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Method fEH L7 Lo
Accuracy TR
R-2.3 MR HHRE IR
2014 2015 2016 2017 2018 2019 Total
Accidents 0 0 1 2 4 5 12
Congestion 0 1 1 3 4 2 11
Driver Behavior (DB) 0 0 1 0 4 12 17
Mode and activity
choice (M-AC) o0 0o 3 15
Travel demand (TD) 0 0 1 6 3 9 19
Travel time prediction
(TTP) 0 0 2 0 1 4 7
TTP and Distance
(Dist.) 0 0 0 1 0 0 1

Traffic Flow

Traffic speed
Speed; Flow and

2 2 5 6 7 17 39
0 1 2 7 4 9 23

Occupancy (Occ)
Speed and Flow 0 0 0 1 0 1 2
Total 2 4 13 28 30 59 136

®-24 T—REEMNRXE
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Global positioning system (GPS) 38
Loop Detectors 55
Accelerometer, magnetic, gyroscope, barometer sensors
(AMGB) 5
Closed circuit television (CCTV) cameras 22
Applications 10
Accident data 9
Automated fare collection (AFC) 8
Intelligent transport systems (ITS) 5
Others 4
Secondary sources 40
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PIESE| i SCEK
R 10
Australia 1
Brazil 1
China 53
Canada 1
Denmark 1
Egypt 1
Germany 1
Greece 1
Hong Kong 1
India 2
Japan 2
Malaysia 1
Morocco 1
Netherlands 2
Norway 1
Palestine 1
Poland 1
South Korea 4
Taiwan 1
Uganda 1
United Kingdom (UK) 11
United States of America (USA) 45
BES R LB
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AT 75
G ER 48
&-2.6 FEEZEMN X
FEEERREE RS E 7%
Number of correct predictions
Accuracy 29 = —
Total number of predictions
Area under curve between recall (true positive rate, y-
AUC 3 . L .
axis) and false positive rate (x-axis)
. True positive
Precision 2 = — —
True positive + False positive
Number of incorrect predictions
Error rate 1 = —
Total number of predictions
N
1 $: — v
MAPE 56 =100 X—ZM
N i=1 Yi
MAPE@1 1 MAPE in the samples with demand intensity greater
0 or equal to 10 (top 4.45% of the largest samples)
})\/AAPE@S 1 MAPE with top 5% highest value samples
0
N
1 9. — v,
SMAPE 2 =100 X — M
N = yit+yi+c
18 5yl
MRE 25 = _Z ezl
Ny
i=1
Average 5 =100 — MAPE or 1 — MRE
accuracy
R? 1 Proportion of the variance in the estimated values that
is predictable from the observed values
True positive
Recall 5 = — -
True positive + False negative
1oy /o
0 JFZie i —y)?
RMSE% 3 - 100 x N~i -
RMSEP% 1 RMSE% with 70% critical road sections
Average 1 Percentage error (no specific mention of formula or
error rate type)
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Accid Conges Dist Flo Spee Oc

ents tion DB AC D TTP . w d c Total

CNN 36 23 3834 20 10 0 43 101 3 278
CNN-

GRU 0 0 2 0 0 0 0 9 18 0 29
CNN-
LSTM 3 2 2 0 9 3 0o 11 18 0 48
CNN-

RNN 0 0 0 0 0 o 0 o0 0 0 10
LSTM-

GRU 0 0 0 0 0 o 0 o0 1 0 1
DBN 2 2 5 0 0 4 0 50 10 1 114
DNN 16 1 5 2 10 2 2 38 37 0 113
GRU 0 8 0 0 3 2 0 2 33 0 48
LSTM 10 16 12 4 6 11 0 77 9 0 289
RNN 9 12 1 1 4 0 12 20 0 60

