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About me
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• 2007-
– Univ. of Tokyo
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People flow project (PFLOW)

http://pflow.csis.u-tokyo.ac.jp (2008- )

Key factor is rough understanding in whole target area !
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2. PFLOW from PT (2008～）
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Person trip survey ??

Place staying at 3:00 in the morning
1st place to go       
2nd place to go 

Departure time
Arrival time
Trip object

Transportation mode
Travel time
Transfer point 

Other places (Place name)
Kind of place

Home       Office or School 
Other places (Rough address)

Trip

Purpose
Sub-trip

Main part of PT survey sheet (from the Tokyo Metropolitan Region Transportation Planning
Commission web site "http://www.tokyo-pt.jp/data/file/tebiki.pdf")

(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020 6



PFLOW from PTS data
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Spatio-temporal interpolation from OD data

• XXXX 11:42 (Lat1,Lon1)

11:43 (Lat2,Lon2)

11:44 (Lat3,Lon3)

11:45 (Lat4,Lon4)

11:46 (Lat5,Lon5)

11:47 (Lat6,Lon6)

11:48 (Lat7,Lon7)

11:49 (Lat8,Lon8)

11:50 (Lat9,Lon9)

11:51 (Lat10,Lon10)

11:52 (Lat11,Lon11)

11:53 (Lat12,Lon12)

11:54 (Lat13,Lon13)

Sub trip 2
(Railway)

Sub trip 3
(Walking)

Railway 

topology

(Green line)

Walking 

rough route

(Red line)

Railway rough route

(Blue line)

Road 

topology

(Gray line)

Road 

geometry

(Gray line)

Railway 

geometry

(Green line)

(a)

(b)

(c)

Station
(11:49)

Office
(11:54)

Home
(11:42)

Station
(11:45)

Sub trip 1
(Walking)

a) Geocoded OD of

each sub trip

b) Route choice along

road/railway topology

c) Interpolation at each 1 minute-intervals

* Y. Sekimoto et al. PFLOW: Reconstruction of people flow

by recycling large-scale fragmentary social survey data,

IEEE Pervasive Computing, Vol.10(4) pp.27-35, 2011.
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3D visualization

3D visualization with 1-km2 mesh
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Archiving of PFLOW
(14 metropolitan areas and totally 3.5 million)

CSIS, UT

Council for 

regional transport 

plannning

Minister of Land, 

Infrastructure 

and Transport

User

Apply ApproveApply Approve

or

Application for 

joint research(*)
Approve

(*) limited in public use for industry,

government and academic
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Many joint researches through 
“People Flow Data Set”

【Transportation】
# Research on improving the efficiency of urban transport systems using portable personal 

mobility.(iTransport Lab, Ltd.)
# A simulation of tourist flow patterns in the Sendai metropolitan area using the People Flow 

Analysis Platform. Masayoshi Tanishita (Chuo University)
# Utilization of statistical data in urban transport planning. (Ritsumeikan Asia Pacific University 

Department of Asian Pacific Studies)
【Spatio-temporal analysis】
# Detection of patterns in travel routes using position information and travel times (Kobe University 

Graduate School of Engineering)
# Development of a spatio-temporal data model for analysis of spatio-temporal behavior using GIS. 

(Tokyo Metropolitan University)
【Risk analysis】
# A model for the transmission of novel infectious diseases.
(University of Tokyo Institute of Industrial Science)
# An investigation of of disaster risk using GIS. (Aichi Institute of Technology Department of 

Environmental Engineering)
【Personal information and security】
# On the anonymization of personal information and its two-dimensional use (Information Grand 

Voyage Project). (Mitsubishi Research Institute, Inc.)
【Environment】
# Development of a scenario for fine spatial output and changes in land use via unified system 

analysis. (National Institute for Environmental Studies)
【Marketing】
# A study of consumer respiration models using person-trip data. (Fine Analysis, LLC)
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Pandemic simulation based on PFLOW

Day 3

Day 27

Day 46

Aihara & Suzuki lab in IIS, Univ. of Tokyo
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JICA-PT data

