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

1. Projecttitle : Learning and Detecting Changes in Population Behavior From Video |
2. Research period : January 2017 ~ March 2020
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Yoichi Sato Professor | Institute of Industrial | Project
Science, The management
University of Tokyo and R&D of
each WP
Collaborator Keita Higuchi Project Institute of Industrial | R&D of each
Lecturer | Science, The WP
University of Tokyo
Collaborator Ryo Yonetani Research | Institute of Industrial | R&D of each
Associate | Science, The WP
University of Tokyo

Total number of participants throughout the research period: 6

Partner-side

Name Title Affiliation Role in the
research
project
Pl Michael Werman | Professor | School of Computer | Project
Sciene and management
Engineering, The and R&D of
Hebrew University of | each WP
Jerusalem
Co-PI Shmuel Peleg Professor | School of Computer | R&D of each
Sciene and WP
Engineering, The
Hebrew University of
Jerusalem

Total number of participants throughout the research period: 8

4. Summary of the international joint research

In a wide variety of applications, there are high expectations for the utilization of video
data obtained from various types of cameras such as surveillance cameras, in-vehicle
cameras, and wearable cameras. In this research, we have developed fundamental
technologies for analyzing human behaviors from multiple videos captured by various
cameras. In particular, we have developed 1) a person tracking method by multiple cameras
and body-worn IMU sensors based on motion signatures, 2) a privacy-preserving framework
for learning visual models by leveraging distributed private image data, 3) several methods
for efficient video browsing such as oscillation suppression of fast-forwarded videos, and
browsing group first-person videos with 3D visualization.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research
Tracking people across multiple cameras: Tracking a target person across different cameras
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is one of the core elements for analyzing human behaviors from various types of videos. In
this work, we developed a method for tracking a target person across multiple videos based
on the similarity of motion signatures from the videos and the IMU sensors carried by the
person. The method is shown to be robust against the variation of the person’s appearance
and camera viewing directions. Also, we developed a multi-view camera calibration method
that can handle widely different camera positions and orientations by using people
trajectories.

Discovering routines of our daily life: Privacy preservation is an essential issue for human
behavior analysis from various types of videos recorded in public spaces. To this end, we
developed a privacy-preserving method for visual recognition by leveraging distributed
private image data. Our method utilizes a homomorphic cryptosystem with newly introduced
efficient encryption scheme called doubly-permuted homomorphic encryption (DPHE),
which is optimized for sparse high dimensional data. Our experimental evaluation on several
public datasets shows that the proposed approach achieves comparable performance
against state-of-the-art visual recognition methods while preserving privacy and significantly
outperforms other privacy-preserving methods.

Human-in-the-loop video event analysis:

As much as we would like to have fully automatic analysis, it is inevitable to have people in
the loop for decision making. The display of information to people has two challenges. (i)
videos are usually very long, (ii) videos recording the same events are often taken from very
different viewpoints, making it difficult for a person to comprehend the events by observing
the videos. To overcome the first problem, we developed an adaptive frame sampling
method to suppress the camera shake in a fast-forwarded egocentric video captured by a
wearable camera. For the second problem, we proposed a novel user interface that
effectively use the 3D visualization of camera poses in the environment to assist users to
understand complex group activities from multiple egocentric videos.

5-2 Synergistic effects of the joint research

Toward the development of fundamental technologies for understanding population
behaviors from multiple videos, the University of Tokyo team and the Hebrew University of
Jerusalem team worked closely by utilizing their strengths in human behavior analysis with
wearable cameras and surveillance video analysis, respectively. The collaboration helped to
identify critical technical challenges and carry out each research successfully by leveraging
each group’s strength.

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

Through the joint research, young researchers in the University of Tokyo team were able to
build a human network with internationally well-known computer vision researchers in the
Hebrew University of Jerusalem team. This is one of the important accomplishments of this
joint research in terms of human resource development.
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1. Ryo Yonetani, Vishnu Boddeti, Kris Kitani, and Yoichi Sato, "Privacy-Preserving Visual
Learning Using Doubly Permuted Homomorphic Encryption”, in Proc. I|EEE
International Conference on Computer Vision (ICCV 2017), pp. 2059-2069, 2017. DOI:
10.1109/1ICCV.2017.225

2. Yuki Sugita, Keita Higuchi, Ryo Yonetani, Rie Kamikubo, and Yoichi Sato, “Browsing
Group First-Person Videos with 3D Visualization,” In Proc. ACM International
Conference on Interactive Surfaces and Spaces (ISS '18), pp.55-60, 2018. DOI:
10.1145/3279778.3279783

3. Keita Higuchi, Hiroki Tsuchida, Eshed Ohn-Bar, Yoichi Sato, and Kris Kitani, “Learning
Context-Dependent Personal Preferences for Adaptive Recommendation,” to appear in
ACM Transactions on Interactive Intelligent Systems, 2019. DOI: 10.1145/3359755
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