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Enhanced Image Mapping Method for Computer-Generated
Integral Imaging System

t \an

Bin-Na-Ra Lee" - Yongjoo Cho™ - Kyoung Shin Park™ - Sung-Wook Min

ABSTRACT

The integral imaging system is an auto-stereoscopic display that allows users to see 3D images without wearing special glasses. In the
integral imaging system, the 3D object information is taken from several view points and stored as elemental images. Then, users can see a
3D reconstructed image by the elemental images displayed through a lens array. The elemental images can be created by computer graphics,
which is referred to the computer-generated integral imaging. The process of creating the elemental images is called image mapping.

There are some image mapping methods proposed in the past, such as PRR(Point Retracing Rendering), MVR(Multi-Viewpoint
Rendering) and PGR(Parallel Group Rendering). However, they have problems with heavy rendering computations or performance barrier as
the number of elemental lenses in the lens array increases. Thus, it is difficult to use them in real-time graphics applications, such as
virtual reality or real-time, interactive games. In this paper, we propose a new image mapping method named VVR(Viewpoint Vector
Rendering) that improves real-time rendering performance. This paper describes the concept of VVR first and the performance comparison
of image mapping process with previous methods. Then, it discusses possible directions for the future improvements.

Key Words : Integral Imaging System, Auto-stereoscopic Display, Image Mapping, Real-time Graphics Rendering Algorithm

1.M B Ao EYHY 43AES & 5 IEE AYTE Aad
Avke 9:1@.‘—:-‘4[1] HFEA A2"E faZde] ALY,

V3@ A (Virtual Reality)2 AHEZE e ARE AA7E A8 <Rl (rendering engine), E &7 (tracking) A|&¥ &
AFH JBH & o83 EAFH #IARE o7 73 o2 FAH itk of A 7k A2Y F Q7Y HE F
S oEss} Az % 2 Qe weve A HEd),

A T ki A i f}%mﬂ A @4 e G AiE % F AE 33 4
tH 2439 HEAREAUSE A DH oA e AP LS A G daFdole] digk A¢rt &kd] o|Fojxlx 9tk
T R o S A e 49 212 AFAA AwE 349 GAGAY 2B BHoE



206 FEXNI=E==2X B M 13-B H33(2006.6)

9kQFA] A} (stereoscopic) #H4], -3 & & (volumetric) HJ 2 &
238 ¥ (holo-graphic)
g A ;\]/\rﬂ]oﬂk] wo] AlgH 3

(e} x Q

] =
7t Z8E 3 H°F E}DE *}%Z}E sdod F244
GdE B T UEE HAFE SAgol EojH.
o) EAE siAsky] A3 WAEEH  @=(enticular
2Ed o] FA o MAsle, FAAN} B A
2 flo] §ted 334 YA F4E #HEE 5 de T
734 okokr] xHauto-stereoscopic) 71&o] AEHm AT
2 FAGNAY dA-E ANZEUL AITslmz AFHe|z
& 4 A2l AT HZo FEE vE FAH Y AL
e (integral imaging system)< 2l
= EBsta, ulA T#E?ﬂ(volumetnc & o] WA
d d&d AAE AT Frhe ol )3l
A 94 Aade 71259 d8E 19083 Lippman©]
g AFstATH4] JA 3 AN2="EE (3 DA 2
o] A d(pick-up)st= FEI fAZFo|(display)sts F+=
oz FAH —’J%’j BEAAE A= oFol(ens array)2t
CCD el 2 9] FHE o) &AM 339 HEE 234
olm A|Ql 71 % elemental image) 52 A3 cH5]. 7]
%"E} g 24 o2 IRy d=2 o

WSt Ar)d FgE we dA

b &
o
o JL
o il @ o 119,

riﬂ\l_
>
eI
L
e

o Mt ‘N o2
o

98 748 gol= (28 DA Bl ut
2 ojgolet Hql FAE ALEHA 712D
oz, Rz e 334U I AR
AsE T3 AFEH 2dAE FAM 71z
HFE Aol o3y

CIAZ80l

ClIAga0l X

- .