SAE 4 1 0 0 14 20 o0 151 32 0 222

™ 59 27 46 19 90 35 1 324 218 1 820

SNN 7 14 7 1 42 6 0 142 62 1 282

Total 138 103 129 31 258 137 3 859 650 6 2314

11 traditional method (TM); shallow neural network (SNN); deep neural
networks (DNN); stacked auto-encoders (SAE); deep belief networks
(DBN); classical recurrent neural networks (RNN); long short-term
memory (LSTM); gated recurrent unit (GRU); convolutional neural

networks (CNN)
Dg- AEL
‘ + B3 chn

B3 CNN-GRU
ES CNNLSTM
B3 CNN-RNN
° B pBn

3 ¢ =

. o ES GRU

b : BE Lsm

* B8 LSTV-GRU
- ° B3 RuN

. =S

° ES s
=

Accuracy (%- using MAPE, MRE, average accuracy indicators)

Accidents Congestion DB Distance  Flow  Occupancy  Speed ™ ™
Area of Application

w A |

N B3 o

H B3 CNN-GRU
= ES CNNLSTM

° - B3 pBN

=

B3 GRU
B LsM
B3 RNN
B3 shn
="}

Accuracy (%- using accuracy indicator)

Accidents Congestion DB M-AC )
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(3) A2 fRMTHER

2.8\, HIIEEIZTHIREE (%) & & oTe~v L
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BRI EROFBELZRETLHMND, ERDAAEIC
WEIRLVLNNAVDT o FLHEEANL TS, 7,

ETNOFEEERT6OD X I —% % (DNN, SAE,
DBN, CNN, LSTM, CNN-LSTM) /%5 A — % #EE
RS A L, WEEFE ORI LV TRk
BI3~55%FRE k=T D Z L DR TE D . RFICRER
RAEME, 22 RMKAEPE N T DR AR 2 5 Z LIRS
72 CNN-LSTM % Fl| J U 72 BRI\ 7 IH0KS B2 23 B § o 3

5 LR ENT (Y5 5% E o). £z,
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OGS RICEENLETHD. Fio, HHE
Zxtge & LIRS B WD TIPS FE 28 9 593%
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x-2.8 FAE SRR

Models Estimate t value

Fixed effects

(Intercept) 83.95 21.88
Methodologies

™ -1.72 -3.11
DNN 3.95 35
SAE 3.09 3.93
DBN 4.06 3.18
CNN 3.8 4.84
LSTM 5.07 6.7
CNN-LSTM 5.52 3.86
Area of application

Speed 8.47 2.87
Flow 2.83 0.94
Travel demand -8.46 -1.84
Driver behaviour -13.88 -2.68
TTP 2.1 0.45
Accident -15.51 -2.94
Source of data

GPS -8.28 -2.55
Loop detector -2.47 -0.73
CCTV 3.34 0.82
Secondary source 4.74 291
Target area

Urban -3.23 -3.66
Random effects (variance)

Study 189.53

Residual 68.77

Model performance parameters

Sample size (cases) 2314

Sample size (study) 136

AIC 16781.89

Log Likelihood -8369.94

R square (only with fixed effects) 0.175

R square (with fixed and random effects) 0.78




£-2.9 A ADWKER (traffic flowR UspeedD &)

Estimate t value
Intercept 85.06 29.17
Methodologies
™ -1.58 -3.54
DNN 1.99 2.45
SAE 1.72 2.49
DBN 297 2.98
CNN 3.38 5.21
LST™M 2.98 4.89
CNN-LSTM 4.5 3.59
Loop detector 3.66 3.76
Sample size (1E-8) 59 2.46
Time horizon of prediction (min.) (1E-2) -5.28 -8.03
Random effects (variance)
Study 24425
Residual 22.76
Model performance parameters
Sample size (cases) 991
Sample size (study) 36
AIC 6105.631
Log Likelihood -3039.816
R square (only with fixed effects) 0.485
R square (with fixed and random effects) 0.956
RNN Traffic state Data type
o o GPs
LS':: R d“’“P
GRU
Ocupaney AMGB
Congesti r—
based

