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

1. Project Title : Disaster Preparation and Response via Big Data Analysis and Robust
Networking |

2. Project Period : April 2015 ~ March 2018

3. Main Participants :

Japan-side
Name Title Affiliation Role
Pl Yusheng JI Professor National Institute | Big data analysis and
of Informatics robust networking for
disaster management
Co-PI Kiyoshi Professor University of Data integration
TAKANO Tokyo model for disaster
management
Co-PI Shigeki Professor National Institute | Disaster resilient
YAMADA of Informatics networking
Collaborator | Lei ZHONG Project National Institute | Disaster information
Researcher | of Informatics management and
resource allocation
Collaborator | Xiaoyan Assistant Ibaraki Robust networking
WANG Professor University during disasters
Collaborator | Celimuge WU | Associate University of Routing protocol for
Professor Electro- resilient networking
Communications

Total number of participating researchers in the project:. 9

US-side
Name Title Affiliation Role
Pl Guoliang Professor Arizona State Robust networking
XUE University and big data analysis
for disaster response
Co-PI Huan LIU Professor Arizona State Social medal
University utilization and
denoising for disaster
response
Collaborator | Tahora H. Research Arizona State Social medal
NAZER Assistant University utilization and
denoising for disaster
response

Total number of participating researchers in the project: 3

4. Summary of the joint project

Natural disasters put tremendous threats to the lives of people, in addition to economic
loss. During a disaster, many infrastructures may be damaged, and the network traffic
patterns are very different from normal time. Despite extensive prior research, there is still a
great need for an efficient and robust information system for emergency applications during
disasters.

In this project, researchers from Japan and the United States study novel approaches
to disaster preparation, response and recovery using survivable communication networks
and big data analysis of social media data, open data, crowdsourced data, etc. The joint
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research was conducted by two inter-related work packages, namely, (1) Disaster resilient
networking, and (2) Big data collection and analysis for disaster management. It involves a
complementary mix of survivable network design, fast recovery of network connection, and
efficient network resource management during disasters, as well as big data analysis for
situation detection, denoising of social media data, data integration model for disaster
information management, and estimation of the availability and demand of communication
service during disasters.

5. Outcomes of the joint project
5-1 Intellectual Merit

The intellectual merit of this project originates from the interdisciplinary incorporation of
different technologies from different research fields, including social media and big data
analysis, disaster management, survivable network design, and machine learning. It
addresses challenging issues of data collection and decision making before and after a
disaster, as well as robust communication networks.

Through the collaborative research, Japan and US team members have published 41
research papers in prestigious international conferences and journals, and have given 15
presentations at academic societies. The intellectual merit can also be shown by the Best
Paper Award obtained at the 3™ International Conference on Information and
Communication Technologies for Disaster Management (ICT-DM2016), and several invited
talks given at International and domestic conferences.

5-2 Synergy from the Collaboration

This project was conducted by a collaborative effort of researchers from Japan and the
United States with diverse expertise and backgrounds in disaster management, social
media mining, crowdsourcing, big data analysis, network science, wireless communications,
and graph theory and optimization.

By collaborating closely through joint face-to-face meetings, mutual visits, skype
meetings, and e-mail exchanges during the project, the research problems are tackled in
both theoretical and practical aspects, and efficient solutions are produced for those
interdisciplinary problems on disaster resilient networking, and big data collection and
analysis for disaster management. The synergic effects from the collaboration brought the
research project to be successfully conducted as it has been planned.

5-3 Potential Impacts on Society

Through the collaborations among researchers in Japan and the United States, this
research project was able to produce useful results with high impacts to the society for
disaster preparation, response, and recovery. It has also opened new research directions in
survivable communication network design and data collection, analysis, and dissemination.

