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Abstract Surface-Based FTV is proposed for next-generation FTV with photo-realistic views and wide viewing zone. The
idea is to integrate image-based FTV with photo-realistic views and model-based FTV with wide viewing zone. Surface-Based
FTV has advantages of both types of FTV because it represents 3D scenes by surfaces and uses ray and surface information for
view synthesis. Analyzing relation between ray and surface, a method to detect surfaces from parallel and perspective views in

three directions.
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HHEMMST L EF TV (Free-viewpoint Television)
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#LC&x/E., ZHETIC FTV H 1 72— X MVC
(Multiview Video Coding) [7]1& % 2 7 = — X 3 DV(3D
Video) [B]D#EYEfML Z & T L, BEXE 3 7 = —X
MPEG-I(Immersive) D #E # 4K [9]-[11] 21T > T 5.

Mg AT 0 7 OMEHSE FTV O EA T 2K 11ICRT.
RESR I B E IR O L &, R RS E 2R
RBDORSTHD. BMEMORANIEET LD 2K
TLE, AKISK T L e~ Lt EBEom L% /RT.
INEHRBOIKTHH Y, 360 EIREGENZED T — L
Thb.

IR LT, fEAFmMOREIZ2D (2%T) 7L E
PH2RXOATLATLE, ZIRROEZELT L E
~EEDHRABEOMME R T, HAREZHLT &K
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B 1 Mg AT o 7 OER L FTV OO E AT

FTV OB EZR 2127 T. 28O AT (ZHAD
AZ) TUY—rERETDLH., MATEEBIL, 1%
— WMo R A%AICIIER 3 @)D FATH, £k & 722 )5
NHOEZRALEAITIEFRK(b) DI RA, £ % 72 J5n
ZRETHAICIEARKC)OEHEMET D, RET —4
WFEESCHEAERKICHE Ly — v ERERICEHR SN
5. ZOV—rRET 25 BHESBEEZ AR
L7, FTVOMWREIR Y — v RBIEICHEET 5.
REWR Y-V REBLELT, EMREHAVD A X —
VR—ZREEHERDOID ETALEANDLET LN — X

END D, SERZER[12]-[1511F A A =V R_R—2 D ¥ —
VERBETHD.

A A=V R—Z FTV & EFIA_—Z FTV [T B
M AERES, A A=V R =R BEIXBEERICEL T

L0, WA, —J, BT AN—REITFEREMEIC
L L0, FEBRIEv. 2o X5 RHMEAKRIE, #FIE

REEDOT A - (BHHFES—R) L7 B
(MEN—2) BV THALNDEBHZBEKRTH
5. KBERNPSLIDETAEZAERTENIL, TERE
EIRRREME R R RO A=V R =2k LT IR —
2k DA A[16]-[20] N EH TE 5.

Scene View
Capture [—Represen — Encoder Decoder |~ Synthesis || Display
~tation Trans-
mission
Sender side Receiver side
X2 FTV Ok
ARECTHEHEER—RLTLH -V REAEICLD

HLWFTVEARBRET S, 2ETIEIA A —TURN—REL
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ET IR —2EOH R TH 5 Depth-Based FTV O
FEAEHHAL, 205 R % k3 % Surface-Based FTV
ZEET SH. 33T Surface-Based FTV D FEHIT L
ERFATHEREBBGBNOLOHEORBIELELS . 4ETIE
SEOFEAFAL TCEHEFEGE» A RLT S
FHEEZRETS. 5ETHYIaL—varyERICK
S TREFEERIET D.

2. Depth-Based FTV ® %% & Surface-Based
FTV 0 E
2.1. Depth-Based FTV & % @ 1%

Depth-Based FTV {X MPEG ® FTV 5§ 2 7 = — X CH
FENZHFAXTHB. Depth-Based FTV DOk % X 3
WZRT . 2D FTV TiX %4 @ view & depth T3D v —
YEERBT S, 2 MVD(Multi-View plus Depth) T
& % . Depth-Based FTV % £ B ¥ 5 72 T, Depth
Estimation Reference Software (DERS) [21] & View
Synthesis Reference Software (VSRS) [22]23Bi % S L 7=

