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An efficient acceleration algorithm of GPU ray tracing using CUDA
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Abstract This paper proposes an real time ray tracing system using optimized kd—tree traversal
environment and ray/triangle intersection algorithm, The previous kd—tree traversal algorithms
search for the upper nodes in a bottom—up manner, In a such way we need to revisit the already
visited parent node or use redundant memory after failing to find the intersected primitives in the
leaf node, Thus ray tracing for relatively complex scenes become more difficult, The new algorithm
contains stacks implemented on GPU's local memory on CUDA framework, thus elegantly eliminate
the problems of previous algorithms, After traversing the node we perform the latest CPU—based
ray/triangle intersection algorithm 'Pliicker coordinate test', which is further accelerated in
massively parallel thanks to CUDA, Pliicker test can drastically reduce the computational costs
since it does not use barycentric coordinates but only simple test using the relations between a
ray and the triangle edges. The entire system is consist of a single ray kernel simply and
implemented without introduction of complicated synchronization or ray packets, Consequently our
experiment shows the new algorithm can is roughly twice as faster as the previous,

3 4]o]: Ray Tracing, GPGPU, CUDA, kd-tree, intersection test

£ A7 20084 ANZAR B AREAATATU chet [TATAE §4 - AUAY) ATATE SRS
(IITA-2008-C1090-0804-0002)

*EAAL L ey |EYd 71 A5k HAA e—mail: bluesky81@gist, ac kr
#HPE A2} o Rl EY 7|k AuESlulY e—mail: lipol23@gist, ac kr
FEE AR} - Gl 7138 214 e—mail: khko@gist, ac kr

1. M2 drH o ARGEY] AZHEA HZole F ]l dAA o]
I AR ofm| Ao S aqmAl FQlaL 1ol whelA

] 3T o) 1 40 s 5 e}
ARE IR STaA R fme] FEHI 7129 A94 2% (local illumination)& Hoju} 4] &

3D Graphics7} AlYFelut =GAAIL] AREAE Q1E|#H 0] 20

469



=

2 ( ray tracing

_u

A}w JEM 24

< GPGPU(General Purpose computing on GPU)9] %
2 GPUS e woprt opd
A 71‘3116333 74]*} EE]
59 7]~L§}7} w4 0]
GPGPU Z#¥&0]

HE dibeel 288

]E Q3 o7
i F 7P
5 AL Qe &401 NVIDIA AH CUDA  (Compute

Unified Device Architecture) ©]t}.

CUDAE ARl GROolde] GPUE A% H
E7EA AREHY A (kemeDell 9
HeleEs 29t (thread), E5
13]‘: (gndH AR sl FAHCR zﬁﬁl?&‘jr.
S22l Eﬂ ]‘3 AEE 9% vEed oy
71&2] GPGPU®| A7 Winct &

HolFa 9tk

AEEOJ]o} 7

o] 7h¢ & A5
mi e
7 ¢o] woFstaL
HaxE g S]MD(Single Instruction Multiple Data)
s 9 Z2aego] ofgy] it GPUE 3l HlaA
Adigk Fde] A kd-trees ]85k ”’\]ﬂoi gl
gHA7E Sk &
Z} 7]*3?-7\59} B2/
UDAE o]-§3 dare]+

=

[Sul——Y
o,
>

to 1% o

<3 E]>~

p‘L

L
ro rlr
ok

014

2 —|—‘

n

e

ol Vg Heln
selol A48 P

2

GPUS] A HR&

gl ¢j7)1:-8017] wEol stack?] pusharls 913 2+
7] ¢4k CPUE AHEsH7] litol ¥Ids] dashs 1/0
H =2 Qg Z&9 Asirt & EAldo] "t ol&
371 93 [2= stacke]l "Hagle F ovle] gae
(backtrack, restart)S #|¢te}sich Ed]o] whdi-=ojA
Aol wApF HHAEA FSufel] oFke] ApolE QAW

A &
REFE o WEE wEES AFaekls o

A0 o o W fo

T E pad

ol 7] Wizl 8= 7 Wiie=g] AEE 2 om
AARE w2 TS Altegih Zb e ‘rope’ 2kl
el 670e] Aol Hid EQIEE HEE AT
ele] e msof s wabe Aol wAEA ks
A5 el Y mE T waph 2AE mERE AT
At Soltth shARE o] W2 R ek BeAdol

oft
=
N
v 3
B
BN
]
it
o
T
X
r
m
)
=
©
[
T
i)
3
T

QL
in!
=
t1
N
b
[t
N
—_
o
PN
_0|L
rr
>
)
2
o,
=
. 3
rﬂ
ot
ol
&
et

WAZAKE AASolo Bk BH/AZY wA

o

>~

>
0 rlr
oo o XK

o no
n
=

o J_%J
ooy >
9{-“ =
lo %8
it X
2 o
mio 1
i1 ©
o re
oy o F
i’y =
N :?‘:‘
r> %%
o Su
£ X
X
n: F%
N o '13
oflt -
o rlr oft
ol
o

fo S
ful
N
o)
To
o
)
oflt

L
X
ofy
jabal
5
=51
)
i
o
fo
o

feorr N fo P oft

o o

Clo®

o

8} projection UﬂiE 3 *}%3}04 3
| =] AR AMES BT
Ao BAHT) B
ol Auslx| e FHow FAls) =
Al A3 vA gethe ARG o]8-8)o]
e ﬁh Ao "6354 6}9@. 8}?4*{

