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Abstract:  All previous algorithms of real-time global illumination rendering based on precomputation assume that
the materials are invariant, which makes the transfer from lighting to outgoing radiance a linear transformation. By
precomputing the linear transformation, real-time global illumination rendering can be achieved under dynamic
lighting. This linearity does not hold when materials change. So far, there are no algorithms applicable to scenes
with dynamic materials. This paper introduces a real-time rendering method for scenes with editable materials under
direct and indirect illumination. The outgoing radiance is separated into different parts based on the times and
corresponding materials of reflections. Each part of radiance is linear dependent on the product of the materials
along its path of reflections. So the nonlinear problem is converted to a linear one. All materials available are
represented as linear combinations of a basis. The basis is applied to the scene to get numbers of different material
distributions. For each material distribution, all parts of radiance are precomputed. This paper simply linear
combines the precomputed data by coefficients of materials on basis to achieve the effects of global illumination in
real-time. This method is applied to scenes with fixed geometry, fixed lighting and fixed view direction. And the
materials are represented with bidirectional reflectance distribution functions (BRDFs), which do not take refraction
or translucency into account. The authors can simulate in real-time frame rates up to two bounces of light in the
implementation, and some interesting phenomena of global illumination, such as color bleeding and caustics, can be
achieved.
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equation; principle component analysis (PCA)
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(a) The result of direct lighting under point light, (b) The result of direct lighting under point light,
occlusion is not taken into account occlusion is taken into account
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(c) The result of direct lighting under area light (d) The result of direct lighting and indirect lighting under area light
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Fig.1 Results of rendering with different techniques
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AL P 15, 2N Np—3N—Np+3 7K 3l 38 BG40 3 75 2 — 5K R R 73 Hk 26 1 3 SO T IX s 7 A S P 5.
Table 1 Data of precomputation

F 1 W EAE

P.(R', pr') Color space  Number of HDR images
(R,p) and (R,p,) RGB 1
(R.A) (R.p) and (R,A)(R,p) RGB 1
(R.p)R.p) and (R,p)(R, ) RGB N-1
(R.P)(R.p) and (R,p)(R.p,) RGB (Ne—1)(Ny—2)
(R,p) Gray Np—2
(R.A)R,P) RGB N2
(R.p)R,P) RGB (N—1)(Ny-2)
(R.P)R,p) Gray (N—1)(Np-2)°

P AR B A B R R (0 7 R B I N BEATLPIE 207, 7T LA G FH 3% 5% 45 R AH DG IR B A (H 2 51N it o 2R
W w3 E A ) 1) B A 2 TV AE B ST B AT 20 o 6, 28 2 2 4 22 0 PR A% 1) R 25008 4 TSR B 6 g i, % T 56 M e 44340
ST, FRATT R R AR B B 1 A TSR Y 1 BRDF (R 23 A AR AN A I A R T 4 I A% 3 R ol B
T G 22 ) B TS P 3 A A5 T U B 1D B ) 5 0 e 3 b Xk I B GO0, S G kR L UG R R UE
R SR A 587 IR A O R R A6 BT 1 B A2 BR i R v, 2 B AR B T & Mg R sk 28 715 H T BRDF (1)
FANFE I T (reflectance lobe) (143 A 72 S AR K, IRk, B ATTAS e Xt BRDF it 85 22 4 KA (important sampling).
TE A IF A BATTR 5 AR R B 1T AN 2 0 A1 SO 28 MR i (distributed ray tracing) (¥ JRUEAL.

5 % #l

HRAE T 7 SE I 5 135 5t BRDF 153 A, B AT TrT LUK - X 38011 BRDF 23 b BE 1 Ze v 41 & AR5 AR =X
(12). 3K(26). K7LV A WTT 5B EE, it B 1S B I R I 45 R0 T 1K B S0 (22 I RE A ] GPU sz
B Ja e VA A T S RS AR FR AT AT 22 3 2 (multi-pass rendering) J7 v AE & — i 2 ) b B — sk T
1) V& AR 5 X 35 A1 e i G A Dy SCAR N GPU, I FH 45 DX S8k 1K) R LUAH B (W45 38, 20 2 3 2 J5 5Ty
BTV A B R EAT T IR (R A Ao — 3 1) &5 SR 3 203 MR & (0 7 VR 8 o — i, i e A9 B B IR I 45 .
A BRIV B VA5 0 2 s i — i, I8 p T s i HOK 22, 1k B 4 52 AR KT i DA, 3l 2 1) T LA 5 2
TR GCH, T AS S A — SR SO, IR T LA K Sk 2> 25 o V5, A7 15 380 S5 A D s o T

