 LT, ANEEGO 4 (50 EoEHR
Bood 7 —EEgOAERE BIET.

LW, EREOT7 L —LABO#EX L 2 00FFMICHOWTER(L L, RIEHEEF
EOFEMZ R~
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7L — LB OB X HEEEE DR b

T L —AMOBE OHEEEZR LT 57012, AT oEEER 7 L —2A L —
~ OB I %wf,7V~A%@ﬁ$ﬁ®%éﬁmkﬁém%EMkLf,7v
—LMOBEZERTD. 7L—A4t, MEEY)OF—T L —2Ah tk ICHTHEH
mxyt) &, T 5 EMgE S 7 L —A L — FOBEE Ry O BGEAEZ R @-1)ITR
7.

m(x, y,t) =argmin (¢, , , (dx, dy)) (4-1)
dx,dy

€yt (0%, 0Y) =D Ry (X, ¥, 1) = Ryyyy (X +dx, y +dy, tk))

T 2T Run(xY.)IE, BB Ryy D7 L— A t, (MEXY)DEFMETH 5. o ya(dx,dy)
X, RenD 7 L—2At EofEEr &, T2 b dx,dy)BEL7=%—7 L — LAtk EOfE
WMo, B O =D FF SSD(Sum of Squared Differences) Tdh 5. 7 L — LD
@%m&ﬂﬁt:@%D%%w’Téﬁ%wMWT%é:@7V~AW®@%
RGBIZHuEE T 5. M@-1)225, mxyt)ZRDD7EHIZIE, RN ETHDH. &
PSR Ry & A DB G 0 BILR 2 RIS R

RFTEMEEEFNIC & 5 EREEL
fRAGE 3 70 5 R,G,B BhEG M 0/ /eET L& LT, RTEMEEET L%
W5, ZORFTEMHBEET MBI D, AL DIRMMEE D Ry, By &AKT 5
EfRIEEE D Ruy, Bun & OBRZR(A-2)4-3) =T . F—HHAD7 L —2Dh %5
7o, REEIEITENE T 2

RHH (X1 Y) = (1+ Cra (XL’ yL)dGHH (X’ y)) RLH (XL’ yL) (4-2)

BHH (X’ Y) = (1+ Cae (XL' yL)dGHH (X1 y)) BLH (Xu yL) (4-3)
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yi+l ox +1

Z > (G (U,V) =Gun )(Ryy (U, V) —Run)

v=y, —lu=x -1

yi+l x +1 yi+l o x +1

D G UV -Gw)? D Y (Ry (U V) —Run)?

v=y -lu=x_-1 v=y -lu=x_-1

CRG(XLl yL) = \/

yi+l o x4+l

Z Z(GLH(U V) GLH)(BLH(U V) B'—H)

v=y, -lu=x_ -1

Cec (XL’ yL) - y o x4+l o+l x +1
\/ Z Z(GLH (U V) GLH) Z Z(BLH (U V) B'—H)
v=y —lu=x_ -1 v=y —lu=x -1

G (X’ y) -G (X Y )
dG , — HH LH L L
n(04Y) Guy (X0 Y1)

Z 2T ere ld, EMMGED Ry & Gy DJRIFTHE T OMEBRE TH 5. (X0, yo)ILIEAF
% FEEBHEE DALE TH D (X0, yO)=(INX, YINY) & 725 . G in, Ruon IZIEAR R B i
RTINS C ORI T v, ARAR 5 FE B i 5 D 3K AF 158 O fEI & Ry Pl & 3%
KRB E D Gy X, Ruw, By DIRIBET IV ERIERIZ, SRBIE D Gy @ Nx XNy [H
FOVEETH D, E£72, dGuy ! Guy DEE Y TH 5.

HX(4-2) ITBWT, Gy 105 Gy DM, RERITE T D Ruy 205 Ry ~OfX
fRIGFEEAL E G CTH D, T, K(4-2)TEMREND RunlE, R & G OFER cre 23 1
WZIEWVIE E, ADEEE Ry lZ G O EIRAK Y dGuy & Ry EDOEDREEIND. T2
TA+AGun) I TIK AR EE D Gy B Efif B E D GHH’\@ SRR THDHZ D, R E
G OMEN1DEE, KMA-2DIL RuMD Ruyn ~DREERWER LD, FDOREE,
SEIZ L D= U 7 2 v TN E FE LR WA R E] @Rm%ﬁé ENTE D, ApkE
% Buy OR@E-3)bREETH 5. K(4-2)(4-3)7 5, Run, Bun 2K D121 Gupy DL E
ThD. HEREG G & ATTENEE ORISR A RIZRT.

WHEBEXETVICLIEZ L—AaL— Mb

FE G ORISR BT L E LT, YH#EEHXETLEHA WD, ZolEd)X
EFCEBIT D, ANNMERDZETZL—LL—FD Gy LEKTIZE 7L —AL— L
D Guy & DR E, X(4-4)ITRT.

Gy (X, y,1) =G, (X+dx, y +dy, tk) (4-4)
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22T Guu(xy,OIE, BIlE Gy D7 L— A t, MEXY)DPEZFETH S, (dx,dy)iE
TL—Aht, MEXY)DF—T7L—AtkiZTrEETHY, X@-1)0HFHX m(xyt)
EFRICTHD.

By & & ARRER O FRHEE

T REEMBES 7 L —2A L — N OEHE Ryy, Gan, Bun &, AJTENHEE R4,
Gu,, By & OBIRE, R(@A-D)~@G-HITR LT, H(4-1)~@4-4) RO 275, Run,
Buy Z KO DX Guu DIV ETH Y, Guy 2RO DX Ryy EEE mxy, ) N HLET
5. O, AEREME Ruy, G, Bun & B1E mxy, )L, AABEIE 2D EHER
HT D22 ENTERY., ZZTARFETIE, UFOFEICLLZHERFIEICLY, &)
= mxyt) &, Ruw, Gun ZRIBFICHEET S.

Step 1 FTE DERFRFFHN THEY X OB (dx, dy) &2 5 2 5.

