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ABSTRACT

This article discusses the potential of projection mapping as a highly flexible illumination technology. First, we introduce

several research examples that apply projectors as intelligent or smart illuminations to support our daily activities. Then,

we describe technical issues in applying projection mapping to highly flexible illumination and their solutions.
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Fig.1 Research examples of projection mapping

technologies applied to living illuminations: (a)

), (b) extended hand projection?.
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Fig.2 Research examples of projection mapping
technologies applied to illuminations for office
and learning: (a) Remote desktop sharing system”, (b)
document search by making documents transparent®, (c)

book search by projecting cover images on a bookshelf?.
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Fig.3 Softness perception manipulation by

projection mapping: (a) Visual softness manipulation®,

(b) haptic softness manipulation'®.
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Fig.4 Diminishable visual markers for

geometric registration of projection mapping

using radiometric compensation technique'”.

PRy ECTEINTRATE S L) T &, TR - R
FENZA Y v FBIREWV. A% OERRMT 2 RET D &
IpTnY = v a YRIAEIRORENHN TN TH S

-

0.

3. EdfE

2 B TIRATZ LD A 7e 2 FZHR S 5700121, — %
72 A7 U —2 L1320, FEVH D BERD DV I
TN & R T DNENH D, S BITHERO—f%
M7 I8 & O A Z R8T 5 L ORMEE AT D 0E
b, KETIE, TV olcifllA R T 57 ny e/ e
vy B THAN AR T 5.

3.1 {IEéAbt

W TIEZR WK GU TR ST BT BEA T L
FO, MGUIEETDH LD, BT HEBGAETICE
B TESDLETH2HERSH L. ZHUlE, 7ry=
7 B OBBFRPRR LD EOFBITRE ST DD, &
W) RSERDMETH D720, MRONELEACLET .
B LWV T 2 R 2 TS 2 FEMER ST
2.

ZOX D RIEREFIT D20, MBICHAIE 2D~ —
H—wUA L, DA D AT CTBIIT 28—
HANWSBNTELR, BEAERIZ—D—RENPER ST
LED EWVWHIMEN DT, ZHIIKL, ADBICIZRA
T, ATRINRO I BRI RS ET D RkIaA 7 T~ —
H—E LTHOWDFEMERSNTWD 29, F72, Zo
L9 BRI~ — = OIS, RETTIRA L tAiifE R
fiiz@Hs 52 LT, BEBRICL > Ty—h—2HEMIC
X v AT BIREI N TOD P (X4).

T, TAXAXR Y RO L —W—T 1Y =7 X O
FOBELIA IV TN TRHHIT 22 LT, kv
B EOEFENE AT LT, EEMGR A E S DY T 58
MHBRENTND O, KT 7 A RZHNTOEEV Y ET

WHAEENTHZEHARETHY, BTN LD I
FRBUINT 7 A N HOATe Z LT, BRI RS
Bz WM& bED, 27 7a—FIZBWTH AR
2%.

BEO7AYzsvay  KOARTRYzovary  KOARTRYzovav
K5 FEEITF—RFERABRL XL LTHWED
AT WTRYzr va ey BV TEIR Y

Fig.5 Shadowless projection mapping by

applying transmissive mirror device as large

aperture projection lens?.

3.2 GfEE

FERRD & D HENIMMGIE T D &, Z OBRERD SR
FNOER->TLED EWOHERSH . 2L, &E
DN ZEMHNCIEETH D720, RLAONEEY
L72 & LTH RGO N R > TLE S Z LICERET
5. ZIT, BBRFIHGORGRITG U TH D S &5
THIELT, BAROEZMZ D Z LNAREL 70 5.
SAEIZERTETIE, ey =7 X OANHIEE (AN HiE
5 & HITEEEOBIR) BB ThH D & ) REIZHESW
T FENEE RSN TV U0, il I3kt %
TR D &2 B ORFZE B ANCHED B TE TG 2.
EBIC, BRAEDT Y2l 2L OREEEERA DY
% 2 & TREHEROR g Eeotasiitgre a2 m L X E S
FiE R0, MEOEHOHMN SR L TT e Y =7 X D2E
IR EE DMK & 5 2 L ITER T 5 AAmERS AR T 2 U
THFE D%, L0 SRS il A T D EA 4
ITHRESINTE TN D.
3.3 EhRE