6 SKILLER

AT VC++2005 F1 DirectX9 7 Windows XP NSzHLLL_E&E i847 34485 2 3.2 GHz [ Pentium 4 PC,
1 Gbytes P4 77,Nvidia GeForce 6800 GT &7 . FoATTH (6, 6,, #)F ' 30x30x60 1AL 73 #E % nge[1,200],Ng=201,
Np=6 3L KA BRDFIF E HMIL,1% 22 8 0.7979%, H i K I BRANFEAR LR 22 2 6.747%. 50 M e &
AN T AT AR () X J8, 22 > R N 512x512. 3K 45 A% 55 5K Sl iE (M HDR B 4,29 5KRGB =814 1)
HDREEF1 1 5k b 5o 5t X 468 43 A i S5} & 4%, F6A11 48 ] pfm(portable  floatmap) (1) 4% 20 3847 77 i, 35 75 22
140Mbytes, 2z il Vi g 4 67fps. — L8500 Hidin G 7% K15 S % KGR IR 2 1 [R) FF SR % A7 R B 19 07 249 380, i HoJYe
BRAERCE . SO B . YK BRDFI S SRRk Lo 1 Bodie A1 (5] 18 BRDF % J5L U Bt i AN 2 4k
FE48 2 Ja R 53R 2 Fid st 7 30 3R 4E 1) 3 A3 e i BRI (1 70 Ak 11X 24

Table 2 Performance of precomputation on exhibited examples
%2 PURSERMTTE R G

Number of Number of Number of light sampling points Precomputation
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faces sampling rays  Direct lighting _Indirect lighting time (hours)
Ring 579 4096 1 1 1.65
Bunny 69 487 4096 98 8 30.08
Gargoyle 45 678 4 096 98 8 22.75

3 J7R I S G IR TS (0 — NG IS (Bunny  Kd=0.2,Ks=0.4, [ {455 82K d=0.3,Ks=0.3. )\ & 3(a) %] &
3(d):Bunny ne=5, 1 {4 48N =5,L,1% % 0.0150%; M ] 3(e) £ 5] 3(h):Bunny ny=180, [ {4 4k 5En =180,L, 1% %= A
0.0021%). 14 3(a)F1& 3(e) 2 B4 6 B RUR, RKAL AR FIBunny i 1l (1) BH 52 X 3802 4= 1 3(c) MK 3(g) B & T
TE B FUR ) 422 1 B 3 SR R ARCR Buniny s Jal P9 B 5 IX 3l S S S HE S 1 3(a)~ &1 3(d), 3% 5 i Js S W
;18 3(e)~ K 3(h), 3% 504 5 6 W R B A B 3(c) AN B 3(g): 7 22 LT I HE X 38 A, I 3(g) P Bunny i A 46 TR
TR 7 HE DX sk, 1 3(9) A A 2 T Bunny [ (8153 46 A5 00 5 HE DX 3 A, B 3(g) vl LA 380 4 00 335 THI R b THT 2 17) (9 32
S S I RE b= 2k 0 M B

(a) Direct lighting (b) Indirect lighting (c) Final results (d) Ground truths
(2) HEICHMBCR (b) TG IR 2R (c) FALHIRR (d) Z2HE%

(e) Direct lighting (f) Indirect lighting (9) Final results (h) Ground truths
(e) HEICHMHR (f) T B IR RR (9) AL HIROR (h)y F KB

Fig.3 The BRDFs of Bunny and the white walls (including the floor and the ceiling) are editable
K3 Bunny A1 (555 BE (00475 M i AR AERR) (1) BRDF S ] 4 45 )

4 TR (935 50RO D™ IR B AR (2 AT Sk AR T DU R 2% J ([ 31 Kd=0.2,Ks=0.2,
P Kd=0.2,Ks=0.2. M\ 18] 4(a) 17 1] 4(d): AT 45 R A IET 4(e) 1) 1] 4(h):AH N 0 225 R ). FAT T 50 T8, SR A4 )
A4 B ' T R, R OB B 2 e 2 S SR OIG I ) R R T e DI R R, R B R T I A R R L 4(a) b R
ST A BT SO B, R IR s B 4(b) b R ERS S S B ST TS B B B B T B )
150 52 B G120 F - 40 i B8 4(e) o, BB v D' B 68,1 DV S S B 68, w0 (580 3 8 380 ~F TR0 19 A v 4k R
25 K ERAL ISR B B A(d) 5 PR R T v o S, R EUSCR AR LG T B 4(c) B ERIR B RN 43 A 38 4 WA AS ) G
oL 4(a)~ 8] 4(d) e AT 2 25 3 I 4(e)~ I A(F) S H EIE.
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(a) The ring is ns=5, (b) The ring is ns=5, (c) The ring is ns=180, (d) The ring is ns=180,
the plane is ns=5, the plane is ns=180, the plane is ns=5, the plane is ns=180,
the L, error is 0.2698% the L, error is 0.3114% the L, error is 0.1624% the L, error is 0.2640%
(a) [A¥ns=5,"Flling=5, (b) [R¥£ng=5,"F*]iins=180, (c) [E¥ns=180,"F*[fins=5, (d) [ ng=180,F1iins=180,
L,i% 2% 0.2698% Lo 2 0.3114% L% 2 0.1624% L,i# 2 0.2640%