4 (@)IZ/RT X 512 MVD @ view & depth idh % 7
MTHEHICLETHD. ZOINEEZETY EBRWEZHK
23 [F X (b)IZ 77 9~ GVD(Global View plus Depth) T& % .
MVD & GVD % MPEG ¢ 3DV(3D Video)tZ # k. T 4
IN7=.MVD & GVD % 360 LB BICHLE L 7= b D »
MPEG-I £ ¥/t MIV(MPEG Immersive Video)iZ & £
HEhTwnd

view O S W BT XBO AT TR EZRTOT, K%
depth D FEEE7Z 175 &, Wik & depth @ 17 & KR
O1EMELND. I5IKRTEIC, 2hzeTo
W FEIZHOWTITS & MVD 25 A (Point Cloud)?2y 5
bNd. HMEREROM G E2F> MVD 25 A7 2
Depth-Based FTV [ A A —YV X—RA L EFT L X—ZXD
AR TH L0, FRAJEICKDENTND DT
MEOHEE L TOEEEY RN, 2Ok, EHE
LDEfN TR FENLDL Yy — %R 5L depth fRED
HENKELIRD.
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e -
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Multiview (Multiview MVD Images
plus Depth)
3 Depth-Based FTV o #% ik
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2.2. Surface-Based FTV D%

MEXR—ZALTDHFTVOHREWRT 270, @E
N — R L § % Surface-Based FTV % £ R 7T 5 .
Surface-Based FTV TILHH A & i L 72 ifi 1 #t & 22
Mg & L THE > MVS(Multi-View plus Surface) T3 —
v EFRBET L. MVS L Surface-Based FTV O fif & 1
6T, R EEOEREF S MVS 1A A —
VR—RELETNVR—=AEEHRETHHFNCTH D
¥, Surface-Based FTVIZ KX » TA A — VP R_R—XDEE
PEEETNAR— 2D KB Z fFERFOH LV FTV
DERPMFEIND.

PLFo 3%, 4% CTiX Surface-Based FTV (24 B/
HMIERPSEHERBHT 2 FEICODVTHERS.
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Representati MVD MVS
Lprcl;;‘r::allon Pixel/Ray (Multi-View (Multi-View

plus Depth) plus Surface)

3D Model

Spatial
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Information

[Image-based FTV] [Depth-based FTV] [Surface-based FTV] [Model-based FTV]

6 KEx7e FTV O — L RBLE & 22015

3 ATREE® )DL OE DR H
3.1 HKXDEH

B 7R T 3MOFATRERMBGB T OHEZBRET S
FEEHIAT L. EHRZ MV w B FOmH So%x 3
Ml Ui, Uz, Us/ D A7z & & OFATHRE MR % S, So, S3
LT 5. U, uz, Ul 1 WS LT 5. FATRE MG
S1, S2, Ss O FE % S1, S2, S3, M So D% So & T2
L, Uo, U1, Uz, U3DHALRT FLD L X

(uo,u1)= S1/So (1)
(uo,uz2)= S2/So (2)
(uo,us)= S3/So 3)
N UASH

det [(uzX us) (uzXu1) (u1X uz)]=[det(u1 uz uz)]? (4)
THdMNb, ul, U, s 1IIRMY DL E, LD
SRFE uaXus, usXur, wiXux b LIRMNLEAD. Lz
N o T
uo= k1(uz2X uz)+ka(uzX ur)+ks(ur X uz) (5)
EERED.

BYDEL L ut L ONFEEES &
(uo,u1) = kz(uz2X uz,ur)+kz(uzX uz,u1)+ks(us X uz,u1)
= kadet(uz,us,u1)+kadet(us,us,u1)+ksdet(us,uz,u1)

= kadet(u1,uz,us) (6)
6)&L "
k.= (uoxul)
17 det(u,uyus) @
FERIC LT
k,= (gxmuy)
27 det(u,u,us) ®
= 3 (oxu3)
et(u,u,uz3) ©)
(M), (8), NEB)TRAT DL
3
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_ (mo,u1) (1 X wg)H(ug,u)(uy X ) H(uo,uz) (4 X uz)

0

det(uyuqgtty) (10)
(1), (2), ZE@OITIRAT S &
= Sl(uzxuszizf(zitj;zﬁggsg(ulxuz)
’ (11)
LD,
_ S,(uyxuz)+S (uyxu ) +S3(u, xuy)
0 det(u, uyu;) (12)
EELS E, A)F
%= T
(13)

EETL. HOEME SoB N6 TYH, 3HFMMD
RL7= WA Si, S2, Ss 3y viuiE, (12), (13)72> 5 uo &k
ETHIENTES.

