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[Invited Talk] Deep Learning in Projection Mapping
Daisuke IWAI'

T Graduate School of Engineering Science, Osaka University
1-3 Machikaneyamacho, Toyonaka, Osaka, 560-8531 Japan
E-mail: T daisuke.iwai@sys.es.osaka-u.ac.jp

Abstract Projection mapping (PM) allows users to experience virtual and augmented reality without wearing displays by
projecting imagery onto real-world objects. A significant technical challenge in PM is compensating for image quality
degradation caused by various factors in the physical world, such as geometric distortion, photometric distortion, and defocus.
Conventional techniques have modeled these degradation processes individually and solved the corresponding inverse
problems. However, recent advancements have shifted towards using deep learning to compensate for these degradations in an
end-to-end manner without explicitly modeling the degradation processes. This method has shown superior performance
compared to conventional techniques. Additionally, there are emerging efforts to automatically generate PM content tailored to
the context of the scene using generative Al. This invited talk will provide an overview of such deep learning technologies in
projection mapping.
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Projection mapping for a novel viewpoint

B1:RoRKR  KEFEBLOTr Y27 20N - AT A—ZOMHEEZAREETIRB=2—F L%
v U — e AR ALICK D PM 3T 2y 0 BB R [22]

DEMICE > T, BHENROCIRICHE Lomfg =T
VY ERHBIERTOARAED I OO D,

DL EZEE 2 ABAEE T, BB FE &I Z2 PM
WA LI el e SR T 5,
2. EEEEERA W PM EIESLHE
2.1. B FE 1B

FEED DWWkt G~ PM TIE, BEEDS PM R
WEPRER>TLEY, BEORI L ENTILT
LES, 22T, Fuavxy XEERNMCHENGEH
BT DHZ L TETORBREBRTNICT v LT 5 A
EHMOMERED SN TEE, HROEFT L N—2
OFEHRTIEH, BTholEsz, 7uev=r X ERs
MXHE LD TRINDERNRIHET VIZ, B
BXOEES, a2 h A THOBZEROE
B ZLTENETNOIERIE T o~ FEtES & A
INTETNMET D, ZLT, BEKEOHI T — " F—
DEFHEREBRETDH LT, TOETINRT X=X
EHE L, BEOR X EZFHRT 5 - O &K 72 W5 E
ZRHETE, LrLAeRnb, Z0k)RhEFTLN—2
DOFETHET MVEBRENEE TEF, AX L OHE
HERIZRARND 7=, 20k, BEBHEEXI—-Z0DH
WMREEINDHIICBWVWTYH, Tk, 7rYy=/ %

~OANNEEBHGEEORIGE KBTI 7L,

FOMEIMEMET D, &5 FHRDAME O RS
MRREZ R T WV RWITH - 72[15],

Z izt L, Stony Brook K% ® Huang 52 X » T,
FRE=o—I VXY NU—7 2 OHEICEAT S —H
OHFEMN, 2019 FE LV L TR ITICRE SN =, KO
R INT- CompenNet (T, L~ LA BB EZ T a ¥ =
JRAIOVEBERHLEEOY—ORZE, BEORZO
2 BEOBBESZ TR L, TOREOR X #HELT
57 d PM Hg % /13 5. U-Net B DiEE & 7 5A
Hh=ma—F Ky hT—27 Th H[16],500 £ D A K
BERNCI LRy U —27 3, RO IERIEH

MM LY b R RamMEEGEZH I TE L2 LR
Ehte, 20#%, RZAV—=71FR%y b U —27 &Lk
LT, 7yl LA AT70WEBRNELHETE D
CompenNet++ [17]F X Y CompenNeSt++ [18]Z FEFK L
72, S BT, Attention M 28 A3 5 Z L THEAHE T
XOWMBOMGBELEM ESEDZZLICHLEBHLTND
[19], £/, XY NI DODRIT A =B EF T A
BT HMMAICL T, Bl T oY 2EHR LA
NOOMERBELZM ESE TS HRLIREL TS
[20],

BT, BHESCEHZNERAICME T, RO
TR F 2 bHEET 2EB =2 — T LRy N T
— 7 MBI ESIN TV S, 2021 412 Huang b N FEH
LEHEIFCIZ, ey ZOBAEONEH/NT A —
4. BEXO, AT EOMNEBEBFRERTHE T A —
ANRHLENPUDBESNTWDIVLEND > =[21], —
L2023 I F A DTN —TFRER LT ERIFTIZED
HREMBE L, 707 ZORHE - BT A —4
DRAOEMHETH, HBORKRE L O K4 % HE
L. BfET22 22 miEs L7221 (K 1), & 51,
INETOBRBFEN— 20 QHESN TR, WED
ATGHETORZICOVWTORGHE AR TH > 7205,
[22]Tix, BAFEOKFRFELHEL T, ol
RTORZIZHONTHEMEZFTREIC LTz,