(e) The ring is ns=5, (f) The ring is ns=5, (g) The ring is ns=180, (h) The ring is ns=180,
the plane is ns=5, the plane is ns=180, the plane is ng=5, the plane is ns=180,
the L, error is 0.2698% the L, error is 0.3114% the L, error is 0.1624% the L, error is 0.2640%
(e) [E¥ns=5,"F"ling=5, (f) ¥ ne=5,"F[ns=180, (9) ¥ ne=180,"F1iing=5, (h) [#¥ns=180,"-1iins=180,
Loi% % 0.2698% Lo 2 0.3114% L% 2 0.1624% L,i% % 0.2640%

Fig.4 The BRDFs of the ring and the plane are editable
Bl 4 PRI BRDF S n] 448 (1)

FEIE 5 B7r [137 5¢ i n] LU 21 20 AN W0 1A 5 Shl RV IE 24 38 78 119 4 Ja) 0l B 8CR (DY P B BE AN R LA LG B 1 90,
JGURAE MG AN AT W e T SE A0 s AL Y — AN TG U Gargoyle FORF T K 5(a)~ &1 5(d), AN SEALT- A1 138 S
SERE 5,2 O A T SR (R R T, A D < TR R B B R e M B SO PR T BRDF 38 R 23, Rk, kLR
T P ST 18 S S o N 23 WY A BB A T D' PO 84 o, SO B -2 A2 55 = ANl L. KL Gargoyle B34 I 2 5]
AR SR, R T B L A, B I 2 1 5(d) b B BRI FE Gargoyle SRR e BT T — AN ERTE 5156 A,
K 5(b)~ K 5(d)H RHLIK S e 2 1 i I

(@) (b) (c) (d)
Fig.5 The BRDFs of gargoyle and the plane are editable
5 Gargoyle F1 YHL 1A T2 0] g fH 1)
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7 HRIE

ANSOA 4 Jay G ST 1R 303 g Dy — 25 b T A G i PR I B 4 T SR AT AR 1 4 SR ol [ ) T
VSN S I 222 ) A HE B2 AR IX /M HESE R 3 1K BRDF 2 1) B SRR, A 32 7040 v 45 30 /0 B0 (R kA7
O TE S A X A E RT3 S A BUR ] BRDF (3%, T B AR BRER A3 2 % R 415 1 I 2 i 45 R s n AR 4l
J 45 5€ 19 BRDF AL H] GPU L ME 4 Tl vT 5549 21 5, AT a2 21 52 I 0y 222 T i

AR SCHR AR T SRR A7 25 10 R0 22 S TR 0 28 0 #4057 37 5% v m] A2 b i DX 45 1 e FTBRDIF 2 1) 1 2 ) 3
L V)AL OG0 A 33k HUBlinn-Phong (11 BRDFA Y, 1 fing e [1,200], M 2038 S S5 21 w5 56 + 20 5 2L (K44 52, 7T LA
AL AR Y L R b e 2 W S o) B AR B R ZE 20 A T L6 A AR (R 518 S IiT) 28 T DAL B2 %
1o FRORS B, O H e 22 2 R AN 25 25 B8 IR A JE 32 ) 22 S AT TR S 6 R 17 I A W A2 it DX 3k, B A
R4 BTN AR 1R X358, 6V 22 6 0 2 0 1) 2 T R 8 2 06, DR A — A3 55 mhon) 4 JRp ol R 00 R A D A2 58 i 11X
SR AT B AL U 2RO 5N B 1 s A B 1 A 5T, 84 BRDF 25 [1) i %2 55 2 (R Rk R, s R TS 2
B T AR 5 10 DX, A8 R ORI S S 010 £ fi 22 18], o A 22 o P K 28 i il 10 i e 7 23k — 0 1) A
A0 A SCHY BRI AT LAE — 47 Ji LSRR B 2 G YR T 2 R i 4 SR AT LAt — 20 TR o vk S5 i Bl B RS v 2
I 0 TS, DU P A S ST B 8 S B B 22 UK A S A AR
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