Step 2 B A (dx,dy) (2 kT D Gun, Run &, T2 X(4-2), X@-3) L v RHH L,
X(4-1) &0 AKEG TOBEMHEOE « #HHT 5.

Step 3 FEEHIFAN T Stepl~2 VKL, « B/ ERDENX(dX, dy)F 7 L — A fH
DEE mxy)&ET 5. F LT, FRFHCAER SIS Ran(x.y.t), Gun(xy,t) & A4k
iR LT 5.

Step 4 #EE L7 Guu(X,y,) & By 205 Bun(Xy, D) &2 H H 4 5.

LED LS ITREFIETIE, 7 —2Bo8Ex %, SEEOERBEE Ryy TE
#L, ZOEE & AEKEB Run, Gup, Bup ZRIRFHEEIZ L - TR D, ARLEE Run
TR ENENZ L L= U T IR E N D Z & B JE R DR ARG B B 5 )
HHEE LB XK LT, B oMERBEN M LT 2R/ HHETES. 61T,
FEEEA A b L 7c By S HE DWW AR 1T, EFEIEER & ORRZESRRL, W s
M L3 o X 5.

BETEOHEL, ANhEBEHEORM & ORI, R@-1)~@-4)75, ROBZR
MhHdHEBZZLND.
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Input video Reconstructed video
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Figure 31 Block diagram of simultaneous estimation of motion and high
resolution images.

O R, GHEOMHENREWIEYE, £/, GOEIMKRSNL WY, B OHEEKE
EAREBOBEE N ETAENE D,
@ R, G MOMBEMEVIEE, £/, G OEEBKS NPV ZRVIEY, BIE OHETE RS
JE & AR OEE & BT AR NMERL 72D

Oix, K@-2)DAKE B Ryy DERGEALE Y T Z7OEMBIZ LY, KO
(4-1)DEh = m(xyt)®*£fﬁiﬁ>ﬁ;ﬁ1?f’6%Zof:&')f“%‘é @1x, K(4-2)o 4k 4
Run S A TENEG R I3 &, X@4-1D)DOFE mxy ) ADENE M Ry 2 HHEE L
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FEE IO 72O TH S,

4.3. SF{hsEER

AETIE, YIab—Ta LD ERORERICOVWTEHE~S. Bk, 4.3.1
Ty Ial—ya lCLARIEFEICONTHRI L, 432 Hi CIHEFEIC L AHH)
& OHEEREERHMIZ DV T, 4.3.3 i TR O W E RISV T, 4.3.4 §i TR
AR X D WG AL & BT 0 IR LK OB RIZ DWW T, JEICEIAT 5.

431 YE2alb—YavITkBRIAAE

VIalb—va VERIZED, BE OHEERE &K OV RS O E Y EE O RRGE
FEZOWTHAT 5. £7, SfBRES 7L —2A L0 — NOEMRBEBE Rue Gue
Biwe, ZHET . WIZ, ZOEMEBNEGEZ HNT, Gue22H Nt 7 L — AR[E T
THTZ LT Gu B AZMER L, Rywe BuweZ NXXNy [ Z &L TH Y
Y TNT DT L TRy BWBNEIBRAERT 5.2 LT, 3 0DBE Gy, Ruy, Bun
EANNEEG L LT, FFRIECEMBBEB®REFRUCMBGBEL 7L —LA0— FOB)HEE
Gun, Run, Bun BT 2. %I, ApkHiG & EfEENE G & o iz X0 mE R
ZAT 9 (Figure 32). {EAR 5 B M1 2 %t~ 5 v MR A4 FE 42 oD 1B 32 4L 0D FE 3 Np (=Nx X Ny)
BZERERE, K7 L —La b — FEIEGICHT HE 7 L —A L — FEIEEO 7 L —
AL — O Nt ZRFEIERE LS, 7ok, REREIPARE Nt & 22 PR K3 Np 1X
MSTICERE LG50, ARER T, K00 AEhE{§ om0 % L<&6i9
IRF R P 3R & 22 RPE KRR IZM U Nt=Np & L, JAKR LIRS,

A Rl g O B FEAE 12 1%, #(4-5)D CPSNR(Color Peak Signal to Noise Ratio) % f >
. NIZEBOBFEHTH 5.

255°
m (4-5)

CMSE = z (RHH — Rtrue)2 + (GHH _Gtrue)2 + (BHH — Btrue)2
3N

CPSNR=10-log,,
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Ground truth imaaes

B Rm::f o ) Btrus
- =

Input images

| Spatio-temporal super-resolution |

Reconstructed images

A

Image
Comparison

Figure 32 Flowchart for evaluating results of simulations.

X, (F)MBIERA 7 ¢ 7 FSEEOEEB) B 5 4E[87] % RGB tAZZfHIZA
Tﬁ&bfc%OD%Eﬁ%ﬁ{%k LTHWE. aﬂﬁﬂﬁb@@% Figure 33 (2”3, SEBRIZHEH
L7Z IEfEENE R D 7 L — L5 80E, 90 7 L — ARtk CRERIIE RS Nt OFEEfE+ 1 & 72
HEIITHEELE.

FENEG ORHEZ R THIE S LT, IEMENHE Ry, Gue M OFHBRE &, ﬁ'ﬁd 3
{2 CPSNR % Table 5 (277", #g/NEE % CPSNR 1%, % 1L 4 Bi-cubic 1:12
D, HERE 14 f5ISHE/N LTt HERE 4 51k L, b & oBEgIcx L CRI L.
Table 5 128\ C, MBMREOMMEN KE < 2213 L, AOMBENE <, MHBER
BN 0TS AT E A OFBEAR. £, M/ ER O CPSNR 23 K & W)\E & ik
%43 08 72 <, CPSNR 28/ & UME EEIRR o NN 2 L 2.
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(a) River (b) Church (c) Canal

(e) Buddhist (f) Swinging

(j) Yachting (k) Coanac (I Sauare

Figure 33 ITE video sequences for evaluation.
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Table 5 Characteristics of ITE video sequences.

