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Strategic International Collaborative Research Program (SICORP)
Collaboration Hubs for International Research Program (Japan-India)
Executive Summary of Phase 1 Final Report

1. Project title : TArchitecting Intelligent Dependable Cyber Physical System Targeting
IoT and Mobile Big Data Analysis |
2. Research period : October 2016 ~ March 2022
3. Main participants :

Japan-side
Name Title Affiliation Role in the research
project
Pl Masahiro Fujita | Professor | The University of WP1,2,6
Tokyo, School of Management,
Engineering HW/SW
design/development
for CPS
Co-PI Makoto lkeda Professor | The University of WP3
Tokyo, School of Energy efficient
Engineering encryption
Co-PI Yoshio Mita Associate | The University of WP4
Professor | Tokyo, School of MEMS device
Engineering design and
development
Co-PI Takashi Kohno | Professor | The University of WP5
Tokyo, School of Silicon neuron
Engineering
Total number of participants throughout the research period: 70
Partner-side
Name Title Affiliation Role in the research
project
Pl Virendra Singh | Professor | IITB, Dept. of EE | Management,
CPS HW/SW design
Co-PI Dinesh Sharma | Professor | IITB, Dept. of EE | Embedded Systems,
VLS| Technology
Co-PI Sidharth Associate | [ITB, Dept. of EE | MEMS device
Duttagupta Professor development
Collaborator | Sachin Patkar | Professor | IITB, Dept. of EE | System security
Collaborator | Ashwin Associate | IITB, Dept. of EE | Networking
Gumaste Professor
Collaborator | R.K. Professor | IITB, Dept. of EE | Formal Analysis
Shyamasundar
Total number of participants throughout the research period: 118

4. Summary of the international joint research

Cyber-physical systems (CPS) consist of a cyber part made of digital hardware and
software, and a physical part corresponding to actual physical and mechanical objects
including sensors and actuators. It can be considered as a system of systems including
electric vehicles and their networked counterparts, power generation and distribution
systems, integrated buildings, agriculture, etc., and is a key component in industrial and
social fields. Through complementary research by Japan and India, we have established a
method for rapid and correct design of highly reliable CPS using the concept of
template-based design, applied the technology to MEMS devices, silicon neurons, and a
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landslide prediction system using Al edge accelerators, and demonstrated its usefulness.

In the field of MEMS devices, we have paved the way for the integration of the Japan-India
design and manufacturing networks. As a place where students from Japan and India can
work together spontaneously in friendly rivalry, they entered several international
prestageous conference contests as a Japan-India group, and won prizes in all of them,
including the first prize, exceeding the participants from Europe and the United States.

5. Outcomes of the international joint research

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

We have been working on various research items on applicable ICT technologies, taking
into account that they cover most of the technical items required for the design and
development of a reliable CPS. In all the researches, the Japanese and Indian teams have
been diligently collaborating on technical discussions through mutual visits, regular online
discussions, joint design, program coding and experiments. The applications to MEMS
device development, integration with silicon neurons, landslide prediction systems, various
image processing problem processing, Al edge accelerators, etc., have confirmed that a
reliable CPS can be developed for various applications using the studied design
methodology.

5-2 Synergistic effects of the joint research

The results of our researches are frequently discussed with each other through mutual
visits and online meetings, and the overall research results are mostly due to the
cooperation between Japan and India. In particular, (1) Automatic optimal synthesis of
parallel computing mechanisms, (2) Establishment of array-based FPGA technology and its
optimal application to image processing, (3) Optimal compilation of convolutional neural
network (CNN) processing on array processors targeting loT/Edge, (4) Automatic Test
Pattern Generation (ATPG) technology for multiple failures, and (5) Analysis of approximate
arithmetic circuits are research themes initiated by the Japanese side, but the ideas,
feedback, and experimental results from the Indian side have been widely used to improve
the technology to the world's top level, and the research results can be regarded as a joint
achievement.

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

In almost every research category, many results have been produced that were possible
only through Japan-India joint research. Before COVID-19, this was achieved through
numerous mutual visits between Japan and India. After COVID-19, although mutual visits
are not possible, online meetings are held once or twice a week, and as a result, mutual
cooperation has become stronger and a more integrated research system has been realized.
Consequently, Japan and India have been able to collaborate not only on academic
research results, but also on their application in industry and society, and have achieved
significant results in the development of young human resources.