(38 1) &Y S A2 JHEE

A NxFFE ol&de HA
puter-generated) A* Golgl ¥&ch 83 71294E
A+ #A L o|v x| vl (image mapping)e]gti Fe}
=BT 71EY onA =F wgdl HE VVR
(Viewpoint Vector Rendering) olgte &4 wHAL #¢t
gt 4 71&9 olmx] uiE wyE Adsta VVRE AR
43§48 BT 7|E gy bla Mg Ag29E
B2 x3 5 MAsor & AT W g3 =3k

2. J|E2| O|OjA] HY AWE

71Ee Astd AFE g A G Az Mg o]
)z wj®g ®¥o=z PRR(Point Retracmg Rendering)[5],
MVR(Multiple Viewpoint Rendering)[6], PGR(Parallel Group
Rendering)[7] 5°| th

PRR #A-& oz =g ¥ F 714 0
ojt}, o] W2 o] FAF A BE

2do] #AZ o o|E o] &3t 7|
HA S AFE 1YL o] &IA fAL
daloltk, MVRYAME OpenGL <& 334
E}Oluaiﬁli 7ol 3ak4 FAk EAlt=
Fhdlet s o|g3 #odsto 7129 *%% s
Fheeke 71242 S X (pitch) TFH olF
"LEQ} Wgo] 71294 A °§3§% ] %]

rlo
i)
ol
e og,
ox
>

=[] o2
i 2
Lo
ook e
m L% 18 fr o2

%
-
o2
o

PGRS A o4t AladdlAd EFAZ BE(focused
mode)d A%, 77l vlzdAAZ HAXNYE Hole A
Hget) ¥FALE BEE ]z =0 ALY} YA
o] Fx¢} #A= olgolge 7
o] Ao A QA ArEL @z 0131] o] ¢HZ EAo] A
At} PGRE Al~® 84F

4 gpe BAT 5



A oA Hodd M
A g9 Agste] 7]294E HeE dyolt

MVROIA #d=E e Mgrt dz= ool 7z
z9] gl o3 AAHE ‘?}‘%‘if’ﬂ PGRS 7lz8i= oot
o] g 2 AT 1=
ol9] 7lzd=Y MFE A4
a8y PGRE 7 AE RE
2AxE BEd 544 44

Al(directional scene)&& =

P

&2
7 o
P S ow

et

P

N
o,
)
-y
U
g,
2
Y
) FH

F AR AgEt 7EA=

3. Viewpoint Vector Rendering

oA Aetsle VVRES Edse dide ariy
AMEEHe A2 ofdoly s xERY Fo FI
Folr AAIZE A Bt} fElth. VVRS #4
= A9 JF7t MVRH Zo] d= ofgolg 71z
Z o 9% A o3 g wat dEdqd g
AHg3hE AolM PGR# FAbsitt shx|RE PGRAE 2
gdad As g4 99yt ofdg wg Alke ZrE &
gt Alsly] wFel JA FF Alzgle] taZgo] R=
F IA2E B2 ofel Az 23AE} t2EY
o] Ao} W= ofF o]kl HAo] Folr PAH FiFo] o
#o] <o W3l 2 ¥ RE(real mode)dt W= 2HAT
7t daEd o] AR A= ofgelete] HFe] AN A
GAto] oj#o] Hol W= M} EE(virtual mode)ol| A tF
AHeE S Tk gEa VYR @naFe A7 1298
A4 AE7 7458k, OpenGL 22 23 glolreg s
AEEte] 7 3A EAOl i V2
A G4 A xdo] FHgo] 4ot

(2 2y A= ool rxA=2 AFW)I7F 1392,
Mol 591 AAAY AzHhA VVR olvA] =3 3}
A& el Zolth (18 2) Zhe "dAME AL #H3
E #Holxm, (2¥ 2) (WBe AU E T3l 234 E
S A4ste AFelrh

A (1)e A3 g Az 8l&(Magnification)S e}

=g

>

(2”& 2) WR o[n{x] oH&

-(7h 71

& sk CG.