Correlation CPSNR of 1/16

Test video sequences. coefficients between reduced images
R and G. [dB]
River (Wintertime River) 0.994 24.7
Church 0.994 21.4
Canal (Buildings along the Canal) 0.988 23.4
Driving 0.982 25.9
Buddhist (Buddhist Images) 0.980 27.3
Swinging 0.973 26.7
Japanese (Japanese Room) 0.965 25.8
Flash (Flash Photography) 0.936 32.1
Airplane (Airplane Landing) 0.935 31.1
Yachting 0.893 26.0
Cognac (Cognac and Fruit) 0.847 28.6
Square (Walk through the Square) 0.823 24.8

432 REFERICLIEBZDHEREDNFR L

B x L AEREEORHEEICL 28X OHEERKEDON FOMEEZFM L. B
DEEFR O FfRENE & & L C, EEfhEGO 1 7 1r—2a (REG]) &, Zhz XY
MICFNFN 0-3HEFL/THE L 16 7 L — L DOA RN E S 2 EABE S L L TH
L. PO T L —LEX—TL—Ah, BOEPH 7L —LAE L TERLE LT 71—
LEANDEEHE L THWS. JEKERIT 16 £5(Nt=Np=16, Nx=Ny=4) & L7=. Htlexig:
LT, UFo2o0EEZHAWD

Motion estimation from R_4(MEL) : IKfi#EE D Ry b BV & 2 HEE T 25 1k
Motion estimation from bi-cubic R,y (MEB) : {Xfi#4 £ ¢ Ry % Bi-cubic ffifi#L K L
o DB & A HEE T D A

FERTIX, 7 L—2A RIZRE LTCEEO/NMEE KL, F—T L —2 LD
X 25 FIETHE L, EMEIE &0V RBAEARMSE)ZHH L. /EEx
Wi RSN IC 384 fEFT (X J7ra) 24 fAFT XY J7lA) 16 f&7T) s%E L7-. %\?%k
L@ LT, &%ﬁlixvﬁm*%m%mﬂﬁﬁ%,m%@@#4fmunzﬁ
FL Lo, BREHIT, EMEixzadetodlse vz, DEgo Y A XX
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FERIZ L WX DY A X (12x12, 20%20, 28x28, 36x36) Tlif4 % A ik L 7=k 5, Az pl
BOTBEEN KD BV 12x12 AWz, HEOREIL, IR T 74 v T 47
IZ &> TEBIEECHI L.

B & OHEE KL O RS SR % Figure 34 1277, #ERIEPM)OEI & DAL, KF
BIED Ry HENE ZHEE T 5 MEL JEOE) & D750 7~86%, Bi-cubic 4L K
R LB E ZHEE T 5 MEBIEOENE OFAZED 11~112%ThH v, 1 BhiE{g 25
WT MEL %, MEBIEOBI X OfEAEL D /X, 21k MEL 1%, MEBIER=D T
VU7 R EDIRBGEBEG GBI X A HEL T LI L, BEETIE=IT
T R LT AR E RO E A HEE L TS THSH. —J7, Cognac D 1
BEG O, REFEOBX OEET, MEBIEL D K& W, Zhix, Cognac @@l o
FIREME L, 2o, @RS N"PhnizdbtEz 5% (Table5). fRRETHE L
TEN XX, 422 Hi TR KD, AMOMBENMEVIEE, £, SRS RN
VWME E, MEL (ETHEE L@ x| \—L< 5. RRGEEEG OB X 2 HEET D
MEL V51X, IA7 14 Bl % % Bi-cubic #ifHFEK L 7= Bhm ) b 8) & 2 #E 79 5 MEB
BEED, BIEORENRKI V. TORE, Cognac (2B 2EBILEOENE OFAZET
MEBLEL Y K& 72 5.

MREOEFEZ ORRELRBT 2R EEEBGOREL ORBRBREZHAL T L7
Table 5 OB OFE K& ONE ks o &, Figure 34 @ MEL (£ &) & OREZE %
LIBIEOHE OFREDO R GREKEER) & OMBEREEZ 7. RG HOHEEM&%
¥ (EO#A) LEAEEHEE L OMBKREIZ-0694 THY, ADHBERHSL. 02
L, AMOMBEANEWIEE, BIEORELZRET 2R NE N & 2RI #ih
{5 0> CPSNR & iR AR & DR 0419 TH Y, IEOHERH L. DT &
X, B SNZVNEE, B OMEZRBTIOENEL ROIEARH L L E
ZNE I

LEDZ Lon, R ET, AoMBENEY, XL, @&iEks 0% 0 ahmigic
BWT, KFGEBERGOENE 2 HEE T 2 IERIEICK LT, Bh& OHEERE % m
ETED 2 N HERTE .
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7
H Motion estimation from RLH (MEL)
— g | EMotion estimation from bi-cubic RLH (MEB)
A O Proposed method (PM)
O,
— 5 —
=
o
5 4
v
= 3 |
=~ —
5 2
=
Q
> 1
0 j=I1] 7] j=11] f=T3]
o — =] = & =] ]
: % E £ £ & £ £ =
= = O = = 5 2 =3
° = 2 ;3 £ 5 7

Image Sample

Figure 34 RMSE of estimated motions.

433. BEFREICEKHEREBROEEZER L
BRIEICL > TAERSNLIEMEGEES 7 L—LAL— FOh T —B)EE O mE % 5
fliL7=. s e LT, LFD450 K EEZHWS.

Frame-rate conversion (FC) : fiENffi L B #iE A MAGDEZ 7L —A L — |
BT, @G ER7 L—2A L — P OEEE Ry, Gu, BaeZ A1 & LT, #E
NIRIC K V7 L—az AL, BEMEicky M7 L —2 % miRGgEl
[79] .

Super resolution (SR) : PR DB fRMG F1E. KRB E R 7 L— A L — FOE)HE
% R, Gy BIWZE AN E LT, 7L —2Mo@&2A0CElkks&2E 52
& TR EAL[68].

