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Ray Tracing of Dynamic Scenes by Managing Empty Regions in Adaptive Boxes
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Abstract  This paper presents a new ray-tracing technique to efficiently speed up ray traversal in
empty regions. It first produces grid cells in a new method, and then aggregates empty cells
adaptively into fewer empty boxes, so that much acceleration can be obtained by reducing compu-
tation on ray going through empty regions. The new acceleration structure can be constructed in
O(n) time, and its storage complexity is also O(n). By such a structure, rays can be traced in
O(logn) time, similar to ray tracing via a kd-tree . When this structure is integrated with exist-
ing acceleration structures, large dynamic scenes can be efficiently rendered. For instance, a dy-
namic scene with multiple buddha models in up to 6G triangles can be interactively rendered in
high photorealism on a common PC, where rays are traced individually and second rays are also

computed.
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/ % object 15 B AT AR [ {7 5 AL e 14 0] 5 A+ facets 45 AL E TE
FEAT object PHRTTE J */
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WA object $AFN facer T35 52 ) WIA% 1) 43 #8255
A S ] A 5
R4 25 18] WA B 2 & s
for(BANFIT & object B facer Kt il 3 45 %€ B A 1 25 6] ) %
I8
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A AL [ GIE AN B O Al S s 8] A%, 4 (8] A% 43 Bk
R LA ICH AL S object F facer BT H s
AR 240 43 25 18] R A% Bt B O Y s s
}
for (B4~ object)
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LK object W JRTBALBR R 5
FEJRI B AL AR R T % object G # JR) 3 45 a) A% L 23 [ ) 4
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}
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DAL 7 5 3t 4k B AR I3 b, AT R A Phong 5 7Y
HEAT G RRTT AT B A 1O 2 S B IR BT A R
XA B HE 4T 2 K 417 (level-of-detail ) 1) 2H 21 Fil
iz .

Ry TR W 5 iR R 22 B B A 3 B AL B R
AT Shim Y Lk BREE ) 7 AN SEENR S R AT T
MR CHy http: //www. ce. chalmers. se/research/
group/graphics/BART 3£ 1% ). 1t 4h, AT & H
“instance” i Al 1 $5 DU AU A BT — S R AR
Y5t

FEMHRIX 7 37 5 R I SCERE30 45 Hh YOG
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Kitchen 393 110 1.0 2.9 5.7
Robot 1848 71 1.3 2.6 3.1
Museum3 208 10 2.0 5.0 8.0
Museum4 400 10 1.8 4.5 6.7
Museum5 1168 11 1.5 3.8 5.5
Museum6 4240 14 1.2 3.0 3.6
Museum?7 6520 26 0.7 1.5 1.7

Vo AR 104 shading SO BRI — AT A 2 02
HERE 5 BOR 245 AT shading SO R 045 BB A — i
LR I IE 5 BR324 HA E4% shading, S0H L BT 1 —
AT £ A 22 )

FEMR AT B O J5 3% 28 i KRR b S, 3%

22 T AR RN AN R 3 ) P 4R G 53t L3 5.

FIR M GETH Rt 7635 3 I3k 4 51 .
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Y5 Object %% Facet %% o A Fh 2%
Single Buddha 1 6. 0M 1
Fishl 1200 13.3M 2
Fish2 12000 133M 1
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2 i 2009 4F
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N R e B 2 AR 3
i— IR /
2 i/ KN /fps /fps /fps
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Single 5122 12.0 14. 5 20. 8
Buddha DVD 5.2 8.4 10. 9
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Background

Ray tracing is one of the main approaches for photoreal-
istic rendering of 3D scenes. It can achieve high realistic ren-
dering effects, because the rendering process of ray tracing is
physically correct. However, high computation cost prevents
ray tracing from practical application. Considering this, re-
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and ray traverse algorithms to improve its efficiency. In par-
ticular, ray tracing dynamic scenes has attracted much atten-
tion from the computer graphics association in recent years,
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this is still far below the requirements in real applications. In
this paper, we design a novel structure for speeding up ray
traversal in empty regions, and it is also very efficient for
fast ray tracing dynamic scenes. Its basic idea is to produce
big empty boxes to gather neighboring empty grid cells and
associate the boxes with grids. Due to the uniform grids,
these boxes can be built fast. Meanwhile, these boxes pro-
vide an approximation of empty regions in fewer partitions so
that rays can traverse fast in empty regions via the boxes.
Experimental results have shown the advantages of our new
method over existing techniques, to be able to interactively
ray trace large dynamic scenes, even in over 1G polygonal

facets.