FtHiatel HY Y (§1%) (W 7I=

)
N columns g8

OI0IXI Z2 A4

TN oIa AASS ISt SFALE O|0IX DHE wre 207
s
g lg-/| A )

4 (DA fe A= 27 A9, gt HaEdel FAst
A= ojgelgtel A, L& W= ]9 CDP(Central
Depth Plane)s}el Aielth, CDOPE gol slald Haixle
o] g fxeld. 4 (D g3 T+ Me (218 2)
Ohel M= eIslA $RaA wolsel VVR o4 298
e Aol A%E 23 |
Sz 84 AR HEAY A BdE 9

VVRS)
sl WA B9 aAEe o] Wast
S, =P, xN
S1=P xM
Val—i
S
Sy =i=iN
Py Py
. ' ]
Sw —&ziM 4@
PX PX
A (M Spe VVRAA 7Mde A &3 4dd

= [s}
g @ we =2 Az ANE(PYF A= ol#olg 7]
22 AFEN)Y Fo2 AA"L ST = MVRAA &
3

sk Adel 3 e Az dz9 AFPpI #& (M)

Foz BAYH, of @& o4kl VVRAA 7bd Fu

7} #9% FOV(Field of VleW)E T3}, Val& MVR A}
= O

N w A E akom. SO ;st s,, S’ ag B
Zyol9 XE AV|(PYE Yy, 247 VVRI MVR A~
Ho| A taZde] YEe =7 A % Swst
wol theth
(17 2) ZhelA mol=

gusl A 29 s 3

A9 B ARG shle FH Vi & %LSHO]: zﬂ} °]
E S8 d9A M9 F2 #A G
g ox Vi e A ez A

Ak, :Rlﬂ 7}l
tth @4 7€ VVR

M columns N columns, Sw

02
l’ﬁ
z
x

Y (22%)



298 BEM|ES=2X B M13-BH M3z (2006.6)

YEE Cue olgdtd 03E MAA ViiY x, yF @
Adste Ao R Mol 549 A5t 4E7Hs st

tlo mz

V,j( -C,+1C, +1,L><Val
M M
wherei, j=0,1,2,...M -1 4@
(I 29 (WhellA Helxel VVR HA 34 A=g2
of UMy He 4¥E 2712 2ZA BT AR
AuA e e GAAEE AX JxFIAES AT
o} o] W 2= AZ(Doe 4 WE AXteted, 24d
F7le H&EHe] TE AV|(PYHRY & ¢ ¢k
D, = b where D, > P,
SoPM S 2 (4)

83, 24E0] TAZHe 9x$
= A (5)Z AArsit

of AT #AR(Vy,)

D nx X D ny ¥y
(VXN M)’ (M N M)

where n,n, =012, N-1 mm, =012, M-1 4 5

o] HQE whAA A shhel ENd Ad gg R

7t gmg golth agn ALt x, yHoE M AT
2 g gaxdyd Ag #Zogstn, 1 tdsd A =7
o] wjxate FAHE AAE WEd HAF V|2 EES
BhEof it

4.7 8

VVR W42 o] §% 94 94 A2de Cresh OpenGL
olg3te] T VVRel BEof Wi 7123 HE] &
st REaA vEss) A AFoE AEY 2GS
g el MVRE 7] Fastdn. W 7130 st
Aesd aAge ge <E 1>3 2ok

VVR Aade] W 54 #4018 st ek

L <E 1>o] BHAlE Al2d 9AES AAFdE $4 3o
228 g A DAFE AG7HA AAddz HE
sto] AlzgelAq AREE BE 278 @ vE Al
Kiside )

2. Axtel g5d ¥ (2¥ 2) Uhet 2ol stte] A
g Ag 23 Hed, 29F FHe 7= 4
)9 Solx, A olvAe] A7) S;/ Me] "k

3.(2¥ 2) (s ol € UIMqd e A @Y
Ds @719 AaHER FZet 4 (5)9 Vol Aujx|st
= QA HAAL 33

4. 29 3 FAH S x, yEoE MUE R

(E 1) F8= WR Systeme| A|AH @A

dqaZdolst A= ojgolste] A (g) 176 mm
A= oj#H ol CDPse] A (L) 8 mm
A=) AF (P 10 mm
tgaEgoele] xE 27] (Py) 0.25 mm
W& (M) 5

