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Real-Time Depth of Field Rendering using
Pixel Intensity Scatter on GPU
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Abstract

Despite high image quality of the intensity scatter method for depth of field (DOF) effects, its hardware
acceleration has remained difficult due to the lack of routines/constructs amenable to simulate scattering. This
paper presents a real-time DOF rendering method based on the intensity scatter using point sprites supported
in the GPU as a primary blurring method. We use alpha blending for scattered intensity accumulation and
resolve two accompanied problems, the foreground blurring discontinuity and the background intensity
permeation. Our method does not produce any major artifacts common in previous real-time methods.

Key Words : Depth of Field, Forward-Mapping, GPU, Rendering, Post-Filtering



.M E

= M5 (Depth of Field)= #AZE A|2doA] 2Ho] &
o} EEBIA Hole A HAE A HA A=
ANzEe {88 2AE R Yol 33 Ho
CoC(Circle of Confusion, Z&)elx Ed= 939 &
H(blurring) G<el RIA ot [1]. d=Ax 3= A}
AAQ ozl F4 F Azke] Zo] e =] Huhx
gHA ok HFEH zHY2dME BE e RdS
#2802 "o g2 ] 43 22 wiHEe] &

Zell A= A

A

@
o
2 ot

719 dedx Agy wHEs 34
(multi-pass rendering)°l 719t & A &3 WA
Z)(postfiltering) 715k E-&4Q WHER e
AR A= oA o8 & AEFsI AP
it £ ETE o] Wri23] X7 7] ¥
E& 2271 (partial occlusion) &7 glo] BEAE &7}
& Atk

et
K-

%
A
*

= )

o,
‘:':_
e

ol TXzl 9 F AAIZ 9= drye 9%
71EHEEL Y58 GPU (Graphics Processing Unit) 7)
dro] FAl4=F(pixel gather)ol 7|9H3} [456]. o]H W
E2 I CoC 4l dFshz T3 dAZe] =g B
ol BEHE AlEHolA Fuh e, o3 by
L CoCE 9=t 9(source) FAo] ozl W)=
(destination) A CoCE 71ELE E8FE 3] WE
of &X g2 Whgolrk &3l AR Bd&Aw vl
dxe] B ¥ 2o ZEZ AFL JYEstm o
o], Adgzoz FaHrd A7 ot [71.

el 71 PEES AT ¢ s E O 3
2 B AR Hpixel scatter)olt) [17]. B Al |
F olnAE we A7e Wag sk nEdn 23
o Wse ARe] Fde ANT & Aok FARD Py
& BT ude JaN WYY FAL CoCel FGUF
o ZejolE(sprite) 2 B3], 1 FW A 3
gozm oY LS YU oA Fo=M, Ue
Moz gulaEM, W7 BALAT WH PE FEe T
M BAZ FBE F Aok

2 E=Rode AR ojie dEwA, GPU= 7t
&alo] AXziel A 7Fsd FEAE ddy e A
Qe FAFRA e B 71X FAR giEe] GPUAIA
TEEA Hehal, F2 LZEMOR FEFH gith o,
AXE0] AHHPL B AME 8 F F a1, AAZl
AREEA R (olmA 7 2 £ AE) [78]. GPUel
A TEEHA 23 Fo s JARLE AT =
TZ/AY, =do o] Y, nZFEe] onA] 3
59 A FAolt [8]. Fefoll AR oju|x] FA L
ALHAA HYJARE, A-3] Go] F Al AR FEL
ZhzEta glek oldl, Axke AR GPUA T3
7] Slste] AZESo] ATo|EF o] EYUE 23

Kol

ZtolE (hardware ponit sprite)[912 thA|ste] R HA| &
ARE dAsta, Ao Zolg o] g3l Zo| AH X
AR g ZAEE 4.

. kR Ol

2
E =4 Absle 2EAE XY ES Potmesil
(1o 93l Ad F=ie 2dS ARgdn (29 D). 3
E7hiEt 29dS ogste] Wiy € zo] o|u]X|(depth
image)®| Z+ JAdol| i CoC AES T3 ol
LEAE AHPS A EP e AE2A o83

Focal Plane

Image Plane Lens Screen

i
o——o

<G

1% 1 BENE 2 1)

23 1994, P9 olmlA el V.9 2ol e P
oluA Azl V= thest 2o] fEd 5 ek
Zf—F
S0l Fe dze) 247, 78 Qo) Z& 24e]
e Zolg Uehdch § A% olgsle] olnlx el
CoC G2 Az9) A ES olgsidl 0e3} 2o

- VE ([ EF \|Z-Z

2338 A CoC C= 23d/FUEYY AZE o8
s et ol 2 4 slok

C=C %DP!

