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Abstract: An effective method of depth image based rendering is proposed by applying texture mapping onto
virtual but pre-defined multiple planes in the scene, called virtual planes. The method allows the viewpoint either
static or moving around, including crossing the plane of the source images. By the approach, the relief textures from
depth images are mapped onto the virtual planes, and through the pre-warping process, the virtual planes are
converted into standard polygonal textures. After the virtual plane mosaics, the resultant image that supports 3D
objects and immersive scenes can be generated by polygonal texture mapping. In addition, both hardware and
software implementation of the method can increase the power of conventional texture mapping in image based
rendering. In particular, the scope of the viewpoint can be extended into the inner space of depth images, and as a
result, a novel framework is provided for constructing real-time walkthrough systems as well as for panoramic
modeling from an arbitrary viewpoint in the depth image space.

Key words: image-based modeling and rendering; relief texture mapping; depth image; virtual plane
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KR AT RGN AL AR PSS R L B R T &
FEEHES: TP391 XHERFRIRED: A

T AER TH S L T Al 4 531 J2: Bl T2 Ah B2 3% (graphics processing unit, @i #7 GPU)ZEMERE L1t Kk & &, 1 15
e SR T 22 30 T8 W ks 1) P61 T 85 15 24 4 B0 R 1) 8 7 3R A9 T A0 K IR R 8. T) I, 22 T =0 40 ) st A5 A 2 1
(image-based modeling and rendering, f&# #X IBMR)F 4 7 —FmAT R R AR B E 2 N FREISE . o5
BLBI I PR R R S Ul Hh A AR IR 58 R s 7R T B R B T LA T B30 5 ) 3 el 05 g s v R,
A3 B AR TE AR T LAY R 2R TR AT O Mz S5 BRIV RT 66 1 W0 A A B A B SR 1 P A5 i FL L B0 5 5 A Pk
SR LR G E R, RS I E G AE B R DG TR nT DUR 7R B S I3 S 1 S ez ) e 1 H AT
T Ak BRAE A AT LAR I b 55 4% 28 19 191 T 4 1) 7K G A 45 6 70 XA 00 1 BORFREE R, o) 1) H 1 7 A H BT H S 1
AbBERE )RR = IBMR (WAL 55 g i 07, 2 A B 22T S0 N 53 42 HA I — Tk ikt Bl o TBMIR A5t —
AN TG BR B IS T .

h AR 22 A 51 DG T A A B A 1 ok 2R AR IBMR Hh i 23 85 1) e ot 8 S0 b 1 D = 4 R AR 4 (3-D
image warping)! ) —FiURE R AL B 7 E SCER S (relief texture mapping) AEWE i Akt A P A8 1 1 S0 EE
SR8 T BEAT I () B T b e R ) R L R R T Y AV B R 2 AR A AR VAR B I B AT IR AT RE
A5 LAY A7 (6 M s A o T TR b, 37 P 5 B e S A — T DI BR T T ) R A AR 20 A SR e A W b TE 5 I i A
R H.

ELASVE IR, Vo oM 30 280 Wl S 5 8 00 ok P15 P 8 R DR A i AR ) BB AR, T T R R )
IBMR 5092, G0 435 V7 il S0 B e S A 308 5 B A0 et Bl 7 9058 F<] 450 ST T P &0, PR i S i 3 NI 1 P48 P 30 0
BT AW SRR AT AR R 253 2, B TG vk S PR A R 1
G 1] F PRI i A S 2 T 13X BE R S R A S
T AT MR B AR e 0 T R
A i B p AR SR R e e o8 REAT T 5l
3T 5 IAGN,563% T AR A () PR SRR [R] IR, AR ST
FEH T — PR F AR 22 TR RO 1R AR Ak )
B3 T DR 9 53 R LB b ) T 90 8 A
FAZ F AR T30 A s AT LR AR s SR b Sk
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T T A T A o R P A5 v ) 5 3 A e B A
V)~ 1 b, P00 o SO ) 1 T GRS R R T
T2 M SO WS S WL SR N ISR I A 1 1
BRI 1. RTINS S T e A DR B P AR P Fig.1 Rendering horse model by virtual plane mapping
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A5t B I B B 70 T W04 2 (1 7 B 8 Bl I TGV 4 (b2 48 1) IR, AR 7 280 R A BEARL T 4 1 o A T 3 4 53¢
h BT 2k (1) Ak HA . Adelsond2 T 7D 4256 e ¥ (plenoptic function)! I, p=P(0,y, A,V V,, Voot). Horh p iy
HIITELE (Vo V,, VR AR B = 4 AR KR, (0, w) 7 ST A% A5 IR T 110, A0 D16 (38 K A B 220 1T L 36 A 1 50
R A%, HORRE L A7 fik A A B S A TR A Levoy 5 A T Light Field 7™, [ i ,Gortler th #2 Hi 1 24811 75 i
Lumigraph®!, 50 552 JJ 75 5 R FH O 26 10 4 35 A A v SR Ol 2 100 D 29 s 2 F I R K 81 32 08 4 Dl v BB
B 4D, 133 T A AT AT I 4 ' o A A 17 VA5 R L 1 R [ B % 53 (concentric mosaics)! 2 T
Iy 5 it it I 1 8 R 22, [ 0 o A A B A Y R G R BB B T 3D, AT R 4
il 5k
11 BTFEGRLHIRA

