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Fast construction algorithm of out-of-core based scene acceleration data structure

LI1U Sen, WU Zhi-Hong

( National Key Laboratory of Fundamental Science on Synthetic Vision,

College of Computer Science, Sichuan University, Chengdu 610065, China)

Abstract: Large-scale scene’s rendering is one of the major research topics in computer graphics. First,
it needs lots of memory resource; second, rendering process requires a great amount of computation.
This paper focuses on large-scale scene and proposes a novel algorithm which named Multi-Level Boun-
ding Volume Hierarchies to manage scene data, and then using GPU to accelerate construction and trav-
ersal process. The algorithm has two contributions. First using spatial Morton codes to sort triangle
primitives, then chapping scene into blocks and constructing MLLBVH; at the same time, the traverse
efficient have significantly improved by using a two phase traverse tactics, which using the first stage re-
sult to control the second stage traverse. Finally, the authors have done some experiments to prove the
algorithm correctness and reliability. Traverse efficiency has improved 10x compared with CPU.
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Morton codes
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Fig. 3 The overall blocking process

2.2 MLBVH #j#Zi##2

R KA R B TR L& S Wk
SRAZ PR AL — s W I L 5L BN T 2 A
I 235 0 ) R SR v s DRI AR S rp A B TR
BT A R B B

MLBVH #) g 5 #2 853k 2 fros s X F &4
SrLfii il SBVH ik pg st HZ gityg. SBVH 5
EAESET SAH LA L 0 26l B 51 A BT AR fn
HSAH ANl 5 [F) AR 40 24 i Fr 4 43 45 8
V7 Ml 3 3 0 2 40 4 3 SR 2 ) ) A3 (H Ik St
T CPU I+, [N I A S0 % 380 6 il 4 i JF % A 3]
GPU I {75 g B2 A 31 TR M . 58 1L
J A 538 BVH M85 DL AN 4 B2 IR S5 48 1Y)
&5 R E B TR i LBVH Jr ity gt |2
JAR A5, LBVH Sk i 0352 ol 317 Ve L
Yo AR E A ER R EM R 0 BRI, R
T Xof 59 ) A4 20 TR R AT 1) 22 0 43 A

PREY chipPrimitive2Blocks 7£ 2. 1 /N E A 1
A L X BN AR, B KU a8 B3
1, B4 constructSBVH , creat AndStreamoutTree
5399 98 B2 R 4 K 1 A R 2 IR 45 A A GPU #|
CPU Ayt [ B £ A7 AR 45 3 TreeList .
J& H AL constructHighLevel BVH %€ % 2 2 IR
ZERMR R IS BRI R 2 R KA. I 4
(a) Fl (b) fr 7.



299 Wl K FF/RCE ARFF RO

53 %

% 2 ZR)Z2 A &R
1) function buildMLBVHO)
2) chipPrimitive2Blocks()
3) while ReadBlock() | = EOF
4) constructSBVH(O)
5) creatAndStreamoutTree ()
6) //root is the root node
7) Treelist < root
8) end while
9) constructHighLevel BVH (TreeList)

10) end function
3 MLBVH RB[A

i [Ty B 2 bR A B 37 B0 G2 i I RS G R
Ay GPU St [y 5 3% 3 1Y 06 £k i 1 A B
AL MLBVH EZ 2R 45, b A scg i 17—
Fofr 3 25 3k I S A A 22 i O 2 R3S LR RO
LB oK & = A . WAH WL R 5 R 2 R
BVH #4745 22 M, 4K J5 AR 4 0 32l 45 2R 0 S 241
% JE S5IRE R BVH K22,

AR A 0 3K B BCKs i A 1SR 224 S MILB-
VH 752K BVH #472K 38, I il sfo 2ok 58 46
Hoh (RaylD, TreelD) , Hirp RayID BG4 RG],
TreelD JE£46 ik 2k BVH 1951 (R i 45 4~ 5 3
P R R A5 ) L #5253 5 AN AR A TN B3R i
0ok, DGR H M2 R 25 A 1 25 R s
PEAEARL 08 56 e A7 it 78 3% 252 1 A7 25 1) DAl 2 1% 22
W BVH 1y 1/0 o B2 gk, R b 3 0y B4k 50 3t
F# 3 — 4 Hash 3, % TreelD #47 Hash, &4~
Hash {4 I % 0 06 26 B O — O R R 26 Bl
W JRy ER Gk B TR A B B s DAOYG TR A B R R
AR Y 37 5 B A7, 5 B AR 22 = AT .
HARBRME 40 (DR,