SR of color-separated video (SRC) : & = & (2 #& Y IRFH] & IR 22 PRI AR A5 5 23 S 70 2 By 1]
Ga 2 BRgEF15E BRREER7 L—L 10— hD Ry, By & RRRHIBEGLEZ
BRI 7 L—2 L —hD Gy E AT E L, HEBE ORI X0 @GS
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7 L— A L— M8l

Proposed method without simultaneous estimation (MEB) : #2485 & [6 U A 2%t L,
B & & AEREG O RIRFHEE 2 L7220, Ruw, Ga, BLn 2 A & LT, (KRG D
HhE % Ry % Bi-cubic liflIi K L7z @B 7 L— A O#) & 2 HE (4.3.2 &
O MEB ERIL). K(4-2)—(@-4) THEMGER 7 L—L L — Mt

FERTIE, 12 oS EG A EfFTEGE LT, ABEGEARL, ZnxH
WTETIEICE > TEM L7ZBEE Ryy, Guy, Bun P27 L— A0 CPSNR % & H
L7, ANEEBOREBZER EILRERIL, ETOFETHREUTHS.

B FIEIC L DR ED 16 f%(Np=Nt=16) D 4 ik 4 > CPSNR % Figure 35 |2/,
RREPM)O LR O CPSNR 1%, £ TO 12 #EEZICBNTT7 L—A L — FEH#R
T (FC)& v 6.8~15.5dB Eiv . F7z, #£%7ED CPSNR (X, 12 )i 11 2B \0»
T AR OBEMRG F 1RGSR LV 1.3~9.1dB &<, 42 L ISFTICIFN & W22 R fig s
FE DS B 70 B Bl OB fESE T (SRC)L Y 0.5~7.0dB V. 7=, #4950 CPSNR
%, 12 BEE T 92BN T, AR D Ry & Bi-cubic #ifIHLA L7 BB ) & &)
X EHEET D FIEMEB)L Y 05~2.2dB v, —J7, Cognac, Square, Flash @ 3 &j
2 BV TIE, #2295 CPSNR 1E, MEB 7 X ¥ 0.04~0.3dB {% . Cognac & Square
X R,G B DOARBIFR A 24 0.847, 0.823 & K <, Flash IZ 1/16 /N Ei % ¢ CPSNR
2% 32.1[dB] & @&ilEkpk oy 34 72 vy (Table 5). ﬁﬁﬁﬁ&o 422 FiCRrLI=L DT, &M
OFBEMENES, XITEBRS BN DR WS, BREOAREE Ryl iﬁﬁﬂ%f
DATEE G Ry lZirS%, B & m&mﬁr“zn MEBE L VIR R 25 ARH LT
EEZLND.
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]

M Framerate conversion (FC)

[ SR of color-separated video (SRC)

E Proposed method without simultaneous estimation (MEB)
O Proposed method (PM)

Super resolution (SR)
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Figure 35 CPSNRs for ITE video sequences (Np

#EE % H 7~ CPSNR

aon, 12

16) & L7=%

=4l 6! gl

:Np

(Nt

.
AYN
[=]

f

JER=R % 4~16

EVN CPSNR IHE L 72 5.

H7p<

T OTHNOFIEBIERRPRE 2D

IR
1N SF: Yl

.
—

(

% Figure 36

T SES

B ELE T

6 f

, PR

ZEH709 CSNR DX F2 &b

Ix,

o
T

UET,

o
AV
=

61

JER R

>

X

=AY
L, 422 Hi Tk L

'

=ik

7= 12
7y MEB # 2 Y CPSNR 723 0.2~0.9dB

=EATAN-3

10.6dB

0.2~

fiho> 4 F¥£ L D CPSNR 73

4 %

PER =R
Rl

_jj,

FHEE 217

IS
& R U

-
>

DA
WL 72D, Apki

-
—

AR

MEB £ @™ CPSNR 7% 0.4dB 15

’f% RHH 6i]\jj$jj@1% RLH

-
—

IR 7y 75 0

=
SRR 1N Oyt T

INEWE G D

£ 0 #h

LR LB mfg b E & 2 HEE+ 5 MEB KV, #8%1ED CPSNR MELS 2% L&

Abh%.

-
—

Y
7|

i e, AJJENHE{E Ry % Bicubic 741

5. D

-
—

(

-
—

(

73



== = Proposed method (PM)
. — & - Proposed method without simultaneous estimation (MEB)
38 — _a-SRof color-separated video (SRC)
—O-- Super resolution (SR)
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Figure 36 CPSNR of different enlargement ratio.

FER1E KON SRC =D A R lifg o 6 % Figure 37~Figure 39 (2774, Wi b kR
1% 16 f5(Nt=Np=16) T, ¥—7 L —Ln5H8 7L —LH THDH. #EEIC L D LM
% Run (FEEA) 1%, ANBIEE Ry (LBA) DOEMBELLINTHDZ ERD
73%. SRC¥E[BINC L B Ak i (Fh B 2 #8) 12x%F L C, R RIEIC X 5 AR EE Ruy,
Gun (TEt 2 Eifg) 1%, EBIARMGEN S <N TH L Z LR TE D, T,
SRC {EIFERFIFEIEIC L » CTEYVEIRICAE Umdh & 7 L Iic L 0 ik oM 2 o
lZxt L, $BREE, BE S X D& ORER RN TH S.
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Figure 37 Reconstructed and input images of ”Canal” (Np=Nt=16).

Upper left: Ground truth image (gray), Upper right: Input image (Ry),
Middle left: SR of color-separated video (green), Middle right: SR of color-separated video (red)
Lower left: Proposed method (Gny), Lower right: Proposed method (Ryn)
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. . |
Figure 38 Reconstructed and input images of ”Yachting” (Np=Nt=16).

Upper left: Ground truth image (gray), Upper right: Input image (R.n),
Middle left: SR of color-separated video (green), Middle right: SR of color-separated video (red)
Lower left: Proposed method (Guy), Lower right: Proposed method (Ryy)
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I — 4 -

- < ” - — M ¢
Figure 39 Reconstructed and input images of ”Driving” (Np=Nt=16).
Upper left: Ground truth image (gray), Upper right: Input image (Ry),

Middle left: SR of color-separated video (green), Middle right: SR of color-separated video (red)

Lower left: Proposed method (Guy), Lower right: Proposed method (Ryy)
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WOERTIE, HEORBEAICKELZ 4 GOHEHH AT TRE L -EHE L —
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7o, MEFEICEV AR LI AT B Ry & 7 L — A Ryy Dl % Figure 41 |Z7R
. BBRIEIC X DA E# Ry (Figure 41b) 1%, A S @hEi#4 Ry (Figure 41a) 75
EIRBEL SN TWAZ ENb5.

