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EFEOAMBICKYZELZHIFRLELL:

nature

Volume505 Issue7483,
16 January 2014

https://www.nature.com/nature/volumes/505
/issues/7483

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)
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Cross-comparative analysis of evacuation behavior after
earthquakes using mobilephone data, PLoSONE
14(2):e0211375, 2019, Takahiro Yabe, Yoshihide Sekimoto,
Kota Tsubouchi, Satoshi Ikemoto
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Society Interface, Vol. 17, Issue 163, Feb. 2020.
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Person ID | Time Longitude | Latitude | Sex | Age | Work | Purpose | Transportation
5 ;919 58:/3; /0 139.88325 | 35.66349 | 2 4 9 1 40
5 {1;919 68:/3; ol 139.87834 | 35.66334 | 2 4 9 1 40
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IEEE Pervasive Computing
Large-Scale Opportunistic Sensing
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Map data ©2025 Google
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pid time lat lon erri err2 method code
f00d09160971f089c928242e195¢1d5¢ 2009-10-01 03:38:50 -71.7971 42.26691 330 185 2 800
f00d09160971f089c928242e195¢1d5¢ 2009-10-01 03:39:34 -71.7975 42.26697 318 158 2 508
f00d09160971f089c928242e195¢1d5¢ 2009-10-01 03:39:52 -71.7979 42.26625 394 152 2 508
f00d09160971f089c928242e195¢1d5¢ 2009-10-01 03:40:17 -71.7951 42.26833 298 310 1 508
f00d09160971f089¢c928242¢195¢1d5¢ 2009-10-01 03:41:20 -71.7963 42.2668 367 212 2 508
f00d09160971f089¢c928242e195¢1d5¢ 2009-10-01 05:26:18 -71.8037 4227411 549 252 3 508
f00d09160971f089c928242e195¢1d5¢ 2009-10-01 05:36:01 -71.8463 4218137 460 350 1 508
f00d09160971f089¢c928242e195¢1d5¢ 2009-10-01 05:36:43 -71.8398 4217625 1144 428 1 508
f00d09160971f089c928242¢195¢1d5¢ 2009-10-01 05:48:05 -71.8618 42.05578 2164 417 1 508
f00d09160971f089c928242e195¢1d5¢ 2009-10-01 05:49:25 -71.8772 42.05683 2568 575 1 508

EMBOEILRAT—ar &R

AIZEHNT-&

s=(f5tE)

Erlang | X H%BEFRIRNIZEHNT=

BIEEZXRT

cellid lat lon Start tiume erl

BKKC(C1 13.75697 100.5594 2008/03/01 9:00 33.98
BKKC2 13.75697 100.5594 2008/03/01 9:00 18.93
BKK(C3 13.75697 100.5594 2008/03/01 9:00 33.17
PTWAI 13.75138 100.5402 2008/03/01 9:00 20.75
PTWA?2 13.75138 100.5402 2008/03/01 9:00 17.93
PTWA3 13.75138 100.5402 2008/03/01 9:00 33.07
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] Mobile Spatial
Operational data Statistics
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e g g
De-identification B
mAmpieomE EFM_E o
Wyl Privilege
% : ™ 3 Ri (aomEmE)
E I :I ‘I % \ ) TEA [ 120A | 30A
©2019 DOCOMO InsightMarketing,INC /%: ; ihr Aggregatlon
mg&?‘:;g / 45h | B0A | BA
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population

Mobile Spatial Statistics (From NTTDocomo web site:

http://www.nttdocomo.co.jp/corporate/disclosure/mobile spatial statistics/) 36
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Main Dataset: Large scale GPS data from mobile phone

— 1.5 million users, in one year
— Total size 600GB in CSV

— 9.2 billion records.

