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Overview

Development & Refinement of Pseudo- People- Flow Data

Enhancement of Accuracy and Quantification of Uncertainty in Pseudo- People- Flow
Models through the Integration of Fragmented real Human Mobility data 

Prototyping of a Mobility Digital Twin
Simulation Elements for Various Cases

Implementation of the Digital Sandbox Platform and 
its application to social experiments, as well as
the creation of user communities
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Overview
Development 
Objectives

Å Hypothesis testing and impact evaluation of behavioral changes resulting from social experiments
Å Deployment as an explanatory tool for the general public

Purpose Focusing on the newly redefined mobility and vibrant urban development, there is a growing demand to realize a 
"safe, comfortable, rich, and lively new form of mobility" where pedestrians, micro -mobility, various vehicles, and 
public transport smoothly mix and coexist. To efficiently and effectively plan this, and to facilitate consensus -building 
among stakeholders and streamline administrative processes, the goal is to establish a "Digital Sandbox" system. 
This system will embody street spaces, incorporating diverse geospatial information, nationwide pseudo -people - flow 
data, vehicles and other mobility forms, as well as virtual spaces, and simulate them in the digital space.

Implementation 
Structure

Center of Spatial Information Science at University of Tokyo (CSIS), Association for Promotion of Infrastructure 
Geospatial Information Distribution ṕAIGIDṖ, Softbank Corp., CTI Engineering Co.,Ltd .

Work schedule Year 1: Organize examples of social experiments and discuss system requirements
Year 2: Develop the prototype Year 3: Apply to 3 social experiment cases Year 4: Apply to 6 social experiment cases 
(cumulative) Year 5: Apply to 10 social experiment cases (cumulative)

Progress Status FY2023: Organized 257 social experiment cases and discussed system requirements
FY2024:  Released Pseudo -People-Flow Data ver. 2.0, established research workshops, and currently building the 
prototype
FY2025: Refinement of Pseudo -People-Flow Data, refinement of the Mobility Digital Twin, and consideration of eight 
experimental cases 
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Center of Spatial Information Science at University
of Tokyo (CSIS), Association for Promotion of
Infrastructure Geospatial Information Distribution
ṕAIGIDṖ, Softbank Corp ., CTI Engineering Co.,Ltd .
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Association for Promotion of Infrastructure
Geospatial Information Distribution ṕAIGIDṖ

Provided
Resourcesẑ

Digital city services and associated simulation
services (approximately 10 social experiment cases) .

Digital City Services and Associated Simulation
Services (Expansion of the Number of Cases)

Target Users
Municipalities belonging to the research workshops

(for trial implementation) .

Municipalities (Full Implementation)
Municipalities will fully implement the services,
integrating them into their operations .

Convenience 
and

Value Provided 
to

Users

Users can perform mobility simulations in digital
space without making significant investments,
allowing for hypothesis testing and impact evaluation .

Traditionally, when examining policies, significant
investments were required to conduct real -world
social experiments in order to verify their
effectiveness and impact . However, it is now possible
to conduct simulations in a digital space, allowing for
hypothesis testing and impact evaluation without the
need for such substantial investments .
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Structure of the Research and Development
ṕểṖ Categorization of Mobility Simulations 

and Design of Digital Sandbox Platform

ṕỆṖImplementation of the Digital Sandbox 
Platform and its application to social 
experiments, as well as the creation of 
user communities

ṕễṖ Enhancement of Accuracy and 
Quantification of Uncertainty in Pseudo -
People -Flow Models through the Integration 
of Fragmented real Human Mobility data 

ṕỄṖ Construction of Simulation Elements
for Various Cases and Acceleration of 
Pseudo -People -Flow Generation 
Processing
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Work schedule
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Development & Refinement 
of Pseudo -People -Flow Data

Enhancement of Accuracy and 
Quantification of Uncertainty in 
Pseudo - People - Flow Models through 
the Integration of Fragmented real 
Human Mobility data 
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ÅBased on open statistical data and agent models using common learning 
parameters, estimate people's typical daily activities, locations, modes of 
transportation, and travel routes at any given moment, and create 
synthetic data that can represent these behaviors in a pseudo manner.

Data Overview
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ÅAfter releasing Ver 1.0 in April 2022, Versions 1.1 and 1.2 were released, followed 
by the release of Ver. 2.0 in August 2024. Ver. 3.0 is scheduled for release by May 
2026.

