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« PFLOW from PT (Person Trip Survey) data
(2008~)

« PFLOW from mobile GPS data (2011~)
« PFLOW from mobile CDR data (2012~)
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*Y. Sekimoto et al. “PFLOW: Reconstruction of
people flow by recycling large-scale fragmentary
social survey data”, IEEE Pervasive Computing,
Vol.10, No.4, pp.27 35, Oct.-Dec. 2011.
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JICA-PT data

- Ratios of various modes of
Cit P°p‘r‘1lat'° Survey | Sample | Number main transportation
y (million) size of trips - .
wheeler/car/taxi/bus/rail)
m 945 1996 231,889 471,035  2%/10%/25%/58%/4%
1.39 1997 80,560 218,460  29%/44%/2%/23%/2%
— Damascus _ [ENL 1998 38490 81,698  4%/25%/15%/56%/0%
1.20 1998 24854 54138 2%/25%/4%,/69%/0%
2.15 1998 67,509 143,311  0%/19%/0%/27%/54%
1.15 2000 18,664 40,369 89%/11%"1/-/-
3.09 2000 31,188 70,199 81%/10%/4%/4%/0%
1.78 2000 24,043 59529  15%/13%/2%/70%/0%
m 2.10 2000 423,237 110803'28 2%/0%/42%/56%,/0%
0.33 2001 3,608 7,615  35%/29%/17%/19%/0%
14.4 2001 136,070 268,360  2%/13%/46%/29%/10%
GACURLEES 318 2002 27412 71,890 96%/2.4%'/1.8%/-
" Hanoi  BERAT: 2004 63716 188,949 89%/3.6%"1/6.7%/-
— Nairobi [N 2004 20980 46,828 29%/29%1/68%,/1%
8.04 2004 115,728 270,384  17.2%"2/13.7%/69.1%/-
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ervasive

MOBILE AND UBIQUITOUS SYSTEMS

THEME:
Large-Scale Opportunistic Sensing

‘l 5 Guest Editors’ Introduction
Beyond Context Awareness

“ A Tale of One City: Using Cellular Network Data
for Urban Planning

2 PFlow: Reconstructing People Flow Recycling Large-Scale
Social Survey Data

| 3 Estimating Origin-Destination Flows Using Mobile Phone
_An

Location Data

4 5 Exploiting Social Networks for Large-Scale Human
Behavior Modeling
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PFLOW from GPS

(with trip segmentation & mode estimation)
Ex) In case of GPS data of a person per one year

<(1)Extraction of stay points

- Total GPS data (12327)
« Stay points (864)

1 | (2) Cluster of stay points
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From 12:00 JST, 11th March
2011 to 23:00 JST, 21st March.

! 201143/15~4/30F
"CTOBEFEHIRST

~15th March
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T 201143/11~3/21
F TOBEIRT
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Call detail record (CDR)

from mobile phone base station
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« t-OD (Transient OD)
- 1BFEIMANOEMBEREIDHZ KUY T ET B

Tri T
Tower A ® >» B B—”ﬁC C D
|Moming Pen'od‘ | ‘ ‘ Noon & Afternoon Period ‘
Time 8:00am 8:50am 9:30am 9:50am 10:30am 12:00am

|| Wang5

(2012) &b

\ San Francisco |

\
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172,843,289

105,118,806
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(3%2)

a—H# Hani-
6,854,189 4,790,888
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=vN—HIRTJOOS A (2014-2020)

“Development of a Comprehensive Disaster Resilience and
Collaboration Platform in Myanmar”




CDRF —4 D¥F!:

* 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

Ay

()
\i

L

N
L‘I

o
X
%

W
a8
e
ath
Sl

e MSISDN Upload(8) Download(B) CELLID

pr e i

S 8645230 440 1394904140108033 30361
9903911 0 0f1414011002401651
8938423 194 61001414011002401315
5936428 0624 1168781414011002401315
0501317 30365 45173@1414011000907402
0501317 966903 43423201414011000007402
4016143 9873889  21360431414011000506823
40161438 1301 37371414011000606623
9776353 91550 102593 90414010801320823
9776353 1195309  8558137§0414010801320623
8587200 2154 4916§0414010802312061
8908916 45462 956156f00414010030210102
5765675 106573 455079@1414010035112128

5961736 2951466 124273505@01414010335142151
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Now try to compare PFLOW before/after flyover construction
Tamwe Flyover (Y- Shaped)

Construction Starting Date - Sept. 2015

Road Opening Date —->16 July. 2016

Location - At the five-leg junction of U Chit Maung Road, Banyar
Dala Road,

East Horse Race Course Road, Thamainbayan Road and
Shwe Gone Daing Road .

