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Abstract:  This paper proposes a high quality k-D tree constructing algorithm for interactive dynamic scene ray
tracing. Combined with the fact that scene primitives were usually well distributed, a reasonable formula is derived
from the basic k-D tree traversal cost function to represent the traversal cost for sequential positions in node. After
dividing the bounding box of splitting node to uniform bin series, the best splitting position is directly computed by
resolving the analytic solution of the cost formula. To guarantee superior rendering performance for different ray
tracing applications, the study raised several sensible functions for sub-space number computing in different
situations. Experimental results proved that this algorithm was suitable for scenes with various kinds of primitive
distribution, and it can be used for full k-D tree construction. Great construction efficiency was obtained with the
best splitting quality maintained.

Key words: ray tracing; k-D tree; space splitting; acceleration structure
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KR SLARIRIFk-D A= 18 R 5 ik 45 A

J6ER IR EFAE AR AR Fr G AR ) B A R G IR 2 — ,— B T AL 27 I 50 34 i 7R G IR
S B v R T S I i ) I N 5 MR AR R 62 S B A BB SRR R Ly vk H AT 2 R A
TR S5 KA FE AR MRS . k-D AL 2 UL S 6 T A 3 SR k=D AR 2 ISR R 5 gt i LA
FO0] 37 37 3l [T R0 28 A AR KR8 MR 223 1) B0 1 7 v 0 TR 7 v R k-D AR, SR TR R D (R 5 R T R R,
S8 B 7 ORI AR R & U (surface area heuristic, R AR SAHP) 2 H §i  FH 452 %2 (1) k-D #
PR IL T et SAH My 7 VA AR B G/ 4 B 1 e N R KB B SAH AR, FE IR B
o/ L R 43 T 3K PR S 1K) k-D> A% F 8 X % ol 2 ) 23 A 1) 3% 53R4T & BRI 43 (R 3L BRI TH B e
LG A2 28 L 2O 2R MR B O BER Ol T R SR, — S T Ak ) SAH M EE VAP SR Bk e AT EARIA B T
A AR B 2R i T3 20 AR 52 B — 5 B 5 A 0 T Bl 23 55, DL L PR 2 el 5 VA AN BEAR U b il A2 oK.

ASCHEH T T Bin (1) k-D AR5 52,38 1 SR A A B0 R B0 S e A 43 A A A e AR R B TE AR
HEBAL SAH Ha gt Sk IRLAS 138 G T 35005 b K dE e 23 B i AN TH 5 IR R ¥R B B L k-D B AH I 1) o 22
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“In-Place” 5 iJi kD A 1745 LUBE 1 AT 9 e Pk 6. Danilewski® K 3E A Bin Sk A 2] GPU, KU 2= ) vh B o
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Fig.1 Least traversal cost split position Fig.2 Compute SAH value
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d d
N1:N1a+NSX7’Nr:Nm_NEX7 (3)
Step Step

AR A E AR HIT 4 12 AT B SRR S, M S,,, 0T LLTF 84 BT Slice 76 4760 [ &
LR S, S, = (4=,

S, =8, +dxbc, S, =S, —dxbc “)
K XGRS Q@), BB ] 7555 F LI SAH AU, X (S)Fror.
Copic = Cr +C1{bc(Ns +Ng)d® +|:bC(N1a _Nm)+w}d + NSy + NraSra} ©)
S, | step step

(5 RI R MHT Bin 43 T4 BAT A7 B SAH AR, ol LLAR 2% 5 b skt B /ML B 4 57 Bin 5 9 5/
SAH 1A AR I ) o 4545 2 S At 43 0 T A
TR d5/ME AT LM — & (484624 Bin " START F1 END 4501 8 0 i, 20(5) T LA 4k ok 3(6).