Travel
time

Behaviour

Driver

Behaviour Accident
Mode-
Activity AFC

- a
=1 =} » a Q

2|22 SIE| 2|2 ERIEE I RZRIE
‘|z z z = z c 3

Q

RI

p

H1E
g
g

RNN

Combined on
models

Sample size Time horizon of
e prediction
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Support Vector Machine (SVM)”
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Deep Feed-forward Neural Network (DNN)
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HelE DFE R, HFICXGBoost DHETEREIE A EN T & A
WesR & N7=. —J7DNNIZ, XGBoostiZ K5 I% %
H56 00, BEFOAS BRI JE D72V R %
HBoNDZ ENRHERINZ. ULELY, BV
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5 min

Period Time 10 min 20 min

Method Flow  occupancy Flow occupancy Flow occupancy

R? R? R? R? R? R?
(MAE) (MAE) (MAE) (MAE) (MAE) (MAE)

A ARIMA 0.86 0.87 0.81 0.81 0.74 0.72
(0.27) (0.25) (0.32) (0.31) (0.38) (0.40)

VAR 0.80 0.83 0.73 0.75 0.66 0.63
(0.30) (0.27) (0.35) (0.33) (0.39) (0.38)

RF 0.87 0.89 0.83 0.85 0.82 0.84
(0.22) (0.21) (0.27) (0.25) (0.27) (0.26)

SVM 0.85 0.85 0.83 0.83 0.81 0.80
(0.24) (0.24) (0.26) (0.26) (0.29) (0.29)

XGB 0.87 0.88 0.83 0.85 0.81 0.82
(0.23) (0.22) (0.27) (0.25) (0.29) (0.28)

FFNN 0.74 0.75 0.66 0.74 0.75 0.71
(0.34) (0.35) (0.40) (0.35) (0.36) (0.39)

DNN 0.83 0.85 0.80 0.79 0.74 0.77
(0.28) (0.27) (0.32) (0.31) (0.37) (0.34)

B ARIMA 0.77 0.91 0.68 0.84 0.60 0.75
(0.31) (0.20) (0.39) (0.27) (0.45) (0.34)

VAR 0.65 0.88 0.57 0.83 0.53 0.73
(0.45) (0.25) (0.50) (0.30) (0.51) (0.34)

RF 0.80 0.93 0.77 0.90 0.75 0.87
(0.31) (0.18) (0.36) (0.21) (0.38) (0.26)

SVM 0.78 0.88 0.76 0.85 0.75 0.79
(0.35) (0.26) (0.37) (0.30) (0.39) (0.34)

XGB 0.82 0.94 0.79 0.91 0.82 0.94
(0.29) (0.17) (0.33) (0.21) (0.29) (0.17)

FFNN 0.72 0.86 0.72 0.83 0.70 0.76
(0.42) (0.28) (0.41) (0.32) (0.42) (0.37)

DNN 0.79 0.89 0.76 0.84 0.69 0.74
(0.35) (0.26) (0.40) (0.31) (0.44) (0.39)

C ARIMA 0.76 0.90 0.70 0.84 0.65 0.76
(0.34) (0.24) (0.41) (0.30) (0.45) (0.37)

VAR 0.67 0.82 0.61 0.76 0.30 0.45
(0.40) (0.27) (0.45) (0.31) (0.45) (0.36)

RF 0.84 0.90 0.82 0.87 0.82 0.83
(0.25) (0.19) (0.29) (0.23) (0.30) (0.26)

SVM 0.80 0.87 0.77 0.84 0.74 0.81
(0.31) (0.23) (0.35) (0.26) (0.38) (0.29)

XGB 0.83 0.90 0.82 0.87 0.81 0.82
(0.27)  (0.19) (0.29) (0.23) (0.31) (0.27)

FFNN 0.78 0.84 0.52 0.79 0.71 0.77
(0.32) (0.25) (0.51) (0.30) (0.38) (0.32)

DNN 0.79 0.86 0.71 0.80 0.70 0.70
(0.32) (0.23) (0.39) (0.28) (0.41) (0.37)

