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W3 A% T B 24 (image-based rendering, f #F IBR)# Kk, i A B # Foysu sk st sh ik, ok
AYpAA BN AW S Y. FLBEABRGEESELMARE S0 3 20 ER, KB M &3 )58 1
I AL EREERER RPN NI RAGORE T L, AFNAEIAEL. A THRAAFEAR IR
TR EEAMM FREEEREALSHTA B TA LM ARBEE SR A M AT, A LEY A S mE b ot
EERAFRE ARER S HATERERSEMAY A HFARERARE SHRATMTEELAAN L1
ETHBREENM A RIMEEREAT LS H BT H. oL G LS 2 GER, li‘ﬁ‘%)éﬁ;‘tﬁ%iﬁ%
KPR AT EGAEN EANE, TR 2 ENAERS

PHEESEE. TP39] Wk ERINEE. A

EET LMY EIBRE G A R AR 155 o o0 i 5 e L ik B S Y. Bk —
EEHFTEERE 3R MY SER S (bump mapping) . SLES BESF (displacement mapping ) B 4 80
H (volumetric texture). MY By Pk FH IS RmEEFEEAETREE A EHRAER
YR REE KRB/ A-SuE BB S S A5 BRER. (8 130 R 70 1k A 2 T 28 11 A W A U R BT R R
BREMAR. MBRH G T ERER T — T B . BT REEME—1TEHE
P, UER L TEE 2R L, Bt B A, g iaar DR R = 810N a5 8 B4
—frE BEAEG X HEAENEEE XNFHEMITER, B4 %, BT a3 st
BEEE K.

TR, BT EE A2 H (image-based rendering, R IBROEARC R AMAAKZ —. 5K
MEEEREREREARML, AR EAAE TN RENRBITEAMNNCBREE R £ R
RAREHLCBRNFUS BREE MERAxEREILFSHRERBET X B ©FEHH
LREPHETIEZRAS.

#E ACM SIGGRAPH’2000 L ,Oliveira % A% = AR M B RAHHE AR 5E %0 88
WSS R T AR RREL RS (relief texture mapping)™” 57 ¥ & B A A # . 5%
AT RGOS AL SN 4L EH R KB R AN 4R EREI NS
BERT L, B IH A R E K ERELS I (relief texture . ffifF RT) RGBT -1 T B IHK—

-~ BWAH: 2000-12-05; MR AW 2001-05-14
EE2TH: EF AP EE ST E (69873044; 69503008); Research Grant of University of Macan # 4 ¥ B B
(RGD29/00-01S/WEH/FST)
EEMS: BH/AT D, KRBT WAL E L T EREAEE L E RS, B, T3 A (1967 ), B B T
AL RTER, TEMREAR S HENLEE S TR BURER RBE 07— B OFNHEA . BL . HRA.BE4F
I EEF R E LR TE S, Wk, BE L.
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YRR HECHIAR R (pro-warp ) i3 B R RT ER EH N — 1A FF R D BEE H S B a4k
B e ) 0 2R P R 5 B ST T A% 490 Y S B S S AR o0 sk ot [0 s 2 1 e SRR 0L o o TR R

5 bR B AR B Sy SRR A SCAR A SRS R T = 4 I 4 BOR A IBR B
B, AR MG SR M S ek 3] B ThRE. B e SO B R R E (R ZDO R BH R K 7 5
HERAARMN BRSHE R (ayered texture, B #F LT)Z & . R I5 HES LR H %4 LT B
50 S5 1L AT e BT BT SO X R L AR BRER BT RSB EE LR RS R ERE
AR LT BE HERALMRERR Bt R Fet B am &b 6 RmmHXm LT A
BAE—T XTSRS ERE. b TR LT BG T E 5 [ #)5 R 8 A SCHE 2 o it
JEAE % 0 R B A ], A% SCHE 4R T — R B R AR 2 A FE R T R B R A R L. R R,
BHERAHMMN U HIE A T 40 MR 55 8- 4 4k b B 2 A KR 1 = 4 5t . an AT 3 m 14
SUBECTPRE.TTH S YR R =5 1 %

1 BRYEMG

4 9 B S0 R I 5 e — B MR AR A SO B R B — A T b o LA 3R B 1 % i ) = o M)
W AR SCIR 0 2 U A B WA B O KR A T TR Y T P 1R 3 BRR R 40 2 AT RS X e FE
8 b J5 AR UK B 5 ) R b SRR A BUHT L S B A 4 s, T R S P SR 68 4 ok
B THE.RITEEAHBREBERNES  RERANA LT BHRYERURETEMNEH
k.

