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A study of the production on the art works using the projector camera system
under non-equilibrium conditions.

Amano, Toshiyuki
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To explain the mechanism of pixel feedback animation (PFA), we achieved
visualization of light propagation on the surface of the projection target with a Light Transport
Matrix measured by our constructed microscope-mounted projector-camera system. In addition to this,
we modeled the projector-camera system, and we made a PFA simulation system. Then, we attempted to
build a PFA mathematical model with its behavior analysis. Furthermore, we realized the PFA effect
types distribution visualization in the parameter space for an authorization environment of effect

parameters. In addition, we conducted demonstrations and demonstration experiments at the exhibition
to evaluate our research achievements.



B X C—19, F—19—1, Z—19 (@)

1. WFEBRAE 4O B

(1) B4, ey rvarvy s (L, PM)
TRV E A 287 Mo T, LYy — P —
EABEEOHHLNTE LTHEEZB O TV 523, PM
% RHLT 5 MPLRBLSEE O L O FE ST <
2001 FIZFEFHE S iz Raskar 5 0ffFZE[1ic L » T#
D FEEHAIIMESL STV D,

TNLIKE, BfRGRE, RrWE, sS44Iy
OPRE, R E ORI A R H N MR R
SNTWB. BLUTR2I0 X S I 2RO TW b 1
W05, PM Tidar T o000 33 &,
INHOHFEMDOL ITIHEH STV R0,
MRRBHEILZ O RS FICBNT, 7Y =7 X
EHIATERWERET 4 — RNy 712X 0 35
RORDT 28D TRNTOHIE] Z2-EL WD
(Diginfo = X 5#271(3]).

(2) BT ofilfEL, B kgmg kv AERHATORNTZHEE L, ISR Om$
AUBRZ @M L CAER LT BEREIRICHE S 7 4 — RNy 7 2475 2 L T, JeR#IT & Dy
BREFRLAL T A NOEMEEEBT LS. TNETOT R =7 X0 AT ROWTEL, BERLA
—7 Ve EOBRR R L THE 2 1B U < Fond 2 0 SR AE O R S 5 2 AR R Bk & L
TeDITxF L, FT ORI D BT O CE# 2 BT 5 808 REHRD.

(3) ET OHIEN TR CRELN CTE 5720, JeITZICh=5. 2 E TICHFERFEE X
TR, BN SO OB, FIRNIC X D IERIEOIAS EERE AT
3D FR7p EHEMEL TS, 61T, BEHRSCEORE, BRIOMERED X 9 728 ik OEEIC
DWTHIE L TWD. ZO—JT, 2015 4 12 BIZIZENTOHIEOT o b —FD—> &
LT, G LETOMABEAK (BT &oW@ic k> TolEL i L7l c/ES iz
HRZARY THY OFEEERL NS (K 1). ZOEETIE, T ofE s o ke
EHAT 52 EIC2LY, BEORITIIBEN WEESa Y T A MIELESELEIBICN,
BN T a2 0 A A TR EREL LIIRBMEED 2 & T, HROBER 2 REsE
AETVNT 4 — KRy I T = A =g v HBER L.

2. RO E®

1) 78V T 4= KRy T = A= a3 TlE, ROHESCHREO KR, WERa T A Mg
E, RN EBIAFIRE e BG A PR 2w L CHERR 2R ET S, £ ORE, fERITERE
RHEIZ 7220, EHG G OBARIZIE U AR DIZ Uy, HAWVIIBENER S NS, ZokE
TBEEZ M T T HHEMEZEBT L7500 T, MG Rzt s2 LT
5. oL, GIERNREERIEEENRRRICH 572, BIEmEGERE & B RO BIRIZH S )
T, TEOEMEZSL-DITIZZ < ORITEANL I L 70D, & 2T, AUFEHRE Cldkk~
RFMSFICBITATEREREOBEZENS SILE VBT 4 — Ry I 7= A— 3 Ot
HOfRIAE RIS . D%, S2. FTLOENZEH T HEBLELT LY X LAORE N FEEH L
WIZT 5. Fio, AL TITHHEEZBE L, o LERR E 28I L TEEIT Y 2 & T,
S3. B BNT 4 — KRRy I T = A=y 3 VOEBREZHLNCT 5.