— Using Auto GPS function

— 5 minute interval

— No movement, No Data

— Average 37 points/day

Map data ©Google
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Raw data e

~_~

Stay point extraction

~_~

Stay point clustering
for significant places with
Home/Office extraction

~_~

Trip extraction
(Trip segmentation)

~_~

Transportation mode
estimation

~_~

Trip data

REFE B -BARES - P+ EFD - Horanont Teerayut - $EIE = TR RETHEICH I THRPADGPST—2Z AWV -B IR RO HEIZETHHHIT] (2012) 3 8
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Ex) In case of GPS data of a person per one year

<(1)Extraction of stay points

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

! (2) Cluster of stay points

KEHEEE -BAARES P EFD-Horanont Teerayut* 5B TR EAHEICHTERADGPST—2Z ALV - BRI OHEEIZREI 58438 (2012) 39



C1

Stay point extraction (cont.)

C2

—_

1. Extraction of stay points

| Extract GPS logs located within distance
d of each other for time t or longer

(d =150 meters, t = 20 minutes )

2. Clustering of stay points

Cluster stay points within their
centroids to extract similar trips
_ (e.g. canopy clustering, r = 500 meters )

Other clustering methods:
-- OPTICS/DBSCAN

-- K-means

-- Variant of K-means

J \

3. Extraction of trips

Extract non-stay points as trip data
identifying by origin/destination cluster

KREFEE. BIAZES. Apichon Witayangkurn, Teerayut Horanont, 4559
MERHEFICLIKEE - REBOGPST—4% ALV, RE#AHEIZHITS 40

— XBEFOEEEIVCEEYTAD5H71(2014)



Transportation mode estimation

« LD OsFHEENSHIRIT D,
R, IWEE, XY NS0 NEBESEFEAL

180
£ M=
160 :g%
140 ==
-

Bl

Source: Horiguchi., et al.,
(2005), “Development of a
method for estimating
transportation modes
with handy GPS
equipment”.
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Transportation mode estimation

(Cont.)
. BHED ML RS EE AT

N T RR
(ODFEI D PR ) \
EGPST—ADHTHERYNT—Y
{138 (100m/ Sy 7) NIZ A AR

trip Transportation Average velocity Trip distance  Correspondence ratio

. mode within railway network
(%&Eﬂh—_—’;‘l . 1 Train OO.O m/s OOm OO0%
\H;_\*__;)Jg JL 2 Vehicle O0O0.O m/s OOm O0O%

3 ro0l O0O.0Om/s OOm OO%
4 rool O0.0O m/s OOm O0%

KBHEiE. BAZESE. Apichon Witayangkurn, Teerayut Horanont, SN T HEH BRI LS KIFE - RERIOGPST—42Z ALz, ERERHAHEICE T EXBE—FOHES LVEEY T+ D5 471(2014) "rZ



Transportation mode estimation
(Cont.)

W raitway SREARYRT—HED—HE 2 55.7(%) B S TR
l . H1-FR1E
Pedestrian
l Vehicle
M) T EREBE =1402.468(m) )R E =1.323(m/s)

Pedestrian Pedestrian

Accuracy: 80.63%

FAME\E{E Walk Rail Car | Precision
Walk 427 129 | (312 | 49.19%
i KEEE. BAEFESE . Apichon Witayangkurn.
Rall 83 1160 138 84.00% Tee:.;yut Horanont. *ﬁJhﬁrgt y _gl )
Car 67 188 2229 89.73% | X#KE-EBREOGPST—4% AL\ -, REAT
BB 2RBE—ROEESLVEEYT
Recall | 74.00% | 78.54% | 83.20% B oSBT FORERSUTEUTAD
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[day 3 |

|tme : 20 |-
e
(day - 27 |
time : 14 |-

Aihara & Suzuki lab in IIS, Univ. of Tokyo
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« How can we extract tourist ??

—  DNBYI—CTIBEBRICEELEY — > S 0EE)
. DR — BB ALY — Y ADEH)
29 I JOAEE (BA)

Source: MLIT

DDEST=
Qm&aEt=

80,300.A
104,400 A

-28-
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GPS data per person

¥ & & [Zhome/office HNELL YD ?

XTREPTI3RFRILLE L= 2

BN RARYMZI307 L ELN =M ?