(o3
My 2
e
) %
30,
32
o
31}
I

O{N'
it
X
it
lo
b
)
ol
tlo
i
v
=S
Ir
% 7

Ao
of
i
N
o
10

N _{g

9’] 73%01]% %‘% ﬂa] ol Bg%?]_ ARS 1‘11745‘]'7] _ﬂ;:—l, H]/g
3t A~ A7) vieA] "o st

3. AI2EY JH

il
e
i
ro
=9
i—";

g

Aol mES FxE <I¥ 1> 29|
host(CPU)el A = Xlw%g] AZA T} Az
AFR QALS aldtn CUDA Hlax] vz =
ARE device(GPU)Ol B71E Aoz #AF
GPUoIHE BE 390 tiate] 28] 7]uke]
HmA Bas 4o 2dsteE akglon
ol tiste] BIFARD WAZAL
e ARt 52

B =i ;q]o]-a]_# Y S EC L)
=3

- e
et
i
>
o
)

o?i,
=
fo A
B

s
[Eui=)
o ot

2
2 e
>
N
it
sl

f ot

R
e
[ ofm

E)

N
-

71—1 ]_ /T\]]—

14 2 2 s

$7hA9l A sl 54 4o]d Em—g
d wbpt 2o wE dla 24 @
A ek ghegl olu A thal hostol OpenGL

>
>
ok

f R
o

=) Ji
kY
it

o ox MU e

r_>z
e
ko it ox
L
o X
o

z M
o o

_Ih e



QBAEPBO)E o] Ho HF wris)o] nirg]EA €
t}
Scene 751
v Bl v
Ke-tree Az
EEAPY A Y HOST
OPENGL 24
. -
kek-tree Phiscker 41242 e DEVICE
T I B PE 9
{ A e dlolg
- ]
#
2 1 B A
4. kd-tree ;== ERAMHHY
ol oA Ak 2" 7IHke] Eg] Aol g 7
AR AS 93] 4184 9] viXE AWt 424

oA
41 M

Egle] &3] wAlel He) viEes o)y miel
FeAQ AN EI ] ZUE 93 o] AA}

2A2pe] et [0} WS 8 bytes] Hme] Avghe

= TR ﬂi TAsg o UNIONS 224 il Wi
F9 AUOR PwEs BuesE TR
Az AAle] WieEel) el
13¢)

z}%s}z e2x @ %9 Wgo

2> % A9 A wEE

o|F 7[ute® o] TS it

1_,1:
a

A

°l
glet=s HES

HU

fo 2 i

Bty
83 array WA LS HEHH Aol SIERES
BFS(Breadth First Search) W02 W&o A&EA ¥
of Eg] HAE T Ik o] Wyer A WA 22
REE VRl AR yA v BE JI

T Jonz A 72

-~ —
x[alBlc HI1 k]

plelFle
—_——

9 2. AER= kd-tree =E0] wEE] Fo]ol

HH

4.2 AEi7|io| B uhy

471

CUDA E2EA AFshz NVIDAS sh=slo] 2o
global, shared, local, register ™XZ7} <tk
shared WIE2&]7} 71 w23 3 E-50td] Qe BE 2=
5o H 7Festy] weel &t 20k 28y & &
=1 16KB Holl E[X|eke shared vlEE]o] A~8S WEA
HH RSSOl EAZE @S, thE AYuEe] FAIR
BAEe= A9 AvlRe F71st

L

fu

o]

ofy

Xt o ¢

> ob
U=

i, fo

O o

ol

ol

£l

N Mo g pE of
fr to d

ﬁ
=

10 el

STRUCT _stack <__data
STRUCT __data < Node,
__data[MAXDEPTH)
__stackanit ()

integer idx

Near, Far

integer push () sreturn ++ide

integer pop() ireturn —— idx

loop
if (innernode) then
loop

bit < getOffset(Node), dim < dim&3

offset < bit& CHILDBIT>> 3

axis < getAzxis(Node)

Ty < gctRa,z/(d'im,myl,m)
ray,, < getRay(dim,ray,,)
(azi,s*raylm)

Tay g,

>0 then offset+sign™0

dist «—

if ray,,
endif
idv—offset+sign ™1
if dist < near then offset+sign”™0 endif
else if dist < far then
__stack__data.Node <« offset+sign”™0
__stack__data.Near < dist
__stack__data.Far < far
far<dist
__stack__data.push ()
endif
end loop
else
loop
performintersectiontest
endloop
if __stack__data.pop() = empty and rayis hit!
__stack__data.Near < near
__stack__data.Far < far
endif

endloop
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