4 ZERSH

4.1 LIGIRE

fb 3£ . Intel (R) Core (TM) i7-5930K CPU
@ 3.50 GHz 3. 50 GHz; I 1#: 64. 0GB; & .
GTX980; #:4/E &% . Windows 7.
4.2 ZWHER

ARSI ] CUDA 5 35 508, CUDA #2
TN CHEF MmO LR E GPU 1
AT Ty, S8 B AN A 43 i o B
T R AR A3 T R B 1 3l D SR R L S B

AR A 44 £ 1 RSN
YR VAR B /Nl 54 29 1600 T4 =1
I H B KR 5 A 2 4600 T A =4 F. &S
SRR 37 5 0 R AR S M () 3 (D PR 3 5 1 HE
L% 7 38 K

A

(a) High Level Tree

IR

(b) 4Low Level Tree

@ s @ wan W owas

RaylID o[1]2]3]4]5]6]7[8]9]10[11]12[13[14]15]
meern (3731 2 (SIS 2 2 151 2 [SENS

e A o NI 1N © SN
() DA 52 SR
Hash{f RayID

—— .56 15
ansnannnnang 413

2 poevrrsarrany 2|8 | 911

3 qunnnhum‘m
RayiD  [5[6[15 4[13[2[8]9 [11fo[1]3]7]10[12]14
reen NN 2 2 (2 2 (SIS [S[SIE]5]E]
mEric [l o ol o Il oo [oJflo ofofo]o 0]
(d) DA i 2 S

K4 MLBVH & 7
Fig.4 MLBVH Traveling

4.2.1 M ESAH K2R MLBVH @R
TETE A DA 5 b ity ORIt 5 2R DAY
WAL bl LUA Y B R 3 K B — P i
SR IS TA) AL A 3G . ER X T A 20 BRORE I 1
0 S DR A0 2% A AN TR AR R S 4 B | R IR R IR
BVH A B[] 3§ 0 322y A5 5 38 R 77 A 1) A I 3
Ay et i 2 51 R K £ 5 B AFE 1/0 FEm
ST P o3 S B T HE R 5 0 B ) iR 3 i 3 2 A



#2m XA, Fo A TNA T ek OV S M ek M Sk 293

() el (b) s 2
B 5 MLBVH & B
Fig.5 MLBVH Traveling

x1 XBRHRFR

Tab.1 Information of experimental scene
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Tab. 2 Constructing efficiency of different scenes
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Tab. 3 Contrasting of intersection efficiency

FOE RS LB K S 8. LABIIER . MLBVH
Ayl 3 R B R] T B 2 AR b TR E K2 I BVHL
FIERAK)Z R BVH 232 A R &R 5 ), H— iy gt
BVH A& & AR FER , H 2O M g 58 sl BVH
Boi I\ AEHE DL 2 A7, 4y HUBOR 2, 40 1 8080 45
DU RN 48 DU Ath 23 38, AT 3 I AE . P oA
S £ 4~ CUDA i, AS R i 2 18] #F 47 3 K 1k
TAE.

T LBVH #1 HLBVH % % & H T/
RRASE TR (1 23 R 85 A g S o T A S Ak Y 2 KRS
3 58 ds . A 5 LBVH Ml HLBVH #47
A R 3 T3 80 A T L
4.2.2 wpmaER o FEIE QY R RDE I,
T EEHN W 5 572 A5 X A Y DLk BUR R
6 BT A T RO . BI4A e KL it
BHLL 5y RS, %3 & CPU 5 GPU
I3 5 L L A Y Sy 3 5 4, O £k P B AL BR 0
A KT 2 SR T DL L Bl O 4R R G 3
i, CPU 5532 1y 3t Dy 5} 18] 5 GPU S5 1) 3k [y 1 i)

SR AH 7 50 Ours( ms) CPU(ms)
100 3122 72481
200 4600 127687
400 7932 278735
800 14439 539584
5 HRIE

AR S 3 3 B KRR S 4 T ) E L R B
PR, BAEAR R LSS ASITITEE, N
WA SCSEEE T — R 3k T A7 ) MLBVH 53k Pkl
) TR RIS 3 5 1 o0 3 A 4 . 32 B vk ] i )
BT 20K REM GPU &I 86 h . 113
TIE BVH 2544 [ i 1 w52 T F A #4503 i [T 4%
RABIFE] TR KT

AR SR I A 1 S W O (D 25 5 ik
FJLA GB EZH KA, TAAMARE - RBAY =
ol 7 5% & GPU 877 .CPU 377 LA B fiff 4% 5%
SE MBS 1/0 I8 B, 306 8 BE SR O — A
R KB Pk s (O PR IR)Z R BVH Ay A 85 3k L LA
ok /1 A A A 7 3 AR 1 ) 9 AE

£ Lk

[1]  Wald I, Slusallek P, Benthin C, et al. Interactive
rendering with coherent ray tracing. [J]. Comput
Graph Forum, 2001, 20(3): 153.