— BT L 24 A R A P T BB B 42 gl 2 R R (sprite) Hi AR L i RS A8 R AL L] LUT R 3h
(/N R G L AL 2R G rh B B o BB 0 77 Sk DA At T 78 s 187 5 (10 RS 22 0 78 b s (W 250 v, el T 1 1
B A A O 7R A RS B b B e W 2 R ZE S /AN A A A AN DR KA gl T DK B8 R 5 s A7) A 1 g )
B B G AE 9 R RIEAT IR AT, Tl 3ok 20 23 e Gt 30 ALLER A2 e 4 o i T L ) 25 SR 08 B9/ M i 3 e R AR 1 H
1)K REBAGE G T 223 b 11 52 2% 3 55, IR B 0E T 25 113 s b A8 Bl (M W kb 2341 2850 3 — b1 2 S BLI
BT BRI 22 BB A B O A7 75 BR (billboard B AL A 35 B g i 20 1T 1) W8 58 35 110 22 100 PR 4 W8 07 17 i
AR I A 25 B 5 1)t B 2 o5 R T A 35 AR T DU G Ml 3k — 28 LA LA G BRI ST AR A 8 b 37 S AE Y
HTH AU S RG b A S i) 2 AR R MR =, K FERESE 5.

SR, TC V0 A2 K 3 A2 A 45 B, 15 e LA UL 55 400 38 T P A0 4 1, 0 DI 2 A0 R 00 37 5 P 400 2 25 L B g
SR T S0 BRI ST R A1) 2 LA AR = A 40 7 R 22 A8 AR R A0 % 5 (displacement mapping) 43 A, 5 3L T 4]
B LB ARAN G5 G T T AT AR POX A ) ) A & A7
1.2 ZRfESUEBR S

IBMR A% 0o 7E TR 45016 bR HU SR FE R0 216 A0 bR BRI T 3 st i K I G 70 A1, 45 1 T 3 5 RS
IR AH 2, 2 T4 oR £ IBMR B 325 38 55 #8 B AR 5 DR IR A7k 2 ], He v — A 3 8 it DR o oo 34 I 2 % 6145
) A5 3 s b 2R 00 R D PR RN T AR R XA )P — AN R R R AR G B AR T I AU R A R
FET A R AR 45 (R IBMR T 3 h 2 AT A1 3% B A5 5L TR0V P A5 2 1= i W s 1) s P45 R Ak 30, it 2 A
T — 6 2 HIOU S A 5 RIS T AR5 PG T S A I 110 8 B A SRR AL 2 B, A e o T 1) 0 46 o7 2 RN AL A1 1)
Pl 5 L BE R T 02 R FH R S A SR B LAt — 26 LA 5 6 V515 25 EAT (8% 454 . McMillanfE 218 i SC X i
FARAE T8 AW A28, 0L A, Oliveira$ Hi (1075 M 20 HE SR — 4 B 5 A0 450 28 sX8F 20 130 I8 B 15 26 e 1B AT 10
PP 55— 2 A R i o BRI GRSt v AR SR 2 20 e S B e b R AR AT .k 1 R A
Z LT AR 4 (pre-warping), 4 AR 46 23 05 Y5 PR G0AR 8 18 755 AL 250 B e S S 11 v ) P 45 IRV R 0 EE e
1) 5 A JEACU R DL 28 1l Y P 5 R — A5 35 (v ) 78 HP TR PEIAB B PRI I A (g, vi) 48— Y S0 BRI G AR 0 31 H b
PG IR0 AT, 5 (g, v) LA 200 — 2 PG A i I 1 B A 67 B — B0 7 kb, v ) B mT LAl o e 9 P 5 1
TG FEAAT 55 53 AT AL R IRAF AL K /N B T3 38 18 R 5 AN s 07 8 A2y V2 e 08t 2t B = 2
Ty T T AN 22 AR AN, O L T SO B SR TR A5 R AR R AR pR TV e SO SR v T PR R AN R AR TR R
ST b, S b R T A PR S0 L [ IR R 0 B e S AR v s e 2 B AT L ) ), AR B A R
[4]
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JUART Sy B 10 il Ko 0 2 82 TR 5 b I 5 25 2 8 30 H A LR TR 0T R A7 3 DR UE J A5 I TE A Pk AN o, R T = 4R 4
T TR 2 A BG4 A 8 (0 a8, HR R T AR BROUAT IR AR AT T 3%, TR0 1M ) T 45 % 1) 3R 5 e 486 11 15
LT FEANTE 43 AT vh FRATI = 4 2 8 BR 2 TUART 205 T P b AT 43 A, U1 8 ) 22 ) R o 88 4l 2 46 1) R AefE 30 1
Pt T PR IE A R B TG TR v IR R AT LA (R D7 VR T R T AR SCERER R B R Al
2.1 GERREFHER