3. Wik

(1) HFEAMD ST TRLULEEZ BT 4 — RNy 7 T = A —3 3 OHHABOMA L 54k
WY fHTe. B8NV T 4 — RN I T2 A= a R DEBIE, a2 X ATROIE
JHRICL D EBREIND. 6o T, HENROBEERSLNIRD KBS NN FEBTE 503, 20
ZEEN I H PSR 2 O KBS K OMEBURAE & BRI BIR T 5. 202 ®, ALl RO SR
MO & T /BICEDY flTe. BARBICIE, SEW S5 — BB EEIE R 12 L 0 RS rTEE7R
FIRPERBE 2 S L, RIS OIS X 20k & Kot 2 a5,

(2) TuT I ZHATROIERMAZERE L, EESROR[/ATERICBIT D A2. Ty #
HATRONEETT VOBELEITH. ZORREEBLT, I VAL T 4 — RNy I T = A=
a VO AEMAT S, B8V T7 4 — RNy I T = A= a VOBBET VOBETIE, &
Jb e A— b= b A]RBED LRECRADORIRER 2 5 T = — U > VO ISIER O FE 5] %
BEZTDH. BT BIALT 4 — Ry 7T = A — g 0%, REERIPFEREZFIAT 5T
BB, BT TANELFERRS, ERET ) o VHEENEERERICRE S BEE MIFT 2



CIIBBIZHEL o, FDT=0, A3, EEEBRO-OO T s B AT RAERE L, BES
DEBRPEM A BN L TETF KIS 5.

(3) Al & A2 THEEEL7-EFNEHE Lo, S2 IR LI-FTE Dl 2 54 4 B0 7 L
Y AL EFEHT D HEOWSL 2 5. BARMIZIE, Bl AENTAOICHEEAER T LT X L% E|
O T HIEOMENL & B2 BT VA W T EERRNTIC L 2 BB EE T L Y X A3 R FTE
@fﬁii DE VBT 4 — KRR I T2 A= g VICRET DEGAEZ RO 5 LA H S0
W2 5. F, HHIRENRT A =2 OBMRZERISULT D~ v T OAEREFEBLL, FRLOEH %
KHT D72 DOEGEE T A — 2 2 ED D kWL T 5. £, B EE Mz 2T
T4 TWERETRT DT TV T HEVRETS.

w S3 TR LIl RO 247 9 72912, CL. 3D 7= O i HEERE OREE 21TV, C2. 3]
EvabdRR e E O T Eextg L U CHEBBROFMEITS. £/, C3. B/RE72 ETOHEE
%%ﬁ%ﬁ%ﬁm,7V&~%%Emiofﬁﬁiﬁ®ﬂM%¢é.

4. WFIERRE

(1) [BEMSEEE T 0D =7 2 H AT & AR
AT CIE S O EIC LV £ L D 0=
W DOZEEN A 5N T D 12018, Bix 2 SR 2 A
BT HLEEME LT, ¥ 2 (a7 vk o5 4 B
M&Lfﬁ%%ﬁot._@m%i%%%é%ﬁfm
SO LR HIZ X0, L D BB D SR
EHELTWD

NI Ti_@ﬁ%ﬁ&%ﬁﬂﬁét WIZ 312
RO A W T 2 s 2 AT R A
E LTz, BRI XSRS 2 A L, st
VADKENS S L— RE— AR v EFNTN
Iy TR =B HITH. F2, ZO
F A NFIAWEE D A T R— MCESHT 72 AT T
BRETH. b0 Tayoy 2l AT TEE
IZEER SN TR Y, Z O%E 2 FHV ORI ED
SOfEMT, DGO AL 24T o 7.