Data Provision & Update Status
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ÅAlthough accuracy has been gradually improving through various efforts, business trips 
(such as logistics operations and taxi services, including trips conducted after arriving at 
offices) and low -frequency trips (such as shopping and hospital visits that do not occur on a 
daily basis) remain significantly underrepresented. 

Accuracy Evaluation

ver1.2 ver2.0 Considerations

Mesh Population Correlation coefficient with mobile 
data: 0.78 at 500m resolution, 
0.90 at 1000m resolution.

Improved correlation coefficient: 0.83 at 
500m resolution. By introducing POI 
data, more rational locations were 
selected. 0.90 at 1000m resolution.

At the 1km resolution, there was 
only slight improvement in accuracy 
due to insufficient improvement in 
destination selection model.

OD Volume Confirmed correlation of 0.78 or 
higher with SoftBank's motion 
statistics data at the municipal 
level.

Confirmed correlation of 0.75 or higher 
with motion statistics data. (Some areas 
had no OD volume due to insufficient 
POI data, but this was fixed.)

Further adjustment is needed in the 
behavior patterns, activities, and 
the frequency of incidental activities.

Cross -Sectional 
Traffic Volume

There were differences in 
correlation rates with observation 
points, with the overall traffic 
volume tending to be 
underestimated.

By using vehicle ownership rates by 
prefecture, a model replicating vehicle -
centered rural areas and public 
transport -centered urban areas was 
created. Cross -sectional traffic volume 
decreased compared to Ver 1.2.

Quantitative evaluation of traffic 
volume from logistics is necessary, 
and the deficit in pseudo -people -
flow data should be confirmed.

Trip Count The total OD volume in motion 
statistics is 9,820,973. Ver 1.2 
had 5,400,525 trips.

Ver 2.0 had 4,994,246 trips, an 8% 
decrease compared to Ver 1.2.

PT survey data suggests the 
number of trips per person per day 
has decreased from 2.8 in 2008 to 
2.6 in 2018. This is believed to be 
the cause.

Traffic Mode 
Share

The model was uniform 
nationwide, resulting in a car -
centered movement pattern where 
bus usage could not be 
reproduced.

The model was refined to more 
accurately replicate regional differences, 
especially between the three major 
metropolitan areas and rural areas. Bus 
usage was also successfully reproduced.

Compared with traffic characteristic 
values for cities in FY2021, there is 
still room to further improve the 
share of cars, buses, and trains.



Improvements in Ver. 3.0
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Main Issues in the Conventional Version (Ver. 2.x)
ÅBusiness -related traffic (freight vehicles and taxis) was not represented, resulting in insufficient 

traffic volumes on road links
ÅThe mode choice model was uniformly applied nationwide, making it difficult to represent 

differences in modal share across prefectures
ÅActivity generation relied on a limited set of parameters, making it difficult to capture regional 

behavioral differences (e.g., central versus peripheral areas)
ÅDestination choice was strongly constrained by distance, and could not sufficiently account for 

points of interest (POIs) or travel time, particularly for rail transportation.
ẓ As a result, trips within municipalities tend to be overestimated, while trips across municipalities 

tend to be underestimated.
ÅThe Web API supported only one nearest station and a single route, resulting in unstable 

reproduction of route -specific public transport usage.

ÅImprovements were implemented to address the main issues identified in Ver. 2.x 
(the five items listed below).

Main Improvements in Ver. 3.0
Item 1: Addition of business agents (taxis and freight vehicles)
Item 2: Refinement of the prefecture -specific mode choice models
Item 3: Cross -cutting application of the activity generation model based on urban

typologies
Item 4: Improvement of the destination choice model
Item 5: Update of the Web API (extension of public transportation route search)
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ÅBusiness -related traffic (freight vehicles and taxis), which had not been 
represented in previous versions, has been added.
ÅThis enhancement is expected to compensate for approximately 80% of the 

previously insufficient link traffic volumes.

Item 1: Addition of Business Agents
(Freight Vehicles and Taxis)

Agent Configuration in Ver. 3.0 (Conceptual Diagram)

Individuals (Residents)
Commuters, students, unemployed 
persons, etc.

 Activity location choice
 Mode choice
 Route choice

Business (Commercial) Agents
Freight / Taxi, etc.