City
Populatio

n
(million)

Survey 
year

Sample 
size

Number 
of trips

Ratios of various modes of 
main transportation

(2-
wheeler/car/taxi/bus/rail)

Manila 9.45 1996 231,889 471,035 2%/10%/25%/58%/4%

Kuala Lumpur 1.39 1997 80,560 218,460 29%/44%/2%/23%/2%
Damascus 3.08 1998 38,490 81,698 4%/25%/15%/56%/0%
Managua 1.20 1998 24,854 54,138 2%/25%/4%/69%/0%
Bucharest 2.15 1998 67,509 143,311 0%/19%/0%/27%/54%

Phnom Penh 1.15 2000 18,664 40,369 89%/11%*1/-/-
Chengdu 3.09 2000 31,188 70,199 81%/10%/4%/4%/0%

Belem 1.78 2000 24,043 59,529 15%/13%/2%/70%/0%

Jakarta 2.10 2000 423,237 1,083,28
0 2%/0%/42%/56%/0%

Tripoli 0.33 2001 3,608 7,615 35%/29%/17%/19%/0%

Cairo 14.4 2001 136,070 268,360 2%/13%/46%/29%/10%

Ho Chi Minh 
City 3.18 2002 27,412 71,890 96%/2.4%*1/1.8%/-

Hanoi 7.16 2004 63,716 188,949 89%/3.6%*1/6.7%/-
Nairobi 4.04 2004 20,980 46,828 2%/29%*1/68%/1%

Lima 8.04 2004 115,728 270,384 17.2%*2/13.7%/69.1%/-
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Processing items Calculation time

Data cleaning (partly manual) Several days

Geo-coding from zone to lat/lon Several days

Spatio-temporal interpolation 84 days

Creation of query tables for DB 14 days

For the data set preparation…

In case of Tokyo metropolitan area
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3. PFLOW from mobile phone GPS
（2011～）
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Tsunami Evacuation activity on the disaster day
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Evacuation activity after the earthquake

From 15th March to 30th April
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Legend

Understanding of recovery status 
comparing tourist flow
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“Density map” from Auto-GPS data

Density map from Auto-GPS data

（ZENRIN DataCom CO.,LTD. http://lab.its-mo.com/densitymap/）
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4. PFLOW from mobile phone CDR
（2012～）
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Call detail record (CDR) 
from mobile phone base station

Comparison of GPS (pink) and CDR (blue)

23
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Mechanism of mobile phone base station

Mobile Station Base Station 
Subsystem

Network Switching 
Subsystem

Base Transceiver 
Station

Base Station 
Controller

Visitor Location 
Register

Home Location 
Register

Mobile Services 
Switching Center

Equipment ID 
Register

Public Switched 
Telephone Network

Gateway MSC
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Mobile base station data

pid time lat lon err1 err2 method code 

f00d09160971f089c928242e195c1d5c 2009-10-01 03:38:50 -71.7971 42.26691 330 185 2 800

f00d09160971f089c928242e195c1d5c 2009-10-01 03:39:34 -71.7975 42.26697 318 158 2 508

f00d09160971f089c928242e195c1d5c 2009-10-01 03:39:52 -71.7979 42.26625 394 152 2 508

f00d09160971f089c928242e195c1d5c 2009-10-01 03:40:17 -71.7951 42.26833 298 310 1 508

f00d09160971f089c928242e195c1d5c 2009-10-01 03:41:20 -71.7963 42.2668 367 212 2 508

f00d09160971f089c928242e195c1d5c 2009-10-01 05:26:18 -71.8037 42.27411 549 252 3 508

f00d09160971f089c928242e195c1d5c 2009-10-01 05:36:01 -71.8463 42.18137 460 350 1 508

f00d09160971f089c928242e195c1d5c 2009-10-01 05:36:43 -71.8398 42.17625 1144 428 1 508

f00d09160971f089c928242e195c1d5c 2009-10-01 05:48:05 -71.8618 42.05578 2164 417 1 508

f00d09160971f089c928242e195c1d5c 2009-10-01 05:49:25 -71.8772 42.05683 2568 575 1 508