In addition, this project has strengthened collaboration in the research field of big data
analysis and disaster relief between researchers in Japan and the United States. Highly
skilled personnel, especially young researchers in related areas have been trained in
carrying out the proposed research tasks. The outcome of this research project on damage
estimation data and traffic estimation are also expected to provide important guidance for
disaster information management for private sectors and government agencies in both
Japan and the United States.



1.

SICORP #& 7 & (Ft + XUE i)

HFEFZEICB T D FEARRR R Y A -

IMLFERE

kRS (FEFRRIFZE T — 2 & O ILEEFR S0
*Apid D

1)

Xiaoyan Wang, Hao Zhou, Lei Zhong, Yusheng Ji, Kiyoshi Takano, Shigeki Yamada,
Guoliang Xue, “Capacity-aware Cost-efficient Network Reconstruction for Post-Disaster
Scenario”, Proceedings of IEEE PIMRC, Sept. 2016. DOI:
10.1109/PIMRC.2016.7794910

Lei Zhong, Yusheng Ji, Xiaoyan Wang, Shigeki Yamada, Kiyoshi Takano, Guoliang Xue,
"Population-Aware Relay Placement for Wireless Multi-Hop Based Network Disaster
Recovery", in Proceedings of |IEEE GLOBECOM 2017, Dec. 2017. DOI:
10.1109/GLOCOM.2017.8253922
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Matthias Herlich and Shigeki Yamada, “Motivation for a Step-by-Step Guide to set up
Wireless Disaster Recovery Networks”, Proc. of the 2nd International Conference on
Information and Communication Technologies for Disaster Management (ICT-DM’2015),
2015. doi:10.1109/ICT-DM.2015.7402025

Hao Zhou, Yusheng Ji, Xiaoyan Wang and Shigeki Yamada, “Joint Spectrum Sharing
and ABS Adaptation for Network Virtualization in Heterogeneous Cellular Networks”,
Proc. of IEEE Global Communications Conference 2015, 2015.
doi:10.1109/GLOCOM.2015.7417165

Xiaoyan Wang, Yusheng Ji, Hao Zhou, Zhi Liu, Yu Gu, Jie Li,, “A Privacy Preserving
Truthful Spectrum Auction Scheme using Homomorphic Encryption”, Proc. of the IEEE
Global Communications Conference 2015, 2015. doi:10.1109/GLOCOM.2015.7417163
Lei Zhong, Kiyoshi Takano, Yusheng Ji, and Shigeki Yamada, “Big Data based Service
Area Estimation for Mobile Communications during Natural Disasters”, Proc. of the 8th
International Workshop on Disaster and Emergency Information Network Systems
(IWDENS'2016), 2016. doi:10.1109/WAINA.2016.146

Michat Krol, Yusheng Ji, Shigeki Yamada, Cristian Borcea, Lei Zhong, and Kiyoshi
Takano, “Extending Network Coverage by Using Static and Mobile Relays during
Natural Disasters”, Proc. of the 8th International Workshop on Disaster and Emergency
Information Network Systems (IWDENS'2016), 2016. doi:10.1109/WAINA.2016.147
Matthias Herlich, and Shigeki Yamada, “Comparing Strategies to Construct Local
Disaster Recovery Network”, Proc. of the 30th IEEE International Conference on
Advanced Information Networking and Applications (AINA2016), 2016.
doi:10.1109/AINA.2016.74

Quang Tran Minh, Yoshitaka Shibata, Cristian Borcea and Shigeki Yamada, “On-site
Configuration of Disaster Recovery Access Networks Made Easy”, Elsevier Ad-hoc
Networks Journal, Volume 40, Pages 46-60, 2016. doi:10.1016/j.adhoc.2015.12.008
Quang Tran Minh and Shigeki Yamada, “Evaluations of Commodity WiFi Based
Multihop Access Network for Disaster Recovery”, the International Journal of
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Space-Based and Situated Computing (IJSSC), Volume 6, Issue 1, page 3-11, 2016.
doi:10.1504/1JSSC.2016.076568