(2) [e#mEATHIEHNG X 2 655t o B

SR OFEIECHE V HEE 1T X > T LT Do D
{atil % AR 9 2 12, il O Bk EE 525k 7D/:7 R —
S A AT HRERNT, PushBroom RIOEZICE D w8 WMEEEE T 027 ¥ H A TH
W THIEH 24T - 72, Ewm ERA=EVER/ B
@ﬁ%b<ﬁ%@ﬁﬁ@& LB EREEITV, 20

Simulated
Initial Pattern Py LT Matrix based Captured Image C;

BRCH A T Tl S lEgicx U CRBlER 21T .. .. Simuation
5:&?%%£ﬁﬂ%ﬁﬁbt Il i

(3) [ ﬁ‘f} O) 'fﬁ#& O) ﬂ‘*ﬁ’f [ﬁ ] Feedback Controller Model
ﬁ%%ﬁﬂ%@%t/*nV—Va/ﬂiofjt [

P;:1,200x800 pix ‘

@{I\‘m%j*ﬁﬂﬁﬁAé iff%%% L7’L E {Z!KE/] . C;:1,600x1,200 pix
4@ IR T E O, FIHREEE LT Ry b7 ),/b4k
O NRE— 2 PoHERL, 0L XD C % @ ¥Izl—va ik baHt
s 78] (LT Matrix) X VWHEHTD. FD%, Cd gae] oo

EHALZITV, RO P, 2155, ZONEREZ#D
K2 & THOMEO LA FEE L.

AL ORER, X 4 (b) IR T ERACKEF R E 0
‘ﬁﬁﬁbﬂfw DL D SO Sz (B
B, Bz, otk TiE, FEEBEoREMH LR,
t®@%#ﬂ DRk REE DR A2 TRN S 7R
WEEIMMBFIR I, 72, AICAETH-> THH#EY
FICE o THDICCHRTNENT D2 ENHEREN
7= (FEY). BRI SN ATII DM D, #0
I K o THUN DS BRI~ T 952 B e 7
D, ;j/l/ J:OT?‘E@'{I\‘:H%X@ ilﬂﬁ’%l%i éhfl/\ (b) ﬂ*ﬁ’ﬂﬁ%%

HZEMBHLMNI ST,
) 5 4 HDEROTEL

Piy




4) [FevxrBhATRZDET V]

BN T 40— RNy I T = A= 9 Dft:
RLADFEBD TN 215D 12D, B AT &
NTFalc ) ZONFET N EELRL, K5 IR
TEEIATEYIE T 7 X EEX
Bzl Ial—a UBREARE LT

HATONFET/ILTIE, 7udx s Z0ORGB
DOF ¥ VT ENZEHS L7 ek 42 Ay, $#
B I, L BREERS K X 0 iR O AHE
W2, Z DR, SDZER T OASIKTZ T TR <,
HATZRT Y =7 XOWPEIRERLT L — LN
v 7 I KB BER EOESELBE L.

(5)  [ZEB O L OHEF T T /L O

EEEOT O =7 X2 ATFHRT, HEERAR
WZE ) 7 Rl AR (M6 ) 5 &, 7
v 7 v VLLF ORI L0 BRI 5
PN RET S (hd) EELZVIab—T 3
VERBETCIE RGB D%y T LIS TINC L D
KD FHRE SN D728, Z DL ADIEAMN
HHEINTWS (F).

HESL LT3 2 L—3 3 VBRI, Wy
CEBHEDPIICKE LR NI A TR TV =
7 B OHREISER, 7 L— LNy 7 7|2 L B ERAE
72 Y, FEOENN B e A2 T T AL L TEREL T
W5, FDT, X6 10K LI E e
TR K TIORTEIBLT 4 — KR o T
=A—3 3> (bubble =7 =2 F) OFBHLEE
L.

bubble =7 =7 hTi%, HEBGARICHRE
TR A SR L, BB 72 T A — 2 %
RETHZ &ET, IO X 5 R BREN IR
STIENDBT = A—a UBNERRENS (K71
P . T —HEREDO T DITEEmEI AN L& VWVE
LB A i U 7= 720D, SR 7e & CRERA A LT
W EOMEIIR LN, WELIEVI=
L—a VEBRIETHRIBROZEE) (X7 FkY) 235
Haht-.