Anonymized CDR (Call detail record data) per person

Aggregated as erlang value per each 
cell station of base station

Erlang is the total amount of 

resources used over a period of 

time
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“Mobile Spatial Statistics” from base station data

Mobile Spatial Statistics（From NTTDocomo web site: 

http://www.nttdocomo.co.jp/corporate/disclosure/mobile_spatial_statistics/）

Operational data

De-identification

Aggregation

Privilege

Aggregated 

population

Mobile Spatial 

Statistics
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Commercial mobility data
(in Japan)

• Grid-based

– ZENRIN DataCom (Hourly), NTT Docomo (Hourly), Agoop

• Link-based

– Navitime, Pioneer

• Dot-based

– Agoop

• OD-based

• Personal information is not linked under the
personal information revised law (2015)
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Joint research with Bangladesh

People distribution based on mobile 
phone base station in Dhaka 
（provided by GrameenPhone）

Period 2012/6/19～7/18

# of user 6.85 million

# of mobile
phone base
station

1,362 (1125 in DMA)

Target data
Anonymized individual time
and station ID when talk
occur

# of average
log

5.8 / 1day (The # of target
is 4 million people whose
home can be extracted)

Sparse !!
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Trips accumulating sparse CDRs data

Target (30 days in total) # of trip pattern # of trip # of user
# of user whose trip 

can be extracted

All users who have CDR 695,637 77,798,677 6,854,189 4,790,888
Users whose home can be extracted 677,670 70,014,818 3,995,353 3,311,932
Users limited in related Voronoi area 647,469 55,383,314 2,877,197 2,430,487

Magnified based on real populations 647,469 172,843,289 7,597,256 -

Vehicle users 619,219 126,921,796 - -
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OD table of trips
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Past hourly link traffic volume based on PT 
survey data (questionnaire data)

時間帯別トリップ総量

0

500,000

1,000,000

1,500,000

2,000,000

2,500,000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

time

Hourly trip volume based on PT data
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Simple route assignment based on “ITA 
method”（Chen etc., 1991）

𝑡𝑎 = 𝑡𝑓 1 + 𝛼 𝑉𝑂𝐶 𝛽 𝛼 = 0.15, 𝛽

= 4
𝑡𝑓: 𝐓𝐫𝐢𝐩 𝐭𝐢𝐦𝐞 𝐢𝐧 𝐟𝐫𝐞𝐞 𝐟𝐥𝐨𝐰

𝑡𝑎: 𝐓𝐫𝐢𝐩 𝐭𝐢𝐦𝐞 𝐛𝐚𝐬𝐞𝐝 𝐨𝐧 𝐜𝐨𝐧𝐠𝐞𝐬𝐭𝐢𝐨𝐧 (𝐕𝐎𝐂)

𝑉𝑂𝐶: 𝐜𝐨𝐧𝐠𝐞𝐬𝐭𝐢𝐨𝐧:
𝐥𝐢𝐧𝐤 𝐭𝐫𝐚𝐟𝐟𝐢𝐜 𝐯𝐨𝐥𝐮𝐦𝐞

𝒓𝒐𝒂𝒅 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚

• Divide traffic volume into 40%, 30%, 20% and
10% blocks and calculate trip time (ta) and
update trip time
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Target of our traffic and people flow group

Calculate link traffic volume 
from cell-phone base station

Cell-phone communication information in Dhaka by 
GrameenPhone (Base station’s CDR: Call Detail Record)

Develop dynamic social observation and 
assessment system with mobile sensor in 
order to understand actual condition flow 
of traffic and crowd

(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020



Assigned link based traffic volume
from OD table
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Joint research with Myanmar
(JICA/JST SATREPS Project)

Science and Technology Research 
Partnership for Sustainable Development
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“ANZEN” Project in SATREPS (2015-2020)

“Development of a Comprehensive Disaster Resilience and 
Collaboration Platform in Myanmar”
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Mid-term Activity Report, 27 October 2017, Yangon Technological University, Yangon, Myanmar
ANZEN SATREPS | The Development of a Comprehensive Disaster Resilience System and Collaboration Platform in Myanmar

Transport and People Mobility Group

Assoc. Prof. Sekimoto
IIS, UT

Lecturer. Daw Kyaing
Transportation, YTU

Prof. Kato
Civil Engineering, UT

(Advisor)

Mr. Fukushima 
Researcher, IIS, UT

Assoc. Professor. 

