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Abstract: There is a growing demand for traffic and infection simulations for use in urban planning and
research. On the other hand, the widespread use of wearable devices has made it possible to collect a large
amount of user location history with high accuracy, and it is expected that this data will be used for sim-
ulation. However, it is difficult to collect location histories for the entire population of a city, and detailed
data that can reproduce trajectories is expensive. In addition, such personal location histories contain pri-
vate information such as addresses and workplaces, which restricts the use of raw data. Therefore, methods
to generate synthetic movement trajectories have been actively studied, but they require a large amount of
teacher data and a detailed movement history from which movement trajectories can be obtained. Using real-
world movement history data, this method models users’” movement and stay tendencies with unsupervised
learning, and generates synthetic human flow data at the city level. The key points of this method are that
it uses unsupervised learning for modeling, does not require special labeling of the movement history data,
and uses only frequently collected GPS data. Using this method, we generate synthetic human flow data
without private information. Evaluation experiments confirmed that this method can approximate urban
human flows with spatially more granular generated data than conventional methods.
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Fig. 8 Visualization of synthetic data

2, HBBEXA A0y b HIZBT B B L,
BEEHEO DR 02 THol2 T 5. ZOR, BH)
BXy a2 UTHEEDS d, THEA Yy am%E
BT BHER Pristance(m) 1,

1 (dm - M)2
exp(————5
V2mo 20

) (7)

Pdistance (m) =

TRE 3.

O XD ICHERE, UAS HUE, BEE#Hozn?e
NEEERBLEER Y S aOBHERZHEL, ZORIC
o TRAyYaoBEZERTS. toT, =T—Y v
FDOHBZEXA LAY MZBIT D, FFEDX YT a2 mA
DR EHERIZ

Pt (m) = D(m) * PUAS(m) * Pdistance(m) (8)

YEIETE 3.

DFh, T—Yxr NIKBEZ LI, WEEE, UAS
FELUE, BT v > 2 DD OBEEDX v 2%
PETS., T—Vxr b IB{I—FET LD LHELRN
WIHEBREER T2 2T, TEOZ—Y =Y MIHD
SEUANTR 2R T 5. EBICAER LT — 20tz K
ST, D 7my bMHADT—Y =Y FERLT
BY, SL—I Y MOFIRI—Y 7 7 AKX Z 2 ictafTiF
LTW3., iz — x>y MIKEEICHE > TETFIL
fbxh =8 - WEEITY, FRRICERITT — X THER
BOEWTY 71— bET IR TS,
4. FH@EEER
4.1 EROBEM

AETIHREFROENEZFHE T 2 720, FERITEHML
NIRRT =R EBHERL, ERT — X DPBED N EELIT X
TVWEPHERT 5. LUIFCREBICER L7 — R 2l
SRREE BN, BENEEEE 2 W o 22 E T ATR O R R

© 1959 Information Processing Society of Japan

TETWS2, LWOBETHMGT 2. FHETFEICONWT
i, 22 WCBI2FEESEIC L. BHHOART —&
WS B IEMRT — X IIFE LR WD, HEARNIITTE o
T =&y, BEZEICOWTIEFEAO N7 — &
Ty b B L.