1.1 BEXoBE&

F XS H R B TTRBIEE 0 A RS B0 S E R G 3Chy AT SRR IR 4t 5
AR PRE A BRI R AR RT EAO. B AE G LM REEEEESIFEREEZEOR
Big L. g a— o HEREN RN E R Jayered texture, fFR LT). X G IRE, T WHiH
LT E® R EFR 8 E (texture pixel, B #R Tpixel). Wit H— LT AR MR EH LA H
ML, CEPEX ey EEma B RRE AR, A XHE BN OpenGL kLM LT EHEI
S5 TR FH B B, SCRE L M A o T 1R O M ELEE Y | SRR i L S FTL B S AR A 1L 4 M £ B R R o 3 E
% L.

1.2 BEXgEESNERK

7E IBR # A 4, BRIEL B 45 A Ema b, B R BRI THE . — RS M, N —T R
BREEAMENER ETHE2HNREEEERFEE, & CHELERY LT B&AFE
B # FEERGE . AN EAFEERR DTy R A a4 e o W xR &
MLTEBSGEARETHEREN - 28BS E . T BEWE, /T LEB T OpenGL LM EF
FEE 4 9 T i SR Ak B
.21 BEAERERER LN R

MRE A RT MR EASTMEERBAFEEN LT BEMHREIBA FEAERH A B iRE
BETRTREHA SR AART AR LW REZEEANASSE (DB 1AM B, S8R
MR, EMNEBRELEMNBRE A S BOHafian®E, ATim 422 1HE.

RATHEHAXHEST - AXMBEEERLT BENMUBERERR LHTY . 08 1 s
M—HHR A THN AS BZERHBRNTREE . A XNBE L RERR R DMISE BT
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R RT W) [ L #AT9 R BN L5, 3 LT,
EMBWH LT BB LS00 B RO E

W E— MR, X AR BN

YR AL BHROAMKHEEAE EEEHN -4 RT
B, —MREMT RS RS AE N 8 4
BEEAE.

B3t ERGEY RZIG W LMRIEAE — 2 1
WA, AR ER RS A % 40 B A _ ORTER.GHRL-OHINEEY @
WA, M | BT B R VO e (e T extenon along depth drection
WYUK C FAERAEFE AR o B 15,24
KA o BT A0,

The image plane®

-'}‘(ﬂ;‘ Viewpoi nt@y

a>arctg(d/p) ., (D
_ELVC E"A*ﬁ@cﬁ CHE3E, Kp d B LT BBPE R EEE, p AOER. Bl HHARES
HURGRFERELEEABLEEGFON, BRERERASHUAE TRENBW~4EH
.

BAR G0 RT PR b 040 40 15 % 2 9 U B ik S 1), 36 4 76 L % o7 60 % A ARG 1B H 2 5 e
i 2 D (skin) B[R], S T RE AR L AR LI R A AU B RT ER E BB E SR M 4R
BEMATIT, LB RIS T AT RY RM T AXMBEERETRE — D BHE Diwcgnea K X
AHSRRREEESENERIEREESMN. BR XA T HEH IR IRE 2 KTF Dascome M B
BEEGEQRE =42 HE =AY R T B F B AT T . X s 1R 0] LU il F i A9 B AR A it
R A
L2.2 ERZEEZHE R

B T B0 PR R0t = AR ) 4k ) 2R G RE ) R AT R A A0 R TR 5 SR AR AN T L g 4 R D T R
B 22 7 A 2 L R TR TR BB R T AR 2 L A SR
&6 MREAHERMN 641 LT ARGEABRATFZRYENH =4
BRI 3R  LLyR b 22 il b {5 BBk k. W 2 B 7R, 25 [B] = e ik e
THEMITHECGEEST BT oBaXRENE - HEET BEKH
LT E& £ R LT ARERS RS, R EBEREEMERNE
B BE BTk TR E R KR A W ERER L A EE &9 4N
nXnXn F/METC (texe) (i n 2 RSB BRI 57 PR, EAXH
ERER T, BUE N 256). XK, 6 4B &REHT XM E LT AR
UG —BE - 2R RSP ATARXETEAN=ZSYHERN — 1
ZHEEGES. KBEESASTYRCBE AT 6 MREMHARE L, TR EF RS RIRNT
EEREAET X,Y.ZHH M3 HLT B
1.3 & #