JLRHE % 4~16 5(Np=Nt=4, 6, 9, 16) & L7=HAE D, 4 HiFEE % &>+ 7= CPSNR
fiE % Figure 42 (2~ 3. $250EPM)IX, TERHE 4~16 5128 W T, KRB ED Ry H»
LEhx AH#E TS5 MEL 5LV %, CPSNR &V, —J7, #2FEIE(PM)IL, Bi-cubic
FIMPEREER DB & ZHEE T 5 MEB {E & g LT, PR 16 £5(Np=Nt=16) TiX
HF DM CPSNR A3 E WA, FERER 4~9 {5 TIL CPSNRIZIZRI U TH - 7=, Z i
BRI N N EDY—r o AL GEN TV RN EEZLND.
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Figure 40 Street-view video sequences for evaluation, captured by vehicle

mounted cameras.
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(c) Reconstructed color image (Np=Nt=16)

Figure 41 Reconstructed images and input images.
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— ¢ = Motion estimation from RLH(MEL)
40 |— —0O —Motion estimation from bi-cubic RLH(MEB) |
—— Proposed method (PM)
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Figure 42 CPSNR of different enlargement ratio of street view sequences.
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TR E T L2 WD LT, T X TOFEEBRICE T, RTFERL XU
AF¥a2—EyZ7iELD H CPSNR AE. EEORATEMBEET T VI, 2FHhy —
@D CPSNRIZEWT, fiedi 1A LT 9.4dB, N1 F o2 —E v 77X L T8.6dB ,
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RRIEICBIT 28 & & ARG O R RHEE O RIE, 4.3.2 HiOE) & OF %ﬁﬁ&
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LHENRHDL. ZOZ Enh, GEOMEBENME, XUX, mIBA A D e B
(2R L TIHE, AERREE Ruy 23 Ruy @ Bicubic i3 < X 212, RAT@MEET v
DH@-VNEEHTHZ LITE-T, $#EED CPSNR O ERAMFFTCE 5.
ARFmSLCTHE, ARBEBIZOWTORMEREE LT, FEENEL, K bt T
WDHHRIETH D CPSNR = 7=. —5, CPSNR IZ, R7-BOBARI R EOEHEMN
@ﬁ@&i%fb%—ﬁbkw EREBEE 7 L — AL — M RT-HOEARI O
NLERRGES D72, EBEHh A2 INA T HEER S B LETH D.

44, ¥E

AREE T, RBFLRAG h O JFTH 2 KA AG LSRR DG 2 ¢ 5 2 L %
Hiy& LT, Hfih A 74 % GG ELT 5 HIEICOWTRE L. SffBED
g s, 7 A EERELECT I ERAERT H72DIC, RGB3 AD T 7 —Hf
DIH, G EEMBERT7 L—AL— N TRE L, SRGBEDD T —BhEi# % £ Rk
THREEZRELE. WERIEOMEThH 7=, KEGBEDO AN EE» SHEE LT
X ORELIRBT 272010, #EEE, SRGEOARBEBRICENTY L— A
DEFEMOEE /ML T HMUEELE L TT7 L —AMOBX 2 ERL, :h%ﬁa‘x

ICEhE L AREBRORMHE FEZEA L. Y Iab—va VERICK
[ REHE & FIEIC L 28 & OHEERSEE D m) b & AR E S DR #@ﬁﬁ@zo@w%%
BFEL, METEOADEEER L. £, BEEIC L > TAHBEE O R EFE
B 4~16 f7lcm b USRS 7 L— A8 O CPSNR 1L, 7L —A L — &
Wik, PR OB TTE, SCER[81] 9 3 ik THA R L 7= Eh#ifg o> CPSNR X ¥
BN AR L.
(RCARAR A2 v 0D JRy T ) 7 BG4S R BB D fAG B 1) DB R, IREEICAR T,
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5. REFEZAV-ERRALERRAERAAS VAT
INOEIES

ARETIL, 2~4 B TIRE L 3 OO TIEN S IR D UBAR S MG AR T2 vz
HWEED R ERE T AT AT ANKILTDH 2 L AR T S0, Fied 3HEA
n‘T‘ﬁﬁ%%%TTO 7=.
o ASCAEAR ARG T D AR A AG FEE R OD v AR A FEE AL D 2D B D BRAG
© T — HZAREIRAE O FEA
- EEEOBE Y — O BE A A TG B AR U 7 R S O FEA

5.1. FEiA &

R ABAR A AR D {ECAR A5 FEE BRI D & AR BE AL D B4

R FIEIT & o THRL U 72 (BB R g o O AR ARG B e Ik D i iR AG BE AL D 20 R %
MR T 2720, AREE DRI ovf;ﬁgaﬂﬂﬁ L7z, FHl O FiEZ L FITRT.

AR S VT ARAR R D AR B & BT D 72 DI, FRRET ¥ — b 2B TRkl

g E ANy S 2 b—3y g VEREZITYD, EEMI ;aﬂﬂﬁfﬂ“é. £7, MRGEF v
— b EELEREE OB (EfFEH) Rue Gue Bu 2 HETS. ®IZ, Zhb
DIEMRESREFAHWVT, N7 L —AT LI G D7 L —2 %M L TGy %, Rywe &
Buue 225 Np(= NXxXNy) &7 B L OYEBEZR DX U o7 7 L TRy & By
Z, TNENERTD . RIS, IS 3o0EBEADEGRE LT, 4FETREL
Te BRI EALTFEIC LV GG EA LB 2 AR T 5. &ZIZ, Zhb0E R
JEAL U= i 2 W, 2 B L 3 B CHRE L 72 (ARMR s AR i 1R K 0 B S
g 2 Ak U, 15 D VT (RAR L g DO FRAG B 2 N — X T A ORI & L
#42% (Figure 45).