4.2 F—2tvhk

FERICHEHAT 27 —X €y MTOWTHHT 5. KEE
TlE, 702774 vF v -t GPS HEREET — %
ty bW, ZhiE, FHCEABRELZFLLI-FDX
Y= 7 AT TV SNEINHERETH L. 21—
HZ L OWAEIBRIE S ERITRTHHENEH [ oEkie LTHE
503 1= (z,y,t,d), S=1Iy,1I1,1, ., I, (niZWrEHLE
DEHTHY -V ICRERB). z,y,t,d 1 ZENZR,
TR, BREE, WHERMIRR, WTERBEORETH S, AT —
RDY TV T — NI ~BHTHD, GPS 7 —X
TH27=DREMNRBREDEL S, Lieh> TRERICE
WTIE30 0TI EDRy Y 2 IZIBIEL 72D Ry ¥ a
HWAERERE: I' = (m,t',d), S' =101}, 1}, ... ¥ LTHS.
miEs0m Xy ¥aa—FK, X305 DXAL LAY
NTH 5. MRHBIIEHIEHES, #ARIX 2020/03/01~
2020/03/31 dF—& ¥ L, WRHIST 1000 AL AL EE
WP SN 2155 ADZ—HFDF—REH V. XA L
Avy MUI—H%72D 48, HARIEAT 48 X 31=1488 &
7%, L7d-T 1000 oYy > IAnGE sz —313,
P Y7L — PBRFE— ERE L 5E, 1000/1488
= 67.2[% BEOHTEREZROLHNTE 2. ZhzE
TV Rhr—2me L, TNH6DLI—HFDF—X
PHHLUTERT—&XE L7z, UAS 7 7 RA&ZET4, 21—
B2 I5RAREA0 2 LTz, UAS 752X ERELTH L,
2 — Y DOIEMIANT X 2 7R vgay EIFITBWTHN
J&7 — RS HREL RS, ZHUTK 5T vgp0y DFEH
REEIIR BAREMED B 2 7=, (FEHERA 7 4 AR Y
TVT7 AR LTHRIEBHELEZ SNZHBICEHEL
TW3., I—HF 75 AXBUITOVWTIE, 7 RAXBERE
{TBEFEEMRI—D 2 N REHETES. LrL, &
I RARICFET 51—V OBMBED T 5720, K
B D HERNREBRDETMEN AT ERE. 22T
X, &7 7 ARHET 32 —VED 50 NIRETH
EETUIC TR EZ, 2—F I IRXEE 0L L
TW3., =—Y x> MUK, 30000 & LTERIF—& %24
L7z AT — XA — 7507 FUNBIEL
TWd7%®d, FIT15~64REEDL—F DY IV TH
ZrEZOND. LIdo TARFERTIX, ERT—RDH
YRR T EE LT, HERD 15~64 D A
59128 DL TH % 30000 T—2 =¥ M3 DF—R %
R U=, F72, FMIiH 2 LTEANAL VZERBSE (NTT R
aE) OF—Xty FEAWE ZHGERIE L o&E



BHRNIEFRFXEE Vol.0 No.0 1-11 (??7? 1959)

18:00

Blog Watcher(500m)  Mobile Spatial Statics

000 001 002 003 004 005 006 007 000 001 002 003 004 005 006 007 000 001 002 003 004 005 006 007

B

2

I3 .

_{E) 0.001 0.001 0.001

&

s

&

a Rt
4 9: PR RE O Hig

Fig. 9 Comparison of stay density
1.0

—’—\//_/\
0.8 1 N B e S S

0.6 1 —_\/\

Correlation coefficient

0.4 1
0.2 1 —— Mobile Spatial Statics
—— Blog Watcher with 500m mesh
—— Blog Watcher with 50m mesh
0.0

T T T T T
0 5 10 15 20
Hour

X 10: FfEH & & OAHBI o L

Fig. 10 Comparison of correlation

BIEIFEH S OWENOT—XThHh, 1KHEIE
IZ50m XAy >al DY 7HOANOTF—RELTHES
ns.

4.3 #R
4.3.1 BETE

HERE 213 (4) TEHEINS, X v 2B 3
HWEBAETH D, ERT— X OWIERE R G L, SRER
WICBI A ANODHPERTETWE 2R L. K9
1% 6:00, 12:00, 18:00 DRZITHR T — X DIMEREL %
F—ReHB L DTHS. s, B4 VLR
(500m X v ¥ =), ERILT—& (500m X v > a), AR
TTF—% (50m X v a) OWEBEL, L7 —Z D
HEEERZ Ry aZll27ay FLTW3S., ENALZER
FEtDO N9 F — Z1E 500m X v & 2 DRED D D LA
FELRWED, ZOX vy ahEicabe LTy
%. BRI M OMEAFE LW, 45 EOBERTH 5.
MIT DT — ZIZBT 2 MEEEDOIEDOHEBENRITIUL, &

