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ABSTRACT
This paper proposes an effective method to select MIP-Map level of texture images

for ray-traced texture mapping. This MIP-Map level selection method requires only the
total length of intersected ray. By supporting MIP-Map for texture mapping, we can
reduce the texture aliasing effects, while our approach decreases rendering performance
very slightly.

24

Keywords : 3D Graphics(3%3¢] Z12]¥2), Ray Tracing(
(A=A "))

1), Texture Mapping

X} : 20104 06 17
X AHCorresponding Author) :
2o

AAIRAZ 20104 07€ 052
gL}

=
=T
pi7h= 20084 MECHstw WLiiTH| X|@S ’ot

H102 M43 20104 82 | 73



Al A9 RE Yy Z2AANE ~E3
(scan 7vto g Sl Y aH
(rasterization) 21S A&stz k. kA, PA

AN
FA wAe 7 el dsA Bae Aol

conversion)<

2 7 gA =S
olo] @EFE WX= MAPES F FAH= B
o]7] el A9 =" (global illumination) =3}

5 ol 71&9] #H WA Tt
3l ¥ AHshadow)& ¥, WHAH(reflection) &
7}, FH(refraction) &3, FI}(transparent) &7}
Hog Agstm, ek Fel= Azl &

GPU =

Aol gt A57F &us] e drH34]
2EAe] gy Gds AFstr] st 9
2} w3 (Texture Mapping)S 7|22 o2 XL
oF Hl 7|5olth g vjES g
sl7] flste]l Qi daA omAE wAE
A AF s MIP-Maps 7|24 o2 Apg-gic}, )
22 wg A MIP-Map &5 AAsHl Add st
Abgsto 2R delold(aliasing) &3 €A
dolele] FxFE =Y F Uk < o]
el A g ojd dHH
filtering) = MIP-Mapell 7|vto = &=t} [5]9)
AE Eax wisgA MIP-Map 758 243
thFgt o] AsfEe] d™, ©]= OpenGLolA
AREE = Fl2E A 7)Rkska 9tk MIP-Map
= 2

(anisotropic

G Adol: JRHon dxd w04
F3rbe] Hlgo] AHgEL,

B F4 gl gk 7 Ae=M [6,738]00 4

= 34 WsEF (ray differentia) S T O EH
MIP-Map & ZAAAT ARt o= Ak
=

shd 3ad efiydlold AlE 2 xE]l dY
gol| F2 AFRHJCTIL dAA AN B
FA4& 9 wjyzoe] WA 9 A8 st=so
2o Al MIP-Maps A 93 Alele A 4
At

2 Ao es F
w3 A] MIP-Map & 2
1 EFE Aeksteh ol WA HAE Al 7
W E] B (primitive)ell diate] Al s ZE
Heo] MIP-Map <% 03¢] AgE AAtsidh
vy Al I wAg S Ao tiste] HA g
Astel MIP-Map % 0742 Al gt +3
(on-the—fly)oll Axtel AA Fxeo] Zo] Fw
AHgste] sl EAlS] "@2~x MIP-Map I
Aggie}, o) "dad FA4 A&l gig ALt

20 oL x

N
lel -LL.4

ol

>

2

N

>

LI

E

g o

MR 2 |u [>
Mo mo ofN > & o M e A

N,

g WA 7|Rteto] Falshs AomA, 7]Ee]
B AsE fe ol &3 WAl Hlste] Aot
U "ol Ant AMbgS tiF F9dow st
e A7 Zhsstt Aljbebe daelEe vy
oi[3419F A& sF=glel[10,11]eA FA F4E
ZbEehe v Wl v w8shd Aed
A& Aotk

oEe AL v 2ok Al 23l M= )
2 v Aol g A Aol dia] vjEdeh Al
3ol A= AEE MIP-Map 3 A9 &gl
o gal &gtk Al 4ol A A 2 '
Aol disl 73k Al 5= AE B FF