Kien Nguyen and Shigeki Yamada, “An Experimental Feasibility Study on Applying SDN
Technology to Disaster-resilient Wide Area Networks”, Volume 71, Issue 11, pp 639-647,
2016. doi:10.1007/s12243-016-0502-2

Celimuge Wu, Tsutomu Yoshinaga, Yusheng Ji, Tutomu Murase, Yan Zhang,
“Reinforcement Learning-based Data Storage Scheme in Vehicular Ad Hoc Networks”,
Proceedings of IEEE ICC 2016. DOI:10.1109/TVT.2016.2643665

Hongliang Zhang, Yusheng Ji, Lingyang Song, Zhu Han, “Hypergraph Based Resource
Allocation for Cross-cell Device-to-Device Communications”, Proceedings of IEEE ICC
2016. DOI:10.1109/1CC.2016.7510606

Lin Chen, Zhiping Xiao, Kaigui Bian, Shuyu Shi, Rui Li, Yusheng Ji, “Skolem Sequence
Based Self-adaptive Broadcast Protocol in Cognitive Radio Networks”, Proceedings of
IEEE VTC 2016 Spring. DOI:10.1109/VTCSpring.2016.7504475

Fangzhou Jiang, Zhi Liu, Kanchana Thilakarathna, Zhenyu Li, Yusheng Ji, Aruna
Seneviratne, TransFetch: “A Viewing Behavior Driven Video Distribution Framework in
Public Transport”,Proceedings of 41st IEEE LCN, Nov. 2016.
DOI:10.1109/LCN.2016.27

Phi Le Nguyen, Khanh-Van Nguyen, Huy Vu, Yusheng Ji, “A Time and Energy Efficient
Protocol for Locating Coverage Holes in WSNs”, Proceedings of 41st IEEE LCN, Nov.
2016 DOI: 10.1109/LCN.2016.37

Lei Zhong, Kiyoshi Takano, Fangzhou Jiang, Xiaoyan Wang, Yusheng Ji, Shigeki
Yamada, “Spatio-Temporal Data-Driven Analysis of Mobile Network Availability During
Natural Disasters”, Proceedings of 3rd International Conference on Information and
Communication Technologies for Disaster Management (ICT-DM), Dec. 2016
DOI:10.1109/ICT-DM.2016.7857223

Celimuge Wu, Tsutomu Yoshinaga, Yusheng Ji, “DTN-based Vehicular Cloud for
Post-disaster Information Sharing”, Wireless Days 2017, March 2017. DOI:
10.1109/WD.2017.7918136

Fang-Zhou Jiang, Kanchana Thilakarathna, Mahbub Hassan, Yusheng Ji, Aruna
Seneviratne, “Exploiting Mobile Data for Efficient Content Distribution in Digital
out-of-home Advertising Networks”, International Workshop on Social Computing, 2017.
DOI: 10.1145/3041021.3051156

Fang-Zhou Jiang, Lei Zhong, Kanchana Thilakarathna, Aruna Seneviratne, Kiyoshi
Takano, Shigeki Yamada, Yusheng Ji, "Supercharging Crowd Dynamics Estimation in
Disasters via Spatio-Temporal Deep Neural Network", in Proceedings of 4th IEEE
International Conference on Data Science and Advanced Analytics (DSAA2017),
Special Session on Big Data and Disaster Management, Oct. 2017. DOI:
10.1109/DSAA.2017.11

Phi Le Nguyen, Yusheng Ji, Trung Thanh Nguyen, Thanh-Hung Nguyen, "A
Delay-Guaranteed Geographic Routing Protocol with Hole Avoidance in WSNs", in
Proceedings of 14th IEEE International Conference on Mobile Ad-hoc and Sensor
Systems (IEEE MASS), Oct. 2017. DOI: 10.1109/MASS.2017.16