WA BT R B WS BRI B B R T L s A RS BARER. B S —4 LT
BRAZT=ZH#YERENFEER FUEEE - MR R TS H P — A0 E R, A
2 B0 o e ) L 45 T LR £, X M 2% 5, [ 4 ) o O A A 140 OF 1K = A s ) R4 R 6 A4
BES, 8 REMMEQE&N N RE. YA TFHAPH A RKEH, ARLHTETFRHER
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S TR EEEmAARA LT ERENT.
seet, &% LT ERFEFMFRERE  SOEE p SR EREES 1. 2. 1 TP TR HES

e d 1 B LA 2 190 6% 3 B 1 2 8 R A
T TN MRV ST T AR MRS SR TR T %A « KT
a M L s KRS S — TR N, R K S EOR S R
I E RIS KT 45°H0 A8 % B0 5 15 0K BRI 6 45 5 6 4 3 4B AE Y

viing ¢ 13 4R 4t BAE S W 5 T TS0 £ 9 £/ 45° 101,
DnA. T R G R UL AE B AR P4 1 B2 A, A S — R

Fig. 3 BEBOIE AT BE. WP 3 7R @ 0 34 BT 4% 5 B K SRR 4R LT, B

i3 ERETEHBNIEH % o T 4590, % T 8% B A7 E & i 9L

iR K S ATGOR I LT, 72 HREEZ KA LT, % b 9 3B 2 K B B 2 £ 0, 5 R4 i it
W LT, EHE LR FMERS 4/, KM EHEWT .

t=d * tg(a),

{=[d/t]=Tctgla)]. (2)
Hp d A LT EBRE B RIEE, [ 154w L Bog
BAE. B0, B 3 LT LT ZAEHKR LT %
CHTEEPHERE. BT o B4R SEEK LT,
FTEREFEME/DRA, TURELHHER
BEEBELE/NTF ¢ dobf, BE LT, RESEHE
BERATREERSBREAR P &RMG,E

BirEBZ IR SIS E. B 4 R BESR RN A Fig. 4 Novel view generated from

w i = layered texture image
WHELSGHNGER. ESFEHEAMERERY S Uty Aph 5 1
BRIy 256X 256 MFBLT  Foat 2075 K 1.

Table 1
F1
Install textures into the texture buffer®™ Render space quadrangles® Others®
Time® (s) 1. 031 0. 228 0. 015
Percentage® (%) 80.9 17.9 1.2

S ARG P R, D8 =5 7 P04, O H M, @Rt R, @ FF & H Al
2 E @

MRS B X 2K AT AR S ABRAR LT R, IE 4 F RS 5 f 2.
BERBERASEMIL EMEEMEEG - BRI AXMNAHEENK , Al UIFEKREA 1 BR
LEAAG. o BRGRALEENX S TaRKERALHNE, ML 1FREM E5HT2
R4 Bt (A1 FY 80. 9%, X EHE M TLHEE. B, BHEMMH LT Bt 5AT KEFHS
). B, A SEI LT BT ks 40 1.

2.1 BRuBEESNESR

—TEAEEN=ZEYE . EROBSREN MK RT ARLE ARXSHEHTERORELZR
ARGEFIHERD, 9. SUMMBBREFEL/DTRET O, FHILHEE L2 1 WHNH B
MYERAERERR L#TY RN, G- AT ROKERA KT 6 -G RKXT=8%9E
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RHERHO—PBARH R AR K SRR TTR 2 0, X8 0 LT BRI 45 5248 T 2 .

B AT HEE D 6 R B — AL LT FR. 3 S E S 8 20, LS
ol 1 D 182 T 2 — £ 2 A T VR 0 TR A S TR W X, 45 2 8 A T T ], b FE 45
BORETIW T 3 5 15 AT 5 5 8RR R L, FREHEN 1 WO E (P
ﬁ)#{%?ugﬁﬁﬁ{’kﬁﬂgﬁ(Compressed layered texturce, fii#R CLT)HE s B CLT, . He s=
%8, B s i IS 8 BB ARG RN S E R BN BIE R AR B E S8 2658 CLT /&
e O MR A 42 ) I B2 T2 CLT BMReFHEFR Y B R K A0 2. 01 Eds LT 4% JE 4% 2
8 A B0 BB R 0 3 0 VR B S BB Do B0 8. 75 S A0 P 0 25 £ TR 2 UG L 0 TR
KBRS 7 B R AR — AR R 2 BT A+ LT Pt M o - B a2 8 R,
FUEERN R 2R EREMNE. WE 5 55, bR OB R md Y 4 CLT Egm =
AL