[2]  Reshetov A, Soupikov A, Hurley J. Multi-level ray
tracing algorithm[]J]. Acm Trans Graph, 2005, 24

(3): 1176.
(3] MbSrB. R RGN B R BT LRk L) ). SR LI AR,
2014 (5): 9.



294

W K FROERAFF IR

55 %

(4]

[6]

7]

(8]

[9]

(10]

[11]

[12]

Eloe N W, Steurer J] A, Leopold J L, et al. Dual
graph partitioning for Bottom-Up BVH construction
[J]. J Visual Lang Comput, 2014, 25(6) . 764.
KA, BT, WA BT = E R A R KD R
SHAEMEAEIT] HUWCTRIT,. 2010(12) . 30.
Wu Z, Zhao F, Liu X, et al. SAH KD-tree con-
struction on GPU [ C]//Proceedings of the ACM
SIGGRAPH Symposium on
Graphics. Jinan, China; ACM, 2011.

Wald 1, Boulos S, Shirley P. Ray tracing deform-

High Performance

able scenes using dynamic bounding volume hierar-
chies[J]. Acm Trans Graph, 2007, 26(1): 1.
Macdonald J D, Booth K S. Heuristics for ray trac-
ing using space subdivision[J]. Visual Comput,
1990, 6(3): 153.

Slusallek P, Seidel H P, Gunther J, et al. Experi-
ences with streaming construction of SAH KD-
Trees[ C]// Proceedings of the 2006 IEEE on Sym-
posium on Interactive Ray Tracing. Salt Lake City ,
USA: IEEE 2006.

Teller S, Fowler C, Funkhouser T, et al. Partitio-
ning and ordering large radiosity computations[ ] ].
Acm Siggraph, 1994, 13(4) . 443.

Demarle D E, Gribble C P, Parker S G. Memory-
savvy distributed interactive ray tracing[ J]. Egpgv.,
2004, 25(2): 93.

Navratil P A, Fussell D S, Lin C, et al. Dynamic
Ray Scheduling to Improve Ray Coherence and
Bandwidth Utilization[ C]//Proceedings of the IEEE

Symposium on Interactive Ray Tracing. Ulm, Ger-

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

many: [EEE Computer Society, 2007.

Zhou K, Hou Q, Wang R, et al. Real-time kd-tree
construction on graphics hardware[J]. Acm Trans-
actions on Graphics, 2013, 27(5); 126.

Doyle M J, Fowler C, Manzke M. A hardware unit
for fast SAH-optimised BVH construction [ ] J.
ACM Trans Graph, 2013, 32(4): 139.

Yin M, Li S. Fast BVH construction and refit for
ray tracing of dynamic scenes[J]. Multimed Tools
Appl. 2014, 72(2) . 1823.

W, EXRU, HumiE. £ T GPU )2 k4 Hl & th
AT L] WL KR 2 TR, 2012, 46
(1): 84.

Lauterbach C, Garland M, Sengupta S, er al. Fast
BVH Construction on GPUs[J]. Comput Graph Fo-
rum, 2009, 28(2). 375.

Pantaleoni J, Luebke D. HLBVH: hierarchical LLB-
VH construction for real-time ray tracing of dynam-
ic geometry[ C]//Proceedings of the High Perform-
ance Graphics’ 10. Saarbriicken, Germany: Euro-
graphics Association, 2010.

Garanzha K, Pantaleoni J, McAllister D. Simpler and
faster HLBVH with work queues[ C]//Proceedings of
the ACM SIGGRAPH Symposium on High Perform-
ance Graphics. New York: ACM, 2011.

Karras T, Aila T. Fast parallel construction of high-
quality bounding volume hierarchies| C]// Proceedings
of the 5th High-Performance Graphics Conference.
Anaheim, USA: ACM, 2013.