© 1959 Information Processing Society of Japan

T — RIHEONORHEHBHTETWS 2 EZ LN
5. ENANVERFE OB Y MZOWTE, EANAL
ZERRET 7 — I B W THTERENE WD, AR T — &I
BOWTHEEENMEL BRoTWVWB Ay Y aRFEEL TS,
F BT — X TIHEEEIE L, T — 2 TRV X v
SapBADIENE, BUT-XICBWTIEE—HDOX v
S A RHEDR - TWB Z e ah5. BT -2 D
7’8y MZOWTIE 50m, 500m X v 3 =i 5 C1EDHE
BALNS. K10 3&REW 2 oMHBEREE: 2 th
DT =Ry MZOWTEHELE D THS. ERILT —
R LIFRWHEDH D, 500m X v 2 DRETIEZL D
R C 0.9 AR L 5RVAHREDY D 5. 24U [22) DFikIC
BIF2 08 HiZEOME LKL TEWEE KoTW5., Ei
50m X v ¥ 2 DRETSH 0.75~08 FEEDHETH b, 22/
McE WA ETAOAREHEITETHWS., LaLl, EAN
A VZEBEET & DRBIE 0.5~0.6 2 {RWEE 25 T3 Z
EONB.

4.3.2 BENEHK CBENEERE

M 11 BT — & 2 ERTT T — X O SR O 2 —
OREEIBOLETH 5. B 1 K Z & OReAI, i
WITAAR S 7 7 —H, — A4 O FEBHIRE, —
T —N—PERREAEERLTWS., 22T, BEiviax4
LABy FZEDRAy ¥ a B TOBEZHT. HlRIF0
R 1) 2 BEIEIENE, 0:00~0:30 ¥ 0:30~1:00 DX A LA
Oy hTOXy Y alBBEDOAIY Y N THD. BEHEHT
0~2 DIEZEL S 728, IR L THEERZE DMK X
HoTW5b.

TLT — R U TAER LR T — RiE, ©—2 Ok
M 72 CIEEBERTVW 33, WHORRITICE T 2 BH)
BOPERILT — X XD AR RoTw3. $1-BHEOBE)
WZOWTIE, B, EEREEE HIEIRKELZoTWVWD
WD, K12 135U T — & 2 ERTTT — X OB E)HE
B TH 5. X DEREMT —XDBENITT — & &
b b2 EEBOBEIZWEMICH D, FFIC 0.5km
LIFOBEHBR R E->T0WE Zehbhb.

4.4 ER

EEIZ X > THELNEBRICOWTER TS, £9HE
EEIZOWT, EFITD T — X ¥ OHBENZE WD, A
DF—R e DMHERENE WS ERE ko7, ZOFRRYE
LT, It T — 2 ENAL VERRET e LTy v 7
NI, WIEBEPMR-TLES 2B Fohs.
X 13 X' N A VZERBE T — X L EBITT — X OWAEE
FED L MBI ICHEE L 72 b D TH 2. ELSENAIL
Zefiifiat, AEOTT — &, 'L AZERE e ATt T —
XOWEREEZHE LTV, BESEZZ, EANML
ZERRETOED SERITTT — X DEEF Wb DTH 5.
IRED, AT —RIIEHIC T Y 7 O FEBE DI ERE D



BIRLIBFRMNEE Vol.0 No.0 1-11 (??? 1959)

os{ —F— Blog Watcher
—F— Synthetic /

i

Mean number of trips per person per day
Standard deviation of trips per person per day

Hour

X 11: BEE LR

. 11 Comparison of amount of travel

=
&

Blog Watcher

~0.5km

o o
o o
N

o
=
=
L L L L

Mean number of trips per person per day
S
B

0 5 10 15 20
Hour

Synthetic

~0.5km
~1.0km ]
~2.0km
~3.0km
~5.0km
5.0km~

0.08 4

0.07 A

0.06 -

0.05 A

0.04 A

0.03 A

0.02 A

0.01 4

Mean number of trips per person per day

0 5 10 15 20

Hour

12: FSENERRED Lk

Fig. 12 Comparison of travel distance

K<, 2L OBERENELR-oTWS. BT —X
DERITTDOTF— &ty ME, =V 7HNTHEANDZ L DI
MR I EEZRN TETVWE 2—FIIK->TED, —HD
Z < QR 7HATHET 22— IFEIPATVS. T
NBTY 7 DREBFEICBWT, BT — X DOWERE L £
PNA VIR O E DAL ML TW 3 ER & & X
LB, ERITT — R X 2RO WS BT
&, FEk X b ZERINARRIEDEW 50m X v Y 2 LANLT,

© 1959 Information Processing Society of Japan

PERTFIE L MRREOMERENTETWVS.