Htay Win
Transportation, YTU

Ms. 

AyeHninHninNaing
Transportation, YTU

Prof. Shibasaki
CSIS, UT

(Advisor)

Dr. KoKo Lwin
Proj. Assist. Prof. IIS, UT
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Mid-term Activity Report, 27 October 2017, Yangon Technological University, Yangon, Myanmar
ANZEN SATREPS | The Development of a Comprehensive Disaster Resilience System and Collaboration Platform in Myanmar

Property of CDR data
• CDR is call detail record of mobile phone

Period Dec. 1-7, 2015

The number of CELL_ID 14,284

The number of subscriber’s ID 4,435,321

The average number of daily records 16,161,366

(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020
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Mid-term Activity Report, 27 October 2017, Yangon Technological University, Yangon, Myanmar
ANZEN SATREPS | The Development of a Comprehensive Disaster Resilience System and Collaboration Platform in Myanmar

PFLOW from reconstructed trip data

(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020
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MBD trial analysis in Hanoi, Vietnam
with Vinaphone (VNPT-Media)
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Digital Smart City
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Smart city ?
• Trend from device and sensor to data

MIC HPより(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020 42



Recent smart city ?

• Sidewalk by Google

https://www.sidewalklabs.com/43(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020



Recent smart city ?
• “Autonomous Driving City” Xiong'an New Area

in China

https://www.nikkei.com/article/DGXMZO30735500Z10C18A5MM8000/

(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020 44



Recent smart city ?

• “Alibaba leading” Hangzhou in China

https://jp.alibabacloud.com/product/datav45(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020



Sustainability and Independency 
of city platform

• What will be legacy after budget based
project ?

• Developed data in the project can be
the most important legacy, but
responsibilities of many data are not
clarified and not used…
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Interesting exmples

• Aizuwakamatsu City in Japan

https://www.data4citizen.jp/app/users/
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Interesting examples
• Disclosed data in LasVegas

https://www.nikkei.com/article/DGXM
ZO38723130Y8A201C1EA5000/
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Interesting examples
• Common 3D data development by Shizuoka Pref.

http://www.at-s.com/news/article/politics/shizuoka/584782.html
(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020 50