#: OA TH1IH~7HSH;B: 7H12H~7 A 18 H;

C: 8H20H~8H20H

12

= =

®-211 EEEOELVEEE Y 710 (DNN, XGB)
Dep Pred
Met ende ictio

h E:j nt Period n Top 10 important features

© varia hori
ble zon

5 Q@ Q@ Q Q5 Q4 3 Q2 Q2 K9 K9

min [(60) (59 (58) (60) (60) (60) (60) (59) (60) (56)

Juyl- [10 Q@ Q3 @ QI K2 K22 K22 K22 K2l K4

5 min  [(60) (60) (60) (60) (60) (59) (2 (1)  (60) (1)

20 [Q22 Q21 Q3 Q2 K22 K21 K2l KIS K7 K2

min_[(I8)  (60) (60) (60) (60) (1) (1) (60) (1) (24

5 Q Q@ Q Q Q@ Q8 Q5 Q3 KI2 K9

min_[(60) (6)  (59) (56) (36) (60) (60) (60) (1)  (60)

uly |10 Q@ Q@ Q@ Q5 Q3 KI2 K4 K& K2 K2

Q 28 |min |60 @y () 60 60 () (60 (59 (60 (59

20 [Q17 Q17 Q17 Q7 Q@ Q@ Q5 KI6 KI0O K2

min [(60) (39 (57) (56) (5) (@21 (60) (1) (1) (60

5 Q Q Q Q Q Q QO Q7 Q4 Q3

min [(60) (6) (59 (56) (51) (36) (1)  (60) (60) (60)

:\ug;:]s_ 10 |Q9 Q@ Q@ Q@ Q Q9 Q3 KI7 KI7 K3

2 min_[(60) (56) D) (36 (1H (D) ©0) @ @ (60)

20 [QI9 Q19 Q19 Q13 Q@ Q@ Q@ Q@ Q O

DN min__[(57) (2) @ ©0) (© (D) (46 @21  (60)  (60)

N 5 Q@ Q Q4 Q K9 K9 K8 K8 K8 K3

min_ [(60)  (56) (60) (60) (60) (59) (60) (59) (58) (60)

Juyl- [10 Q20 Q@ Q1 Q1 K22 K2 K2 K9 K8 K3

5 min_ [(43)  (60) (60) (39 (60) (39) (1)  (60) (60) (60)

20 Q21 Q21 Q21 Q20 Q2 K22 K22 K21 K21 KIS

min_[(60) (59) (58) (1) (60) (60) (539 (@ @ (60

5 Q Q5 Q4 K9 K9 K9 K9 K8 K8 K8

min_[(56)  (60) (60) (60) (59) (58) (57) (60) (59) (58

« [y 0 feo Q7 Qs K2 K9 K9 K9 K8 K8 K4

12718 |min_ [(60) (60) (60) (60) (60) (59) (58) (60) (59) (60)

20 [ Q@ Q5 Q4 K2 K9 K9 K9 K8 K2

min [(60) (39 (60) (60) (43) (60) (59) (58) (60) (60)

5 Q@ Q Q Q7 Q4 K9 K9 K9 K8 K8

min [(6)  (56)  (36) (60) (60) (60) (59) (58) (60) (59

f*“gz‘:f 10 [ Q@ Q7 Q3 K9 K9 K9 K8 K8 K5

2 |min_|@D (D (60 (60) (60 (59 () (60 (59 (60)

20 [ Q@ Q7 Q5 Q3 KI3 KIO K9 K8 K3

min_ {5 @21 (60) () (60) (1)  (60) (60) (60)  (60)

5 Q@ Q3 Q3 Q@ Q Q@ KIS KI5 K9 K5

min [(60)  (60) (59 (59 (58) (57) (59 (58) (60) (60)

Julyl- [10 Q21 Q21 @ Q@ Q2 KI5 K8 K8 K8 KI

5 min [(60) (51) (60) (58 (57) (60) (57) (56) (55 (60)