Phi Le Nguyen, Yusheng Ji, Trung Thanh Nguyen, Thanh-Hung Nguyen, "Constant
Stretch and Load Balanced Routing Protocol for Bypassing Multiple Holes in Wireless
Sensor Networks", in Proceedings of 16th IEEE International Symposium on Network
Computing and Applications (NCA), Oct. 2017. DOI: 10.1109/NCA.2017.8171330
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21) Xiaoyan Wang, Masahiro Umehira, Peng Li, Yu Gu, Yusheng Ji, "Fine-grained Incentive
Mechanism for Sensing Augmented Spectrum Database", in Proceedings of IEEE
GLOBECOM 2017, Dec. 2017. DOI: 10.1109/GLOCOM.2017.8254447

22) Xiaolan Jiang, Zhi Liu, Lei Zhong, Ying Cui, Yusheng Ji, "Coordinated Edge-Caching for
Content Delivery in Future Internet Architecture", in Proceedings of IEEE GLOBECOM
2017, Dec. 2017. DOI: 10.1109/GLOCOM.2017.8254484

23) Qitu Hu, Celimuge Wu, Xiaobing Zhao, Xianfu Chen, Yusheng Ji, Tsutomu Yoshinaga,
"Vehicular Multi-access Edge Computing with licensed Sub-6 GHz, IEEE 802.11p and
mmWave", |IEEE Access, Vol. 6, Issue 1, pp. 1995-2004, Dec. 2017. DOI:
10.1109/ACCESS.2017.2781263

24) Lei Zhong, Kiyoshi Takano, Kunikazu Yoda, Yusheng Ji, Shigeki Yamada,
"Spatio-Temporal Estimation of Mobile-Phone Call Demand in the Kumamoto
Earthquakes", in Proceedings of 4th International Conference on Information and
Communication Technologies for Disaster Management (ICT-DM2017), Dec. 2017.
DOI: 10.1109/ICT-DM.2017.8275686

25) Celimuge Wu, Tsutomu Yoshinaga, Yusheng Ji, "A Learning-based Probabilistic
Routing Protocol for Vehicular Delay Tolerant Networks", in Proceedings of 4th
International Conference on Information and Communication Technologies for Disaster
Management (ICT-DM2017), Dec. 2017. DOI: 10.1109/ICT-DM.2017.8275695

26) Phi Le Nguyen, Yusheng Ji, Huy Vu, Zhi Liu, Khanh-Van Nguyen, "Distributed
Hole-Bypassing Protocol in WSNs with Constant Stretch and Load Balancing",
Computer Networks, Vol. 129, Part 1, pp. 232-250, Elsevier, Dec., 2017. DOI:
10.1016/j.comnet.2017.10.001

27) Phi Le Nguyen, Yusheng Ji, Khanh Le, Thanh-Hung Nguyen, "Load Balanced and
Constant Stretch Routing in the Vicinity of Holes in WSNs", in Proceedings of IEEE
CCNC 2018, Jan. 2018.

28) Lei Zhong, Keno Garlichs, Shigeki Yamada, Kiyoshi Takano, Yusheng Ji, "Mission
Planning for UAV-based Opportunistic Disaster Recovery Networks", in Proceedings of
IEEE CCNC 2018, Jan. 2018.

29) Celimuge Wu, Tsutomu Yoshinaga, Xianfu Chen, Lin Zhang, Yusheng Ji,
"Cluster-Based Content Distribution Integrating LTE and IEEE 802.11p with Fuzzy
Logic and Q-Learning", to appear on IEEE Computational Intelligence Magazine, Feb.
2018. DOI: 10.1109/MCI1.2017.2773818
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1) Shigeki Yamada, "Disaster-Resilient Backbone and Access Networks", Research
Meeting between NIl and NIED (National Research Institute for Earth Science and
Disaster Prevention), Tsukuba, Japan, Sep. 3, 2015.

2) Shigeki Yamada, "Resilient Networking Solutions for Prompt Disaster Recoveries",
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