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Japan—Israel Joint Research Program
Executive Summary of Final Report

Strategic International Collaborative Research Program (SICORP)

1. Project title : [Realization of Sustainable Autonomous Self-Organizing Systems by
Low-Functional Robots in Environmental Disaster Recovery |
2. Research period : June 2018 ~ March 2022

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Fukuhito Ooshita | Associate | Graduate School of All WPs
Professor | Science and (mainly WP1,
Technology, Nara WP4 and WP5)
Institute of Science
and Technology
Co-PI Koichi Wada Professor | Faculty of Science All WPS
and Engineering, (mainly WP1,
Hosei University WP3 and WP5)
Co-PI Yoshiaki Professor | Graduate School of All WPs
Katayama Computer Science (mainly WP2,
and Engineering, WP3 and WP5)
Nagoya Institute of
Technology
Co-PI Sayaka Kamei Associate | Graduate School of All WPs
Professor | Advanced Science (mainly WP1,
and Engineering, WP2 and WP4)
Hiroshima University
Co-PI Yukiko Yamauchi | Associate | Graduate School of All WPs
Professor | ISEE, Kyushu (mainly WP2,
University WP3 and WP4)
Total number of participants throughout the research period: 9
Partner-side
Name Title Affiliation Role in the
research
project
Pl Shlomi Dolev Professor | Department of All WPs
Computer Science,
Ben-Gurion
University of the
Negev
Total number of participants throughout the research period: 2

4. Summary of the international joint research

This research project aims to develop a framework (functions of robots and algorithms) to
operate a huge number of low-functional robots in a self-organizing and self-stabilizing
manner. To achieve this goal, we have tackled the following researches. (1) We develop an
abstract robot system model close to real environments, and clarify functions and algorithms
of robots required to construct a designated system in real environments. (2) We develop
efficient methods to implement functions of robots assumed in the abstract robot system

model.
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For research (1), we work on two work packages (WPs). WP1: Look-Compute-Move
(LCM) model for real environments. WP2: Models based on natural systems. For research
(2), we work on WPs. WP3: Algorithmic ways for efficient implementation. WP4: Algorithmic
ways for resilient implementation. In addition, to develop and evaluate the proposed
methods in real environments, we work on the following WP. WP5: Development of a
prototype.

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

WP1:. We have developed abstract robot system models by extending the LCM model.
These models are useful to develop algorithms to operate a swarm of low-functional robots
in real environments. We have also proposed efficient algorithms for various basic tasks.

WP2: We have investigated how to incorporate functions inspired by chemical reactions
and biological systems into the existing LCM model so that robots with very weak
capabilities realize a system endowed with stability of natural systems.

WP3: We have examined the feasibility of natural system models, adaptability and fault
tolerance of existing technologies to the environment, design of algorithms for model
realization, computational performance limits, and verification of existing technologies for
implementation using actual robots.

WP4: In order to provide fault tolerance for a group of low-function robots, we have
developed implementation methods of self-stabilization. In addition, we have proposed
self-stabilizing algorithms for several distributed problems.

WP5: We have developed a simulator for theoretical low-functional robots and a method
to realize a common discrete coordinate system shared by all robots using real robots as
one of the fundamental techniques to apply the results of low-functional robots developed
on theoretical models to real robots.

5-2 Synergistic effects of the joint research

Both of Japanese and Israeli researchers conduct researches on low-functional robots,
however they lead researches in different fields. Japanese researchers focus on theoretical
researches to clarify the minimum functions of robots with abstract robot models. On the
other hand, Israeli researchers focus on efficient implementation of robots that are used in
theoretical researches. By cooperative research among these researchers, we have
developed a new concept of distributed systems (neighborhood mutual remainder) and an
innovative approach for Byzantine-tolerant robot systems (Forgive-and-forget and location
functions). In addition, as a result of the cooperative discussion, we have obtained more
research results than we planned originally.

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

This research project has published 67 papers as international journal papers or
international conference papers. Most papers are published in the high-ranked journals or
conferences, and thus these results will spread to the research community. We have
developed new concepts and approached such that their targets are not limited to some
specific tasks, and hence these concepts and approaches will be applied to many other
tasks or problems. We have also made good contributions in terms of personnel training:
Three PhD candidates have obtained their degrees and some members have got promoted.
We are planning to continue the cooperative research and contribute to the research field by
the collaboration.
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