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Abstract

Intelligent projection system indicates a system that displays desired images on an arbitrary screen in an arbitrary
environment using projector without noticeable image distortion. In recent years, projectors have become widespread and
ubiquitous due to their increasing capabilities and declining cost. Moreover, the size of projectors is getting smaller and
handheld projectors are emerging. Thanks to these advances, the demand for intelligent projection system has been
significantly increased and the demand has led to remarkable progress of the related techniques or technologies to
intelligent projection system. However, there are still some environments (or conditions, mainly dynamic ones) that
intelligent projections systems cannot handle and they have limited the application area of intelligent projection systems.
This paper exemplifies such environments (e.g. specular screen, dynamic screen) and propose effective solutions (ie.
multiple overlapping projectors, complementary pattern embedding) for them. And the usefulness of the solutions is verified
through experimental results and user evaluation. Notice that the environments are considered not simultaneously but
independently because it is impossible to consider them simultaneously by simply combining the solutions for each.
Acually, a totally different solution would be necessary to consider them simultaneously. Therefore, we expect that the
proposed methods would largely extend the application area of intelligent projection systems except for severely arbitrary
environment.

Keywords : projector-camera system, geometric correction, radiometric compensation,
complementary patterns, intelligent portable projection system
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Fig. 1.

Unregistered two projections.

Fig. 2.

Overlapped (or registered) two projections by
prewarping the projector input images. upper
images: prewarped projector input images; lower
image: overlapped projection.
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Fig. 3. Result of radiometric compensaton on a

specular curved screen. upper images: projector
input images which are partially compensated for
compensating the whole image; lower image:
compensated projection image. The color of the
whole  projection image was  successfully
compensated except for artifacts due to the
unevenness of the projection surface.
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Fig. 7. Results of compensating the geometric and
radiometric image distortion of the projection. (a)
original image and its distorted projection image;
{b) geometric compensation only; (c) radiometric
compensation combined. The left images of (b)
and (c) are the projector input images which
are modified for geometric or radiometric
compensation in advance.
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Fig. 8. Adaptation to the movement of the projection
system. The projection image is re—distorted for
a while, but the projection is adapted
immediately.
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Trade-off relation between imperceptibility of
embedded pattern images and level of user
satisfaction (or RMS error) of geometric and
radiometric compensation results according to
the magnitude of the varation of the input
image pixels for pattern embedding. If the
magnitude of the variation of the pixels is
larger, embedded pattern images are more
perceptible but geometric and radiometric
compensation is more robust and users are
more satisfied (RMS error is small). Conversely,
if the magnitude of the variation of the pixels is
smaller, embedded pattern images are less
perceptible, but it is vulnerable to noise and the
degree of satisfaction drops (RMS error is
large).

Fig. 9.

2oz FAol7] WEo oldd At
ZAA ez oA e A4
Hut T 94 Sole Hd
Bz oZRH UA Z2AEH fF
Jom 18 8-(h)ollAM B

A9 B9 2AZ Qa0 A29 & ek
HYHE Y Aol A7l HE HE Gakel vt
A4 9 B A% G R AeA BEEE B
S8l et Hke ANaAT 10 o) o



20074 78 HX3HE =2X M 4 HSPHEAH 43

T8 108 vEo® HrlsleE sk me B
3 A RMS 232 &3

RMS 24tz o33 o] A

(8

error = \/{iR _IR}2 +{I_G _31G}2 +{I—B _is}z

94, B A% 9Ae onP.
95 AQE Ad el Avlel me g 9
4 23k G e SR BEE, 87

lo

[ R s o P 2 e i
Ao HEol off7] Wi &
7V AA FAVekA, AMEALE
T, AE e G A
golstel By Aw 4
1 AR MEET)E A

o

=]
2913h¢ =) Wojmd 4 Qo).
=2

[ —

=RIAE 7129 A5y zzA

WS A7 Ads) gd F s

A
| x4
ba, 2o o GHA9l

CEER

jiea
)

/\E]

Q, "
J‘fu E jain) mﬂz
e R
ri i it
o, >
ol ==
B L
ki 52
1o au
£
ot
v
>
ofo
o
o B o
bl o oM o
.-
0. ;& O

=2

R

offt

2 ox
ol

o

rie

i
&

o off 2 jo M M o lo
(d o
rO
O
= 0
)
ol
)
rO

X oo ofk i

i

oo

Jot o

=
T

uE
do
ot
e
bl

o}ﬂL
>
=2
=2,
R
o
:olé
~

o
o

k
@
ok
N

2 > N o
Wy ol
o
=
it
fal
2
[e3
2

BN

Q(J
o
iy
ponk
o
fit
rir

o
*

olfl
_|_>‘i
e
¥

o
o
I3
tl

2,

S
Y

P
ol
Hr
RS
it
oL ¥
<

30
=

3

(1] H Park, M-H. Lee, S--J. Kim, and J-L Park,
“Surface-independent direct-projected augmented

cRORIERIERE

{410)

33

reality,” Lecture Notes in Computer Science 3852,

pp.892-901, 2006.

H. Park and J.-1. Park, “Modern approaches to

direct-projected augmented reality: a review,”

Proc. of ISUVR'06, pp.15-18, Yanji City, China,

July 2006.

