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Distortion Compensation of Light Reflection on Concave Screen

Based on Image-Based Light Transport
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Fig.1 Immersive projection display system.
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Fig.2 Light transport.
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Fig.3 Image-based light transport.
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Observed Reflection on Screen

(a) Inappropriate Camera-side LT unit

(b) Appropriate Camera-side LT unit
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Fig.4 Camera-side LT unit for accurate reflection
observeation.
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Fig.5 Relationship between projector images and
camera images.
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Block-wise Representation Pixel-wise Representation
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Fig.6 Transformation from regions to pixels.
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Fig.7 Gray code patterns for geometric calibration.
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Fig.8 Input images for photometric calibration.

09 OoOOO0OO0O0ooOOOoO0ooboOoOoOoon
Fig.9 An example of obtained images in photometric
calibration.
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Fig.10 Compensation of light reflection using light
transport.
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Fig.11 Experimental setup.
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Table 1 Affects of block size on approximation error
and capturing time.

Block Size Avg. of Avg. of Capturing
(pixel) Intensity m; Error e, Time (min)
128 17.9 294.9 14
64 4.1 136.0 47
32 1.5 81.8 177
(a) Io (b) o (¢) [To — ol
(Error: 0.41)

(d) Lo (e) 2o

() 1o — o
(Error: 0.55)
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Fig.12 Approximation error caused by bad alignment
of LT unit.
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Fig.14 Compensation images for an uniform pattern.
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(a) No Compensation.

(b) Compensation of Direct Reflection.

(¢) Compensation of both Direct and Inter-Reflection
(Proposed Method).
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Fig.15 Compensation results of an uniform pattern.
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Fig.16 Effectiveness of compensation of light reflection.
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Fig. 17 Compensation results of a real image.

oo0oooooOooo 17(e)00bDbooooo
ooOoooOoooOoooOoooUo 17(wooooo
oooooooOoooOooOodU(e)oOoooOoo
ooooooooooooooooooomoon
ooooUooooOooooooooUo(eboOoo
gooooboooooooooobobooooooobo
goooobooooooooooboooooooboo

7. O O O

gboobooobooboobooobooooboooobog
gbooboooobooooboobooboboooobobogaon

2693



0000o0o0oooooo 2008/11 Vol. J91-D No. 11

gboooboooobooobooboooobooboobooon
gooo
gbooboooooooboobooobooboo
gooooooooobooboooooboooboobo
gboooboooobooobooboooobooboobooon
gooobooooooooooboOoooooobooo
gooobooooooooooboOoooooobooo
gooobooooooooooboOoooooobooo
gooobooooooooooboOoooooobooo
gboooooboooboboobobooboobooogaon
gboooboooobooobooboooobooboobooon
gboooboooobooobooboooobooboobooon
gboooboooobooobooboooobooboobooon
gboooboooobooobooboooobooboobooon
gooobooooooooooboOoooooobooo
goooooooboogoo
gooooboooooooooooooocooooon
goobooooooooooooooooOoobooo
gboooboooobooobooboooobooboobooon
gbooooooboobobooboooobooobooon
gboooboooobocooboooooobo
gbooboooooooboooooobooboa
gboooboooobooobooboooobooboobooon
gooooooooooooooOooooooboo
gobooooooooooooboOoooooobooo
U Ooboooooooooooboobooooooo
goooooooooooooboOoooooobooo
gboooobooooboooooboooobooobooon
gbooooooboobobooboooobooobooon
gboooboooobooobooboooobooboobooon
gboooboooobooobooboooobooboobooon
gobooooooooocoooooocoOooooboo
gooooo

g ]

[1] M. Grossberg, H. Peri, S. Nayar, and P. Belhumeur,
“Making one object look like another: Controlling
appearance using a projector-camera system,” IEEE
Conference on Computer Vision and Pattern Recog-
nition (CVPR), vol.I, pp.452-459, June 2004.

[2] R. Raskar, J. van Baar, T. Willwacher, and S. Rao,
“Quadric transfer for immersive curved screen dis-
plays,” Comput. Graph. Forum, vol.23, no.3, pp.451—
460, 2004.

[3] N. Shibano, P.V. Hareesh, H. Hoshino, R. Kawamura,
A. Yamamoto, M. Kashiwagi, K. Sawada, and H.

Takemura, “A new system for interactive vr appli-

2694

(4]

5]

6]

(7]

8l

9l

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

cations using a compact hemi spherical IPD (Cyber-
Dome),” Proc. Virtual Reality International Confer-
ence, pp.101-107, 2004.

M. Ashdown, T. Okabe, I. Sato, and Y. Sato, “Ro-
bust content-dependent photometric projector com-
pensation,” Proc. IEEE International Workshop on
Projector-Camera Systems, pp.60-67, 2006.

S. Zollmann and O. Bimber, “Imperceptible calibra-
tion for radiometric compensation,” Technical Re-
port 859, Bauhaus-University Weimar, 2007.

A. Wenger, A. Gardner, C. Tchou, J. Unger, T.
Hawkins, and P. Debevec, “Performance relighting
and reflectance transformation with time-multiplexed
illumination,” Proc. ACM SIGGRAPH 2005, pp.756—
764, 2005.

P. Sen, B. Chen, G. Garg, S.R. Marschner, M.
Horowitz, M. Levoy, and H.P. Lensch, “Dual photog-
raphy,” ACM SIGGRAPH 2005, pp.745-755, ACM
Press New York, NY, USA, 2005.