2.2, RIS TR

EdRotaftEix, BEFoRbY R IATES
QY= X ENENOEZEN 131 THIGT D EARE
LCTEmolz, —FH, ERETREEO T Y X
HENERVEIBREZBISEITED, ZOREIX
AL, BT AN — RO TIEEHE N E M L,
Mgpo7 L —5LL—MERIZERY T VH A LHHAE QL
DN— RV IEE -T2,

kL, Fx o v—T 1%, U-Net B oO%EEE
Hirh=ma—FG NV Ry NT—27 2N T, Yav=s



Robotic arm

creen

Moving
direction

Projector

Experimental setup

K2: 8 E=x—TJ L3y hU—27 &2 HWELI

A OERIETEMET OEFEBR LZ[23], Z O
TTIE, 7uvcl/ e AT L EREICIRET D
v Ty FIZRWT, EKIE &R S o A E PR
HMEFFLOOH. 1 7L =050 90 o Tz
REELY 03 DEEE CRKIBICA LW 2 LITHEY)
Liz, TDH, v —rORITENEFHNICELLTI2HE
THLERFTITMETREL L[24]. £/, Tuvzs X
E AT ERELLRVW—EBREY FT vy 7 THE)
M) 72— COBRIT T ZRBLL72[25] (X 2
ZOEMIE, N RERm L v Xk B ESET ST
TR, ZHRBERTHOWLON D B2 CFER (F
Micro-Mirror Array Plate, ASKA3D) TA LB DT
JOMMICHLEHA TEDZ ENRRENTWBH[26],
ERIFToMEIC, oY FREZIOBREN
b7 e —F LWL H DH[27], TOFRETIEH., 7
g Y= %Ol X DOE (Diffractive Optical
Element)Z H U i} % 5, DOE O /3% — > & &b
O ERB=2—F VXY N —27 &% HWTREFIC
b T D HMAZREL, TRV ¥ OWE R
EEZINTDZ LTI LT,
3.AERAIICE D PM ary 7y HEAR

R Al Z PMICE AT 2R FHNTEZL < e,
Texix, PM HEOBRIZIEC Tl = T Y & H
HAERT HRAE[22]OFFRTEMML TWD, BLEN
EBEMLLRZEEONBOIALT Yy NE, VT UV E
BETHTIXFAMEAR B, Loy PR H S &E
DFELTHNLIHEIE, FDLebn ) & %)
7> 6 . Diffusion model X— A D=2 —F )L Ry KT —
JIZEo T PMaryF Yy EAHBAERT S Z LTk
L7 (X 1),

o D'iﬂ i

Target image Uncompensated Ours w/o deblur Ours

T T HHAE25]

Suraow sovjINg

4. &0

AR T, PM HFICB T A2EBEEENRO
WHEFIZOWNTREI Lz, 5%OREME L TIEBT
DIENAFLETHDLEIICEZTCWD, ET—2HIZ
:mi?@%’ﬁbnfétéﬁﬁx%mﬁm\%ﬁ
FETREOBEMELBBEORTER —MWITHZ DXy
P =27 OWRETHD, ZoHIZ. 1 6T TRIHE
BEoO7aTyzr 22k D PM 2 RFICKELT D %
vy NI =7 DM TH D, mEIX, R Al D& b7
5PM~DO#EHTH S, %%\MEE@PMW%%
BT, EEZEEZPMICEATIRA AN E S
HERLTHNSHDEEZTND,

X B
[1] C. Siegl, V. Lange, M. Stamminger, F. Bauer, and J.
Thies: "FaceForge: “Markerless Non-Rigid Face
Multi-Projection Mapping,” IEEE Transactions on
Visualization and Computer Graphics, 23, 11, pp.
2440-2446 (Nov. 2017)

[2] A. H. Bermano, M. Billeter, D. Iwai, and A.
Grundhofer: “Makeup Lamps: Live Augmentation of
Human Faces via Projection,” Computer Graphics
Forum, 36, pp. 311-323 (2017)

[3] H. Peng, S. Nishida, and Y. Watanabe: “Studying
User Perceptible Misalignment in Simulated
Dynamic Facial Projection Mapping,” Proc. IEEE
International Symposium on Mixed and Augmented
Reality (ISMAR), pp. 493-502 (Oct. 2023)

[4] H. Nishino, E Hatano, S. Seo, T. Nitta, T. Saito, M.
Nakamura, K. Hattori, M. Takatani, H. Fuji, K. Taura,
and S. Uemoto: “Real-time Navigation for Liver
Surgery Using Projection Mapping with Indocyanine
Green Fluorescence: Development of the Novel
Medical Imaging Projection System,” Annals of
Surgery, 267, 6, pp. 1134-1140 (June 2018)

[5] D. Iwai and K. Sato: “Document search support by



making  physical documents  transparent in
projection-based mixed reality,” Virtual Reality, 15,
pp. 147-160 (June 2011)

[6] K. Matsushita, D. Iwai, and K. Sato: “Interactive
bookshelf surface for in situ book searching and
storing  support,” Proc. Augmented Human
International Conference (AH), pp. 2:1-2:8 (Mar.
2011)