4% de A=A 27 oA WHa} 2auAA
AGg Yetdth. DPI= g9ZoldAe g4 $& 7t
Ak olFA TR G o7l FA disjA E2d H
olof = FET AR delg ohjr] 290}

- = an Ve=
- 7Z—F and f

3. @EAg

= [

e gmalE

B gode @nge] 7|2 4uaEe Potmesilel 2
&) Aotd WAl ggolt} [1,7]. Potmesile] HhdolA 22
Q) Zo| AHH(depth-sorted) AZES o] AZFo|E(EE
look-up table [1]) tiilol], F292 slEd ZNE 2
OEE v EdYsly EHE adE dojurh Fo
3D 7o disiM, Fejsl o] omixlE= BE i &
4S o]g3le] v ZQlvitt Shte] RGBA HAA=Z A
g g} o] 92X ouxE Zy Y ¥¥(frame buffer)
9 @9} FUF IRJAEES wide dsdrt ZF ¥9lE
2xgo|E9] ZAE(dRAg), #XE E e 2o 2o



w2t At CoColl WA, GPU 39l H(vertex) Z2
O EHow AARLE o] AxFPo|ESY Hzje
&3t BAPE ol 85t HH, JF A3 e v
¥ Zye do} oz prela Tk

3.1 Al E Mol FolE AxZlO
2o 2

EE 2=FZo|EE GPUANA 2/33H¢le] ¥IEE
AL =g olE o] &3t ~ZFo|ER AHY = H
Aol Z#fe] T StEdolES Qo9 FIEE
S AAAE Yo T4 S XAt olgA &
e 99 2 ANEYolA de=d olgdnt FAlZ
3y 49 AARE 989 CoC S veld & giXT,
e "z 37 34 dFolvt o B 2dA
wEo] @ = gld) [9] B =Fe] Fo FHobHe o]yd
IQAE 2ZFZo|EE vlE] Ao AL o83y,
Z+ g Xe] CoColl Wl GPU Z2af(Hd 2 %4
z2adea e £ olE FA3 &dd 3= ol
=1

|m

s

a2 2 Ac2 = HMo| zolE Azxglo|ERS S F

o
AZZH0|E Afo] L2t Foo| S22 §laf AHBEL.

ZH gAY olm|E mlE] AFE "ol HAEH)
F¥E ~Zgo|EY g v 2k A3 Mo WA
2 @Al A, om|x] sidEst e F719 XQE Wi
Agatal, o AEE A8 FANE aHreleth A#A
el Z+ HAe] Az] RGBye ¥1ES 2] LE vt
o] t&drh

I, = RGB,,

FAA pE HAY YA (xy)E YERITE o714 Z
ZEY HXE BE CoC X159 FHulo|tKR,=G/2 1
g 2. shie] o] o7 FAR YSHER 1 A=
(intensity)= CoC Z7el| we} Z4sta, ol JAe] &
s} ghell wkdEck AXZgholE o] HAYRE g=(x+y
yw)Eta & o), Aele ZxE CoCollA TYE¥ (uniform
distribution) & w2t} [101. old we}, qoliAe] dulgk Aq
= g o] AHr

K’(I
A q= IER'_]
0 otherwise

VoAl Koe @A 1oAR v BolA 2HEE A
Aslz] s WFdn. 99 HgLe ARz v gojd
TUEXS 47 "H2XE gojee FHor gixjdrh
ofFA T Ags = FHE AT ¢y B
ARG

it [ p—q|< Rp

32 Ao o Zaj

Zt HA QA|eA] &5t B oM FHE A=
89 | ojAE YeRlZ] A8l ARETE 29
B 9q). YubHel gHlE HAPHLe REZF s
(precision) "Eell o] FHom AMEHZA Kt
16bit o]de] % A5 (floating point)E2jo] AHE= o]
oF gt

Mk

E

2age 93, FAHTA Soler AToE 1 I

Ao) by} Bage thew} o] fHr)
iq — iq +AqI(l ’dIld fi(l — x‘d_lq +Aq

#4014 Ig, Aq, lg, Aq = F39 Fejsh got, &

ox Ao} a5 ge ARG ook Age o =7y
002 27|3kgth Fao] B¢ ¥ pelre HE =4 A
B B4 29 dut gro g e ATIE Fdlo] 2
Q).