ELALT BBIES TR, S84 CLT EREEA T 4 ERT LK WEBEL, Hxs
BHEAKE KO ETNRES M E SR E 6 iz WIKETLEMW 4445 A.B.C.D 1 FF—
WL H 10 1 46 A6 5 T “Front” % & Ff :
BUMLT ERH, XS FRR :
REEGHA—G 8. 8P RHE v
HEMEERE. mmbaEamn e v
R HSREEBIR W CLT WG ) | L.
Mg B GBS N DB TR (T, o e b
B B (A0 AL SR G TR0 o Y B -
A5 D XREF IR - R K ) B Fia 6
. R E R REE BN S s
B e B o (BB £ T R B9 CLT BRS 3. 80, B,C, D 3% 3 5 R HIBA MBS £ R R E
“Lelt" M BT BER) CLT V8, BRI 6 1 T 0 16 45 S50 T 1R £ 90 TS0 s 0012 JEL A i 2

2.2 & WM

TE A BB R B R B 2 o B 6 R — 2 CLLT Bl 1% AT B DA% 4 AR E 80 H 47 B 1R Fr s
MeHEE BMEEREH CLT EER G W A, oF =400 K ([ F 51T 0050 81 = 28 52 )
B3ATEFT FaEaRE. D HEEHATAEET LM TE AR MER ER TR
HLOHE M CLT BBRASR A AR,

MW AL BB K TRET 16M WABINEFERR F R LEA 8 4 BFE R 256
Mo BB S Hitk TR - HTEAMM CLT B&, A% ko ARENT. §i3%4 CLT
B TR R B R B /DR EIZ K FN o U doi» 3 B8 B S R RTINS 5 CLT M
B R T AR R KR AW X s SR B F 5 [ & T AT 0 IR T . A
HEK WA i OpenGL o B9 35 B B () K il 3 S 3.

Hewt o AR 2% 5 5 T BT AR JE M RS LR (00~ 90°). M HLER 558 T ) B/ e fiT e DT 45ew, 54K
FRES 1.3 % vh BT 4R o A AT (R0 DT BE B 7 B R AT AR W M « G F OB U R AR EE B R
BREELH BEZSGREY HAFEERBLALSK. XM ENERLHNEAHERET —
MRAM Low EREHAER T Lo = 10 SR T.
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3 XBER

A5 3 Y R0R S T R O 1 SR N o T RE L B H AR R 4 BER LR LT BRI E
BWHE. AR, AT REAMNR) KB HER SR, 25 ERNSHRER 256X 256
BB L XA TE) 9 H bR R o0 B IRATE PR R IR RE M HLRR L T 2405, X P F il
K I In (% Y 5 A RE B 804 W) R < Dell Precisiond420 T 4E3#, Pentium 111 667 4b 3 28, % H
32M 24 ) Matrox Millennium G400 Dualhead Max 7% - ; Dell Dimension4100 & 2 4/, Pen-
tium 11 667 ZbPERR W4T 32M A7) TNT2 BoR . 30 2% BL50E W3 2.

Table 2
%2
Computer”! Dell Precisiond420 Dell Dimension4100
Resolution of the rendered image” 256 X256 400X 400 512xX512 | 256 X256 400X400 512X512

. Hare V(1.T) 1. 16 1.12 1. 09 0. 80 0.78 0.73

Speed . 1
Hare (CLT) 2.82 1. 80 1. 42 3. 88 1.74 1. 10

(frame/s) | A

| The facade of St. Paul Church™ (CL'T) 28.6 25.0 21.7 71.4 28.6 17.5

UHLEE 2 HAR R R R /) DR O K=,

BRI R AR E A RES A ERLY
A EKDHEEERRA KKK ZEFRY,
mATREMOOEOPE. THSOHERAYER
o % B SE A AT UK B STat. B 4 P 7 R
Ay Bl LT B CLT Bg4ERHARRA
ToHEG dETUES, EMNZEEREL

Fig. 7 Novel view generated from compressed WX B xR, 5K 8 rﬁ:ﬁﬁﬁ%iﬁﬁﬂ%%?ﬁﬂ

layered texture image ) A bR B R A E, B A B kB CLT B4

B 7 il PSRRI EURIE IR (CLTOAE L H bR R AR AR ER Cln B 9 BT R ) 1 S R R A L SC R

S8 CRT T 40 02 D3] o A A — 300 404 7 A RS L T LA TR LR B 9 X AR RS Ok B L
Lmi B 8 P HIEAT.