6. Potential as international collaborative research hub

In both Japan and India, there are networks with "research cooperation” mechanisms. In
Japan, based on the former VDEC's industry-academia VLSI design network and
nanotechnology network, it is possible to access all human and technical resources related
to the implementation of CPS. While in India, networks have been established in the field of
VLSI design and information systems and security, giving access to all human and technical
resources related to the systems aspects of CPS. In terms of education, young researchers
and engineers with extensive experiences in developing reliable CPS have been produced,
some of whom are now pursuing academic careers, while others are now working in industry,
using the knowledge and research skills they have acquired. They have been greatly
inspired not only by the guidance of the Japan-India faculty participating in the Joint
Research Hub project, but also through the interaction between students from Japan and
India, and will become the center of Japan-India cooperation in the field of ICT.
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3. ERIT—YavTHER 2017 £, T HFBHER (EX-HB) . ERAE.®HR®. BAK, 2017
FORA29B.MA#: 114

4. BERT—H2a3vTAUR 2017 &, T -ELURS-O U (ITB-#T) . Lo/ 4K, 2018
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F1R14B. SMA# 11 4

5 BR—AVRERTHTIVIT—5239F 2017 &F£, T DST(AUR) LINA AR,
2018 1 H 16 H. SMA% 30 %

6. BRI IN—TRRI—T427 2018 F, T . BHER (RX-HR) . RE. BA, 2018 F 11
A30B.SmMA# 144

7. ERT—93vTAUK 2018 &, T ELURS-O0 (ITB-#d%) NITB. L/NL  AUK,
20185 2H2H8~3H

8. MIRI—TJ 2018, X BHER (RX-Hi%) . ®WE. BAR. 20193 2H~3H.
SMA# 44

9. BA—AVRERTHTIVIT—93vT 2019 &F, T4 :DST(AUR)ISTIHR), AT
IN—R.A2F, 201955 A 298, SMA$30 4%

10. AIVF—BARYAN=TAOAII AT LERAR 2019 F. FE . ELURS-S U (ITB-#
B).LUNA AVF 2019 11 A28 B. SMAH 17 4

11. FERIT—92avTHUT4> 2020 &, T BHHER (RAX-HIR) . WR/L/NA BEX/
AR, 2020 12 B 12 B~13 B, 3MA% 32 %

4. AR FTORE (FEGRE)

[ERE—T127])
(21 [ ERT—IavTEREL,
a0+ EERRIZH-TIE BIZT—EIX . PLEDAUSTAZI—T4 T %5 1To1=,

[ZEDZ(TAN]
2018 & 2019 FIZHEEFEEFX 1 LT D 2 MAR. 13— ELTERTANT=,
2019 F£E(Z MEMS B fiiE1HD=®. 3 2O KXFIEZF 2 @R ~2 MARZITANT-=,

5. FETHE
MEAERE A2

6. RE-FEHEF

+ The IEEE CEDA AJJC Academic Research Award 2017, Conrad JinYong Moore, 2017
F11HOH

- CAD Contest, Third Place of Problem A, IEEE/ACM International Conference on
Computer-Aided Design (ICCAD). Yusuke Kimura, Peikun Wang, Yukio Miyasaka, Kentaro
lwata, Xingming Le, Xiaoran Han, 2017 4= 11 A 12 H

- Name matching method for design managements in 2018 ICCAD CAD contest,
Honorable mention (4th). IITB and Japan combined team, 2018 411 H 18 H

+ Logic Regression on High Dimensional Boolean Space in 2019 ICCAD

CAD contest, Honorable mention (4th). Yukio Miyasaka, Xinpei Zhang, Ryogo Koike, 2019
11 H4H

- LEF/DEF Based Open-Source Global Router in 2019 ICCAD CAD contest, Second
Place of Problem C. Advisor: Prof. Masahiro Fujita, 2019 4 11 H 4 H

+ The 2020 International Conference on Airtificial Life and Robotics, Young Auther Award,
Naruaki Takano, Takashi Kohno, 2020 41 H 20 H

- The IEEE CEDA AJJC Academic Research Award 2019, Wang Peikun, 2020 42 H
cHE 3T ALY A AT E VAT ADYVIRY T b, REHFRAL —FERTHE
A A, (L B | IR RS . =MW 5RB, 2020 410 H 28 H

CEHBE U —27 a7 IWLS FYu s T I arT A~ R, Yukio Miyasaka, Xinpei
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Zhang, Mingfei Yu, Qingyang Yi, Masahiro Fujita, 2020 -7 H 27 H

- [EF£5#% ICCAD CAD =27 % b Honorable mention (417). Yukio Miyasaka, Xinpei
Zhang, Mingfei Yu, Qingyang Yi, Masabhiro Fujita, 2020 4 11 A 2 H

- VLD Excellent Student Author Award for ASP-DAC 2021 . Mingfei Yu, 2021 41 H
21 H

- T R LFE %24 SLDM Excellent presentation award & SLDM Session Special Award %,
Ding Yi, 202141 H 26 H

7. TDth

Izl
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