MR ESND L 012, BEZER £ 5
1, 2RI VLD, LR EKLN
WHIBOE L b L okdtsn s BN (20
BHT= 0D OFGERIZOWTIE, BT LR HEFT LR
HLEDETELT, RATTNTHIUIBER L Bz,
BEREEREARDOITNBFE LN THAH.). Tuy=zy
ST, NS ORO L R W TEET
HIFEREFRA L TN D2, #BIEEID &, HEEA
LHRDEMBOD T 2EY ELEEEBELTLEY. BHE
L PENR) i il AT =N A= B A IV el i e =)
T HDITNE, ZORMEOIREP VLI EE X 5.
WEACIC KT 5720, #lE0Tmy=r 2 &5
BliEL, WIhho7ay=r Z2niEb5ni=56, o5
WrnWTa Y 7 2inG, EOREA~L YLV E Y
T O TN TS P —J, ZO k97BN
PRI ITIETIFR <, AT 5 FIE LI SN T
W5, BRI, 2R THO B D KD Z iR
TR TEROBL VAL RSL TRV AT APRES N



TWn5 % (1%5).

4. BPhiz

AFETIE, SBERERAZNE LT rYy=sva v
~ v BT ERZ, (EROBIOMBIRE LUK & LT
TuT g B nD EFERTE 9 HHIRHAIZ DN T
Him Lo, £7, BNOBEFRBOHE) - @z L LT
Nyl a7 LR slE, Ve
W, AR - FE AR, 2 oo & 25050 TTR
Ui WIS, A7 ) —2 Li3E ey IBFEED
OIERED DW= E DIEl Y DIEINZ, NG 2 HERE
% 12 OFEATRER L NEOfRRIEIZ OV TR L 72, 4
%L, BHAOFHME L DIANC LY, Ty varvy
B T A B & U CRINE 3 2 RS 7okl Sk
7 = — ADEPRIZHIRF LT,

B, Tulzr gy U IHEHCET S, LY
FELWRESUC DWW T, fll, sRdwmSC PicE &b, 2
556 IR EITIUIENTH S.

SR

1) G. Yamamoto and K.Sato: PALMbit : A PAIM Interface with
Projector—Camera System, In UbiComp 2007 Adjunct
Proceedings, pp.276-279 (2007).

2) Y. Ueda, Y. Asai, R. Enomoto, K. Wang, D. Iwai, and K. Sato:
Body Cyberization by Spatial Augmented Reality for
Reaching Unreachable World, In Proc. Augmented Human
International Conference, pp.19:1-19:9 (2017).

3) 0. Bimber and D. Iwai: Superimposing Dynamic Range, ACM
Trans. Graph., 27-5, pp.150:1-150:8 (2008).

4) Jones, B. R., Benko, H., Ofek, E., and Wilson, A. D.:
I1lumiRoom:  peripheral projected illusions  for
interactive experiences, In Proc. ACM CHI, pp.869-878
(2013).

5) P. Wellner: Interacting with paper on the DigitalDesk,
Commun. ACM, 36-7, pp.86-97 (1993).

6) Koike, H., Sato, Y., and Kobayashi, Y. : Integrating paper
and digital information on EnhancedDesk: a method for
realtime finger tracking on an augmented desk system, ACM
Trans. Comput. -Hum. Interact., 8-4, pp.307-322 (2001).

7) R Matsukage, D. Iwai, K. Sato: Consistent Desktop Sharing
Based on Document Coordinate System for Face—to—face
Online Meeting, In Proc. ACM SIGGRAPH ASIA Emerging
Technologies, Article No. 6 (2015).

8) D. Iwai and K. Sato: Limpid Desk: See-Through Access to
Disorderly Desktop in Projection—Based Mixed Reality, In
Pro. ACM VRST, pp.112-115 (2006).