C:CT+%[bc(N,a—Nm)d+N,aS,a+N S, ] (6)
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ra~ra

(6) 2 KT Rl MFAE d 12t ok 30 R 2R(6)HEAT SAH THE I, L5 % 18 d 10 REF 5 et )
Mk A B2 LT —ERiHHEE.
2.2 HAERHAT
M k-D B E 73— R A SR B BT Bk AR T AT R 2 S AR B Bin FiAE )
Fo UFEEALS B AE BT B JTA R X 3 AN BRI IS B RE LR B SAH 43 FITH A T A AR R )
Sl b I LAY i) 23 K BT A A R B Y L e e K A AT
221 ERHAEIIR
FAFH RS A Bin ' START FfFFI END F4F 0 50E. R T 8k % 52 2% (4 B o S5 0, Ao
Shevtsov'™ &% Benthin'**—#¢,Fil Fil €] 7 11y % 4 o & ST AR 083, Ge vk Oy R ] 3 o,
BT AR B340 Ny A Bin, Ny {8 FIRA 245 26 565 3.2 G0 2 AT, 3048 4 o5 m Pl s ) £ TR 6 510 38, 7 )
3 B A A G0 R St N7 BT A Bin 19 START 5 H I 1 AH 1 MKt B A7 5 X B Bin f) END $0H i 1.2 4%
S 1 AR
BiE L bRk
1: ComputeSliceEventNumber(Box; [ ;axis;step;Ny;)
return (Ng;Ng)
{Box—E Ju L [l g 7 3R, O—7 A fu [l &)
{axis—47 #| 5l step—Bin [A] i, N,—Bin &40}
2: Ng¢—0; Np<—O{ T B a8 513K )
3: for all box; [1 Box do

4 index {box[.mln[axzs] —D.mm[axzs]J

step
(AL BETT AR A1)
if index=0 then
inc Ng[index+1]
else
inc Ng[0]
end if

O 0 3 O W
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10 in dex(_[boxi.max[axls]—D.mln[axzs]J

step
(AR S5 R AT

11: if index<N; then

12:  inc Ng[index+1]

13:  endif

14: end for

15: return (Ng;Ng)

BVE 1 P 4 AT~58 9 AT UF AL & START FAFTAL Bin J7 5 88 J5 #4541 Bin [f) START %00 1,247 %5
ANT O IR K N[OTIN 17 S5 28 1 T S 485 SR v N[ 0] 7 4 A, Bl o e /0N Aor A Ay 4 S50 I 27200 £ I G 48, 1D I 4 A
BT HOA 5 A IR 1) 0 R B, 3 o A 4 0 T o SR T RE A A

AN A
NV =T

s 1 [ 2 ] 1] 2] 00

oo o [ 1 [ 2] ] 1] o

Fig.3 Generate event count list
K3 AR

222 SR FH

X AT 8 Bin S A 43 B v S R AR SR Bin ¥ SAH vF A SR SR B8 &3 I S 5081 R4 3
A Bin AGAL B W24 B TR S IRYE E—5 i SAH vF B A3 3 Bin NI S 2 BT o H S AR
H% 2.

Bk 2. AR B

1: FindBestPlane(2;NS;NE;NT;Nsl)

return (C';pos) {Nr—11 i TG S 40

2: C'«N7*Cp; N;«Ns[0]; N,,«Nr

3: 8u¢2bc; S,¢Sy

4: for i<1...N;; do

5. if Ng[i]+Ng[i]>0 then

6 (C;pos)<—LeastCost(Nia;N 4581438143 Ns;NE)
7: else

8: (Cspos)<SimpleLeastCost(N;;N,0581438:4)
9: endif

10: if C<C’ then

11:  (C";pos)<«—(C;pos)

12:  end if

13: Nig«=NitNg[i]; Npoé—Np—NEli]

14: S« S tstep*bc; S,,«S,,—step*bc
15: end for
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16: return (Ng;Ng)