38 32 A7 ARE WS ol&ste] EdY §
23 o4& HAFETh Adzele EHe] APEHAATL,
Z3o| 2 HH FLolM F 7PA dFe] Bin. ¥4
Axe] =dE ESYT v F= T FAolth
o AE F ZHEY 2 e v1ed

4. M4 A iAo ZH HA

ol AFEo] e ¥ EWYL2 3NN Bekxol, F
79 ARE Btk AANAM F=HA FAE oA
A Rsha, Ao B7A B wiAe] A=rt A
3o Az AT FAALYEA Btk AZE0]
WA Y] o] FEL st=goldlA HEE F glen
2, 2 BlAe dof AE glo] o] F 7K ZHE AA
ste S AAE.

41 "F9 =245 HA

AR BAdgo] dojvh= o= T 7 = (partial
visibility) 7} §17] W2olth &, A7l Jd= =AY ¢
#roll mebA, wig el Aot AR o ok sh, zio] AHo]
slole AEd Eddgol evbestn®, dAdAe U3t
groll vlal 23go] gk Gl &3t ko] 190 7PRA Y
5 AX

Az ol ] f8 dehaME LA W
e AR AR sgshe A1 AR SF0] O
Aoltt. 173 =A9 A=g SHFCEN, 20| B2 3
Hofl thahie Aol Fdol AAA, 2540l AAHT -
T AAE d& F dvh B, AH sk 13 F
Aol ZFo] B FelN 7k A4 [ wls o
A FE THAES AAR ol Ade 7HE 7
L(virtual visibility)2ta 93, gellMel 7HE 7R =
Vo Tt 2ol & = 3ok



a2 3 (&) Bestoiztl o A & ofnlx, (F) WH@ol =Ho| %2 olo|A, (f) MZo Mol X2 ofn|x|. (F)o| ofoixie HZE 2HE
ZAMo| 2R&eA 2ols ZHol AL, (f)2 ofolxlE WH HZTSo| MEoR HTstE ZH| ot (of: w2 £H).

33 4 M3 oMo F 2HS MHS 23 (3) HEo|

Vg = (Zs/2p)"

FHANA Z= Vork 2ol Be JGeA lo] HES
371 9181 AbgsIe, Vi F%amplification gain)olh
3NN Ko 2738 BAZ<ZN Do, Vo tHAT
oM, o] % 992 sl 27 A9 I @
of 3% A%, BA%H Teiedo] glojA Brk

42 Wjde] 2= 5E HA

= OE Age 039 FEPTolt. Azl
Y (7], 5 AR L JAET BAY F B9
= Y BeY @ 44e A0S RolFuz ge
Helh Basht oo ¥ ANt ur A P
A g8l FRATE AABT

LTEE B9 e H|Fe] Axe 2 99
FEe vRA gm, 2 JYe w7 Ame] d3%S
A= H= Aotk ol& feiA, wiAe] HAF7l AAH
ofof & 2% F=A% J9(loose DOF range)E WA
Folgth CoC AEo| £FAHT) Fe f(GKE)E B
A= ggo=z Hosta, of JHdA HAFELE A3 AA
Holop gt} vl HA(Z>Z) tishAN, a7EHE FE
WSl 7R W o83 o] Aojdt

Gl (%
.0.cl ——1
. ).0.clamp( = ))

lerplabt)®t clamp(t)= T3 o] Ao PRt

Wq = I—lerp(clamp(

EEA oozl ofn[x], () B HFHY HAH olo|x],

I ZY= <eolt). lerplabt) = a(l-t) + bt. clamp(t) =
min(max(0,0),1). G GE 2Zeto|Eg FAH = Hald
A9) CoCE YEHILE 1 5 £ 2418 g8tk

IR
aal ®

Gy

2 €

=

38 5 28 990z #1749 Z:

o

=g 7| 98 wool 8=

o] ENT Yo Pt E (O GyE<D), qol
Ao Fre 1-(G-G/EMA Zadd A= @9 9
Aellx] Ak F7sltL, @9 dGelA o o] AR
St 1(G-GY/eE Bags A9 %S Yehdr
wof pe} g9 zeol7t X AYW, Are 1(G-GY/
E7A ZAaEH, weF 1 Xolr}l €x¥Ty ZAY AT,
AEE s At ojd Aor I HAgo] A}

Al £3® Fojof sk ®e Z=Tt AR fAE0

Voot WeE BAl0l mEste], 34149 K& o3
Zo] viHA "t
if Zp < Z f

_ )V
Kq = { Wq  otherwise
K& ol&¥o=x, AR5 uiFexe] F 242 n=
Rl AAHL 17 4= K& Agse] F 2ds
AAG A} oluAE HAEth vl Adxee =4
E 23t doRse £ 5 o



a8 7. HFo zHol Fe HrEZE ojojx.