TITHEENCOWT, BT — X3ERTTT — X g L
T, KEOBEHR DL, BEOBEINZ Ko TW03.
¥ 72, RELLT— XI2BIT B 0.5km LU OB BIEIEAD LT —
2L ThRVER o2, ZhAEZ—Y 22 O
HHETY 210 BWT, HBENRREEE HIcETY v
FENTOVRWZEDFEREEZEZ NS, HIZIEH A DI
BT 2 REHENE, 2 —FoBEEDME, BELRE
DONEBIGR, 17201302 — — DR 2 O HIFEIY 72
PEIHKFET . o TID LS RIRED L —F OHIFER
REHOET ) Y IDBRBELEZ N, SHROFETH 5.

5. FLHDESEDERE

AFHTIE, K GPS BEIERET — X 2EH L T,
BB B 2 BN NI T — 2 BB T 2 Fikr i
RU72 FRCHEiZ LERCE2Z YV T7ET VY, 32—
PFETV VX TT—2DEREFEB LT, 7
AL DN GPS BENERE T — 2 DA% FAWT, LR
T=REERT B ek AT -XI1T30 02
D 50m X v a2 LAV THEM AR Z LI L 72 e ER
LT hEns. AF—x3fle LT, SEEHECBIT3
AT a LNV TORBRPEERFES, X vy 2HMOREE
Byl CTyIal—YaYZHHEATES., ZOBRLUAR
T—21%, BEOWEREZIER X 22/ FEH AR
TEHDOANREZLELLTWS., £, H2DZ—Y b
X UAS B I &k - TTERIE R A3 2729, [22] D &
IS ERHEREDADLERT 2HA LKL T 7
DEBKEZRETE RN TV, o THADT—Y =
YMIEOABS LOBEZITI I EZ LN D.

SHOBLY LTX. SEOFHEICE W THEEDED -
7B O WTERBER AT — X 2ER T 22012, 21—
FOEHET Y ¥ 7 ICHBNAREREMA 37 n—F%
EZTW5S, 351, £ —Y 2 ¥ b OBEIRE-BEE
[, BEIFEREDEHARDELNCAAIREERZEE X
SNB72D, ThoEHEETEL T —XBERT 572012,
FEEFRELTVWELZVWEEZI TV,

F/, BRI 2L — /a/%o Y I AL —Ya A
DOFFATREMEZ B 2 722, ERT — X DX 572 % G
MRRETH Z%‘K“CL\Z). Bz, [3] TiE, &&2A4 L
Zny MT, 100m UNOHIEL—F 2V A7 0H %
I—HEE LTV, [1] T, BEIFECERZ L 0GHE

YIal—yayLTW3. o TAFELCBITS
T = RIZDOWT S, EFT—Y = > MIOFHE, &8
FEOREE Z L OGERDFMMENNETH 5. FAdm
XTI, AN VERMBEMAN D T — X1y b & g
Kol d, MOZHERTFT—XEy bt T 5 Z 2T,
BT — 2 OFHli 2 ED TV FETH 3. K, MirD
VIR EOREAMSLVWEHIZEE LTV

I—Y=zv



BRI F RS

Vol.0 No.0 1-11 (??? 1959)

) M\obil_e Spatial Statistic

\ = F‘
"1 - ...\‘E. /
]
0.00 0.02 0.04 0.00

0.02

N Blog Watcher

Mobile Spatial Statistic — Blog Watcher

0.04

-0.02

X 13: FTER L O PRI 771
Fig. 13 Geographic distribution of stay density

WoZZFHiib MEEEZ S, AR T, BT — &5
ARYENEREEE L TORVD, 2V olkmicoWnT
b E 5722 5Hl L AL ETH 5.

BE K

(1]

2]

8]

(4]

(8]

(9]

(10]

(1]

Delhoum Y., Belaroussi R., Dupin F., Zargayouna M.
Activity-based demand modeling for a future urban dis-
trict Sustainability, 12 (14), p. 5821, 2020.