=Y BV AR UVR A T  TR) ACLE AN [ AR TR 0 R A5 3 ) 1 7 4 5 R e AR A A R P A R TR U
i RS ORT R A AU E A G, YR B G T 308 3 S I = 4 LA {5 S5 B e AN 1T AL ) 2 ok P 45 )
FLAR DU IR R 7% 1) AR B 2 T o — s X,y 2) 76 U BT T PR B3 58 e R AR 2 (e v), U IX A H bR
B, BT R R AR IR A

C.+P% =X=C +Pit(u,v,) 1)

X HL PP, A3 590 2 U5 PR A5 R s PR R AR LR B o =0, v, 117, CRTC 00 ) PR AR i R 7, T LA LA 28 ) 35
L A B, ) P 1 (uv) e — AN B S U, & B R L bR .k O A B A, B A4 % AT A
BE N
z,(u,,v,)
X 24 (i, Vi) s o 718 158 JIT 0T I 1) 225 () 57, L XORH T T A0 R R R T D ey W TR T TGP T I s AH XS T4
FUTRTR B T LG T 0 v ) R LART 558 SO PG AGAA A X8 T s A% 10T PR AR I P8 AR, T HG 31 0 A 3 A B JL AT o
MR ok % i 47 2 (generalized disparity)d.

LT RSP BRSNS v, BT B S0P 2 0 e 1 58 A I R S P15 AR 32 R J8E kg ARG 1 e A5 P T 1) 3 1
PSR BLH] a3 7m0, 59 4% S8 10 = 4 BB AR 0 2 T 45058 JLART SRR AN [, A S 70 B LA 4% (] o gk AT 1
TEREAES A B DL g5 5

t,(u,,v,) =

_ g+ myv myyd + s,

My, + My, v, + myd  + s,

b = Mats +myv, +myd + S,

2

My, + My, v, + myd, + 55

z, = Dy [(myu + my,vg + myyd ) + 53]

Horp, (m//')3><3 = Eilps > (s, |z:1,24,3)3x3 = Eil(cy -C).

PE AL 2 1007 JfE S50 FT B SR A0 v A L AR 8 1 i B N DA S 8 T AT SR AR o (] RS R O TR
Boa s Rk

{ui =u +(e, —u)r, 3)
v, =v, +(e, —Vv)r,

/E\:EP,Vs=(1_5z(Ur,Vt)/7)~

KR FEERE IR, FaUP i @ VLR s IR S50, 2 <0 I FR 8 < J5 BUG AR 30,0l 48 1058 I 4 A 1
Ja AE AT TG 3 37 1 G IR 22, 2 >0 B R <R A 88 3K, 6 2 78 Bk A0 e BT 28 0 UG- 1 T 8 I A7 1Y)
P A5 T AT AT DL ek 7 B 1) 5 2 PR B B A 1K P o A X T 119 P& A8 T 3 A A SCARR A iH R T i, N 2R
— e SR ni GRS 1 B AR T, BRI 0. T AR AT A SCHE 45 Hh 1) 30 (3) T LUK B, 6 BEAT A= pie i 8] 5 1)
H AL e, B 459 vh e 45 BB AMG 25 WY 2 W 2 (epipolar line) 5 [ HEAT A7 A% A7 RS A 55 1% 45 25 10 25 WEL 7 SAT 6.
F U T DAAR: 38 56 A0 1) v T PG, T3 20 0 SO B e S 7 vT LA e 46 1A%
2.2 IR AER REFH 5B

IBMREE A H 75 B LR (1) — A 2 () U A2 A AR it A8 A IF )45 35 ] DA ) 78256 1 M eMillan A1 Bishop
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AR 2 T 125 P K A A2 ) A Sy — A 280 R R W e P 7 T LAARALE 7 P S ol AR 2 A Ak
AR TR AR AL B (A 15 28, BE 06 g )30 iy 10 AT A B, AT T Aff 1 Je i3y S5 AR SBE 4 5 R
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S BR L VAN T R R IR L, 5 U 2 2 BT T L AE R S 2% TG T THIE AR e AR S 7K1 3 1T 1)
G EIR 4 A 7 DI G RO W a5 YA L 58 B AT TR ) — (0, 08 4 4 AT = e I R A e o T4
1 DA R (A5 % i R A R P A AR B B A A R A 20 ALk T R P B T £ 70, 0 A D ek
(145 3% 4% ST 1 AR e PO MOy Ak 2

