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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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(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
(a) AOGUR T I AN B A ) Y (b) UGUE LG, 2% B4 A 1) 8+

(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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Fig.2 The light transport paths
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R LTV 1 5 SR — 2 0 e ¢ 22 1l 4 SR [R) B 40 98 R 10 i ) &5 Y5 [l (high dynamic range, i #R HDR) B {5 kA7
filr, BTk B G A — MR RARE M X E R 1 R R T —AMEL R 1 T 3E T (N—1) (Np—2) 2+ (Np—2) 7K
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PRI TE PR, 2N Np—3N —Np+3 7K 38 TE IR AR, 38 75— 5K RT3 1 4 10 32 S5ob e X s A1 gt LA
Table 1 Data of precomputation

F 1 W EARE

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.p) RGB N-1
(RA)R.p) and (RP)(R.p) RGB (N—1)(Ny-2)
(R,p) Gray Np—2
(R.A)(R.P) RGB Np-2
(R.p)R,P) RGB (N=1)(N-2)
(R, p)(R,p) Gray (N=1)(Ns—2)°

P ARG B A R G (0 7 R IS I N BT 21y, 1T LA G R 3% 55 45 R AH DG IR ZE A (0 23 51N it o 2R
W 5 E A [ 1) AR 2 TR AH TRk T AT 2 R ) 2 PR A & 22 T 1R A5 1) 28 HE0RE £ RO X S8 I 157 7™ 1 5% 1) i 243K
SR, BT FUR— OB A B B 6 1A THUAT Y 19 BRDF 93 A1 M AR 2B I T AT B T 5 TR 45 S R ol i
G 2 ) B A P 3 A A5 T U B D B ) 5 R 2 3 b XS B G OGS G R R DGR RO
BRI RAE A A B AT S TRl A2 TR ATT B 5 47 R i e e i, 3 B0 SRR B T e A3 SE A0SR 4811 5. th T BRDF
FANIE S St (reflectance  Tobe) (143 4 72 S AR K, DR 0k, FRATIAS g X BRDF i T 2 14 5Kk (important sampling).
T AR T AT R FH B A0 B i AN A2 4 A 26 2k R R (distributed ray tracing) (1 J5L A

5 % #l

(12). X (26). N (27) LML A Tk 5 A IR, S RETT B B & 2 B 45 RN T I8 B S 0 2 1) R A8 1] GPU SEBL
5 G MR AR PVE S UG B A B AT FH 22 3 222 1 (multi-pass rendering) 77 v, 75— 2 il o K — 5K T 5
(1 P AR A Jo X 3 53 A1 WS P 45 A by SU B AR N GPU, I 1 % X 8 1 2R Kol LU N R 4R 38, 200 22 i 2 Jm 0 BTy
RIS BB IEAT T R AR 48 A1 B — i ) &5 R 1 0B Wk & (0 5 T B N AE — 2t REAS B e IO 45 2R .
RAETKFUUE S P AR R 2tk S Al T R HOK 2, P RE 2 2 BIAR RS B LA R i 2 R AT LA & 2
SR GURL, 1My AN AR — 5K SO S AT LUK gl 2> 20 1 ) s 5, DA T 488 21 SE g0y 22 Tl i .

6 KILLER

FATIT VC++2005 F1 DirectX9 7r Windows XP RSzl LA F&¥% 12473085 J2 3.2 GHz ) Pentium 4 PC,
1 Ghytes P4 17,Nvidia GeForce 6800 GT /i< K. F&ATTX (&, G, #)F T 30x30x60 [ RAF 43 H 2% ,nge [1,200],Ns=201,
Np=6 “M4E K FEBRDFIE A L1 72 0 0.7979%, Ho b KIS FEARFIL R 752 6.747%. 555 7 5t & 70
AR AT A (1 DX 3, 2246 93 R 46 04 512xBA2. T A &5 B A 55 K IRIHIE T HDRIE 4,29 7KRGB = ifiE 1)
HDREG I 1 5k 7 5¢b Jot DX 38 43 A e 5 19148, B AT 458 FH pfm(portable  floatmap) i 4% xU k47 47 it 5 3 75 22
140Mbytes, 2 il Vi fig 4 67fps. — L8590 Hidin G 7% K15 S % KGR IR 1 [R) FF SR % A7 R B 1 O 45 380, i HoJYe
BRAERCE . UL B . YKBRDF S AR R Lo 55 1 Bt AH [5) 8 BRDF 5% J5 U B8 1 AN 2
FE4i 2 J5 W AR 2 it T SO R AL 3 ANt st IR RS RIAR AV, 1) il b 252 1) 240

Table 2 Performance of precomputation on exhibited examples
Fz 2 ProRSERE STk

Number of Number of Number of light sampling points Precomputation

© HIHBREBSAHIGIT  http/ www, jos. org. cn



1012 Journal of Software #f+% 4R Vol.19, No.4, April 2008

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

3 TR 6 5 8 i — AN DG IR (Bunny Kd=0.2,Ks=0.4, [ {555 B2 Kd=0.3,Ks=0.3. \ ] 3(a) %1 &
3(d):Bunny ng=5, [ 1% EEn=5,L, 1% 2 4 0.0150%; M & 3(e) &l 3(h):Bunny n,=180, [ 455 5ENn=180,L, 1% 2
0.0021%).14 3(a) M 3(e) 2 B4 6 M I RUR, R AL BRI Bunny 3 il 1 B 5% X 3 2 4 SR 1 3(c) MK 3(g) B & T
B TR R 2 5 R 28R R A AR Buniny 3 735 1) 1 52 DX 380 e S . 61 3(a)~ &l 3(d), 3% 5o M i@ S ik i
;18 3(e)~ & 3(h), 3% 504 5 6 W R B A B 3(c) AN B 3(g):7E 22 LT I HE X I8 A, 1) 3(g) HH Bunny 7 A, 46 R
TR 77 HE DX S5k, 1 3(9) A A 2 T Bunny (4 48153 46 A5 0 5 HE DX 3, B 3(g) 1) LA 3800 47 (00 335 1R kb THT 2 17) (4 2
FEAE G T B b7 AR R I R4