AWFTE T, 2D OZEEYOfENT %2 VT
BOREEE R s OB EMEAHEL, B 7 'L 7
U= KRR I T = A= g OHEET ILOE

;s
v 5V |

e
LAN

== ‘

REHATC. [ 7 bubble =7 = 7 b 0 FEE 5
6) [T A—ZZERIZIT A7) m——

FTEDOE M %2 FE T 2 EGRA AT A —2% ] seesces s
AATERAETITED 2 HiELZEBLT 57201, 8 0 ceccescessss

T A= ERICBT AHM R A 2T T sesssaiiill

A TV L, R THFEOMEEZ L. 20 - %ﬁiﬁﬁn

T=A—Y 3 OBy — Y LD S A LRI SEseemssenss

D LISk oS &, BRE, ZE, IR, D S G0000000C

IO 4 RREICHE L. Zhaed Tl s sieisisiesisieisie

T, BAHABF Y NT—7 (W) TEHL, #H et eses
HIRER O > — R ORIER BBHET 5 Tk | tesesssessass
EHESLUTZ. Flo, ZOFHIEICL S TRTIA—F - cecesssssses

T LIRS EER R HEST S Z LT, 8 L ceccscccsss

T A=K B TOWMNNAO TR E LR L. e
X 8 (Il A 7 ¢ — R 7 A, A RERER Y
BILETRFE & LT85 A — X ZEM TORERE - " letaiiilss

DH/AERLTND. ZIUC K DFTRORIEER B [ 8 T A2 221 51T B IR AT
HIRNTG A=A BB D Z L NA[REIC 5 7=,



(1) [BRETOREER L OFEEFER]

T H R ORI S OFRAT 247 2 72912, <

OMNDOFHHEEZER L, BrRETORBOHE
FESERR AT o 1.

NIT f v F—aa=k—ar -k ¥—
(NTT-ICC) @ 20 JHHEAAEO—D L L TEH &
Nz, BEOFERE Trans—materiality TIZ,
NTT-1CC Tl EIITONTZRBESDORA X —D
BRAEEIZBWT, B2V T7 40— Ry 7T
=A— ya/%%thM%%MLt(l9)
ZOEHTHE, BEL TCWAE 5 2 2 WVE
ROBXHZNHETH-Z. 2T, ARy b
TA MR Z AW WIRBHERBEIC AR A Z —
ZRERRL, =77 FOUIY BRI AESCOITLT
I ETRENIRE SNIZS WHIHA{T- 72
Z OB, MR A G U CEM O S E
BILERDHIE I VNLT 4 — KRy I T = A —
a VOFEENT A= EEDT-.

Z O, FEREERE LT, ELESSL &
H[FTHREAEHE (HEEAAEE) B\ TiE s
KO (K 10) 21772, T DEFEERTIZ,
FRHIE 2 L E L L2V BB H o AT gEdEIC
WCHRRE L7=. $£7=, BRES 4 Augment Ocean &
DIL[FNT L - T, PAPABUBBLE (F1#f)5) JETEIC
BWTTZIFxv T O (X 11) 247572,
ZOFEHTIE, EHMIRICR L CEEEE W
THEHTHHEAHL L, FOFREHEELT-.
T D OFEFEEBR O TIX, WFERUR G
LCE BNV T A — KRR I T =A—ard
INT R —H EEDT.

AREFFETIE, T DRERETORESCHEIE
EERCIE, ZNENWREFEOHMEEZIT 72, £
7o, HHD RO R T 2B 41T 72

K11 7% v o7 4 O

<5 A3k >

[1] R. Raskar et al., “Shader Lamps: Animating Real Objects with Image-Based Illumination,” Proc. of the
12th Eurographics Workshop on Rendering Techniques, pp. 89-102,2001.

[2] T. Kawabe et al., “Deformation Lamps: A Projection Technique to Make Static Objects Perceptually
Dynamic,” ACM Trans. Appl. Percept., vol. 13, no. 2, p. 10:1-10:17,2016.

[3] T.Amano, “Appearance manipulation system changes the look of printed materials and objects,”
https://www.youtube.com/watch?v=SBKdWGvtn7Y, 2013.

[4] S. Wolfram, “Statistical Mechanics of Cellular Automata,” Reviews of Modern Physics 55 (3): 601-644,
1983.

[S] FA FE M, “FERRIE « IR BOHIL 2 WA LN Z — 2 EZORIE,"  FRKF
HiRZ, 2005.