O. Bimber and R. Raskar, “Spatial augmented

reality: a modern approach to augmented reality,”

SIGGRAPH'05 Course Notes, 2005.

Projector-related papers. Available at:

http://www.cs.unc.edu/ raskar/Projector/projbib.ht

ml

O. Bimber, F. Coriand, A. Kleppe, E. Bruns, S.

Zollmann, and T. Langlotz, “Superimposing

pictorial artwork with projected imagery,” IEEE

Multimedia, pp.16-26, 2005.

A. Raij, G. Gill, A. Majumder, H. Towles, and H.

Fuchs, “PixelFlex2: a comprehensive, automatic,

casually-aligned multi-projector display,” Proc. of

PROCAMS’03, 2003.

T. Mitsunaga and S.K. Nayar, “Radiometric self

calibration,” Proc. of CVPR'99, pp.374-380, 1999.

olif-d, whehE, AH, uhgd AE4], vrejA, o]

H, ANE, "ASY T2 Ao 21

34 AL FABAY AN =53, pp73-

76, 20063 8¢

K. Fujii, MD. Grossberg, and SK. Nayar, “A

projector—camera system  with  real-time

photometric adaptation for dynamic environments,”

Proc. of CVPR'05, pp.814-821, 2005.

H. Park, M.-H. Lee, S.-J. Kim, and J.-I Park,

“Specularity—free projection on nonplanar surface,”

Lecture Notes in Computer Science 3767,

pp.H06-616, 2005.

(111 . Park, M-H. Lee, B.-K. Seo, H-C. Shin, and
J.-1. Park, “Radiometrically—compensated projection
onto non-Lambertian surface using multiple
overlapping  projectors,” Lecture Notes in
Computer Science 4319, pp.534-544, 2006.

[12]1R. Yang and G. Welch, “Automatic projector
display surface estimation using every-day
imagery,” Proc. of WSCG'01, 2001.

[13] R. Raskar, G. Welch, M. Cutts, A. Lake, L. Stesin,
and H. Fuchs, “The office of the future: a unified
approach to image-based modeling and spatially
immersive displays,” Proc. of SIGGRAPH'98, 1998,

[14] D. Cotting, M. Naef, M. Gross, and H. Fuchs,
“Embedding imperceptible patterns into projected
images for simultaneous acquisition and display,”
Proc. of ISMAR'04, 2004.

[15] DMD discovery kit. Available at:
http://www.dmddiscovery.com

(2]

(3]

(4]

(71
(8]

[9]

[10]



34 FUE X5 ZZHH NLH Hy getE 2|

[16] Y. Yasumuro, M. Imura, Y. Manabe, O. Oshiro,
and K. Chihara, “Projection-based augmented
reality with automated shape scanning,” Proc. of
SPIE EI'05, 2005.

[171]J.C. Lee, SE. Hudson, JW. Summet, and P.H.
Dietz, “Moveable interactive projected displays
using projector based tracking,” Proc. of UIST'05,
pp.63-72, 2005.

(18] J. Summet and R. Sukthankar, “Tracking locations
of moving hand-held displays using projected
light,” Proc. of Pervasive'05, pp.37-46, 2005.

[19] H. Park, M.-H. Lee, B.-K. Seo, and J.-I. Park,
“Undistorted projection onto dynamic surface,”
Lecture Notes in Computer Science 4319,
pp.582-590, 2006.

20009 SHeFo 8t AR5 A 5
o3t 4} 29,
2002 SFrjstm AAEN AT
e 44 4.
L 20070 @4 @eoistm AAEA
' A7 wAbA.

74384, HCI, 3z

<FBALE 3,

gdA 2>

A8 BEF9)

Fet i} 29,

007 A7 FFoIEL AREA
AFE T AT,

L 7444, HCD>

% T d(HED)

N A A

[201D. Wang, I Sato, T. Okabe, and Y. Sato,
“Radiometric compensation in a projector-camera
system based on the properties of human vision
system,” Proc. of PROCAMS'05, 2005.

(21] H&E, o]£F, A=, A&F, 45Y, Ul =

HH A9 7, HCI 2007 =23, 24X, 2007
24

[22] © A&, o] 8 wraE ARG B2 “Fuy
ZAX 7\uke) dejujd]o] taFdo] AlaH”
£33 FASEWI =83, pp2h-288, AL,
20063 11¥

[23] O. Bimber, A. Grundhofer, S. Zollmann, and D.
Kolster, “Digital illumination for augmented
studios,” J. of Virtual Reality and Broadcasting,
2006.

o |H

H

Mo (a8

20064 BFhsta BRH7)
AR B s} 29,

2007d A BFASGE AAEA
AFEFEH AAHA,

<FUARo}: 27E4A, HCD

2 x| #(H39)

20068 BT HrA 2T
33} 8} 9.

20079 A BLUSGE AAEA
AFE e} AAAA,

<FRARO : 24EA, HCD

19879 AgTietL AAFT s} 24,

19899 Agthstn WAEets 44 2.

19959 Agvistm AAFT w24,

1992 ~1994d A& NHKEHE7]|€dA T4 AYAT+Y.
§ 10950~ 19960 SR HYATR

199611 ~1999d U ATRA AR ENA T4 479

19999 ~ @A) SFoistm AAENLFH T qp
<FBARE  JMIEA, FRWA, HCL 339 94He, PR ey m >

(41D