g gL 73

o 37kel 2419 &




— An Algorithm of MIP-Map Level Selection for Ray-Traced Texture Mapping —

AL S A wpx] AAlY] EAAE =AXA RenderMan #& 2 =Z#}2l(off-line) ATz &
T L AREBEANE k= Aotk g2 wjgd o |8 Ao zx [67]d4 = B wEES T35
& oglold  gIE  Zoly] 9 wyowm o224 MIP-Map & 2%t o5& 747t
MIP-Map< 712202 A& 3t{12]. ol J& B ol %shE BAEYY WEFE ALt
g onAE GAER FoA ATse 3o B Wk ZE=R sty dupge upEhA
th & A& g2A omAE FFE 02 X]Xéﬂ olE AHAoR AAbstal fAg HETHOR
A8 ] gax ouXE s & g 2~ 3 Aakd 34 Wslgs yiwoR daxo] wWala
olu A& T Fol diste] 1/24 ZAoM A3 #e Aad F (4 1)L olgste] MIP-Map
g} dubyg oz MIP-Map #lt)d o] do] e =5 AAgrt
gxo] AAdHT
ds Al MIP-Map &S A"t 9o screen space
we LagEse] YA /g ol 2olx g samples
g FAe] walgy) olo] mE wAd(texel: Bl eye _|I‘_’,,ﬂ~—-*‘””"' >dm
A olmH o] Bae] Wt e 1 &S o] &3 S .
o FFS A olE dxx  FHiA(texture % °
minification) H|&o]g}al T} oo sl ThYF T
3 o] [5le] 2T "
MIP-Map % A€A] 714 w@o] Alg5= ub [32 1] olO|X| HHo| £Hof 7[Hte| 7|& Y
28wl FIbo| A Sl diste] ZAdy) )
Ao WalEko] H|SS o] gal Ao|th old] ta} [89]& WAl Fdo] HRALS}L Edo] A
o] AAE AL theat 2u7]. Hslshs Al WSk FReRs, SHdAE
Agg MIP-Map 7% A89& & F Us PHS
lod = log,(max (|dul,|dvl)) A1) ATt AR, o] W ARtES wWel d

Q=2 3l7] wW&Eo AAZE A= A &
714, (du, dv)e g o] ~zel F7ho) [6]el M= Zg)a drigolA A}
A 'z b ulE HS o dad FHEA Abet  Blxxel #RE oA WW (image

(u, v)oll ek =2 WE gho| plane)ell Fgol 7IWkg WS AA AT (19

_m

[l A= o]9le] ©l2x] %{er 24 #Z7tu)o 1l Al mpsp Eo] WA gade] el Pl
WA &S AgaE 49 B4 FRPxer o I A A A= ek Aeldl
ClippingS-s AF81%th. AT, WA H|go des® T3HTh o] e 7INke R "lax HxQl u,
lube A e daAel wsel gpe Awg g VOl TSkl WS AN Gt sl 5 Hed
Bel A% otelobyol wAlE 4 qlrkm [120e)n o AL dush dvE TRtk o @ks s
= ol E g (2 Dol dYste] MIP-Map 52 A4}

2.2 M FH g Cist MIP-Map =&
ME otpa|=E 3. MIP-Map =& MH 2dg|E

3.1 Migkst= g2|&E

ushd 3akel ofudold AlFel  AREE =

H10H ™4z 20104 8 | 75



Akl neEel oig 7% ofolrjol [

o)el AAEo] Utk WA, g Alzke] ws
Ao diste] MIP-Map % 0% 7]& €24
(basis texture)7} =& AlFoNA A PLE 7
A]—‘E)‘]—I:]— o]% ﬁl/mg] 37]9} Ei]'/mg] 37]7]_ 1110]
o ojusinl, Aol FiEe Ae)
Mol fixske Radch ot Y 4zt

o Ausk Wa vkl Py gk w3
H

1)) log, (P) —log,(P,)

lod = logg( >
b

vt} AAEE A
o= Ay A MIP*Map T AYs
of gk 21 AXF Fof WA ALNES do = 3

AR RE

71 wEell 71 Aol wlske] deEjopde]l tha
WAL g S s 5o, [TME w3 4%
D ElaA o] wstgo] ghe APAE FEQd 4§

L Aol og a4 are e
240 AHON HE Akekgel el E e
LR RS

4. Hl Xéxéoﬂ o 3 J
5. 3% 49 A3 FgE A
Hl &0l 111o] H= 7 PhE ?L?&DP.

A WA GAlA e 823 A2r)9k 3 AVlE
ol-g3te] Aol gt @] A7]E T, o=
ohe2 3 2t

Texture si
XPS_ exture size (é} 3)

"~ Resolution

Fold aztge] Al ARl e Ba

7} (so,to), (si,t1), (sot2)Q) A5 F WA Ao
M o] Al AEE AL AREd &

<] o]

]

Tyy= (((50 : t1)+('91 . t2)+(32 : tO)
—(to - s1)=(t1 - 53)= (s + 8))/2) -

Texturesize

(4 4)

A wAl SAelAE A Rl = owA el
A OANE e A3 BAR ool 47k

a71% @tk ol e A3 g




— An Algorithm of MIP-Map Level Selection for Ray-Traced Texture Mapping —

Txs= Ty Xps (4 5)

FolR Azre o] Al AH 33 3}'\_ L=l Y
7F (Xo0,y0,20), (X1,¥1,21), (X2,y2,22) ¢ 749, Wl WA
WA o @te AT H7Re 2E T
}.