Erath, A. Fourie, P.J. Eggermond, M.A. Ordonez,
M.S.A. Chakirov, A. Axhausen, K.W.: Large-scale
agent-based transport demand model for Singapore. Arb.
Verk.-Raumplan., 790 2012.

Yabe, T. Tsubouchi, K. Fujiwara, N. Wada, T. Sekimoto,
Y. Ukkusuri, S.: Non-compulsory measures sufficiently
reduced human mobility in Tokyo during the COVID-19
epidemic. Scientific Reports volume 10, Article number:
18053, 2020.

Zhou, M. Li, J. Basu, R. Ferreira, J.: Creating spatially-
detailed heterogeneous synthetic populations for agent-
based microsimulation. Computers, Environment and
Urban Systems 91, 2022.

Anda, C. Medina, S.A.O. Axhausen, K.W.: Synthesising
digital twin travellers: Individual travel demand from
aggregated mobile phone data Transportation Research
Part C: Emerging Technologies, 128, pp. 103-118, 2021.
Pang, Y. Tsubouchi, K. Yabe, T. Sekimoto, Y.: Devel-
opment of people mass movement simulation framework
based on reinforcement learning. Transportation research
part C: emerging technologies, vol. 117, 2020.

Ouyang, K. Shokri, R. Rosenblum, D.S. Yang, W.: A
Non-Parametric Generative Model for Human Trajecto-
ries. IJCAI(2018), pp. 3812-3817, 2018.

Song, X. Hiroshi, K. Ryosuke, S.: DeepTransport: Pre-
diction and simulation of human mobility and trans-
portation mode at a citywide level. IJCAT (2016), p. 16,
2016.

FEFMIZ, B, KBRS, WHEEA, WOEXK T
BT 2 RERVITERE AWz ) 7EO N IR OMET.
SUVFRAT 4T, S, e T4 L (DICOMO2020)
S VRI Y AL pp.1008-1013, 2020.

FEFMIZ, BARES, KB, WIOER KL —
FOMEHRICE S =V 7 ORS¢ COVID-19
WK BE . HELHEYERERGE, vol.62, No.l0,
pp.1644-1657, 2021.

Bhat, C.R. Frank, S.K.: Activity-based modeling of

© 1959 Information Processing Society of Japan

[12]

[13]

[14]

[21]

[22]

travel demand. Handbook of transportation Science, In-
ternational Series in Operations Research & Manage-
ment Science, vol 23, Springer, Boston, MA (1999), pp.
35-61, 2003.

Bowman, J.L. Moshe, E.B.: Activity-based disaggregate
travel demand model system with activity schedules.
Transport. Res. Part A: Policy Pract., 35 (1) (2001), pp.
1-28, 2001.

Yin, M. Sheehan, M. Feygin, S. Paiement, J.F. Pozd-
noukhov, A.: A generative model of urban activities from
cellular data. IEEE Trans. Intell. Transp. Syst., 19 (6)
pp. 1682-1696, 2017.

Borysov, S.S. Rich, J. Pereira, F.C.: How to generate
micro-agents? A deep generative modeling approach to
population synthesis. Transportation research part C:
emerging technologies, vol. 106, pp.73-97, 2019.

Drchal, J. Certicky, M. Jakob, M.: Data-driven activ-
ity scheduler for agent-based mobility models. Trans-
portation research part C: emerging technologies, vol.
98, pp.-370-390, 2019.

Vecchio, P.D. Secundo, G. Maruccia, Y. Passiante, G.: A
system dynamic approach for the smart mobility of peo-
ple: Implications in the age of big data. Technological
Forecasting and Social Change, vol. 149, 2019.

Pang, Y. Tsubouchi, K. Yabe, T. Sekimoto, Y.: Repli-
cating urban dynamics by generating human-like agents
from smartphone GPS data. In Proceedings of the 26th
ACM SIGSPATIAL International Conference on Ad-
vances in Geographic Information Systems. pp. 440-443,
2018.

Jeong, S. Kang, Y. Lee, J. Sohn, K.: Variational embed-
ding of a hidden Markov model to generate human activ-
ity sequences. Transportation Research Part C: Emerg-
ing Technologies, vol. 131, 2021.

