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Strategic International Collaborative Research Program (SICORP)

Japan—US Joint Research Program
Executive Summary of Final Report

1. ProjectTitle : ['Abig-data computational laboratory for the optimization of olfactory search

algorithms in turbulent environment |
2. Project Period : Apr. 2015 ~ Mar. 2018
3. Main Participants :

Japan-side
Name Title Affiliation Role
Pl Yosuke Associate | Institute of Team leader
Hasegawa Professor | Industrial Science, | on Japanese
The University of | side
Tokyo
Collaborator | Davide Cerizza | Ph.D. Institute of Optimal
student Industrial Science, | arrangement
The University of of stationary
Tokyo sensors
Collaborator | Constantions Postdoc | Institute of Optimal
Panagiotou Industrial Science, | trajectory of a
The University of moving
Tokyo sensor

Collaborator | Toshihiro Maki Associate | Institute of
Professor | Industrial Science,

Development
of olfactory

The University of

The University of search AUV

Tokyo system
Collaborator | Yoshiki Sato Postdoc | Institute of Olfactory

Industrial Science, | search

experiments

Tokyo
Collaborator | Takumi Postdoc | Institute of Olfactory
Matsuda Industrial Science, | search
The University of experiments
Tokyo
Total number of participating researchers in the project: 6
US-side
Name Title Affiliation Role
Pl Tamer Zaki Associate | Johns Hopkins Team leader
Professor | University on US side
Collaborator | Charlese Professor | Johns Hopkins Establishment
Meneveau University of DNS
databases
Collaborator | Qi Wang Ph.D. Johns Hopkins DNS of
student University turbulent

scalar transfer

Collaborator | Vincent Mons Postdoc | Johns Hopkins

Development

University of olfactory
search
algorithms

Total number of participating researchers in the project: 4




SICORP #& T & (KA1 - Zaki i)

4. Summary of the joint project

We developed new algorithms to reconstruct the location and intensity of the scalar source
based on limited and noisy sensor signals in turbulent environments. To achieve this goal,
we first conducted direct numerical simulations of canonical turbulent flows, and established
the databases of their entire spatio-temporal evoluations. Then, we introduced artificial scalar
sources in the simulated turbulent flows, and reproduced scalar diffusion by directly solving
the scalar transport equation. We also introduced stationary or moving sensors, and establish
a numerical environment to assess different olfactory search algorithms through numerical
experiments. By utilizing the numerical environment, we develop innovative scalar source
estimation algorithms based on adjoint analysis. The developed algorithms were evaluated
in the numerical simulations. In addition, it was also installed in autonomous underwater
vehicle and successfully applied to estimation of hydrothermal deposits in Kagoshima Bay.

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

We conducted one of the largest direct numerical simulations of canonical turbulent
flows and established the databases of their entire spatio-temporal evolutions. By
utilizing the databases, we developed innovative scalar source estimation algorithms
based on limited sensor signals, and assess their performances. We also formulated
optimal arrangement of stationary sensor and optimal trajectory of moving sensors for
reconstructing a scalar source. In addtion, based on the obtained results, we extracted
general knowledge on optimal sensor arrangement for better estimation of scalar source.
Finally, we installed the developed algorithm to an autonomous underwater vehicle, and
applied it to estimation of hydrothermal deposits in Kagoshima Bay in order to validate
its high estimation performance.

5-2 Synergy through the Collaboration

In this project, we combined the world’s largest turbulence databases established by
Johns Hopkins University, and advanced optimal control theory and robotics
technologies developed in the University of Tokyo in order to yield innovative olfactory
search algorithms in turbulent environments. Regular remote meetings between the two
institutes accelerated collaborations and leaded to distinguished achievements. In
addition, mutual exchanges of researchers and students between the two institutes
contributed to the development of young researchers and promoting future
collaborations between the two countries.

5-3 Potential Impacts on Society

The turbulence databases established in the present project allow researchers,
students and even non-academic people to freely access the entire data on spatio-
temporal evolutions of turbulent flows, and therefore have significant impacts on the
future approaches in both research and education activities. The olfactory search
algorithms developed in this project have wide possible applications for developing
innovative monitoring systems of human environments such as atmosphere, urban city,
buildings and farms by incorporating various sensor signals.
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