9) K. Matsushita, D. Iwai, and K. Sato: Interactive Bookshelf
Surface for In Situ Book Searching and Storing Support,
In Proc. Augmented Human International Conference,
pp. 2:1-2:8 (2011).

10) Flagg, M. and Rehg, J. M. : Projector-guided painting, In
Proc. ACM UIST, pp. 235244 (2006).

11) A. H. Bermano, M. Billeter, D. Iwai, and A. Grundhsfer:
Makeup Lamps: Live Augmentation of Human Faces via
Projection, Computer Graphics Forum, 32-2, pp.311-323
(2017).

12) Narita G, Watanabe Y, Ishikawa M.: Dynamic Projection

Mapping onto Deforming Non-Rigid Surface Using Deformable
Dot Cluster Marker, IEEE Trans. Vis. Comput. Graph., 23-3,
pp. 1235-1248 (2017).

13) P. Punpongsanon, D. Iwai, and K. Sato: FleXeen: Visually
Manipulating Perceived Fabric Bending Stiffness in
Spatial Augmented Reality, IEEE Trans. Vis. Comput. Graph.
(in press).

14) P. Punpongsanon, D. Iwai, and K. Sato: SoftAR: Visually
Manipulating Haptic Softness Perception in Spatial
Augmented Reality, IEEE Trans. Vis. Comput. Graph., 21-11,
pp. 1279-1288 (2015).

15) WA, RN, EUEA, A ERREE: Ao
DTAT s v ar~y Er L DROMRE L BMOER
~RELEWEE LT~, VRiW, 23-2, pp.65-74 (2018).

16) P. Punpongsanon, D. Iwai, and K. Sato: Projection-based
Visualization of Tangential Deformation of Nonrigid
Surface by Deformation Estimation Using Infrared Texture,
Virtual Reality, 19-1, pp.45-56 (2015).

17) H. Asayama, D. Iwai, and K. Sato: Fabricating Diminishable
Visual Markers for Geometric Registration in Projection
Mapping, IEEE Trans. Vis. Comput. Graph., 24-2,
pp. 1091-1102 (2018).

18) Y. Kitajima, D. Iwai, and K. Sato: Simultaneous Projection
and Positioning of Laser Projector Pixels, IEEE Trans. Vis.
Comput. Graph., 23-11, pp.2419-2429 (2017).

19) 0. Bimber, D. Iwai, G. Wetzstein and A. Grundhéfer: The
Visual Computing of Projector—Camera Systems, Computer
Graphics Forum, 27-8, pp.2219-2245 (2008).

20) A. Grundhéfer and D. Iwai: Robust, Error-Tolerant
Photometric Projector Compensation, IEEE Trans. Image
Process., 24-12, pp.5086-5099 (2015).

21) J. Tsukamoto, D. Iwai, and K. Kashima: Radiometric
Compensation for Cooperative Distributed
Multi-Projection System through 2-DOF Distributed Control,
IEEE Trans. Vis. Comput. Graph., 21-11, pp.1221-1229
(2015).

22) S. Mihara, D. Iwai, and K. Sato: Artifact Reduction in
Radiometric Compensation of Projector—Camera Systems for
Steep Reflectance Variations, IEEE Trans. Circuits Syst.
Video Technol., 24-9, pp. 1631-1638 (2014).

23) D. Iwai, M. Nagase, and K. Sato: Shadow Removal of
Projected Imagery by Occluder Shape Measurement in a
Multiple Overlapping Projection System, Virtual Reality,
18-4, pp. 245-254 (2014).

24) K. Hiratani, D. Iwai, P. Punpongsanon and K. Sato:
Shadowless Projector: Suppressing Shadows in Projection
Mapping with Micro Mirror Array Plate, In Proc. IEEE VR,
(2019).

25) A. Grundhofer and D. Iwai: Recent Advances in Projection
Mapping Algorithms, Hardware and Applications, Computer
Graphics Forum, 37-2, pp.653-675 (2018).

EAERIT
BIEESE | 1980 45/F. 2007 LR KPR KB IERE -
Ry | IR ERNRET, (D).
- SUE, MR, 71 s vy B
B EXA. | ST BRI,
HLEEDH)