Bindschaedler, V. Shokri, R.: Synthesizing Plausible
Privacy-Preserving Location Traces. IEEE Symposium
on Security and Privacy (SP), pp. 546-563, 2016.
Borysov, S.S. Rich, J. Pereira, F.C.: How to generate
micro-agents? A deep generative modeling approach to
population synthesis Transportation Research Part C:
Emerging Technologies, 106, pp. 73-97, 2019.

Chen, C. Liao, C. Xie, X. Wang, Y. Zhao, J.: Trip2Vec:
a deep embedding approach for clustering and profiling
taxi trip purposes Personal and Ubiquitous Computing,
23 (1), pp. 53-66, 2019.

Kashiyama, T. Pang, Y. Sekimoto, Y.: Open PFLOW:
Creation and evaluation of an open dataset for typical

10



BIRLIBFRMNEE Vol.0 No.0 1-11 (??? 1959)

23]

(24]

(25]

[26]

people mass movement in urban areas. Elsevier, Vol. 85,
pp-249-267, 2017.

Ectors, W. Reumers, S. Lee, W.D. Choi, K. Kochan, B.
Janssens, D. Bellemans, T. Wets, G.: Developing an op-
timised activity type annotation method based on classi-
fication accuracy and entropy indices Transportmetrica
A: Transport Science, 13 (8), pp. 742-766, 2017.
Pappalardo, L. Simini, F.: Data-driven generation of
spatio-temporal routines in human mobility Data Mining
and Knowledge Discovery, 32 (3), pp. 787-829, 2018.
Horl, S. Balac, M.: Synthetic population and travel de-
mand for Paris and Ile-de-France based on open and
publicly available data Transp. Res. Part C: Emerging
Technologies Elsevier Ltd, 130, 2021.

Diallo, A., Doniec, A., Lozenguez, G., Mandiau, R.:
Agent-based simulation from anonymized data:An appli-
cation to Lille metropolis.: The 12th International Con-
ference on Ambient Systems, Networks and Technologies,
Warsaw, Poland. pp.164-171, 2021.

B B

2021 X EERE LA ERE T
AR, FFE 4 B KD RIRFER
FHETHFRHER - 815 THHL

HE #X Ex8)

2016 FEHLEHBRF TN ELRET 15
WMTZERIZEZE. 2018 T R AE
Bl AR, 2021 I LREEE
7. (1), BRAEREE, ik
BEOZyZ—F4 X MIFICE
T BHFSRICHEE.

BR &N (ERB

2020 4 — 3 F — X 1 v REEHRE
T2} (Electrical and Computer En-
gineering)PhD Hf&. A HIREEIR
BLEFR B2, 2020 FF 11 H& b #4
B R RZEARRA RBERAE RHEBIZL
2021 4 4 A & b ESLIGHRFAHIERT B

H. HEREIS AT L, FAN=T 4 DAL AT LIZH
3 HSICIESE.

© 1959 Information Processing Society of Japan

KiE BB (ERB)

2010 F B ERBKFLRFBBUR - X
7 4 7 SRR IR S S,
FIRZEBERHERIA, RSN, RrEdE
B ERT, 2009 EX DA EREKRE
REBE THWRRMERER. Fi, 2
FRRAVE 2 =T 4 VIV AT A,
ta—~vrar¥ta—RA &5 ay, %3y b
v — 7 EDHFIEE. ACM, K=E.

A0 EX  (ExB)

1990 FHHBERFE T A BELRE T L
R, 1995 FRIRF KA B LF
WFZERHE R Lo S 3R 1. [F
R TAAET, FIRS-EHAT, #E
BIZEAET, 2009 F X h [AIRFEKE
BERF 7RI BUIZ. NPO MiBi#tEY —v
ZWIFERERE Lista RBRHHE, ENALaI2a=b—vay,
AFRXRaAVa—T4 VY, [TEIL SV T ORI
fEE. it (I%%). ACM, IEEE, ATLHIRE¥2, HAY
7MY 2 TRFER, ETHEHREGEER, HAEEERRR
B. Ay =7RH.

11



