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Abstract: This paper proposes a method of interactive global illumination rendering with spatial-variant dynamic
materials under complex illumination. With the spatial-variant dynamic materials, the materials of the scene can be
changed while rendering, and the changes to different parts of an object can be different. The non-linear relationship
between materials and out-going radiance prevents users from changing the materials with most of existing
interactive global illumination rendering algorithms. If different parts of an object are covered with different
materials, the materials take much more complex effects on the out-going radiance. So there is still not an
interactive global illumination rendering algorithm allow users to make different changes to different parts of an
object. This paper approximates a region with spatial-variant dynamic materials by dividing it into numbers of
sub-regions, the material in each sub-region is uniform and consistent. The radiance transferred in the scene may be
reflected by different sub-regions successively, and the paper divides the out-going radiance according to different
sequences of the reflection sub-regions. This paper also represents all materials with a linear basis, and applied the
basis to all sub-regions to get all different distributions of the material basis. This paper precomputes all parts of
radiance of all material basis distributions. In rendering process, it uses the materials’ coefficients of basis to
combine corresponding precomputed data to achieve the global illumination effects with interactive performance.

Key words: spatial-variant; global illumination; bidirectional reflectance distribution function (BRDF); path

tracing; rendering equation; principle component analysis (PCA)
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Fig.1 Global illumination with spatial-static materials and spatial-variant materials.
(a), (c) spatial-static materials; (b), (d) spatial-variant materials
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Fig.2 The light transport paths. (r13), (714):
Direct lighting reflected by (R,).
(r11,721), (713,722): Indirect lighting reflected by
(R1, Ry). (r22,723), (rap,24): Indirect lighting
reflected by (Ry, Ry)
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Gbytes RAM.BRDF {11 KK 43 HE % R b 85 AR 7], s €[1,200] 065 T B4 LA TSR N, = 6 5k, 14206 i, 3%
IR N, =4 N5 5288 1 3 s & — AR IR B 25 M 5] AR 1 IOtk 1 X3 8 s 32x32=1024, — 2 [ S
WA JIURT A% (1) DR 45, PC A TR A7 28 2 12.5%, Harr /N FR 4 O B 13.3% 00 ZR 40, S0l 23 3 26 0 512x 512,08 O T i) 1) 42
TSy 2.4 1 fps. TV 543 2 1 £ 4 £ 2h 21.0 Gbytes, [ 4 i 24 781 Mbytes.

BT EBDCIY BRDF (193 o £ AN ik 8, AT R T SCHR 9T (1 4518, SCHR[9] L4845 Hh (M (i 5t 72 &
il 285 S5 22 TR AR LU A UE WX AN 45 18 (A 250 68 1 P9 S S 1) T B 0 B FRAT TSR T 4 A2k v 00, 12 IR A I
S URERR 22, ' R R st AT AL, A1 s AT T LA SR FH A8/ (¥ B R £ R A BRDF (1 4 AN R 30 J 2 1 L2 3 %2 4
5.53%. 1 X I B g T AT R GERERE 7K 52 22 K (10 50 B R SEAR O, B R AR T w2 X oy e B R 4
1) SR W FE VAT R T D Rl 43 VAR ) Ak B R P T AR R RSO IR Ik B I S 80 i i R T
(1) 5256 &5 AN 22 - IR0 L] U HEFRATT I 2 8500 B RR 0% (6 A7 PR O T S50 F ] P9 A B R B (R A 5 R

21 At S T ITAT S0 45 A 55 1 37 S FUBORITR o S 00 S 8O T R

Table 1 Performance of precomputation on exhibited examples

R 1 Pk mmot S rERe

Number Number of Number of light sampling points Time (hour)
of faces sampling rays Direct lighting  Indirect lighting Precomputation  Compression
Cubes 38 16 384 800 2 8.0 8.2
Bunny 23.2k 6 400 800 2 7.8 8.4
Tube 1.2k 10 000 1 1 2.2 7.3
TE I S B h NSk 2 OR R 3 K0, 22 B0 4 IR A2 2 [ B 7 36 M R X R K,

K s,

TEWE 3 e B HOBORT cubes i THT PR 8 1T R4 18— AN 2 B) 30 25 T A2 44 J5 DX 45 Cubes #5764 52, 3K
AT LA B B B T AE cube BB R A3 AR L K 3(b) Bl 3(c) 3T 1A A B2 1 DX SR 28, T LATE
cubes 7 BB A i W (1) $5¢ 52

TEFE 4 v Bunny & —N 1A B3 AT ARA DK 3. DY J] AR S T2 — A 25 (] 3 2 1T A8 6 5 DX 3, AT W] DU 3
Bunny 1P J& 5% 171 79 85 2 00 B SO 1 re FE e B 4(a) B 4(b) DY A 7 1 # R T #0985 B () Y
JA P IT RT R DA 5, 32 3 Bunny 1SS 280 0 B8 A 2 A, 3 AT TR BUE B 4(a) 1, Bunny F 1 BRI L
5 D238 A B RS TR RUCR

TERE 5 tube A& — AN 23 (B Bl A5 A AR 5 X35, S T A — A 2% IR A4 ] A8 o DX 38k FRAT T 7T LA 31 tube b
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AT AA 053 AT BE % 78 T THT L £ 5% G i #5052 . e 1 5(b) 1 5(e) IR 3R HL AT i Y6 AR o, IR b o ST 1T A W 8
F A 5(a) B S5(c) FImAR IR T T &ett 5, R B 5(a) [ 3R A8 P T A 3 W 48152, 1 5(e) R A= B EL I 5(b)
EpSL R e

