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4. Summary of the international joint research

Until the COVID crisis hit, tourist numbers have been increasing rapidly worldwide including
Israel and Japan. At the same time, safety concerns of tourist are growing, this is due to
increasingly frequent and severe natural hazards as well as terrorism, where large crowds of
tourists can become easy targets. Furthermore, tourists are often less informed and are
therefore more vulnerable to be trapped in chaotic situations.
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With this background, our project therefore had had as one objective to explore methods
and data as to how tourist flows and route choices can be estimated. In particular we aimed
to understand “micro-decisions” of tourists such as how long they stay in places and their
principles of route selections while walking. We used Wi-Fi sensor data as a promising new
data source. The sensors can pick up signals from any Wi-Fi emitting devices and re-identify
some users over time at different locations. In addition, the project explored the usage of
Bluetooth tags as these are cheap and easily installed. Further, we analyzed tourist
behavior during normal situations and during disasters and explored ways to guide tourists
to safer locations in case of disasters. With the knowledge of where likely crowding will
occur we showed how information can provide better distributed tourist streams. Using
gamification, we aimed to show how crowding can be eased in normal situations, before a
disaster occurs. An objective of the project was further to conduct case studies in touristic
locations in the two countries. In Japan we selected Higashiyama, Kyoto, as our main target
area. To achieve our goals the project team included transport planners, operation research
experts as well as software developers.

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

The project was split into five man workpackages (WPs) and each of these has led to
results. WP1 reviewed the literature and developed a framework for integration of various
data sources. Implementation: Through joined discussion and data collection we refined the
original framework. Result: A discussion paper was published that discusses the data
available and their limitations for tourist flow estimation. The revised framework shows how
data collection with various technologies during normal touristic seasons can help planners
to prepare for disasters. We discuss how this information can be used for more efficient and
safe evacuation routing in line with the project objectives.

The goal of WP2 was to collect tourist route information in Japan with WiFi sensors.
Implementation: We installed sensors in the Pontocho area of Kyoto as well as build on a
set of sensor previously installed. The collaboration with this project provided us with a wider
network of sensors and in particular with a set of Wi-Fi sensor data from the touristic
Higashiyama area. Also Wi-Fi sensors were installed on the Bar-llan campus, in Tel Aviv
Israel. The Israeli data collection was postponed due to COVID and is currently still ongoing.
Results: A rich set of Wi-Fi sensor data was collected from Kyoto that could be used for
further analysis. The aggregate analysis shows seasonal and time-of day variations of the
busyness at the surveyed locations.

In WP3 we aimed to analyse the Wi-Fi sensor data to extract behavioural patterns of
tourists. Implementation: We constructed choice models, in particular “recursive logit
models” with the Higashiyama Wi-Fi data. We also conducted data fusion of the Wi-Fi data
with other GPS traces of tourists. Results: We could build models that describe and predict
tourist walking routes. We could show the impact of shops and attractions for decisions as to
which route to take at junctions. More generally, we could demonstrate the value of Wi-Fi
data for tourist flow estimation and prediction.

WP4 focused on understanding tourist routes during emergencies. Implementation:
Since some of the originally planned experiments were not feasible due to COVID
restrictions we developed a Virtual Reality application with 360-degree pictures and 3D
glasses. An application was developed where respondents are virtually placed at junction
and have to decide which route they would take that appears to lead to a safe evacuation
location. Experiments were conducted with domestic tourists in the Higashiyama area of
Kyoto. Results: We demonstrated that the VR tool can extract some decision characteristics.
We quantified, for example, the importance of the road width and the preference for
continuing going straight. We then implemented the results into an evacuation scenario
simulation and showed the need for route guidance at key points.

The goal of WP5 was to demonstrate the usage of local Bluetooth sensors can provide
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tourists with useful route guidance information. Implementation: We conducted an
experiment in the Higashiyama area with Bluetooth tags and the “Nearbee” app. When close
to a sensor, participants could obtain information about the routes to Kiyomizu temple as
well as local shops. The sensors also functioned as a “stamp rally”. Results: We
demonstrated that the sensors can to some degree influence the route choice of tourists.
The stamp rally further raised the interest of tourists to explore nearby attractions. We
discuss that further research is needed to show their usefulness during evacuation
scenarios. Finally, with respect to the administrative and concluding WPs we note that we
published and are still in the process of publishing some of the research results.

5-2 Synergistic effects of the joint research

The collaboration helped us to realise common and different challenges for tourists in
Japan and Israel, partly due to both countries using unique writing systems. Through the
collaborative research we developed ideas and solutions to represent and mathematical
model tourist route choices that reflect challenges in both Japan and Israel where tourists
navigate in areas with small, crowded roads. The interdisciplinarity of the project team
further allowed us to combine software development and transportation planning. The VR
game, matching of Bluetooth sensor data and Wi-Fi sensor data as well as usage of
Bluetooth data for tourist notifications are developed as part of the joined discussions.

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

The project has contributed to a range of follow-on research activities and helped the
Japanese team to obtain funding for continued research. Firstly, the Kyoto team has
obtained funding to install a set of Wi-Fi sensors on the university campus to measure
crowding. Several researchers of the Japanese team are further in discussions for Wi-Fi
sensor installations in Japan and abroad. The data analysis and experience from this project
have been important for this. Secondly, two of the Japanese researchers are involved in a
CONCERT project funded by JST with three European universities. The objective of that
project is to use deep learning techniques to reveal some of the urban dynamics during the
COVID dynamic and other disturbances. The data fusion experiments in WP3 of this project
have inspired the proposal that led to this new project. Thirdly, the research has led to
continued research between the Israeli and Japanese researchers. In ongoing work we are
seeking to advance the VR tool and are seeking funding for related research directions. The
two Pls have also been discussing collaboration with respect to using sensor data for public
transport planning.
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International Workshop on Transport Network Analysis under Emergency Situations. Japan,
Gifu, Heartful Square Gifu, Daikenshushitsu. 2" October 2018. 40 Participants. Organisers:
Jan-Dirk Schmécker and Fumitaka Kurauchi.

ICT for Resilient Society workshop: Evacuation planning and operations. Israel, Tel Aviv,

Beck auditorium, building 410, Bar-llan Campus. 7" March 2019. 20 Participants. Organiser:
Yuval Hadas.

Project closing workshop. ICT for Resilient Society workshop: Evacuation planning and
operations. (2) Israel, Tel Aviv, Building 507, Room 105, Bar-llan Campus. 6" November
2022. 10 Participants. Organiser: Yuval Hadas. From the Japanese team Jan-Dirk
Schmocker participated.

Other workshops cancelled due to COVID.
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Project meeting in Kyoto, 3 October, 2018. All Japanese and Israeli project members
participated.

Project meeting in Tel Aviv, Israel, 5 and 6 March, 2019. Most Japanese and Israeli project
members participated. Following the project meeting a student of Kyoto University (Mr
Yuhan Gao) stayed at Bar llan until 16 March for research exchange.

Mr Guy Wachtel of Bar-llan University visited Kyoto for two weeks for joined research
activities, 15-31 July, 2019.

Second visit to Israel by members of the Japanese team, 20-24 September 2019.

Follow-up project meeting in Kyoto, 15 October, 2022 with five Israeli project members.
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Collecting and Providing Information. ADBI-Purdue University-University of Tokyo Virtual
Workshop on Resilience of Cities to External Shocks: Analysis, Modeling, and Economic
Impacts. 27-28 October 2020, ADBI, Tokyo was rewarded a financial reimbursement.
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