[(10) > Bl f#]

N7 MM EEO AKX
(axb)x(cxd)=[a,b,d]c—-[a,b,c]d=[a,c,d]b—[b,c,d]la (14)
EEFR LT
[a,b,cld=[d,b,c]a+[a,d,c]b+[a,b,d]c (15)
Z 27T, [ab,clizfTdX det(abcec)®ZEKF. (15) T

a=u, Xu;, b=u; X u, c=u; Xu,,d=u, (16)

LEL L

[ (uy X ws), (w3 Xuy), (X )] ug=[ ty, (uyXuy), (uy X)) (wy X u3)

[ (X wg), wg, (g Xuy)] (us X u)H (uy X wz), (a3 X wy), wo) (uy X uy)

(17)
LD, NDOKEE

[ (uy X uz), (w3 X uy), (wy X uy)] = [det(u,u,us)]?

[ #g, (a3 X uy), (uy X wp)] = det(uyuyuz)(ug,uy)

[ (uy X us), uy, (uy X uy)] = det(uuyuz)(uy,us)

[ (uy X u3), (03X uy), uo] =det(uuyuz)(no,u5)

CERT D AN ENIND.
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7 3HDOFATEE WG S O i D

3.2. B D &4

(AL)IZ A DIEMSZ b uo s, 3EDOHH~NZ7 bL
Ui, Uz, Us ®HME uzxus, usxui, UixUz % [ S1, S2, S3
TEAMAEALTHELND Z E%ERT. U, U, us DE
HMBE TR NDIE, u1, Uz, s DWTHDHFHMND B
HORERRARNENT RN THD. ZD3J
FOERTHLEOREN R Z T, Si1,S2, Sz IEDHZ
DT, M8 X DIT, WICHEERERT M uo
2% Uzxus, UsxUi, UixUz CEEE N 2 FHIZ 22T 4LiT 72 &
RV uo N Z ORI AEMERD L, S1,S82, Ssnb L
Hb—DOBRELRODOTHRIBTE 2.

B9 XmE D HFIm O/ FTEEHIFE 2 5Lk LI2R L
72%H O Tdh 5. uzxus, UsxUs, UixUz Z THR & 5 5K 3
A ONIA R FREHEE RS, ZoKE 3 A
ZLIETRKMOIMTHY, TAZEhoild ETiE S1=0,
$2=0,83=0 £ 72> TWAB. LD > T,51=0 Dl & S2=0
DPNBRA D D TERD uixuz, S2=0 O & S3=0 DTN
D D TH D usxu, S3=0 DI & S1=0 DAB R HTHR
MNusxur &> TW5b., i, S1=0 DB EESHKMIE
ULICTEEL R FMAN2 FLOESTHD.

DT vour, uz, ushH 3EDHFE uixus,
UzxUz, Usxui Z1EV, FIZZ DOHFE (usxui)x(uixuz),
(uzxusz)x(usxu1), (uixuz)x(uzxus)xfE5 &

(g X ) X (g X 1) =(us, th X )ty —(th, ty X 1)1
=det(w &, ) y—0u;=det(u, u, L)u,

(18)
(i X ) X (1, X ug)=det(u, t, ), (19)
(i, X ) X (1 X wy)=det(u u, i) s (20)

L7220, JED uL, U2, UIZRD.

AL DR "ABHOBEODOELEK 1 0 IR
T. X7 MAHORNERAETCRT L, X7 MAVHOD
Bl a TN FABORRO LORICE

a+f=180° (21)
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DODEEP S L. ZD7H, X7 FLEFEQ@)ICHIFEE 2 E

WE L2 FAREC)O DX, OO 27 kL E(a)
DO BOIZRES.