FETF MESCEE WS e b1 AR BE AR e IE B ARAT O T S AR I R R R AN K SR, AT BUORE
2L AL DR BB T BT IE B R PR

A 2 Py S5 wT A 2R R PG R DRAIEAR 3% T LE A ARS8 44 0% 3% e o, JRA T EAS 21— 284518 A2 R 1Y)
=Y B SRR R P AR R A (AR TR I 5 R A AR R IR R DX 3K AR N R AR R L HL
FRFZAR R P M, 24 VB BT TSR s 7 U R 4 AN HETE DI AN 1] DI ] 45 352 R A 2 R A A LA ).

A = 4 P 15 R H0 1) A A1) 2 e ST T S5 12 P A0 e e PR A R o (D T DA B, A 3 A i 72 8 0o A v )
i 2 AZAR ZR i HH R ARG T4 i (07 B BEAT T R sl R Al X AT ANMEL AT OV D [ AR A R N TR
5 PO 0 B A 5 Jo U B 4 17 SR 3 Y AEUR A BE BB B0 R 2 AR 32 R A TGO T il je A5 10 i 200, B R
SRR R TR LR A N T LA T 110 5 2 A vl L FD (R AR AR A% 8 0 7 W S B T e e 8 R S8R R A SR o ik
DN P O H I AE e 2 AR A5 R b XA ) 0 A L 85 4 Oliveira /5 5C V7 B SCHE (¥ SIGGRAPH S 3¢V eh A7 e
JE P ARYE FATHI SN, 28 4 A8 8 T R AR K SCHR AP G BT SR BRI . A R PR INE N TR DX IR DL S, A0 20
5T e SURE ) AL el At mh ) Bk X S8 AN T L R AR A AR T A8, AR T A 0 BT U R AR R = 4R AR e g
B R A1 L5, ey 50 B AN BT WL AR 5% 2 R R R AR SR B T T R BEAT R N A B R AE T
AR,

W& 2 PR, mLARN 5B YR T VAR b S PG S AT RE I f8 L AT A7 B, T A 1 B o 73 il S A KA B 134 L AE R
FUP T PR TS A 0 R T 2 i A A R T T AT R TR e, 1R R Ao A B A KL TR 3 B,
W AR By AL 55— 7 11 AR T 2 A s COPARWLEE R T 101, 8 4 1A w] LR T s B AN AT AL AR
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PG T 2 50 45 35 WS 80 225 T o (0 R 400 T P AT W 28 40 el W 3 W) 61, 2 35 st (0 R JSE o7 T R i iy (BRI
B AT )BT A5 25 R IE B 5 A7 B 5 FEREAT BT A8 3 ) (0 A7 2 1R Ak T AR Ui — 0 e 2, A 35 (R S A T A0 i
J 77 (BUAZAG 2 AN 0] T BF AR 38 1) E B A B JE b AT Wi 28 480 5 110 o7 35 D00 4 Ak 1 W0 s T 96 0 el bl A A 381
AR VI L3 AT V7 Ml S 7 48 f R DA A B v ——— 3 A R A )

T PRI A S R AR BRI AR R e A% B G ke W5 F A R T T B R L, 52 MeMillan i) & HE S 2
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PR PR 4 15 3 A TR AR T T AT A2 80, 7 2 500 R P VR AR v 1R 5 % A 82 1) v 2R — AR 40 sl DL K
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Virtual plane mapping

Fig.4 The pipeline for virtual plane mapping and mosaics
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MPEAR 1 = 2 A2 #1230 R DR, SR B2 VR AR 1) — AR 4 R A — 5 201 B W DU A O 2k T8 3 Ak b
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P AR T T PR R 5 0F 12 o T PR TR0 RCadE AT S T 0 Pl SR 17 e 2% JAR
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Fig.6  Virtual plane mosaics for the Venus model by texture-mapping the 3 planes of its virtual bounding box
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Fig.7 Construction of the panoramic image in depth image space by using virtual plane mapping
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Fig.8 Rendering results of head model by virtual plane mapping and mosaics from different views
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Fig.9 Images generated with virtual plane mapping and mosaics
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Fig.10 Rendering the head of a man from different viewpoints by virtual plan mapping
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Table 1 Preprocessing cost and memory requirement of virtual plane mapping with the resolution of 256x256
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