Target date plan of comparison for CDR data:
Aug. 2015 & Aug. 2016
Already send request to get CDR during several periods
comparisog
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_ Mobile Spatial
Operatlonal data Statistics
qul_; ‘:; i ' (40MHME)

1 I‘E_’ 7SA | 120A | 30A
/:: v II. 90A [135A | 1054
Beme, BN ' o | oor | Z*

FHETR I ol
De-identification B
EAmpieons | %Eiﬂﬂ o
Wyl Privilege
%:zh; : r% (a0 EmE)
- 'E 754 [120A | 30A
L3 AU .
/%: ) I Aggrega‘“on 904 | 1354 1054
wemi, BM: % _ / 4sh | 6ok | BA
As. Some. -
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« Data assimilation is the process by

which observations are incorporated
into a computer model of a real system.

Temperature

Predict value:  Gap
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. Observation value

Tim

e
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Difficult to predict people movement in big disaster:--
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Need to consider various patterns in big disaster

S

Gl o |

40



F—AEHEICIN—F a0 TIL T 1 )LF —

. Calculate
State  Prediet e Resample

weighi
Space I

O Jbhservalion
R
“r=1r-1 X tle—1

| | -

-1 o Tume




IBREI>TT &

Predict next people’ s distribution based on the most |ikelihood
scenario from many scenario depending on each disaster’ s activity

Simulation part

Simulate many
scenarios based on

the disaster’'s activity
model

Ll . .
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. A »

People distribution I
normal case immedia
before disaster (

Simulate PFLOW
depending on most
likelihood scenario
\_ Till T+2

-".‘
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data

Scenario4
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Select some scenarios Fragmentary
calculating likelihood Observation
comparing observation | gata gt T+]
J
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Decide speed based

on the flow density
INPUT ahead every 5 seconds
"Position” and (Following model)

1}
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0.20 Simulater
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% 510 [f\ /\

0.05 /
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“Position” and
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<<

distribution of start
T\Time of the moving /}%:iof ?X'Gr'nple
VCI||</V6)7/ ain

Parametfer o Stay 10 patterns

X
Start time of moving T 0 “"Going home" ratio:
[0.8, 0.6, 0.4, 0.2]
Destination Home Ph Home Ph . X .
Station Ps|  Station Ps "Going stafion™ ration:
[0.6, 0.4, 0.2]

Reference: Osaragi et.al (2008)\10*4*3 =120 Scenorios/




g —S(CED S FUAER

Update
parameter

Scenario X

Generatfing many

[ scenarios using

better parameters

T+1

>

Calculate RMSE
in each mesh

Estimate population
distribution at T+2

Observation at T+2

/ +f

Observation data at T+1
(Hourly mesh-based
population data based
on aggregated GPS)
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pl:staying - home, p2: staying - station,
p3: any state-> store, p4: stay at station> home
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Time on Simulator

Target area Estimated destination
transition probabilities

Akihito Sudo, Takehiro Kashiyama, Takahiro Yabe, Hiroshi Kanasugi, Xuan Song, Tomoyuki Higuchi,
Shin'Ya Nakano, Masaya Saito and Yoshihide Sekimoto, Particle Filter for Real-time Human Mobility
Prediction following Unprecedented Disaster, The 24th International Conference on Advancesin