(xﬁyﬁzt): {(371’191»21)_ (%7%?20)}
X {(%792722)7 (x[),yo,zo)}

Tppew = V] Ty +27 4 6)

oA A SAGAE A A sk ) el
WG AR g A =) B e
of 1110l W= Azl PR FET o]t the A%
2.

)

4. AIE Ziq}

AAutaE P F2 wkAlg sk
2 9 As 54 A Bol A&-¥= BARTII3IE
ARtk [29] 312 BARTO Al 7H4 =
Kitchen, Robots, Museum©]™, Kitchen—o— = A
o] @Al tist] AFE s oH, HA
OJ 749 Dragono] ¥grsle] ’\]7&
A

o},

— :
of
o

o ¥ 2] MIP-Map2] A& H|&o] Ut 3
obot¥} Museum=

WHow Hu del Yt enAsst A 5

30,
£
=
4
9
=

[Z22l 3] BART HIX|OI= : Kitchen |, Kitchen I,
Robots, Museum

10 M43 20104 82 | 77



100%
80% -
60% - DOKitchen |
DOKitchen
40% -
% B W Robots
20% - ] W Museum
O% T T 1
Level0 Levell Level2 Level3
[33 4] MIP-Map & MEf H|E

4.2.1 MIP-Map HE0| MIE T>AIZE H|W

S
o
2

[£ 1]91ME MIP-Maps H&3kA &
o AEAS wWo] FH Ao
MIP-Map #H&o2 <13 A% As A
AA = ATt 47k WX ek gis)] @ee] A
176702 WA A7 ZA . 328 A
Py= AAEE B4 ¥ "8 uf mjr} w
Takem, o] 3y Foll Txn #e AL Al #
A3t Azl wakd AAb W ANEE gde
2 Hxo] At glo] o]& LR AEshth
del FTAHoR Fdo] It solt
of wet 48 AlFte] F7Eskelal MIP-Maps 4
|3k JEje] 3 Azbe]l A kA @2 FH 9
T AR 234 o Ak [E 164 BE
o & AIZF FA 7} o}F Fe zpolE UER L

ol 0.172.6%45=2] Alzte] tf A

Z o
Boes
R}
3@
El

o
> 5
(oot oou ot

E5)

=
Ee

AL B9 @ S itk MIP-Mapg F7Hehe.
2 % A5AS} ruge B @+ gu
(& 1] ZF ZHof| ciet 8 AIZH Hjw Y Ms
st HlE
ﬁg(})lft Kitchen I Kitchen II
1 2.19/2.23(1.54%) 4.61/4.64(0.61%)
2 3.32/3.36(1.43%) 8.55/8.60(0.52%)
3 4.39/4.46(1.64%) 12.28/12.39(0.91%)
4 5.40/5.45(1.05%) 15.92/15.96(0.25%)
5 6.41/6.46(0.85%) 19.52/19.58(0.30%)
6 9.61/9.68(0.71%) | 28.63/28.68(0.19%)
ﬁg(})ft Robots Museum
1 2.88/2.95(2.61%) 1.04/1.06(1.74%)
2 4.87/4.95(1.55%) 1.85/1.87(0.97%)
3 6.79/6.86(0.91%) 2.78/2.79(0.33%)
4 8.62/8.74(1.44%) 3.54/3.56(0.42%)
5 10.46/10.55(0.81%6) | 4.41/4.43(0.34%)
6 13.98/14.07(0.59%) | 6.51/6.51(0.07%)

781




— An Algorithm of MIP-Map Level Selection for Ray-Traced Texture Mapping —

ARbele WA B4 W el oa 82
3 &% g4 Zwelde] HuAel Has @e
Ags BAL a7 R $F ATE Eat
of Wme] oA thEslw shAth FAhAQ %
F A7EA ASHE WAL FPGA BE Aol
sEslolol Fastel Algkshs B FHE 54
& Agolt, Ed, AAF £4L olFA %3 7]
2o} QAW ARl BAlol )=o) flt

2A% 98 + 9T 3] s 2HY /1

SAT(summed area table) % o]%3

(anisotropic filtering) 71W¥< A7, A4
NEZ & o AHolr]

e
)
N oL ofN ®

il]

el

=

[1] J. Hurley, “Ray Tracing Goes Mainstream,”
Intel Technology Journal, Vol. 9, No. 2, pp.
99-108, May 2005.