S 2 AR 2 ATRHAT VI Ak, W S MR CT IR AR B A 1Y a5 T R LR 4 = M SRR ARA 2B 5
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R 258 k-D W R4 SRR 1) 26 1R 4 A P .82 B SRR AR 5 ff 58 , A A7 70 B O 20 0T RIS 1 Xl 4 A Bin 2047 X1
a3 B, BSR4 25 B e AR D B AT 45 F B 45 2 S 0 43 FUTHT, AT 5 350181 Je B0 A TR X — ) A
SR Pharr VR Kang! M H 05 %, BR 42 k-D B ) B KIRFE 4 8+1.3xlog,N.
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JCHIEII BN 1LAERCK/N A 800x600 15 2 1 46 €6 B F 1 LA (O SEHE ST 02 Wald e 1 5 24 5
O(NlogN) 15 fIt k-D A4 4t 50325
3.1 BTSSR

AR SCT ek SCHR[27] 7 (0 2 SR AL EAT T I, T G 45 SRR . PR A 7R 44 B A P e A ] 4 B R BV R
WL Eh 0.4n(n 9757 s B B0 TR A5 S L3k 1.

F 1P B R W AR SOV [0 Y b sk 3 g EHE SV 1) 2 A, 9 L3 T 280 5 10% 20 A 3 ) 054 v
SR B A B/ SAH AU (K 4 F T Z BEE Rl
k-D BRI o7 3 s TR) e 26 35 5 43 Al (SAHL AR
VLA AR B4 P —) A R RS
B LA Q) 543 B e SAH AR AL B AR — 5
SRR EIA B 4 R H A A 1A
T00 553 43015, T LA Ay 7 38 AR SC B3t 3 Tl 3 2 4y
A0 (K135 5, AR SCIAR T — R AR 5 4y Aii 3 5 L 45 )
BRSPS R, S5 Kol W3 2.

M 2 LA T AR A o A 1 3 e AR SCH
AT DAk B LA SR 2.5 35 A0 ek [ Ik ) R
BEARRR A S 1 A 2 s, A 5 5
AN S R i 1 30 S K 0 B T 3 R A
JIT R B3 DR O ) FH S UE SR AT k-D AR AL 0
A T L AR ) SAH {8 % FE 2 i) o ] 6 4% Fig.4 Well distributed scenes
0, T A SC 5 0 43 5 % e 10 18 O 6, 4 B2 ik
i T L b 3 0 P R AR Ak (] B DR Ay 1 G 43 A AN Y150 R AR SO S o 1 e P ) 23 A gl A7 AR
K I 2%, 5 B0 b7 i R .

P

11 47~% 12 4T

(d) Buddha: 1 087 716

(c) Dragon: 871 414

Table 1 Experimental data of well distributed scenes
F 1 B A s E
, K4 g 15 (] (ms) VE 4L I [A] (ms) - NS
Wit — Y o Ty ey I L TE G L
AICEE R I W - o

Bunny 221 461 251 275 2.08 1.10
Armadillo 1458 2 602 258 285 1.78 1.10

Dragon 2774 5 886 304 333 2.12 1.09

Buddha 3375 7263 284 300 2.15 1.06
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(a) Train: 6 598 (b) Sponza: 67 461

(c) Closier: 81 354

(d) Fairy: 173 397
Fig.5 1l distributed scenes
K5 AR50 Al
Table 2 Experimental data of ill distributed scenes

=2 A A st R Eo

. e 73 1N [] (ms) VE§ Y2 1 8] (ms) ; - .
I IS T R RS R Dt Mt
Train 12 30 149 143 2.44 0.96
Sponza 151 366 987 1059 242 1.07
Closier 186 482 1300 1347 2.58 1.04
Fairy 426 932 507 521 2.19 1.03

3.2 WEBiIn¥ 2

TR Bin Jl 43 Sk BRR [ 0 43 S TR 17 AN 3 8 3 5 R ) ) B, AR S 4 A SR 45 R 4G
HH AN T) 32 55 52 7% P o o't 2 R SR T R 2R P 09 ) o 0 U R I A A B RS e 3 k-D WA
T I ORI o P ) J T