[7] Y. Kitajima, D. Iwai, and K. Sato: “Simultaneous
Projection and Positioning of Laser Projector
Pixels,” IEEE Transactions on Visualization and
Computer Graphics, 23, 11, pp. 2419-2429 (Nov.
2017)

[8] T. Takezawa, D. Iwai, K. Sato, T. Hara, Y. Takeda,
and K. Murase: “Material Surface Reproduction and
Perceptual Deformation with Projection Mapping for
Car Interior Design,” Proc. IEEE Conference on
Virtual Reality and 3D User Interfaces (VR), pp.
251-258 (Mar. 2019)

[9] G. Cascini, J. O'Hare, E. Dekoninck, N. Becattini,
J.-F. Boujut, F. B. Guefrache, 1. Carli, G. Caruso, L.
Giunta, and F. Morosi: “Exploring the use of AR
technology for co-creative product and packaging
design,” Computers in Industry, 123,
103308:1-103308:17 (Dec. 2020)

[10]1D. Iwai, R. Matsukage, S. Aoyama, T. Kikukawa,
and K. Sato: “Geometrically Consistent
Projection-Based Tabletop Sharing for Remote
Collaboration,” IEEE Access, 6, pp. 6293-6302
(2018)

[11]Y. Ueda, Y. Asai, R. Enomoto, K. Wang, D. Iwai, and
K. Sato: “Body cyberization by spatial augmented
reality for reaching unreachable world,” Proc.
Augmented Human International Conference (AH),
19:1-19:9 (Mar. 2017).

[12]O0. Bimber, D. Iwai, G. Wetzstein, and A.
Grundhofer: The Visual Computing of
Projector-Camera Systems,” Computer Graphics
Forum, 27, pp. 2219-2245 (2008)

[13]A. Grundhofer and D. Iwai: “Recent Advances in
Projection Mapping Algorithms, Hardware and
Applications,” Computer Graphics Forum, 37, pp.
653-675 (2018)

[14]D. Iwai: “Projection mapping technologies: A review
of current trends and future directions,” Proceedings
of the Japan Academy, Series B, 100, 3, pp. 234-251
(Mar. 2024)

[15]1A. Grundhofer and D. Iwai: “Robust, Error-Tolerant
Photometric ~ Projector = Compensation,” IEEE
Transactions on Image Processing, 24, 12, pp.
5086-5099 (Dec. 2015)

[16]B. Huang and H. Ling: “End-to-end projector
photometric  compensation,” Proc. IEEE/CVF
Conference on Computer Vision and Pattern
Recognition (CVPR), pp. 6803-6812 (2019)

[17]B. Huang and H. Ling: “Compennet++: End-to-end
full projector compensation,” Proc. IEEE/CVF
International Conference on Computer Vision
(ICCV), pp. 7164-7173 (2019)

[18]B. Huang, T. Sun, and H. Ling: “End-to-end full
projector compensation,” IEEE Transactions on
Pattern Analysis and Machine Intelligence, 44, pp.
2953-2967 (2022)

[19]Y. Wang, H. Ling, and B. Huang: “Compenhr:
Efficient full compensation for high-resolution

projector,” Proc. IEEE Conference Virtual Reality
and 3D User Interfaces (VR), pp. 135-145 (2023)

[20]Y. Wang, H. Ling, and B. Huang: “ViComp: Video
Compensation for Projector-Camera Systems,” IEEE
Transactions on Visualization and Computer
Graphics, 30, 5, pp. 2347-2356 (May 2024)

[21]B. Huang and H. Ling: “Deprocams: Simultaneous
relighting, compensation and shape reconstruction
for projector-camera systems,” IEEE Transactions on
Visualization and Computer Graphics, 27, pp.
2725-2735 (2021)

[22]Y. Erel, D. Iwai, and A. H. Bermano: “Neural
projection mapping using reflectance fields,” IEEE
Transactions on Visualization and Computer
Graphics, 29, pp. 4339-4349 (2023)

[23]Y. Kageyama, M. Isogawa, D. Iwai, and K. Sato:
“Prodebnet: projector deblurring using a
convolutional neural network,” Optics Express, 28,
pp- 20391-20403 (2020)

[24]Y. Kageyama, D. Iwai, and K. Sato: “Online
projector deblurring using a convolutional neural
network,” IEEE Transactions on Visualization and
Computer Graphics, 28, pp. 2223-2233 (2022)

[25]1Y. Kageyama, D. Iwai, and K. Sato: “Efficient
Distortion-Free Neural Projector Deblurring in
Dynamic Projection Mapping,” IEEE Transactions on
Visualization and Computer Graphics, early access.

[26]K. Hiratani, D. Iwai, Y. Kageyama, P. Punpongsanon,
T. Hiraki, and K. Sato: “Shadowless Projection
Mapping using Retrotransmissive Optics,” IEEE
Transactions on Visualization and Computer
Graphics, 29, 5, pp. 2280-2290 (May 2023)

[27]Y. Li, Q. Fu, and W. Heidrich: “Extended
depth-of-field projector using learned diffractive
optics,” IEEE Conference Virtual Reality and 3D
User Interfaces (VR), pp. 449-459 (2023)