Geographic Information Systems (ACM SIGSPATIAL 2016), San Francisco, 2016. o
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Yoshihide Sekimoto, Akihito Sudo, Takehiro Kashiyama, Toshikazu Seto, Hideki Hayashi, Akinori
Asahara, Hiroki Ishizuka and Satoshi Nishiyama, Real-time people movement estimation in large
disasters from several kinds of mobile phone data, The 5th International Workshop on Pervasive Urban
Applications (PURBA2016) in conjunction with ACM UbiComp 2016, Heidelberg, Germany, 2016.
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Yoshihide Sekimoto, Akihito Sudo, Takehiro Kashiyama, Toshikazu Seto, Hideki Hayashi, Akinori
Asahara, Hiroki Ishizuka and Satoshi Nishiyama, Real-time people movement estimation in large
disasters from several kinds of mobile phone data, The 5th International Workshop on Pervasive Urban
Applications (PURBA2016) in conjunction with ACM UbiComp 2016, Heidelberg, Germany, 2016.
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Yoshihide Sekimoto, Akihito Sudo, Takehiro Kashiyama, Toshikazu Seto, Hideki Hayashi, Akinori
Asahara, Hiroki Ishizuka and Satoshi Nishiyama, Real-time people movement estimation in large
disasters from several kinds of mobile phone data, The 5th International Workshop on Pervasive Urban
Applications (PURBA2016) in conjunction with ACM UbiComp 2016, Heidelberg, Germany, 2016.
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Understanding individual human
mobility patterns (2008)

Predicting human activity (2010)
Understanding mobility in a social
petri dish (2012)

Unraveling the origin of exponential
law in intra-urban human mobility
(2012)

Understanding Road Usage Patterns in
Urban Areas (2012)

A universal model for mobility and
migration patterns (2013)
Approaching the Limit of Predictability
in Human Mobility (2013)

Diversity of individual mobility
patterns and emergence of

aggregated scaling laws (2013) -



a

Hickey Blvd:
V~400 (vehicles/h)
Krou(l: 12

Ben

HighwayD FEH R B E

B(V)~e” l

e Arterial Road (f IE%) 107} U Rl
f O F 153838 ]

2000 4000 6000 8000 10000
T/[\}ﬂh‘;(‘lﬂc!’hnllf\




(c_mﬂﬂr_(/ \nxl»;ﬁﬁF/;% (C |J__| H'j_

F—AFvL >

Nokia Research Center

NO

Do you have an interest in analyzing Big O
Swiss partners have recently completed
participants was collected in the course g

The Maobile Data Challenge [MDC] releases
to analyze a comprehensive and relativel
be invited to participate in a workshop or

Recent MDC news:

June 21st, 2012
Conversations by Nokia cites MDC 201
June 21st, 2012
The best entries of MDC 2012 are rel
June 11th, 2012
+ A dedicated web page for the MD
May 20, 2012

:Challenge

learn more other data sources participate

introduction

Orange "Data for Development” - D4D - is an open data challenge, encouraging research teams
around the world to use four datasets of anonymous call patterns of Orange's Ivory Coast
subsidiary, to help address society development guestions in novel ways. The data sets are based
on anonymized Call Detail Records extracted from Orange's customer base, covering the months of
December 2011 to April 2012.

Research teams wishing to take on the challenge and participate to the development of lvory Coast
society will have access to the data to analyse it and cross-compare it with other types of data to find
useful insights. The best research results will be selected by an independent D4D committee and will
be presented at the 2013 NetMob conference and later at an event in Ivory Coast.

objectives and description

The goal of the D4D challenge, in line with our Group's Orange for Development initiative, is fo
contribute to the socio-economic development and well-being of populations. Knowledge of typical
behaviours of mobile telephone users can be very useful, for example to identify early signs of
epidemics, to be reactive in times of crisis, to measure the threat and resultant impact of droughts,
to optimize the usage of cerfain infrastructures, efc. The research subject can be chosen freely as
long as it relates to an objective of development and improved quality of life for all.

Orange encourages the participants to cross-compare D4D data with other types of data which they
have found through their own research. By way of example and to stimulate ideas, a list of data
sources from NGOs or international organizations is available on this website, although Orange
cannot of course guarantee the quality or their relevance for all projects.

This website is available to researchers, public institutions or NGOs involved or interested in the

newsletter sign in

suggest

News

- The Voices project :
Epidemiological data collected viz
mobile

The Mérieux foundation, Orange labs, the
Ecole Supérieure Multinationale de
Telécommunication from Senegal and the
National Network of Laboratories from
Senegal are launching a pilot application
addressing biomedical laboratories, in the
framework of VOICES European project.
With just mobile phones, the laboratories
can easily collect epidemiological data anc
implement more reactive health monitoring
policies.

More: hitp://imvoices eu/

- Development Data Challenge,
London — August 2012

On August 25 and 26, the development
Data Challenge took place in London,
organized by the Open Knowledge

Ernindatinn and hactad bar Thoa Coardian
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