SRR SCIEAIIAR T 4 RIS i A A R AR R AT T AR e g AR IR K A B v A R
$H logon,n,logy’n F nlogon(FE07 MIEL 1.0,0.4,0.3,0.1).Cpuitg, Crray 2 Crr HIINR S5 H 23 M4 B 6~ 8 -,

M 6 AT LUE 853 5 A8 nlogon AT 6L & X o HAT dw b s8R AR 2 A0 39 Se R s i L B
ANFRE TE (B AR X 34050 3 S B A5 BB R MO B I 1 7 SR U, BT bR B REAS B 5 B It ) 0 A B R 1 38 )
R AR TR 5 B T EO 2 1R 2 BOR S AR U MR R IE A Bin Sy o B R B 1) BT O
AEI459 43 A1 135 5, iR 43 BREORT I T ) 2 o B 0 B A K R R B T A A AR AN &) S Bk it 45 AT
TRAT SRR FF R v 1 0 it 20 AT 6L 8 T 2401, 2 0f 38 59 3 e ROEAT 2 6 8 BREER I B0 o n IR 4 RE 8 15 B ASE  B
RO, I AR R 28 S EAZ R AR TR, S B — % 2 B T B n ol 2 k-D AR g FE e T o b
51 39 K T AR S AR 0o ) S 8 R A R KR P ) A

ZRE LA B AT AT LIS HH LU SR

o TEEUAN BB n — MR AEAE AT 2% i U 1) k-D B TR 1 SR BT SR UOGER T N B A
O IR

o Fll I log, n bR BUVT 503 E1 50CR Bl 0% 50 4 b 335 13 AN 349 20 PR PRI G 93 A (R AE — 2 R B, B0 Kl 32t e A1
JEA TR

o SOF LA AN 15 43 AT R A3 5t nlogon BUEE 1 43 I TH R 0% 153 208 i (1 B 3k 2
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+—log(n) #-n —o—log(n) —mn
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2 Bus
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Fig.6 Construct acceleration ratio Fig.7 Traversal acceleration ratio
K6 Hygnidktt K7 s g e
—o—log(n) —&n
22
log(n)*log(n)  —<—nlog(n)

S > @
SR &

& ST
B &@ Q@ &
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> U NS >
< cﬂo@ o ¢

Fig.8 Construct acceleration ratio
8 Rt
3.3 HBASEENR
N T W UEAS SR B 253 50 IE RIE, FA TS SCHR[28] 7 1 3l A B REAT T Il JE B 4 R W P 9 .
M3 RIS R AT DU 0 AN RS ) 37 55 AR SCHRAR 2 1 — 5@ R I RCR $2 71, 0F HAE R v
TCHOB 2 S THRCR B 8

(a) Wood Doll: 6 598 (b) Hand: 15 855

(c) Ben: 78 029 (d) Fairy: 174 117

Fig.9 Dynamic scenes
9 &y
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Table 3 Experimental data of dynamic scenes

&3 &R EE

. FPS -
S5 T I i
Wood Doll 7.07 6.50 1.09
Hand 3.68 3.24 1.14
Ben 2.87 1.85 1.50
Fairy Forest 1.11 0.74 1.51

3.4 Z%IENGPULITIE

AL TS AT R 2 TH S0, 23 AT SR B S0 BT 8 1Y Bin, BB AR B 251 50081 2% 2R 5 B 6 B4 Bin
LB o I A7 o 22 3% B g /N AN 43 3 T A — A 2D BRI T S0 LA R A vy M, BT DL RE A AR e S A% A 31
Z LB GPU S:3.

4 % it

AR SCHEH T HET Bin (1) k-D BRI S, 20T T R0 SAH A SV v SR A 5 ) 1) 9 B B AR AR S A4S SAH
AR A U A B R Bin P 2R EI07 8 10 R0R 8L s RO i T k-D B JF HAS 2 5 i k-D B AR
ol S K SR 53 A0, O T A SO TR RO S BRER N 137 5,45 1 T AN OLT Bin il 2 B R KR

FREL.
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