26
2021
96 106
DOl
10.18974/tvrsj.26.1_96
Akiyama Ryo Yamamoto Goshiro Amano Toshiyuki Taketomi Takafumi Plopski Alexander Sandor 27
Christian Kato Hirokazu
Robust Reflectance Estimation for Projection-Based Appearance Control in a Dynamic Light 2021
Environment
IEEE Transactions on Visualization and Computer Graphics 2041 2055
DOl
10.1109/TVCG.2019.2940453
25
2020
422 431
DOl
10.18974/tvrsj .25.4_422
Akiyama Ryo Yamamoto Goshiro Amano Toshiyuki Taketomi Takafumi Plopski Alexander Fujimoto 91
Yuichiro Kanbara Masayuki Sandor Christian Kato Hirokazu
Illusory light: Perceptual appearance control using a projection-induced illusion 2020
Computers & Graphics 129 140

DOl
10.1016/j .cag-2020.07.008




25

2020
117 126
DOI
10.18974/tvrsj.25.2_117
Itoh Yuta Langlotz Tobias Iwai Daisuke Kiyokawa Kiyoshi Amano Toshiyuki 25
Light Attenuation Display: Subtractive See-Through Near-Eye Display via Spatial Color Filtering 2019
IEEE Transactions on Visualization and Computer Graphics 1951 1960
DOI
10.1109/TVCG.2019.2899229
57 (2)
2018
214-224
DOI
10.11370/1sj.57.214
Vol .72 No.3
2018
326-331

DOl
10.3169/itej.72.326




Vol.22, No.3

2017

421-429

DOl
10.18974/tvrsj.22.3_421

25 10 10

Toshiyuki Amano

Manipulation of Material Perception with Light-Field Projection

The 12th Asia Pacific Workshop on Mixed and Augmented Reality (APMAR2019)

2019

Toshiyuki Amano

Manipulation of Material Perception with Light-Field Projection

IEEE Conference on Virtual Reality and 3D User Interfaces (VR) - Tutorial

2019

Toshiyuki Amano

Toward Perceptual BRDF Manipulation with Light Field Projection

ACM 1SS CARD Tutorial

2018




Toshiyuki Amano Kouki Murakami Yusuke Miyabayashi

Appearance Manipulation Using Light-Field Projection

IDW ' 18 - The 25th International Display Workshops

2018

Kouki Murakami Toshiyuki Amano

Materiality Manipulation by Light-Field Projection from Reflectance Analysis

ICAT - EGVE - International Conference on Artificial Reality and Telexistence - Eurographics Symposium on Virtual
Environments

2018

2018

Toshiyuki Amano

Adaptive Appearance Manipulation

IDW ' 18 - The 25th International Display Workshops

2018




Ryo Akiyama Goshiro Yamamoto Toshiyuki Amano Takafumi Taketomi Alexander Plopski Hirokazu Kato

Perceptual Object Color Control by Light Projection-Induced Illusion

2019 IEEE Conference on Virtual Reality and 3D User Interfaces (VR) - Demo

2019
3DWS
2019
4 MIETA
2018
H30 2

2018




2019

2018

2018

2018




30

2018

2019

BRDF

2018

Toshiyuki Amano

Adaptive Appearance Manipulation for the Installation Art

JSAP-0SA Joint Symposia 2017

2017




2017

2017

Yuta Itoh, Toshiyuki Amano, Daisuke lwai, and Gudrun Klinker

Gaussian Light Field: Estimation of Viewpoint-Dependent Blur for Optical See-Through Head-Mounted Displays

2017

2017

2017

Toshiyuki Amano, Shun Ushida, Yusuke Miyabayashi

Viewpoint-Dependent Appearance-Manipulation with Multiple Projector-Camera Systems

ICAT - EGVE - International Conference on Artificial Reality and Telexistence - Eurographics Symposium on Virtual
Environments 2017

2017




MR2017-16 SIG-MR

2017

Ryo Akiyama, Goshiro Yamamoto, Toshiyuki Amano, Takafumi Taketomi, Alexander Plopski, Christian Sandor, Hirokazu Kato

Light Projection-Induced Illusion for Controlling Object Color

Virtual Reality (VR), 2018 IEEE

2018

57

2018

552

HVD

(Okabe Takahiro)

(00396904) (17104)







