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Strategic International Collaborative Research Program (SICORP)
Japan—German Joint Research Program
Executive Summary of Final Report

1. Project title : [Real-Time Fusion of Projection and Sensing by High-Speed Multispectral
Units for Dynamic Interaction |

2. Research period : 09/2018 ~ 03/2022

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Yoshihiro Associate | Tokyo Institute of | Leader of high-
Watanabe Professor | Technology speed sensing
and application
development
Co-PI Takeshi Yuasa Executive | Tokyo Electron Leader of
officer Device projector control
unit development
Co-PI Tohru Yamashita | — Tokyo Electron Project
Device management
Co-PI Hidenori Kasebe | — Tokyo Electron projector control
Device unit development
Co-PI Kunihiro Ueda — Tokyo Electron projector control
Device unit development
Co-PI Kiwamu Sumino — Tokyo Electron projector control
Device unit development
Collaborator | Hongjin Xu Student Tokyo Institute of | High-speed
Technology projector
development
Collaborator | Takashi Nomoto | Student Tokyo Institute of | Application
Technology development
Collaborator | Sen Yang Student Tokyo Institute of | High-speed
Technology sensing
development
Collaborator | Sora Hisaichi Student Tokyo Institute of | High-speed
Technology sensing
development
Collaborator | Koki Yanagisawa | Student Tokyo Institute of | Application
Technology development
Collaborator | Jiawen Qu Student Tokyo Institute of | Application
Technology development
Collaborator | Cheng Luo Student Tokyo Institute of | Application
Technology development
Collaborator | Hao-Lun Peng Student Tokyo Institute of | Application
Technology development
Collaborator | Weijun Mai Student Tokyo Institute of | High-speed
Technology sensing
development
Collaborator | Shotaro Konoki Student Tokyo Institute of | High-speed
Technology sensing
development
Total number of participants throughout the research period: 16
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Partner-side
Name Title Affiliation Role in the
research project
Pl Petra Aswendt Ex_ecutlve VIALUX GmbH Mechanical unit
officer development
Co-PI Fraunhofer . .
Uwe Lippmann Institute IOF Optical engine
development
Jena
Total number of participants throughout the research period: 2

4. Summary of the international joint research

Dynamic projection mapping, which projects images onto moving bodies without delay, is
expected to play an essential role in a wide range of applications from entertainment to work
support. The participating members of this research project have jointly developed a high-
speed projector capable of projecting 8-bit images at 1000 fps and have also created various
innovative applications of dynamic projection mapping.

However, conventional methods have been limited to sensing only specific objects with a
marker and realizing mapping. Next-generation applications will require projection onto
arbitrary targets with no limitations and onto the entire environment, not just one target.

We have realized a new high-speed RGB+IR projector capable of simultaneously
controlling visible RGB images and invisible IR images based on this background. This
projector enables marker-less appearance manipulation of the entire environment while
acquiring spatial information through robust and efficient sensing by the projector-camera
system using IR image projection that does not interfere with visible mapping images. Based
on our unique optical engine, the projector can project images of four wavelengths over a
wide bandwidth coaxially and at the same depth of focus. It can project RGB images at a
maximum of 925 fps and IR images at a maximum of 2,777 fps. There has never been a
projector capable of projecting such four-wavelength images, and it is expected to become
a fundamental technology for next-generation projection applications. In addition, a new
dynamic projection mapping is achieved by making full use of the high-speed RGB+IR
projector. This is a marker-less transformation of the appearance of the entire environment,
including the object and its surroundings, through the original high-speed depth sensing and
tracking technology.

This international joint research was conducted through the collaboration of the German
team, which has a solid technological level in the development of optics and projectors, and
the Japanese team, which has a world-leading research experience in the development of
high-speed projection and sensing and its applications. We made the synergistic effect of
international collaboration by bringing together such leading technological capabilities. This
effect has realized the world's first high-speed RGB+IR projector not only at the level of proof
of concept but also at a truly valuable level in terms of application development and even
revealed new applications for this new projector.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

We have realized a high-speed RGB+IR projector capable of simultaneously controlling
visible RGB images and invisible IR images. Such a projector capable of projecting images
in four wavelengths has never been realized before. The unique optical engine enables the
coaxial projection of images of four wavelengths over a wide bandwidth with the same depth
of focus and projection of RGB images at a maximum of 925 fps and IR images at a maximum
of 2777 fps. Despite the extension of projected images to four wavelengths, the projector is
also superior in that it maintains the world's fastest level, equivalent to high-speed projectors
that have been realized in the past. Furthermore, we have created new projection
applications in conjunction with depth-map information based on this projector.
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5-2 Synergistic effects of the joint research

The world's first high-speed RGB+IR projector was realized not at the level of proof-of-
concept but with truly valuable performance in application development. The German team's
unique technological capabilities realized a challenging optical and mechanical system, and
the Japanese team's unique research capabilities revealed the high-speed projector and its
new applications. The goal was achieved by bringing together the world's best capabilities,
and it can be judged that the synergistic effects of international joint research were extremely
high. In addition, while each team concentrates on developing different elemental technology,
close exchanges were made to ensure that the results of each team's work could be
integrated smoothly. This scheme was also considered effective in the international joint
research.