[2] K. Suffern, Ray Tracing from the Ground
Up, Wellesley, AK Peters Ltd., 2007.

[31 L. Seiler, D. Carmean, E. Sprangle, T.
Forsyth, M. Abrash, P. Dubey, S. Junkins,
A. Lake, ]J. Sugerman, R. Cavin, R. Espasa,
E. Grochowski, T. Juan, and P. Hanrahan,
“Larrabee: A Many-core x86 Architecture for
Visual Computing,” ACM Transactions on
Graphics, Vol. 27, No. 3, pp. 1-15, Aug. 2008.

[4] K. Zhou, Q. Hou, R. Wang, and B. Guo,
“Real-time KD-tree Construction on Graphics
Hardware,” ACM Transactions on Graphics,
Vol. 27, No. 5, pp. 1-11, Dec. 2008.

[5] J. P. Ewins, M. D. Waller, M. White, and P.
F. Lister, "MIP-Map Level Selection for
Texture Mapping,” IEEE Transactions on

Visualization and Computer Graphics, vol. 4,
no. 4, pp. 317-329, Dec. 1998.

[6] L. Gritz and ]J. Hahn, "BMRT: A Global
Illumination Implementation of the
RenderMan Standard,” Journal of Graphics
Tools, Vol. 1, No. 3, pp. 29-47, 1996.

[71 H. Igehy, "Tracing Ray Differential,” In
Proceedings of SIGGRAPH, pp. 179-186,
1999.

[8] P. H. Christensen, D. M. Laur, J. Fong, W.
L. Wooten, and D. Batali, "Ray Differentials
and Multiresolution Geometry Caching for

Distribution Ray  Tracing in Complex
Scenes,” Computer Graphics Forum
(Eurographics), Vol. 22, No. 3, pp. 543-552,
Sept. 2003.

[9]1 P. H. Christensen, J. Fong, D. M. Laur, and
D. Batali,

rn

"Ray Tracing for the Movie
"Cars’, In Proceedings of the IEEE
Symposium on Interactive Ray Tracing 2006,
pp. 1-6, Sept. 2006.

[10] J. Schmittler, I. Wald, and P. Slusallek,
“SaarCOR-A Hardware Architecture for Ray
Tracing,” In Proceedings of Graphics
Hardware, pp. 27-36, 2002.

[11] Woo-chan Park, Jae-ho
Park, Kyung-ho Lee,
Sang-duk Kim, Jin-hong Park, Yoon-sig
Kang, Sung-bong Yang, and Tack-don Han,
"An FPGA Implementation of Whitted-style
Ray Tracing Accelerator,” In Proceedings of
IEEE  Symposium on Interactive Ray
Tracing, pp. 187, 2008.

[12] P. S. Heckbert, "Texture Mapping Polygons
in Perspective,” Computer Graphics Lab.,
New York Institute Technology, Technical
Memo, No. 13, 1983.

[13] J. Lext, U. Assarsson, and T. Akenine
-Moeller, "A Benchmark for Animated Ray
Tracing,” IEEE Computer Graphics and
Applications, vol. 21, no. 2, pp. 22-31, Mar.
2001.

Nah, Jeong-soo
Dong-seok  Kim,

102 M43 20104 82 | 79



|
o
2
ol
2
i
Ny
[>

2
=)
ol
o
fo
o,
=
s}
=
QO

k=]

AN

1995 AAIthetnl ekl (578 78kt 4 A
2001-2003 AT o} HAFEATA AT
2003-2007 A chsta A5 Eiﬂfswr Ex)

2008 AWt A58 gt Fu

A H-oF : 3D Graphics Processor, Real-time Ray
Tracer

Z = 4 (Kim, Dong Seok)

[ .

2006-2007 AFohska oSk (AFFE T3 A
2008 A|%F-Thshi h ok (A FEI T3 WhAb )

Al &-oF : 3D Graphics Processor, Real-time Ray
Tracer

80| si=AHsts| =2x|