Fig. 8 Novel view generated by mapping Fig. 9 Novel view generated from compressed
a texture image without depth layered texture image
P8 JEWEHE % 5l a0 B WA 4 30 1 H b 1R P9 RS R RS ER CLT AR B ER
4 & it

AR SCHE T Rl T PR AR 2 0 00 B0 LA 2 R PR TS R 4 F s BSR4 L OF R R IR KR
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6 B ZHE M AR VAR . R R R R R A R A SR SRR B RSO T i A LT
P {5 b1 5 2 A VR MO 0 B T b L LA i B b R A R TR A R TG Y B i T SR L
PSRBT LT (B s A B RS I R o 2B SRR R H R AW L HE T A B SR A4
PR LEERRA RN =R 7. Pl G R N OaBGERE . MIE SRR RE S, i
AT LA B 3 R

XA =R, BT 6 MR R AT SOR LR YR RE L 05 R, Bk, A
Rl 3 By BARER LR S F WA W FRUORF O, R SCHF ik R AU R S T iR B
BIARXELALb 28 , (B 5 B T LIS i) U8 A LA R fm LA g ok

Brigt AR or S eh TR R A3 R p A B R ARG AT o 7 R R

References .

[1] Cohen, M.F., Wallace, J.R. Radiosity and Realistic Image Synthesis. Academic Press, 1393,

(2] Legie, [.R., Patterson, J. W. lnverse displacement mapping n the gencral case. Computer Graphics Forum, 1994,14(53;
261~873.

[3] Kajya, J.T., Kay, T.1.. Rendering fur with three dimensional rextures. Computer Graphics, 138%.23(3).271~284,

[4] Meyer, A . Neyret, F. Interactive Volumetric Textures. In: Dretrakis, G. . Max, N. . eds. Proceedings of the 1958 Euro-
graphics Rendering Workshop. Springer- Verlag. 1998, [57~168.

[5] Mark, W.R., McMillan, L. , Bishop. . Post-Rendering 3D warping. Ir: Proceedings of the 1097 Symposinm on Interac-
tive 3D Graphics. New York: ACM Press, RI, 1857, 7~-16.

[6] Shade, J., Gotler, 8., He, L., ez ef. Layered depth images. In: Cohen, M., ed. DP'roceedings of the SIGGRAPH'38. New
York: ACM Press. 1998, 231~241.

{7] Liu, Xue-hui, Sun, Hangiu, Wu, En-hua. A hybrid method for image synthesis in IBR for novel viewpeints. In: Kwang,
Yun Wohn, ed. roceedings ot the ACM Symposium on Virtual Reality Software and Technology., New York: ACM Press,
2000, 56~60.

[8] Oliveira, M. M. , Bishop. G. , McAllister, ID. Relief texture mapping. In: Akeley, K., ed. Proceedings of the SIGGRAPH
2000. ACM Press, 2000. 359~—368.

Image-Based Rendering Through Layered Texture Mapping ”
ZHENG Xin'. WANG Wen-cheng!. WU En-hua''?

V( Labaratary of Computer Science, Instituie of Seftware. The Chinese Acadenty of Scrences. Beijing 100080, China):
M Faculty of Science and Technology. University of Macau, Macaw, China)
E-mail; shx . zhengx@ 263, net; <whn,weh @ ios. ac.cn

bttp: //www. tos. ac. cn

Abstract . An efficient TBR (image-based rendering) method is presented in this paper to take full advantage of
the graphics card, which can successfully simulate the 3D bump details on surfaces of object. In this new ap-
proach, an original texture with & displacement at each pixel is firstly decomposed into a series of new textures
with each one having a same displacement value, called layered rextures. or I.T. Then. these L Ts are used to ren-
der the novel view by conventional texture mapping. To avoid gaps in the rendered image, some pixels are to be in-
terpolated and extended in the L.Ts according to the depth difierence between ncighbor pixels in the original tex-
ture. As these LTs ask for much siarage and need a lot of time to be installed into the texture buffer, a method is
given to compress these LTs and the corresponding rendering method. Experimental results show the new methad
is efficient, especially in rendering those objects with a smaller depth range compared with their size, such as reliel
surfaces of buildings.

Key words: image-hased rendering; layered texture; texture mapping; rendering: transparency blending
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