BHICEDOMBEE (ODDF)

Out of target

A person who 1s
passing by or
non-tourist

Estimated tourist

Non tourist
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The hidden pattern behind everything we do
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Mobility pattern of almost all
the people are monotonous

( Trajectory of 40
people per one week
' o | |7 5

|
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|
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Distance (km)

Detail of one person
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M. Gonzalez, C. Hidalgo, and A. Barabasi, “Understanding Individual
Human Mobility Patterns,” Nature, no. 453, 2008, pp. 779-782.
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Property of moving distance
and range

Probabilistic distribution Probabilistic distribution
of moving distance of moving range
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M. Gonzalez, C. Hidalgo, and A. Barabasi, “Understanding Individual Human Mobility Patterns” 5 3



Levy flight pattern

IS @ random walk in which the step-lengths have
a probability distribution that is heavy-tailed.

« Many kinds of animals are under Levy flight

pattern with hunting behavior.

People mobility pattern is little bit different from
| evy flight pattern, because they have social

constraint such as daily routine returning home

every day.

Brownian walk

(random)  fg
Map 3R
3
v

<

e

Lévy flight

https://seeingcomplexity.wordpress.com
/2011/02/16/sharks-the-sp-500-and-
levy-flights/

54



History of discussion about

mobility pattern for animal and people

Serﬂei published Albatross flies under Levi
Flight in “Nature” in 1996.

Various groups published various animals
moves as well.

Sergei corrected Albatross flies under random
walk verifying data again in “Nature” in 2007.

David produced counterevidence animals
moves under Levy Flight pattern in 2008.

Marta & Barabasi published people movement
are usualy under constraint and not under Levy
Flight pattern in “Nature” in 2008. They also
sald far-distance movement such as president
and business man are just outlier.

TILIN—R=5XA-/\T/\Y E
[/N\—Z R ANEITEIE BT 5/ V32— INHKH FR
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How many patterns can long-term activity
be represented (Eigenbehavior)

Reconstruction Accuracy vs # of Eigenbehaviors

# of Eigenbehaviors Used

1 RS R i AT s
. 4 : Business School :
0S8+ N 5w 5 ®  Senior Studenls
i : @ -First Year Students | :
0S6}- et sl o A i S il . R
> - J
& 094} {
=
L& ]
< osp 6 patterns cover more
[ = « .
2 o9 than 90% activity
E II ]
E ﬂ.EIEI-. ;
& 08|
0B84 k- i
082} _
B —— % x % » ®  w

Fig. 4 Approximation error (y-axis) for the different subject groups as
a function of the number of eigenbehaviors used (x-axis) with the

states off and no signal removed

Nathan Eagle & Alex Sandy Pentland,
Eigenbehaviors: identifying
structure

in routine,

Behavioral Ecological Sociobiology,
Vol.63, 1057-1066, 2009.

56




IR YLET [
« ARAEEE (in Jan. 2012)

¢ Individuals ™

Data Typa: ‘Crowdsounced’ iInformation, data
exriaust

S haring Inosntives: PricingofTers, Improved
sanyicEs

Raguirsmants: Privacy standards, opt cut

T

» Faster Outbreak
Tracking & Response

' - « Improved
F':blu:.f Development Sector Und Bk
Da Typa: Cemsus data, health indicaiors, B |:I'i'5r5 E‘Eha'lnl:"’
and expemdbore informabon, faclity daks |:|'I-EI'Ig-E

S haring Inosntives: Improved seryice
provelsion, mcreased eSclncy In expendiures

Raguirsmants: Privacy standards, opt cut

.khﬂ:lll'l‘ﬁ'

r’f'd-F'ri!..'.*at& Sector

= Accurate Mapping of
Senvice Needs

= Ability to Predict
Demand & Supply

Data Typa: TrarsacHon dabs, spending B use
Changes

It Tiation

Sharing Inosnthves: Improved comsumsr
Inoaledge and abiity o predict trerds

Raguiremants: Bushess models, oenership of
sensitve data _'_.-"II

ps

World Economic Forum “Big Data, Big Impact: New Possibilities for International Development”
https://www3.weforum.org/docs/WEF_TC_MFS_BigDataBiglmpact_Briefing_2012.pdf
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