FEEBRICHWD, #i, £, ABLOBRADH AT O 4 SO E R O IF 7B {5
(Figure 46) I%, V> X U v 7V 7 b =7 T 5 Lightwave 3D 12 L » TARL L 7=.
AT NT A B % Table 712/ F. P K#FE (Nt=Np=1,4,6,9,16) O A\ &RIL, IE
FRER N D AR T H. RX—RAT7 A T4+ —7 A (640x480 v 7 &1, 30fps)
HIEMREGE G AERT D, FILRFEOANEG L —7 o ZADE 7 v LVOEF&EIX

R=ZAF A, T F = ALELTHD (Table 8).
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Comparison [¢

Figure 45 Flowchart of evaluation procedure.
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(a) Front (b) Left (c) Right (d) Rear

Figure 46 Test video sequences for evaluation.
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Table 6 Camera parameters of vehicle mounted cameras and virtual viewpoint.

Camera Position [mm] Rotation [deg.] FOV

X y z Heading  Pitch Bank [deg.]
Front 0 700 -30 0 30 0 150
Left -960 1000 -1720 -90 50 0 150
Right 960 1000 -1720 90 50 0 150
Rear 0 860 -4780 180 30 0 150
Viewpoint A 0 10000 -7000 180 180 0 60
Viewpoint B 0 10000 -2500 180 180 0 60
Viewpoint C 0 10000 -6000 0 180 0 60

Table 7 Number of pixels and frame rate of input and reconstructed videos.

. Reconstructed
Input video .
video
Enlarge- GHL RiH, BLH Total Ghu, Run, B
ment ratio | [pix/f] X[f/s] [pix/FIX[F/s] [pix/s] [Dix/FIX[f/s]
1 640 x 480 x 30 640480 x30  27.648k | 640x480 x30
(base line)
4 1280 x 960 X 7.5 640x480 x30  27.648k | 1280x960 x30
6 1280 x 1440 x5 640x480x30 27,648k | 1280x1440 x30
9 1929;§é§4ox 640x480 x30  27.648k | 1920x1440 x30
16 2562ﬁ;%220x 640x480 x30  27.648k | 2560x1920 x30
5.2. FMEERFER

52.1. FERRRBOERGERBO®RBEREL
AEITIE, 2T L 3ETRRE L FEIC L 0 REEARG 2 Al 562, 4T
RELEFECLY @MGEE LT A TG EAT LT 52 L1085, AR
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BRAG o D JR TR 7 AR AR A SHIR D S R & R T

B A FBBOEBBRELODE

4 BOREFIRICL DT A TWBOEMRBIEONFEEZTRT. ZOERRTIX
fRAGE T ¥ — D2 EF L EMEREZ AN T, XR—2T7 4 VBB LIRS &@Tﬁ4
(Nt = Np=1,4,6,9,16) |2 X > THR L 7= @G G D 2 -5 O mts O fif {5 i % ik
T5. MBEOBILREO AN EGOREFELEIL, N—A T4 BB ORBEEL L
ALTHD.

N2 T4 B (640x480 [Ei3E], 30 [7 L— A/F0]) OE 4% Figure 47a 12,
FERE O YLK 16(Nt=Np=16) 1T L V ik L 7= @& fi# 1% £ Met% o 51l % Figure 47b (127~9.
e 2w B T 578, Figure 47 E[RIC 7 L— A0 —E & K L 7= 1H# % Figure 48
27~ 9. Figure 47 35 L UY Figure 48 72 i, $2ZR1EIC K o THRK L 72 MG I ARG B 53 K
EIZH ELTWDZ EDRbND

BILRBTEMGE L TBAG OMGE T v — b OAGE & IRiE O %%
Figure 49 12" 3. & 512, BEE LB EIRREE & LT, HRIEI J-0
(modulation=0.5) I % G 2 filitH L 7-#5 R % Table 8 (27”7, Table 8 705, #2FE
1%, PERER 4~16 DA, MBRIEZ 1.9~35 % Zm ETE 5.

U EDOFERNDG, RETIX 4 EBCTRELEMBELTIEL, X—2AT7 1 il
DT =2 wma T L, BATRBOMBEZ 1.9~35 fFim L LIzBGg %
ERTEDZ LamRLT.
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(a) Base line video (Rear, 270)

(b) Reconstructed high-resolution video (Rear, 270)

Figure 47 Reconstructed video from same amount of pixel data (Np=Nt=16).
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(a) inout imaae (Rear 270 frame)

(b) Base line (enlaraed)

(c) Pronosed method Np=Nt=16 (enlaraed)

Figure 48 Examples of reconstructed image (Np=Nt=16).
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Modulation
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Figure 49 Resolution of reconstructed video

Table 8 Spatial resolution of reconstructed videos.

. Spatial resolution Resolution ratio to
Enlargement ratio o ) .
[lines/image height] base line

1 (base line) 360 1.0

4 670 1.9

6 980 2.7

9 1030 2.9

16 1260 3.5
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{RABAR R A5 D AR AR 8 BE IR D 5 R AR BE AL

27 L IWTIRE L FIEBIC LV RIS ARG 2 AT 2RI, 4 ETRELLETF
BICE Y RMRBER LTI A TWBEATIETHZLICLD, KBRS T DR
FITHA) 70 A 15 FE SR D S R SR & 7R T

JER# 1~16 (Nt =Np=1,4,6,9,16) Trifigtg i b L7zmetg a2 v CAR L 72 R ARH
SR O F %, Figure 50 (2779, Figure 50 TI%, H O 512 1m Mg TR #E LI
BIEF v — FZEE L7, #5K3K 1(Base line) DR AR S M4 Figure 50a 1%, H5H
EL R DIEEMEEIRT L, D% 4~6m ATk, BiE B o FRRe S0 A3 5
TERWIEEHEBENMET LTV Z b nd. Ziuixt L, 5K 4~16 TH
fig g FE AL U 7o g 2 IO CAE AR L 7o ARAB AR A8 Figure 50b TiX, JERERFEWNIZ
EHDO% ST A~5m AT OGN E <, B Lo B CFORBER R ET 5 2
ENDbND.