S.M. Seitz, Y. Matsushita, and K.N. Kutulakos, “A
theory of inverse light transport,” IEEE International
Conference on Computer Vision 2005, vol.2, pp.1440—
1447, 2005.

H. Habe, N. Saeki, and T. Matsuyama,

reflection compensation for immersive projection dis-

“Inter-

play,” IEEE Intl. Workshop on Projector-Camera
Systems (ProCams 2007), 2007.

T. Whitted, “An improved illumination model for
shaded display,” Commun. ACM, vol.23,
pp.343-349, 1980.

T. Nishita, and E. Nakamae, “Continuous tone repre-

no.6,

sentation of three-dimensional objects taking account
of shadows and interreflection,” ACM SIGGRAPH,
vol.19, no.3, pp.23-30, 1985.

00 OoooooOoooOooUOoO«OoOOOOO0O0OO0

oooooooooooooooD ooooo eviMd
v0l.2007, no.42, pp.153-160, 2007.

O. Nasu, S. Hiura, and K. Sato,

light transport based on the separation of direct

“Analysis of

and indirect components,” IEEE Intl. Workshop on
Projector-Camera Systems (ProCams 2007), 2007.
S.K. Nayar, G. Krishnan, M.D. Grossberg, and R.
Raskar, “Fast separation of direct and global compo-
nents of a scene using high frequency illumination,”
ACM Trans. Graphics (TOG), vol.25, no.3, pp.935—
944, 2006.

gooooooooobbo bOoOo“sboooooboobooobo
g0dddoooooooooooDOOD o000 D-11m
vol.J84-D-II, no.7, pp.1448-1455, July 2001.

O. Bimber, A. Grundhoéfer, T. Zeidler, D. Danch, and
P. Kapakos,
immersive and semi-immersive projection displays,”
Proc. Virtual Reality 2006, pp.151-158, 2006.

Y. Mukaigawa, T. Kakinuma, and Y. Ohta, “A fast

compensation method of inter-reflection for pattern

“Compensating indirect scattering for



goooooooooooOooooOoOooOoOoOOoOoOoOoOoOoOoOoooooooOooo

projection onto a non-planar surface,” Proc. IEEE In-
ternational Workshop on Projector-Camera Systems
(PROCAMS2006), pp.9-10, 2006.

(18] DO0ODOO0DO0OO0DOO0DOO0OO0“00O0O0000000
000000000000 00000vol48, no.SIG
1(CVIM 17)0 pp.98-106, 2007.

[19] G. Wetzstein and O. Bimber, “Radiometric com-
pensation through inverse light transport,” Pacific
Graphics, 2007.

[20] DOOOOS.M. SeitzOK.N. KutulakosO “0 00000
0000oooooooooooor ooooo eviMd
vol.2006, no.115, pp.69-76, 2006.

[21] DOODOOO0D@mMOOOO0DO0O0000D0O00OO00OO02002.

[22] DOOOOOO OOO0OOOOOMOOOOOO0O0O0O0
0ooooooooo0oo 2000000000000
0001998.

O O

ooooooooobooo

oooooboooooooooooooooooo
OLrooooooooooooooooooooo
goooooooooooocooooobcoooboo
gooooooooooooooOooooooboo
gooooooboobooooboobooboooboo
gooooooooooooobooooooooboo
gooooooooooooobooooooooboo
oooooboooobO0O0O000 4x40000000
ooooooooooooDoDboOb0 2mO00000
goboobooooooooooboOooooooboo
00000 A-100077°70

gooboboobleemOO0O00O0O0O0OOOOOO
goooobooooooooooboOooooooboo

160

150

140

130 K==

120

110

100

Observed Pixel Intensity

920

80

0 2 4 6 8 10 12 14 16
Camera Position [cm]
0A1 O00O00OO0OO0O0O0O0O0OOO00000
Fig. A-1 Intensity variation when camera position is
changed.

O0sM000 400000000000000 4000000000
oooooo

gooooobooobooboooboobobooboooo
IPDOOOOOOCOOOOOOOOO0OOCOO0OO0
gooo Lrooooooooooooooooog
gbooood

oob 200 10 30000060 1500000

oo O oooo

1997 00000000000001999
goooooooooooboooboooooo
goooooooomooooooood
2006 O00O00OO0O0O0OCOOCOOOO
gooooooooooooooooomm
gooooooooooooobooooon
0oooO0o00o0o0oobO00000C0O00IEEE Computer
SocietyD O OO0OOO0O0O0O

oo o0

2003 0000000002004 0000
ooooobooooooooozo0e 00O
oo sGloooooooooooooon
gooooOoooooooboooboooooo
ooo

g0 00 oOooobooodgo

976 00 OOOOOOOOOCODODOOO
gooo0o00oooooooo0on0 19950
{ gboooOoOoooooooooOoooon

‘ goboooboooooooooooooooo
‘ A‘ 2002 000000000000000O0
goooo0obz2005 000000002006
goooooooooOooOooooocoobooOooobOoOobooon0n
gooooooooooooooooooooooooooo
00000 Hybrid Dynamical System OO0 0000000
0000000oooooooooooooolesobboOoOn
000 200000000019950 50000000000
00000 Marr Prize O00O0OOIAPROOOOOOOOO
goooooooooooono

2695