(3 X )
(1 X )

surface

back | front Front of surface

can be seen camera

X8 DN

%S DR

)

i normal to u;

il
bl A B

u1><u2

1o TR N
NI ESTT=aN
- ]

uy X uy
$4=8,=0

&Jb&>+ )
Wty

normal to u,
S,=0

normal to &
L S;=0

Uy X Uy

$,=S3=0

Directional Sphere

9 1 O J7 1A O R i e] RE

Vector Vector
product product
) =
a+p=180° a+p=180°

(¢) Group of
vectors

(b) Group of vector
products

(a) Group of
vectors

K10 AMEcEd<7 MAEEOR O DOEAL

4, BERBEERG» S OHE DR
41 BHEBEEEHBIOETREEHB ~DOLH

11 RTHIASHECRE L LE-FHEHEEE S
NOEHERMHT 5. BHEEEE G OSEIT TR NIL

WS BDOT, HOBEBNFEEZT TR EEEC %&ﬁ
5. TZCTHEEZ2RKD CERKZEm G Z2 PITRE
BIZEHL, SEOFETHO FMERET S.
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BHEBEEEHBZ EFITREBEBGRICART ILHED 7
R—F ¥ —b&1 2R 7T. I 3HOBHEKLM
B o 3EOHAANED . 1 So DIEM T uo & 5 2 T,
KxDANATHHEBEFRLET DHEMEKICEST 2 FmE
Uo THEZ bl L, BIWTE S, So, SsZRk®DH. £L T,
ZOMEFE S, Sz, S3 L ELFMOENALART L ug, U,
us KD 5D, U, Uz, WBELERE LAY R ai, az,
a3z DM E LTHEH S DELDME (X, V., Z)ERD D .
WPAEECThHIIE ar, a2, aslz&T1HRIIKDDHLDT
EDAEEXe, Yo, Ze)& T 5. uo DEAE TR ITHIE,
2EAMREOMBEN /N E D K DI ar, a2, a3 B EWD,
Z®? a1, az, azsDFE¥EXe, Ye,Zo)E T 5.

HED U E O E AT A T 026 OWRED 2 F 12
TL. BHATNOLHEDEL~DNT L

ler = (Xe—X1, Ye=VY1, Zc—Z1)

le2 = (Xe=X2, Ye=Y2, Zc—Z2) (22)

le1 = (Xc=Xs, Ye—Y3, Zc—Z3)

ERWT, ATl E TOEREORMZ KD,
FEE 1 COmEM S1, S2, S3 & EBEDOEM So1, Soz, Sos
CE#HBT L, RADLHITRD.

So1 = (lc1,U0)? S1

Soz2 = (lc2,U0)? S2 (23)

S0z = (lc3,U0)? S3
So1, Soz, Ses DEIZ uo NEME ThILIT—FHT 223, %
STRIFNIT L.

So1, Soz2, SezlX U D F MM b RI-EHME7EDOT, T
D3 D U, Uz, Uz D 5 2> b L7 AT R R R O 5 Sy,
S2', S’

S1” = So1(uo,u1)

S2’ = So2(uo,u2) (24)

S3’ = Sos(Uo,us)

LECASY (N

\ Camera 1

11 3HOFBHEHKRZEEG DL OEO R
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( 3 perspective views W,, W,, W3 and camera parameters given ]

‘ Cones 1, 2, 3 obtained ‘

' v
| S., S;, S; obtained |

| |

| u,, u,, u; obtained |[ S, S,, S; obtained |

| (X, Y. Z,) obtained ‘

4

‘ L, I, I5 are caluculated ‘

So1> So2, Sp3 calculated

l

8., 8;, S5’ calculated

12 BHEBEZEGZ FATREZEGICER S 50

42 BHEREBFE/RNOEEZRETIFE

1 2 ® F ik [Perspective-Parallel View Conversion |
X uo DEEAANT D EETREBBOE L VREMHE
EMAT DN, uoDEMEIE S0 TWARY,. —F, 3
=D F % Tuo Detection from Parallel Views] 13 FE47T#%
EEHBOELWHEHBEEANT DL uo DEEEZH T
L. ZZTCWFHEOANNEH D EZSRVWTL—TFIZL,
KEHAE TCuwERDDLIZE LTS,