From Smart City to Digital Twin

スマート シティ について 

都市・地域の抱える諸課題に対して、ＩＣＴ等の新技術を活

用

しつつ、マネジメント（計

画

、
整備、管

理

・運営等）が行われ、全体最適化が図られる持続可能な都市または地区

スマートシティ

⇒

省エネルギー 安全安心自然との共生 資源循環交通

・公共交通を中心に、あらゆる市民
が快適に移動可能な街

・災害に強い街づくり・地域ｺﾐｭﾆﾃｨ
の育成
・都市開発において、非常用発電
機、備蓄倉庫、避難場所等を確
保

・水や緑と調和した都市空間
・雨水等の貯留・活用
・排水処理による中水を植栽散水
等に利用

・パッシブ・アクティブ両面から建物・
街区レベルにおける省エネを実現
・太陽光、風力など再生可能エネル
ギーの活用

･・･

スマート シティ のイメ ージ    

※参考 

▲国土交通省「スマートシティについて」

ネットワーク層

計画段階

• ICT関連事業者が街づくり計画段階の
初期から参画

• 自治体の首長による強いコミットメント
• 全体を統括して横串を通す自治体内
の組織

対象

• 拡張可能性や持続可能性の観点から、
都市全体、鉄道沿線、街区が主たる
対象

• スクラッチからの開発と既存の街の
再開発への導入の2種類があること
に留意

構築段階

• PPP/PFIなど民間と連携したファイナ
ンスを活用

• 地元の有志企業からの出資
• ソーシャルインパクトボンドの活用も
考慮

運用段階

• 横断的なマネジメントを行う組織が
鍵

• ICT企業がエリアマネジメント組織に
参画し、データを利活用

• PDCAを回すことで、スマートシティの
バージョンアップを図る

• 既存インフラに加え、LPWA、MVNOなど
目的に合わせ効率よく利用

• 更にSDNや５Gの活用も視野に

• ゼロからの構築では無くオー
プンソースの活用

• 他のプラットフォームとの互換
性を確保

• データの標準化、アプリケーションの相
互運用性確保、ベンチャーの活用がサー
ビスの多様化に必要

• 将来的にはAIを活用した都市機能のマ
ネジメント等を視野に

データ利活用型スマートシティ
希望する自治体が容易に活用する環境を整え、運用・維持・管理コストを抑制

近隣自治体等へ
横展開し、波及効
果を最大化

都市が抱える多様な課題解決を実現

データ連携基盤
（モジュール＆クラウドによる共通化）

農林水産

交通

観光

健康・医療

行政 気象

大企業やベンチャー
企業など、多様な
主体が参画

様々なデータを収集

サービス（データ流通）層

プラットフォーム層

▲総務省「データ利活用型スマートシティの基本構想」

https://www.bangkokbankinnohub.com/digitaltwi
n/

• デジタルツイン
• 物理空間にあるモノやコトの
情報をデジタル上で（リアル
タイムに）再現する技術
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国土交通データプラットフォーム
（仮称）

国土に関するデータ（インフラ・データプラットフォーム）

ドローン等を活用した
3次元測量

測量・調査

BIM/CIMによる
３次元設計

設 計

3次元データに基づく
施工、品質管理

施 工

×村△町□市

各管理者の維持管理情報
システムの構築

○県

情報共有システム
（測量・調査者、設計者、施工者、発注者、施設管理者間での情報共有）

データ連携

維持管理

ロボットやセンサーによる
3次元点検データの取得

オンライン電子納品

データ連携

民間建築物データ

（例：建物形状データ、家屋課税台帳等）

経済活動に関するデータ
（人や物の移動等）

自然現象に関するデータ
（気象・防災等）

都市の3次元モデル

Trials by MLIT
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オンライン電子納品
（My City Construction）

メイン画面（広域都市モデルの表示連携を優先）

トップページ

G空間情報センターの
データセットに登録（CKAN）

G空間情報センター

データ登録組織

他のDB

Structure of simple digital smart city

データセット管理
インターフェース

(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020



Visualization core between original 
data and tile data

CAD
図面

ボーリ
ング

データ

衛星画像
航空写真

広域
建物

データ

点群
データ

Mapbox GL JS ＋ Deck.glベースによる
実空間インフラデータ連携プラットフォーム

GLTFLoader
/Three.js等

3Dベクトルタイル

標高
データ

ラスタタイルベクトルタイル

LAS等CSV,XML SHP, OBJ, CSV等 TIFF等 DEM等DXF等

施設
管理

データ

基本的には，原データから「タイル化」して準備

許諾できる
ものは原
データダウ
ンロードも

今後の課題
(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020



Prototype in prefectural level 
(Shizuoka) 

一部データはG空間情報センター
を通じて直接ダウンロード可能

初期画面で全てONにはせず，軽量表示を優先

(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020



Point cloud data (Shizuoka Castle)

(Original: 4.8GB, 3D tiles: About 100MB)

(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020



Prototype in city level developed by purely 
local gov. data (Digital Susono)

Planning
zone

Public
facility info

Aerial 
photo 

3D building 
data

(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020



Don’t hesitate to contact me !!
http://sekilab.iis.u-tokyo.ac.jp

sekimoto@iis.u-tokyo.ac.jp

(C) Mr. SEKIMOTO Yoshihide, Japan Transport and Tourism Research Institute, 2020 63