Vehicle-type-specific operation rates
Vehicle-type-specific travel distance /   
number of trips
Destination distribution
(delivery and pickup locations)
Time-of-day trip generation rates

Freight Agent Taxi Agent

·Freight vehicle behavior is reproduced 
based on the Metropolitan Freight Flow 
Survey

ḱTravel distance / number of trips by vehicle type
ḱDestination distribution (delivery and pickup   

locations)
ḱOutput: Freight vehicle trips and trajectories

(same format as Pseudo -People-Flow Data)

·Operational statistics and daily log data 
(Company A)

ḱ Tokyo Metropolitan Area: approx. 40,000 vehicles
ḱ Number of trips: average ὐ 27 trips per day

(clipped to a range of 20 ²30 trips)
ḱ Within 3 km of the previous alighting point (70%), 

or Hotspots (30%)
ḱ Trip distance: average ὐ 9 km (range: 0.5²30 km)

ḱ Output: Occupied and vacant trips with trajectories



Item 2: Refinement of the Prefecture -Specific 
Mode Choice Models
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ÅModel parameters were adjusted for each prefecture to ensure consistency 
with observed modal shares (e.g., automobiles, railways, buses, and 
walking).

Reference data   : Ministry of Land, Infrastructure, Transport and Tourism (MLIT), 
¬Nationwide Urban Transportation Characteristics Survey (FY2021): City-
Level Indicatorsº

Target parameters: Region -specific parameters such as automobile and bicycle ownership 
rates, automobile usage costs, walking impedance factors, and value of 
time



Item 3: Cross -Cutting Application of the Activity  
Generation Model Based on Urban Typologies
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ÅRegions were classified in accordance with the MLIT urban typologies 
(National PT Survey categories a ²j), and typology -specific parameters 
were tuned in coordination with GeoTech GPS.

Source:https://www.mlit.go.jp/common/001241794.pdf

Target: Improving the accuracy of the activity generation model, with a particular 
focus on shopping and other activities
ẓ Estimated results are shared within each typology to compensate for regions

with insufficient data.



Item 4: Improvement of the Destination
Choice Model
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ÅA destination choice model that relaxes constraints on candidate generation and 
incorporates points of interest (POIs) and travel time.

Cause: Strong distance -based restrictions in destination candidate generation have 
limited the consideration of POIs (attractiveness) and travel time, 
particularly for public transportation such as railways.  

ẓ This improvement aims to enhance the accuracy of OD volumes across distance 
bands and for intra - and inter -municipality trips.

Inter -municipality OD and 
Pseudo-People-Flow:
Tendency toward 
underestimation

Intra -municipality 
OD and Pseudo -
People-Flow:
Tendency toward 
overestimation

Ver. 2.x: Current Status Ver. 3.0: Target



Item 5: Update of the Web API (Extension of 
Public Transportation Route Search)
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ÅMultiple nearest stations (1 ²3) are identified for both origins and 
destinations.
ÅRoute search is performed for all combinations (e.g., up to nine routes 

when three stations are selected for each).
ÅAll routes are sorted by travel time in ascending order and output in full.

Effects
ÅUser volumes by route were reproduced with improved accuracy.
ÅConsideration of alternative routes enhanced the robustness of route 

choice.
ÅFlexible API design became possible according to use cases, such as 

limiting the number of returned results (top N).
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Community -Building Framework

Community Building Through Hands -On Workshops
and Challenges

ÅAt the 33rd GIS Conference, a workshop (hands -on + discussion) was held, where methods 
for utilizing the data and the code for generating it were openly shared. Over 30 participants 
(both in -person and online) deepened their understanding through live demonstrations and 
coding exercises, and shared feedback.
ÅHowever, a challenge emerged: knowledge sharing among researchers has not progressed 

sufficiently, and communication has largely been one -way from the administrative office. 
Efforts are underway to build an active online community using Slack.

Hands -On Workshop
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Prototyping of a Mobility 
Digital Twin

Simulation Elements for Various Cases
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ωThere are existing transportation simulation packages and dispatch management 
services for buses and taxis. However, the former requires specialized knowledge 
and extensive data preparation, while the latter comes at a considerable cost and 
can only be used once a budget is secured.
ωThis system focuses on enabling municipalities and practitioners to perform 

simulations using only a Web UI (no coding required), with results available quickly 
(within a few minutes).
ωWhile the system concentrates on a set of typical use cases, it also aims to gradually 

expand customization features to some extent. However, non -standard or irregular 
tasks are envisioned as optional commissioned services.

Positioning of This System

Transportation Simulation 
Packages

Taxi/Bus Dispatch 
Management 
Services

This System

Function
ality / 
Usability

Offers many features, but 
requires high expertise. Also 
needs preparation of data and 
programming, resulting in a high 
barrier for general users.

Easy to use as it is 
tailored for specific 
purposes.

Focuses on a few typical use cases. 
Simple Web UI enables results within 
minutes. Includes customizable features 
and continues to improve.