Figure 51 1%, N—2 7 A Bug s X OV ARG L L 72 B8 (Nt = Np=1, 4, 6, 9, 16)
AU CAER SNBSS MG R OB ET v — NIB T 2MBELY, B
i OB E L IRE OB TR L CW5. Figure 51a, Figure 51b |12, NN HEDOH%
J75m & Am BT D, fREE %53, Figure 51a i2BW T, N—R T A D fREE
1%, %9 5[lines/m](50%) CT& % DIZxf L, $ERIEDILKRF 6(Nt=Np=6) T m g4k L
ToARARAR A DR E 1T, %9 16[lines/m](50%) Td Y, N—RF A L L0 bfifh
EZ2R 3MEMELTWS. ZDZ &1L, N—RA2TA B S AR U 72 RARR sk
BT, EOKF 5m IR WT, #HA 7L 0.1m 1E D FRR O IR B 72 R 14 FE 7 i
WOIZKRE L, BBIEIC L SR LG 5 AR Uz (OBRLSg <, +
SIRIRGEZHE L TNWDH L ERL TV,

U EDREFRIZEY, 4 ETRE L SMBRETFIEICLY, (AT SBG T o /T
F 2R RS BRI & R Ig B r T b 2 L b, TOME, KMEBEHEKICBT 5 A
Mo E OB B OFEEE LT TED 2 LR L.
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(a) Base line (Np=Nt=1)

(b) Proposed method (enlargement ratio: Np=Nt=16)

95



(c) Proposed method (enlargement ratio: Np=Nt=9)

(d) Proposed method (enlargement ratio: Np=Nt=6)
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(e) Proposed method (enlargement ratio: Np=Nt=4)

Figure 50 Generated virtual viewpoint video.
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Figure 51 Resolution of virtual viewpoint videos
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Figure 52 Data Transfer Delay of the Proposed Method

522. T—A{m&EERE

AEITIE, BEFEEZAWESGAOT — X EEBIEZ T 5. 4 ETRELLS
fRGFEALTIEE, 17 —257=0 (U300 BdHizv) OBZT—XENRLD. %
DIz, T— &ﬁL HEN —EORXR—ZATA BB LR T — X BEREFH LT
BA, MG LIEZEHET — X OREEZFRBELTHL, BBOFBRICLELRT —X %
GRELKDDLETICBEREAET S, 1 70 —LEH T L DE#ET— 2 &I, YLK
RINRKRELRDIFEERNPRELI 2D 720, IERENRKE L R DI1F EEREEBENK
5.

Z ZCAEITIE, ¥ERFE 1~16 (Nt=Np=1,4,69,16) DFED, X—RA T A B4
T BT 2 I 2 —2 g VERICEVER L.

PR Z L O BRIERFE O FEBR % Figure 52 127”9, EBR T, ¥ — X EE L —
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E WERE1IOR—=ATA VBB OT —ZREFHELF L) ERE LTz, JERENR
9(Nt=Np=9) D& DIEEIERIE X 0.088[sec.], FEAKZFED 6 (Nt=Np=6) D55 DR iEIEIE
X 0.056[sec.],

Fl LA O HEIZB W T, BRBRROEBLENDRWVIEELZE L. —77,
Bt L < 135 B0 FIRICOW T, 0.1[sec. )Pl EDOBIEIZHFE SN2 WEANH
HZEMND, MEFHEITILKEKAL 6,9 DB/, GERBIEORTEANTHD.

5.2.3. 3DDFEITE Y ERL-REHEARBRE

AEITIE, 2 E~4ETIRE L 3OO FIEIC L 0 AR L2 (ARSI O fE £ %
R

CCITL VAR LEEEY —OMmBEEHANT, 2E~4 EOXKETRELEZTIE
(2 &0 AR U 7 RAB AR SR D 5] %, Figure 53 (273", Figure 53a (X H#H B A T Tk
B L 7-Wig, Figure 53b (% 2 32 TR R L 72T EUIBAR BT L % F W = (AR AR i 44 A e
FIETER LEZBRGOFITHD. ZOFIEE, HEEHRO 3SR E LT, THM
BLIEER 3R BRET LV ER WD, 207D, IR EOHERYRLERE R E
OBEHR Y, 2 A Y72 EOIRKFT R 72 &0, 3 WITTRHEE 23 R 8 72 9% 5K )3
& ¥ D (Figure 53a)2° 5, HOE D & BZ225 HOFHR L 72 (B4R A 44 (Figure
53b) /LR TE H. LL, 2ETIRRE L FIELST TIE, 180 ELL LD AR E Tl
Ga T % &, R LT RET DI, TEEEE M O BEEESC J5 [ O R A EE L
X%, 22T 3 BTITEAHEN A TET V& T (AR S g A4 Bl T 15 & 42
Z L7, Figure53c (%, 3ETHRELLEERNEI A TET L E2HWTHER L -
DEITHDH. ZOFEE, BEBEROTATETNE LT, BENE &S HEES
D2LOEMBEDETEEGREETVERVD., ZUCEY, EORILERAE
ZHND Z & THE EOEMROELDES, & ATFEMNEZ WD Z L THE
DISOBE (Figure 53c) 2 K TE 5. L Lans, Il 3kikET Vv, #EE
HETAEA L CH, ARG TS, EENRKE KT 2N A
LT, EGEEETOHDOFELZTRE LIS /RD. 22T, AFZETIE, kL
DETNEHFH LI BT, ZOMBEEZRIT D02 TWBOERIGEELZREL
7c.Figure 53d 1%, 4 B TR E L2 WG L FIEZ W THER LTEBB OB TH 5.
ZOFEE, WT-BBEILO 1 xR ESHRGBEENSKRT L —A L — N THIRGT 5
ET, BfBEERE GG S, MBT — X BT ERIBETS. 2L
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RERDOBEH L — B W THHE D A T TRYE LTEBEG 2N T, 2 B~4 BEOKE
TR L= FIECAER U OB sme g o1 2, Figure 54, Figure 55, Figure 56 |2
9. Figure 54 (%, WAHIEEH, HEFIELEH, JEERTEES CTo 3 DDOEEH T — DR
BB OEITH 5. &JBIIRD & % R — /L (Figure 54b)<°, HEWKOHI(Figure 54¢)73
HOELICHLLETH, WOFE, HEWYE OREECEDH RN D0 S W AR
Mg 2 AR T& 5 2 LR TE 5. Figure 55a 35 L U8 Figure 56 1%, 2 %, 3 #
THEZE L7 BT, Figure 55b 35 X OF Figure 56b 1%, AKimX D 3 DDI|ETIET, £
NENAER U= AR St T 5. Figure 55a 35 K O Figure 56 (Zx%F L C, Figure
55b 33 L Of Figure 56b 1ZA# M E N L L TWD., 2D b, 4FETRRE LIZEMR
BEALFIEIL, HHEA AT THRE LEBRBICH L THOADITH L Z LR TE 2.