FEEzHAGDYEmOBMED 70 —F ¥ —
FEE 1 3ICRT. T, 3HKOBHREEE B Wi, W2,
W3 E BB AT ORI A—=FEH 5. KRIZ uo OHHEZE
5. %, TPerspective-Parallel View Conversion] #fiZ A
J1L, WHT So1, So2, Sos &K 5. So1, Soz, Soz D
EN IR TNIE, DL XD u & ELONMEZH
HLTHRTT D, 25 TRITINE, FITEEBEBOR
% S1’, S2’, SyEM AT BH. T [ue Detection from
Parallel Views| Z{IC AL TH LWV uo D25 5. 2
DfE T uo & ¥ ¥ L, [ Perspective-Parallel View
Conversion] #IZ A L CHOBE A0 k7.
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‘ Initial value of i, given ‘

l

,—'{ ug updated }7

u, Detection from

Perspective-Parallel

Parallel Views View Conversion
| 501, Soz, Sgg output ‘
S..S;. S5 and

u, iy, w3 output

|difference|
<eg

yes

uy and (X, Y, Z,) output
BRI WG 5w A T D A

X1 3

5. EZB

FX27 hJbour, Uz, uz & F DOHFE uixuz, Uzxus,
usxupr OBEEEH~N, K1 00K REEFHRA L. K1
40% u1, uz, us OB A MNFENEA T, uixuz, uzxus,
usxur OB XAV, X1 50F u1, uz, us B HMIA
W5 4A T, uixUz, Uzxus, Usxui @ BE O XV,

1 3DFEICEL > THMEETHD H R ue 23
Bx oI BN BEB~NKTI2HETZ2H. K1
61 ul, uz, us OB A RERWIEE, 1 71% u1, uz,
Us OB ONIEWEATH D, FIHE (Fh) K99 T
FLEA L 72 u2xus, usxui, UixUx ZTEA & 4T 58k 3 A F
DODRNTBIZH DHEIT, WBIKLTWD., £72, WT
nogEb 1, 2ROKERE TEMIZIKLTEY,
M13DFERIEFICANTHLZ BN, K1
BIIH ATMEXY,Z)DIHD x &y HRH1 7 ERL
T, HETOHBE zAK1 7L 2BREVEAT
HDH., ZOLE U, u, UsOBAEKL 7 Xk AR
ZOT,M18IEK1I 7LV 6ICEWRERERS.

/ L0

s
u X u,

=
N7 hJLour, Uz, us & OBV E & DA

#H uixuz2, U2xus, Usxui1 DB H

14
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y
b
X Uy
= == 5%
u3)< u; U]xllz
u us
|
X15 X7 hui, Uz, UsEDBONAEWVE XD

FH UixU2, U2xUs, Usxui D BH O

Initial values
of u,

K16 HAEKETEHDFTM uo S8~ 2R HE (F
F) b EEASNET DT (U, uz, us OB Ok

W E)

X 17 JGACERECTHEDIE ue S & R IHE (F
) DO EMEANRET DT (u, uz, us OB AN IA

W5 E)
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Initial values

K18 HFAEETHEHDIHM uo Bk~ R IHHE (F
) D EEASRT 28T (I A TALE(XY,2)D D
HLOxEynK17ERUT, WETOREz N1
TOR2H/ERENGE)

6. &3 W

BWE ML R okt FTV & L T
Surface-Based FTV %##£% L 7=. Surface-Based FTV |Z
3DV EMmMCTHRL, LR EHNTHBEEE
BEERTDEED, f A=V _N—Z FTV L TF )L~N—
A FTV O Kz g o

AR & OB & fEMT L, Surface-Based FTV & Il
WCHERBPbEEZHRL T 2 FEEE W, BT H
EoOBGITIX, 3HFMOFATREEGOEM) L #m D
BT PV a2 RO DA LEH L. SHREED
WAL, FATREEGE S HE RO DAL B
HEG TR EEGICERT 2 FEEMHAEDYE,
SHFMMPOHRE LEEEHREFEGE» b mE R T 5 F
EEENZ, YIalb—varERICLY, KFEO
HihEzr LTz,

B
AT D — 1% ISPS BHAF L 21K04072 K OV % 3¢k
EEOMRIZE > TIThbh .
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