Cost Some are open -source. Often expensive. Aims to be low -cost and subscription -
based, usable by municipalities 
nationwide.
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Use Case Scenarios Overview

ωDemonstration Scenarios (5 Typical Patterns) and Processing Flow

Parameter setting
Data output

and visualization

The total number of users before 

and after the simulation, as well as 

the number of users at each bus 

stop, is output

Future enhancement: Use a 

visitor estimation model 

built from GPS data 

together with Pseudo-

People-Flow activity data

Scenario Selection

The user selects public 

transport GTFS data and 

configures increased service 

frequency
Estimation of user increase due to 

enhanced public transport services

a. Forecast number of public 

transportation users

b. Implementation of on -

demand transportation

c. Estimates of visitors 

to specific areas

d. Flow changes due to 

redevelopment

e. Flow impact of 

tourism promotion

Introduction of on-demand transport 

in response to public transport 

reductions

Visitor estimation resulting from 

events held in specific areas

Changes in surrounding flow due to the 

construction of large shopping centers or 

redevelopment of shopping districts

Changes in tourism flow caused by 

strengthened dissemination of event 

information

The user specifies the area for 

service reduction and inputs 

parameters for on-demand 

transport

The user designates the event 

area and enters event-related 

parameters

The user selects the 

redevelopment area and inputs 

development parameters

The user designates both the 

event and promotion areas and 

enters parameters for event 

and promotional reach

formation process

Re-select the mode of 

transportation from Pseudo-

People-Flow trip data using 

a spatio-temporal 

interpolation service

Calculate demand based on 

the trip data from the 

Pseudo-People-Flow

Re-select destinations 

based on Pseudo-People-

Flow activity data

Re-select destinations 

based on Pseudo-People-

Flow activity data

Fare comparison results between 

public transport and on-demand 

transport are output, and on-

demand demand is visualized on 

a background map

Total visitors with and without the 

event and time-segmented inflow 

results are displayed, along with a 

map-based visualization of origin 

distribution

Mobility change results are output 

and visualized on a background 

map within the tool

Mobility change results are output 

and visualized on a background 

map within the tool
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Front -End Back -End

ω The frontend system, including digital maps, is built upon the Digital City 
Service platform, with input/output user interfaces developed using React 
and JavaScript.

ωOn the backend, key data sources include:GTFS data, which is retrieved 
via the GTFS Data Repository API, Pseudo people flow data, obtained and 
utilized from the "Human Flow Project" of CSIS, the University of Tokyo.

System Configuration Diagram (Server)
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[Alpha Version]
a) Forecast of public transportation users  (Input)

ω Users can choose or upload public transport bus routes and add additional 
schedules.

Service Increase 
Setting

Select or 
Upload Bus 

Route

Source: Geospatial Information Authority of Japan (GSI) Map
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[Alpha Version]
a) Forecast of public transportation users  (Output)

ω Outputs include total ridership before and after simulation and user 
counts per bus stop. 

Output 
Results

Residential locations of 
estimated users derived from 

the simulation

Source: Geospatial Information Authority of Japan (GSI) Map
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[Alpha Version]
b) Implementation of On -Demand Transportation (Input)

ω Users could select or upload a public bus route, decide service reductions, 
and customize on -demand transportation parameters (vehicle type, fleet 
size, fare structure, etc.).

Select or 
Upload Bus 

Route

Customize 
On-Demand 

Transport

Service Reduction 
Setting

Source: Geospatial Information Authority of Japan (GSI) Map
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[Alpha Version]
b) Implementation of On -Demand Transportation (Output)

· The system visualizes before -and -after budget comparison results for public 
transport versus on -demand services, as well as potential demand by time of day.

Display On -Demand 
Demand by Time of Day Output 

Results

Residential locations of 
estimated users derived from 

the simulation

Source: Geospatial Information Authority of Japan (GSI) Map
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[Alpha Version]
c) Estimates of visitors to specific areas (Input)

ω The function to appoint the event area and input parameters related to the event 
(such as event type, date and time, number of booths, etc.) has been implemented.

Specify 
Event Area

Input Event 
Parameters

Source: Geospatial Information Authority of Japan (GSI) Map
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[Alpha Version]
c) Estimates of visitors to specific areas (Output)
ω Visualize total visitors with and without an event for the Sangenjaya shopping 

district, the inflow by time of day (including commuting hours), and the 
distribution of visitor origin locations.

People flow by the 
presence or absence of 

events for each segment

Output 
Results

Source: Geospatial Information Authority of Japan (GSI) Map