O 62 £ =RA AAE e AMESt, AlFe
Z2RE d&Hoz ZA e EAE dA-d 3 Ay
ojulxjolt}, AZ, w4 & A&LEE XA o FH
T BAHR &F, v A2 ouA g Ay S
o. a8 72 T HA AA2A, AHY Gargoyled A
of T AL A & Holtk wANMY AT
Ega wFe A=3TE o] HAE AAHS dl$-

AHAel dede g3E ReFL
%’!’.imﬁié

€0 Qurs 80
250 50
Z40 40
230 30
Ezu /l'mlmin 20 /
10 10
E Zhou _____,___——-—""'-

0O 4 8 12 16 20 24 0 4 & 12 16 20 24 (
800%600 1024%768
1% 8 HHE 45

ag 8e ¥ wEe 2ud T A PEET Al
MlgoR Nt ARE welFTh ANHOE B el
e Zhou [11]9) WHueks =ele, Bertalmio [519)
P A AR A5 uelFa gdrh WA e
F9 NiFRAR, AN WY PHES A4 A

y ¥ [ =]
FS gy |

[1] POTMESIL M, CHAKRAVARTY I: A lens and
aperture camera model for synthetic image
generation. ACM SIGGRAPH 153 (1981), 297 - 305.

[21 COOK R L, PORTER T, CARPENTER L.
Distributed ray tracing. Computer Graphics 18, 3
(1984), 137 - 145.

[3] HAEBERLI P., AKELEY K: The accurmilation
buffer: Hardware support for high—quality
rendering. ACM SIGGRAPH (1990), 309-318.

[4] ROKITA P.: Generating depth-of-field effects in
virtual reality applications. IEEE Computer Graphics
and its Application 16, 2 (1996), 18 - 21.

(5] BERTALMIO M, FORT P., SANCHEZ-CRESPO
D.. Real-time, accurate depth of field using
anisotropic diffusion and programmable graphics
cards. In Proc. of 3DPVT'04 (2004), pp. 767 - 773.

[6] SCHEUERMANN T.: Advanced depth of field. In
Game Developers Conference (2004).

[71 DEMERS ]J.: Depth of field: A survey of techniques.
In GPU Gems: Programming Techniques, Tips
& Tricks for Real-Time Graphics, Fernando R,
(Ed). Addison-Wesley Professional, 2004, ch. 23,
pp. 375 - 390.

[8] KASS M, LEFOHN A., OWENS ]J.: Interactive
Depth of Field Using Simulated Diffusion on a
GPU. Tech. rep.,, Pixar Animation Studios, 2006.

[91 CRAIGHEAD M, KILGARD M., BROWN P.
ARB_point_sprite.http://www.opengl.org/
registry/specs/ARB/point_sprite.txt.

[10] CHEN Y. C. Lens effect on synthetic image
geneartion based on light particle theory. The
Visual Computer 3, 3 (1987), 125 - 136.

[11] ZHOU T., CHEN ]J. X, PULLEN M.: Accurate
depth of field simulation in real time. Computer
Graphics Forum 26, 1 (2007).




xxp 270

o| A ZI(Sungkil Lee)

2002\ ¥ 3F et AAA)F )
kAL

20029 ~ #A] TITHYST AS
E]g8ta} wkabag

A Eok : ZP3EA, AFE YT A,
AXZF GPU AH ¥

Z & 8l (Gerard Jounghyun Kim)
198713 Carnegie Mellon University
AARFE B oAl

198913 University of  Southern
California AEE] 3-8} AJA}F

1994:d  University of  Southern
California Z3%€348} 2HA}

199413~1996'd NIST, Fellowship
1996d~2005d ¥ &-Fafstn w4
20053~ LA JRFANTSHE ug
TR} 7MEEA, HC

& & (Seungmoon Choi)
19959 Aguistn Aol AZF 3}t
o}
1997 Mg Ao|AS3 st
A}
20039 oSt A7 FEE ST
ah}

2003'9~2005 WH st HALE AT
20053~37 EPFAhSFu AFE TS w5

AEok: gEHs



