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Spatiotemporal population data are important for understand-
ing crowd dynamics in cities. The data consists of population
snapshots of each area at each time, and does not explicitly repre-
sent the movements of each person. In this paper, we propose a
new method for estimating people flow from spatiotemporal pop-
ulation data. The existing method suffers from poor estimation
accuracy due to the fact that too many solutions are consistent
with the observed data and it is difficult to identify the correct an-
swer from among the candidates. Our solution is a novel technique
for modeling the transition probability between areas; it reflects
human movement characteristics. Our modeling approach reduces
the degrees of freedom of the model appropriately and so realizes
precise people flow estimates. We conduct experiments using real-
world spatiotemporal population data generated from GPS trace
data of cars, and confirm that our method is superior to existing
methods in terms of estimation accuracy.
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Algorithm 1 Estimation Algorithm

Algorithm 2 Maximization of f(s, 8)

1: Input: population data: IN

2: Qutput: movement M, parameter , s, 8
3: Initialize parameters M, m, s, 8

4: while condition f do

5: M < argmax L(M,m,s,B)

6: T « arg nl\l/;x L(M,x,s,pB)

7. 8B« ar:rg max L(M,, s, B)

8: end while 7

9: return M, T, s, [

5.4 #E7Z)LI) XA
B LRI (5) 12O WT M, 7, s, 8 2 HEET 5. Bk,
M,m, s B BT 2R ERENIZE>TITS. #EETILITY
A LOBEEIE, Algorithml IZ/REINTWB. BN, hEh
DATY TIZDOWTHFHULSHPEL TWL.

M DOEL

HBEE L7113 M iZDOWTHTH O NS MEATH S
728, M ZBT 5 RERIEIX Y EEREIC RS, 20K
HALRIREIX, L-BFGS-B i [2] %2 & D hEE bk 2 @M 4 %
Z e TARISREREE RD B Z LN TE 5.

T DEEIE

HBEE L % 7 iU TEHET 5 L,

T2
L= Z (Z Mm’) -log(1 — ;)

ieV [ \t=0

T-2
+ Z Z Mtij '10g7l'i:|
1=0 jeli\{i}

b, 2L, mITRELRWESIZ DO WTIZEAK L 7.
Iz KT dnrld, 9770V aDRERBIELD
. Siso jeragi) Miij
b X e, M
LR TRET A ENTES.
s, B DEEL
B L % s, B I L TEHIET 5 &,

-3

Ailogs; — B; log( Z sk exp(=p - d(i, k)))]

ieV kel \{i}
-BD (6)
kb, TZ7EL,
T-2 T-2
A; = Z Mt]ls B; = Z Mtij,
1=0 jeI;\{i} =0 jel;\{i}
T-2
Di=) > D, dj)-My
t=0 i€V jeI;\{i}

1: Initialize s, g©

22 u«0

3: while improving f do

4 s+ arg max f®(s, pM)
5. gt argsmax (st g)
6: u«—u+1l g

7: end while

8 return s, g

EBE, mBITHRIFLIRWEIZE L TIXAERL 2. flifio
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f(s, B) D RAL % 1T 5 72, Minorization-Maximization 7
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XL
f(8,8) = f"s,8) (Vs,B) (8)

3%, =L CY =By L Bwi Thbb, f(s, )
i f(s,B) DR ELo>TWVS,
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BARAEETS. 7 TY X L0 Algorithm 2 2R E 1
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2D2W\WTIE,

af(”)(s, ﬂ(u)) B

0
(9sl- <

A;
Seri\ @y Cp exp (—p) - d(k, i)

Si =

HAT — & R— AL G
Vol. 17-], Article No. 9, 2019 4£ 3 H



— iR 3

DBSJ Japanese Journal
Vol. 17-], Article No. 9, March 2019

B0 LD, s FFRARTES Z N TES. 1
BUHD — arg max f@W(s®*D, gy 1zoWTIE, KA TOHE
%%ﬁﬁig%ﬁﬁaw.b#b%%&%ﬁibﬂweRK
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