5-3 Scientific, industrial or societal impacts/effects of the outputs

This research embodies the concept of freely transforming the appearance in front of our
eyes through projection and attempts to open up new applications and markets in various
social fields. The world's first high-speed RGB+IR projector and its specific applications
realized by this research can have a strong impact on this concept and are expected to have
a high ripple effect in the future.

In addition, the collaborative relationship between the German team, which is strong in
projector optics and mechanical systems, and the Japanese team, which is strong in high-
speed projector control and application development, is a very promising structure for solving
various projection-related issues. This is a unique cooperative relationship that is worth
continuing and developing in the future. As a first step toward the future, we intend to continue
our efforts to develop the results of this project in society.
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Nordic IOT Week, Helsinki, 2019.4.9.
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PHOTONICS International Congress 2020, 2020.4.24.

Weijun Mai and Yoshihiro Watanabe: Feature-Aided Bundle Adjustment Learning
Framework for Self-Supervised Monocular Visual Odometry, 2021 IEEE/RSJ
International Conference on Itelligent Robots and Systems (IROS), 2021.

IN— 28, Pl G A 7 MED T O EnE e mENRR A M E ORGE, 5 27 [A] @i
vV URY T A 181-27, 2021,

HOR FIREA, 10 #0% : BREDEIC X DM AR E 2 W T2 O - HEE, & 27
| @AY T A, 1S1-28, 2021,

kAR A X —%F% (FHFFIE T — L & OE L FEFK)

RFATH 7O

A=Y

RN AL —FER (HFUTETF — 22 20 AARMIIZEST — L DFER)

RN w4



3.

4.
[

SICORP #& T#fs53E (8 - Aswendt #fH)

B PRe, EOSOHEE, D i, 0l B mEEERL R emET e s 2 R
AW AT I 7 74— TREORBRG, B 24 BIHARS—F v LU T U T
7 Fa K4y, 3C-09, 2019.

o s, BA B, D F/iE . RLT LA B AT ERWTEEE SRS X D%
JE - ERROEERIUS, 526 mEfg Y R YT A, 1S3-19, 2020.

AR R, D 2 RERSIE WA O BB O md kI B A EREFSE, 5 26
FEfgE TR Y T A, 18315, 2020.

A— 22, Wpor &S, B R, i R v AT — U HOIABRBIEY T NE
WZEES < @il 3 WOLEHIDBAZE, 5 26 Rl v v 7o AR YT A, 1S3-35, 2020.

FRLIEYV—Ivay T I — VUORVULEOHME

A=Y

MAZHOFERE (EERFERE)

BRI —7 1 7]

|, 2018411 A 1 B, B TERT, M), AR

% 21m, 201948 A 27 H~28 H, VIALUX, 7 h=v> KAV
% 3|, 20194F 11 H 25 A, B LERE, R, AR

AU NR—R2ENRESGITNCEE Y . RRRE X -7

(Ao T4 BRI —T 4 7]

5.

= o

3T [RIRREE OBEE CEF 14 [RIFH{E L 7=

PR
WFFEIITE] SR IR - O 1

2K - HEBES

WA T A T ¢ 7552 55 53 [A] ALt E ., 2020 4

HUR TR - AR RS mE 7L 2 ) U — R [~ —h — RECTHEREHY
R~OFENERer T ey var~y BV ZREE T Y = 7 X — %%~ a
DR G BEEEARAMEO T REMGZE R [FRFHIE~], 2021.12.2.

WLV 7 hay T3 ZAASE =2 —RA Y U—2 Tl (RGB) & RA[F(FR4+
J6) & 1 FPRIC i K 925 o~ AR ATRER @i 7 0 U = 7 X % — DLP®EHE Y
0y 7 ZEWNOISH —], 2021.12.21

TLUERR [BEROME), #HbolckEcEsyavarsvar~y s
W G TEERY: #EHEZ), 2021.1.21.

NHK, R e g o 2 TEEss2, 2021.8.11.

A T3, MRICRKI25 o~ @7y ny =7 ¥ — Al - RIMVERIRER Y |
T K7 ¥, 2021.12.6.

APIL3EHR, TREOES /U LERT - E0RIEHEER T X878 ], 2021.12.9.
BS 7Y 4V LA Xy, BIEEMxEAZEM oo % &Ei s 5, 2022.1.23.
DAt

ATl OPTRONICS, Interview "H #IZIETiATLe X A T I v uvervar~vwy By
7 =L LTOT Y= X —OrRENEEZED", 2020 4 4 H &

Gizmodo, EHOTul /L arvwybt 2V is ¥Rz, ZOMHOETHT 4 A S

LAfeT&E bR, 2021.12.17.



SICORP #& T#fs53E (8 - Aswendt #fH)

[Tmedia NEWS, #E<MEKLERIEVMLS InY = var~vy 7 LKA
ENER%E, 2022.2.9.

Tt 2022 4£ 3 H 5, #H<EICHLRE | mE T 0 Y ¥ — A2,
2022.2.10.

AZoSensors, High Speed Projector Brings Alternative Realities to Light, 2022.2.23.
YouTube: Depth-Aware Dynamic Projection Mapping using High-speed RGB and IR
Projectors, 1114 views (2022.5.26 |Zffqd)