Az ofo] & we} A= AT (V) 13

Az WAL () 22 mm

Eoo] d=sol Fd

(E 2) WR 243t MVREAISE LIEFE 7|2 H 4 PSNR H|ID

MVR vs. VVR PSNR_r PSNR_g PSNR_b
229 M 24 18 143.%4 143.84 143.84
224 FHz o9 121.45 12051 120.89

3D 4 52l 59.73 63.75 62.31

I FAx 24 49.17 53.63 56.17

= WA VVR Al&ddA B3 720

the A& 7:1%‘—3}71 93 MVRAIZ"A A4 7)

ak Signal to Noise Ratio) 7+2 w®laLs}

. PSNR& 1% Zrel FAEE #7) Yste] Abgsle

o2 dikdez 40dB °o)4Y AP fAMS 2ge= A
Eig=

(g 3) h, (b &= 289 $5 2g& 44 2

A olm el gt VVRI MVR W& AHgate] ThEold

712935t (29 3) (th), (e #F 283 $5 2
d2 324 AA] g VVRI MVR B2 we 7x
4/4E°lth VVR¥ MVRE AA" + %Lg Soloz B
do] & AolE =2 F ok a2z 2>¢ PSNR #
S E%E Wk 50dBolA 150dB XJEE o]u]x] ol 7} A
g Ues & F Aok

224 oAk Mg FAA a9 Aeele
PSNR #to] vl &7 vebxtth 22y 32 AAEL A
Aol FA, 24, 23 A QA AxtE 7 AR
#ol 59 ﬁ/\i ste] ztzh siolet YA FHgd #
Aol 23 ©f Zol7k AT A <FE 2>0lA B ups}
Zo] 3 AAz WE V2FEE 234 oEAE W=
71zl Hls] PSNR#ko]l A& ez dth o]= VVRY
FEJAE X Aol2 A Holg &I dol o7}t 4

™

717] wRolu,
42 o 3349 FA4 nd9) 3§, Zol Aust ge

mdo] Hls] FUHoE FANE A wWEel MVRH vl



B 5 S WY

TARARN L

4 &

A ARNEXTT

AANNN L AAAATT

(38 3) RAAMRE (FH WR(ZEIZ)Z MVR(SE)Z 2HE 2
# M Mol g 7I=EL0[0IX| (L) WR(EE)
MVR(PE)Z UE 243 FXA 2ol it 7|
001X (Bh) WR(ZE)2 MVR(PF)ZE ZHE 3%
2 2Hof CHEF J|=LMO0I0IX] (2h) WR(EH
MVR($Z)E 2= 3Rt FHAF 24of che 7|
ojalx|

v_,_

€ W VVRY 71x94e F4ol £ o "wojd A
%tk AT o] 71 dA] ]
33 AAE ol g8 BAHF N2FAE F

ot o]@A w23 yEPAL Tseld 2 9]
MVR# VVR % W49 d6d £28 o
15~5M Ak mwarh o <F 1> 238 Zte
& Als"el A9, MVROl 13132 sholet %og
s dhdo] VVRE 5x57HE &9317] wlid| o] &4 6

[}

mlo i)
2
of I

ol4 &E7} Wi felof é}x]ujy VVR H4o] 32491 ?‘LHF/‘
o] Bele Zojy] 98 249 AAAYE = BAHL 49
3t7] miiell AAAA W é_ta-g— Wolwal Ao}