(2) (b) (©) (d)

Fig.3 Cubes. (d) is the ground truth of (c), L2 error is 7.518e—004
K3 Cubes. (d)7E(c)MZ % KB, L2 k7 H 7.518e-004

Fig.4 Bunny. (d) is the ground truth of (c), L2 error is 2.8787e¢—005
Kl 4 Bunny. (d)/&(c)1Z% K4, L2 %2k 2.8787e-005

(2) (b) (©) (d)

Fig.5 Tube. (d) is the ground truth of (c), L2 error is 3.4280e—-004
5 Tube. (d)Z()IZH KB, L2 B 74 3.4280e—004
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6 ZHERIE
6.1 &5 &

AL RS T 2 A B 25 T AR A T ) A8 L 2 A SR o MR B 4 1 R AT 1K 5 (R B 28 T A8 A B X 3 kI 4y 2
A2 [ A AT AR B I ) T DL R 23 7 AR BRI TV S R 00 £ AH R T DX s TR PR A A S R AR A AR
e PRI AR AL AR S, DRI FRATT T LUK 5 T 55045 31 00 000 1 4 380w DA 52 1R 3 BBl ok 21 28 L 2 i 4 o M e
6.2 FBRMTIE

AL 7 E R A 4 DS B R T s, L U e A AR AR v Ui AR HL R A I 4 3 s SN T g e ) R
3 7R B BN A A R FE 4 R 06 HECHA G T3 57 IR A 0 R0 SR 2 2 G A ST L B0 10z ] LA 0 v D s )
2 ) P 52 0% B R TRAT (10 B Ak 2% A 52 AR T 2 M AR AN AR AT ] 24 o B A S 1 — R P 4 A e ax A 1)
RO DR b, A SRR 5 v A B S R R P % B8 0 5 ) 1 4 A T LA R I B A, EZEA LA 3 mi(1) o
JUIT S5 K« DG IR A AR RN A5 7 11 ] 58 AR5 (2) JU25 18— U S TI J 1) A 016 JERH 7 s S T 18 ) ) 22016 FR
BN SR UR LA 1R S5 T G T G HRASUR 5 (3) A% L& BRDF 1) G 30 70 TR AH BSOS 280

J VRS TR 0 HR PR AR 2 53 ) 4 J O HE B D 22 2l 280 RS AH 2 T AN A S R TR B 8 B 77 2 o R TR 4K
st A O b AR AR Y 1 R 22 T ) A2 R DA A, ] ) B A% 45 380 11 22 w0 R Bt AR 5 A B B D ARV 2 I S 3 55t
RBP4 AT PRI ST 28 REA8 A - ZE 1D B OF BAE BT B ARFE N, AR Bl 20 R JRASCR AN 254y
K BH S PRI B 2 5 DR b A )32 F T A SR ol OB R G509, SRR [ 107 3 2% 1838 S ST 1y ) 426 01 SR, 3
FR[2] A B2 42 ' YR ) s 280 R T 0 AT T 1D S 3 0t v R0k 1) s T 5 SRR 2 2% UG T o0 6, e 3 U WX P
MEBEIFA S R AT RVETEVE 2 3 & 10 N I (. R A 43 5t i A w2 i) 5 24 00 S ST IR b i 22 2k
(B8 THT S S5 R 559, 3K R A 1BE A T BE I ol 22 1l 4 SR AR A ST R0 R 1R 2 R e A AR AT D 7 v 1) e PR P 3
7 TR PR IX S8 s R I 1) 28, T 8 B3t — 28 PR AE 0 1A R P T LS P ) 7 .

TR AT TRV 1D SIZ o I s IR 5 A PR A2 5K 05 R, et ] 52 AN 8 A AL, DR Ay 3 B2 SR A 3 55 Ve v 0 4 66 11
T 056 Agh S22 SR S 2 D6 FEORITAIL 077 10 3R 5 T B AT 4 5 2 86, T AN B (] B B AT RN T LA 5 A AN AR IR AR B B0 AN 5
b BRI B ANT 45 1A N FH L DAL A o ST o 7 P Tl 5 A 2 L R i R 1 3 S AR A e e LA
bR SRR RO RS 1) o S b R0 ST T8 LAV 45 R PR AT O BRSO 1 v v AT A DG A v AT SCHR[8]REAE
2 thi 4 SRl IR 2300 L 0[] I A Y B L R s RTRA B AL AN i Ak R ) 25 25 T AR AR B T, TG VR AR A 1)
SIS T AR T SR 1 R TR 5 S R T A 2 i 1) SR A O, R b A ST v A e AR S 17 )

25 BT, SR FRATT I S AR — LB 1 RN 24 8 AH AN 23 52 A AR SC S5 1 A 250 R0 SEE o 12 i A R
ghl kAT 4

(1) XL A T o0 B A Sk e 2 16 1) & BB, DA AH 56 AR 2 2R

(2) AT IR 2 B I 37 5 B S8 A1 A2 06 1) 28 SR P i 11 R AIE

(3) AT UKAR YT 2 [A) ) 38 T AR I 1) A8 T 44 JR o RO 42 31, O TN A T A e il o 1) ) AL

(4) SR P ARG 22 3 (S 1 7 06 HEORAL R8RS 10647 4 J50 2 6 ) 9 A P87, AR AN 49 56 26 (R A X T
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63 FETIE
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