5.2.4. B

4 FECTRE L EMGELTEORIL, 521 HOERICBWT, 28 L 3 ETHR
R U T2 7B TR U (B A g b O (KRG RSk O figtg 2 m e b b &,
AT OEBIE LR ETEH L E LT, RTEX . 4 ETRE LSRG E
b FEIE, T2 EERE—EDORMBICB W TEENBIET 523, 5.2.2 fioERICH

WTC, T X EEBENFERICHZ 5 28ETHL 2 L 2R TE . 2~4 BT
E L7 3OO FIED D 72 DS SR A R FIE O FRIE, 5.2.3 HiDFEERIZE W T,
EYfiy — 2 CG EEE L OVEBICHEI D A T THlRE LIz s, JKWARE 2D
HOF Y OEMRNSEBR ETHEMRTH L 2FHBERZAERTEL2E LT, ER
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(b) A virtual viewpoint image generated by the method proposed in Chapter 2.
(Perspective projection, a plane shape model)
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(c) A virtual viewpoint image generated by the method proposed in Chapter 3.
(Composite projection, a half-pipe shape model)

(d) A virtual viewpoint image with improved resolution by the method proposed in
Chapter 4 (Nt=Np=6).

Figure 53 Virtual viewpoint video generated by the three proposed methods.
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(a) Side by side parking lot

/
-4
Sl L &

(c) Parking lot adjacent to the store

Figure 54 Virtual viewpoint videos generated by the three proposed methods.
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(a)A virtual viewpoint image generated by the method proposed in Chapter 3.
(Composite projection, a half-pipe shape model)

(b) A virtual viewpoint image with improved resolution by the method proposed in
Chapter 4 (Nt=Np=6).

Figure 55 Virtual viewpoint images of “Side by side parking lot*.
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(a)A virtual viewpoint image generated by the method proposed in Chapter 3.
(Composite projection, a half-pipe shape model)

(b) A virtual viewpoint image with improved resolution by the method proposed in
Chapter 4 (Nt=Np=6).

Figure 56 Virtual viewpoint images of “Parallel parking lot«.
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53. #&8

ARETIHE, REmXTRELLE (1) L3 RITIRE T %2 AW 7 AR s
ARTE, (2) BARNED A TET A EZ AW AEERMGEAERTE, (3) &2
EANTFIR D WRE MR AR FE S BT 2B R A O T AR AL TIE D 3 DO FIEIC K
D, EOEIIKE EOBEROELNIEL, o, FEZER PO HEEE S B Eo ik
MBI, N HE <X, AR EZ S EE AW RAR S 2 A T & 5
Z&%m, mLIZ.

UL EDRERNG, 2~4 BE TR L= 3 DD HFIEN S 72 D ARARME Sk A4 5% 7 1513,
HUCRE LB DO AT T LTG0, HOE O OYOFESSE O RS
HE AR LT VMG 2 AR T 2N TE 5, ElELERRAOIEED 2T
AT HIEHATE D L EREwmoOT 5.
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6. #Him
6.1. KEBXDFELD

AR TIE, EICHRELZEEON AT THRE LGN L, EOFVICH D
BB E OB R ORI, B E TOERERS T n OHE N K S
BB EERTE D, BRGSO E B & Lz,

N L7 T RIC Lo T, BEHXIRYOH 2 OFERES 7 M O R 03K 5 72 42 JE
PR D W 2 SR F IS H s D sl B B O B A T > X7 L(Figure 2)DFEEL
ZHfE L.

FREMOFEROZD, LTFO3>OEELRMEICESREZY T Tx-.

Problem 1: E7A~_—20H B ERG AR T IELZ BRI AT AT MTHEHAT
L%6 ORARWRREIL, VAT LAPBRET LB HECERKICIE, B, Sk
¥, KSR EO 3WIIERERE TCERWVHGENETHZEThHD. £
DI, WHEERD 3WILIKOHEET 2RO ET NN —AFIETIE, BB A
BEARTERNZETHD.

Problem 2: H B GBME AR EOREIT, 180 FELL ED KW HREF A O 215 5
i, IRV XOREEA I A TET NV EHCTER LIZBEIZEBNT, &2
LB, B EOBEBRNEG ECIEIMRICRDZETHD. TOMRE, BB LELTOR
El ORBEDNEBEORBEN LA Le< 720, B L OEEECH ALY ICL
WZETHhD.

Problem 3: H B AMGER FIEEZ, F—ERERET DI A TEEN DL, »
o, BHmEOEZENOIT DA E, EHATNLEENIALEICRERSN D 5
LA AT 256 OMBEIE, ARG AEG TR TR e AR AR R EE RIS AT D
ZEThA.

Problem 1 % f#k L, BRGS0l T, HE 280 5 FHR U 72 (AR A48 & 2B ik
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T DD, BATOMBGEE IIRTTIIRET VAR L, B I itg 2 AR
BRI R & UCHERT D HEXRE L. ZOHIEE, HOFY D 3K
TR EHEET DDV IZ, FECEK R SO BRI 3 IRTTIRE T LA RN IC
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EERTHZENTED. VTNV A LMUBER ARG AR NN— R =7 28 L7
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62. SHROERE
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