TR A4 AAEES s 2o Ol0IK) OHE 2h 299

® —e—MVR
8 & —&—VVR

fps

0 5 10 15 20 25 30 35

(38 4) A= Jis0l 2 MVRZF WR2| FPS

(28 9 339 & YA 2dg o83t A= o]
9] 71zd= Jj5d wWE VVRI MVRY FPS({rames per
243 agZolth. A VVR +&

second) & £ Windows

PC 7]9re] 2233 #@v Y (offscreen rendering) 2o

2 7dE Row 19T =
7t ohz o

13y (:L%J 4 B0l VVRe] MVRel H &) A4
o7 xAd QA 9gL ¢ RoFEh MVRO]
A= ofgole] 7|2z e Ftel] me £E7F F48)

dlol 7k&el HA Fob FPS

o
] H]—.‘:_ 74€

A ZAdE A A8 VVRES A= A5 93S wx
gtk £33 PGRES EALE REw X YskE whd VVR
o E7A

w
& 99 BE M BEONE B A48T & 9
e HE

& o VVRE PGR¥I} YX| 3t

6. 48 X EF 3 4

siolA ARketE VVR W2 ZEsie e =
g A ALE3l= G2 oHole A=9] Jge o
g BA FobA AT A frEld A2 onA] H
3 Aoltt. Age VNxYAES “}501 e 71&9 o
walel MVR# vlw ®4 A3}, VVR2 MVRF
HlmsA] &Ml gle 715 AP BT
FYP&E7t o 15~58 AR wf < I kA=
VVReA wtEe)zl&= 7L_ s 7Hd7det REAES]
A Aoz Q3] 32+ Zel7b o ¢1& W MVR#
vlssiA ezt 471z, webAl MVRIF VVR 3He) PSNR
Zpoi7t A},

283 a9 =] 7HEE ARRSEA] Rt oFH A
A& Hgarde BY =7 =g $e®
VVRY ©)8 9REESL #2 4 Jus dungse A4
g dAoltt ol diEe] AAH™, VVRE o] &3 A
G Az AEA S HA 4317 gas

o 5 2
Aot 7HgaA e ANZE 339 AADGY S§ okl
A8 5 g Aolrh

1
|

it Hrl l

)v
ru[o _I>'

}

o.
P

rle i

(Um

_5::_\:41 ]

B

L [}
= =
KeX 1
<~



300 MEAM2|ES=2X B M13-BH X 3=(2006.6)

= g}

Mo
ree

[1] Frederick P. Brooks, Jr, “What's Real About Virtual
Reality?” IEEE Computer Graphics & Applications, Nov./
Dec., 16, 1999

[2] Sung-Wook Min, Myung Hoon Suk, Kyoung-Shin Park
“Study about 3D display system suitable to VR”, HCI2005,
pp.576-581, 2005.

[3] Takanon Okoshi, “Three-Dimensional Displays,” Proceedings
of the IEEE, Vol.68, No.5, pp.548-564, 1980.

[4] G. Lippmann “La photographie integrale,” Comptes-Rendus
146, pp.446-451, 1908.

[5] Yoshihide Igarashi, H. Murata and M. Ueda, “3D display
system using a computer generated integral photography,”
Japan J. Appl. Phys., 17, pp.1683-1684 1978.

6] Myunghoon Suk “Enhanced image mapping algorithm for
3D integral imaging display system”, Information and
Communications University 2005.

[7} Ruigang Yang, Xinyu Huang, Shunnan Chen, “Efficient
Renden'ng of Integral Images”, SIGGRAPH 2005.

of % L+ &t

e-mail : hlstyle79@hotmail.com

20049 FEUSR HZES (A}

20049 ~ A A $B e 2 HE A8}
AAMRA

TRk 7HEEA, AYAR

X 2 =
- S T

e-mail : ycho@smu.ac.kr

19933 Yol 3 A FE sl (3A

1997 Aot} A7) e Aeta
(FFAAh

20031 YEreo]ist ARE et F e

2004 ~ @A *&%‘EHQP olroa 2 m4

ARk MR, HCL JHAE 8 A

TREC RN
e-mail : park@icu.ac.kr
19914 Sl A ska 5 eka(stal)
1997d el ol eieh 1A pAFE Tt}
(F8AAD
2003 g0l AFE AT
(F oA
20045~ B4 FHEARFANER TIqEElo] ATL APmS
7 Kol: 7184, HCI, Tele-Immersion, Computer
Supported Cooperative Work

BN R

e-mail : klein91@icu.ac.kr

1995 Mg 47

1997d Mgt A7

2004 Mgt A7
(T8

d A €S Virginia Tech ¥4 & 4574

Aok 32 v 2ol AAd