(a) Direct lighting (b) Indirect lighting (c) Final rest-JIts (d) Ground truths
(2) HEIGHMACR (b) T IR 2R () mALHIHR (d) %K%

(e) Direct lighting (f) Indirect lighting (9) Final results (h) Ground truths
(e) HHIGH MR () MIHES I OR (9) el R (h) %K%

Fig.3 The BRDFs of Bunny and the white walls (including the floor and the ceiling) are editable
K3 Bunny A1 (15 HE(C F8 3 1 AT R AER) i) BRDF J& 7T 45 )

A JIT 7 1) 3 56RO DA™ B AR 5 AR (H 2 JRATT A ARk Al mT DA R 2% e 98 (R 34 Kd=0.2,Ks=0.2,
ST Kd=0.2,Ks=0.2. A 1] 4(a) ] (<] 4(d): AT 25 5 AL 4(e) 1n) 81 4(h):AH B (12 2% R ). AR08, M P04 1)
A4 B ' T, R OB A 8 2 2 S SR OIG T 4 R R T e DG R R, R B R T B I A Rk R LI 4(a) P R ER R
ST IR T3 S S W Gk, DL I VB (R TR 4(b) o I PR 38 S S D T T R O A T AR 1 i b
B A G i i < Y (3 L N 17 B2 =1 o R ST 2 L R AN B2 N1 R T o B s S A 8
2 ROEB AL So B 1 A(d) M BIER A0 SF THD e G W S BRSO AR L T 1 4(c) B R T PROR 43 A1 #84T W) B AN ) 3
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%
(@) & ¥ng=5,"F[ing=5, (b) [ ¥£ng=5,*[iins=180, (c) & ¥ns=180," 1 [fing=5, (d) [ ¥£ng=180,"V*1fins=180,
Lo % % 0.2698% Loi% % 0.3114% Loi% % 0.1624% L,i% % 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 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%
(e) [A¥ns=5,"Fllling=5, (f) ¥ ng=5,"-1iins=180, (9) ¥ n=180,"F1ing=5,  (h) [ ¥/ ns=180,""1fins=180,
Loi% 2 0.2698% Loi% 2 0.3114% Loi% 2% 0.1624% L,i% 2 0.2640%

Fig.4 The BRDFs of the ring and the plane are editable
Kl 4 [RFFAE I ) BRDF J& n] w1

FEIE B BT (137 5% P oar UG 3 2 N0V S SRS R BE24 3 RS PR e Jo 06 RO R (DY o) S B R KL Y b T ).
JGURAE G AN AT W e T SE A0 s AL Y — AN 1D U Gargoyle R4 SO P 5(a)~ &1 5(d), NS AT A1 38 I
SR AR DA B A T BB IR R T, P A DA < R i R 1Y v e M it SCRLUR VR BRDF 18 S B4, IR, KL E
TR P 0B A 98 S S ot N 23 WAk B A i D' ) 84 o, SU LAt B 2 A2 55 2= AN T L. K AL Gargoyle [BIFR i 22 8] f
LA SR, R TR 2 A B W I 2 1] 5(d) b B ER T FE Gargoyle [ SRR e ETE T — AN ERTE 5] R Ab,
5(b)~K 5(d)+ KB SOLIESE 2 T )5 T B .

(2) (b) (c) (d)
Fig.5 The BRDFs of gargoyle and the plane are editable
&l 5 Gargoyle Fl KA 1IAA 5 AL AT G 5511
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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
TSNS 22 O HESE AR XM HESE R JAT 1K BRDF 25 [0) &5 KA, JFA ] 32 7040 v 45 30 S/ BO (i k. o A7
T S A X AL E RT3 S A BUR ] BRDF (25, 0 T B AR BRER 13 2 % R 415 1 I 22 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

ASCI ST R T S K0 A7 fif 225 ) A0 22 HH I 16 28 B 48 5 3 5% v ) o 5 X 14 450 8t A BRDIF 2% 1] £ 22 () $
L )AL OG0 A 33k HEBlinn-Phong (11 BRDFA Y, 1 fing e [1,200], M 2038 S S5 2 w5 5 -+ 70 96 2 (¥ 44 )52, 7T B
T i AR OV [, 45 2R Pt e 2 W) A RonS BEROR . iR ZE 20 T RT 40,6 A B (B A58 S ) 000 L 48 ) DAIK 1) AL 5
1o AR B, O o 22 2 R AN 25 25 BB IR A Je 328 ) 22 S BRATT AR 5 6w R 17 A A T b i D3, B A
AT JFAN A 1Y X35, 0 T VF 2 A 5 4 8 PO I P D 28 2 0, DR 0 — > 37 5 mPon 4 JR) Dl B T A8CR A W A S e [X
SR MR AT BR AR, G R K 5N R B B 5 T 44 o, 8 4 BRDF 22 [ i 22 B 2 (1 R R s, ol R B %
B T AR 510 DX 3, 8 R ORI T S 10 £ fi 22 1), o A 222 A P K 28 i il 0 e e 7 23k — D 1) AL
G A S B VT LABE — 2547 Ji LSRR B A& G YR T 22 i 4 SRAT LAt — 20 TR i vk S5 i Bl B RS
I 0 22 S8, DU P g A S ST B 28 ST T B 25 K A S A AR
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