20 [Q21 Q21 Q1 QI5 QI3 QI3 Q9 KIS KI5 K4

min [(60)  (56) (51) (56) (60) (55) (60) (56) (53) (60)

5 @1 Q21 Q9 Q4 Q2 K9 K5 K4 K3 K2

min_[(60) (56) (60) (60) (56) (60) (60) (60) (60) (59)

Q | {10 [K9 Ks KS K3 K3 KI Kl Kl Kl KI

12718 |min_[(60) (60) (56) (60) (56) (60) (58) (56) (55 (53)

20 [Q21 Q21 @ Q4 Q@ K9 K5 K4 K3 K2

min_ [(60)  (56) (60) (60) (56) (60) (60) (60) (60) (59)

5 @1 Q Q8 Q7 Q4 KI2 K7 K5 K3 K2

min [(56) (60) (60) (60) (60) (60) (60) (60) (59) (57

f\”g;g 10 |08 Q7 Q3 KI2 KII KII K7 K3 K2 K2

% |min_|60) (60) (60) (60) (60) (55 (60) (60) (60) (57)

20 [Q2 Q2 KIO K9 K7 K3 K2 KI Kl Kl

XG min_ [(60)  (58) (58) (56) (60) (60) (58) (60) (59) (51)

B 5 Q1 Q Q3 Q2 Q@ K6 K5 K4 K4 K2

min_ [(60) (60) (60) (58) (57) (60) (60) (60) (58) (60)

Julyl- [10 Q21 Q21 Q1 Q7 Q4 Q2 KI0O K8 KI Kl

5 min [(60) (57) (46 (57) (59  (60) (60) (57) (60) (59

20 [Q21 Q21 Q1 QI3 QI3 Q Q7 KI3 KI3 K4

min [(60) (56) (51) (60) (55) (60) (60) (56) (54) (60)

5 QI3 Q4 Q3 K9 K8 K3 K3 K2 KI Kl

min  [(60) (60) (60) (60) (60) (60) (56) (58) (58) (57)

« |y [0 fo4 KO K8 K8 K8 K8 K3 K3 Kl KI

12718 |min_ [(57)  (60) (58) (57) (56) (55) (60) (54) (60) (55)

20 [Q13 Q4 Q3 K9 K8 K3 K3 K2 KI KI

min_[(60) (60) (60) (60) (60) (60) (56) (58) (58) (57)

5 @1 QI  KI9 K9 K8 K5 K3 K3 K2 KI

min [(56) (55  (60) (60) (60) (60) (59) (57) (41) (58)

f\”g;g 10 [K9 K8 K8 K7 K5 K5 K4 K3 K2 K2

% |min_|GO) (60) (56 (60) (60) (59 (60) (60) (57) _(47)

20 Q2 K8 K8 K3 K2 K2 K2 K2 K2 K2

min_ [(53)  (60) (59) (60) (60) (59) (58) (57) (56) (55)

H:ONIIANERDOZ A DAZ T

24 EEBZEICILIZXKERTEREDTE

(1) &&= - 81
KEREFZIILD, /U b Ly MeamiEgicxt
T AEH TR OSCARICIBNTIE, 1T A CHEE
T NAEER LEEAR 2. ZoFERIIE, EIiZ,
SERIROZMRIEN R/ D GEEREY 7 b LA
U7 MRRAET D) ZEICERNT S, AT,
ZORBEICH L, KERMOT—XEF N THEE L
ETNE, RERBIEONT—ZEZHWVWTEHRT
HEBFEEETVERREL, TOMREETA—T 7%
HEEEeT v ERT 5. ko BRRIIE, V—
AGEI (K E /T O KBAET — 2 &~ "IV THIEE



SNTeRT A—H %, KRR EFER O/ T —
Ay ML DT—2ERANTCT7 7, T a—=
YUT S EAESoAE LT, BEEEAHWS Z
&, AP AT SR O TR O KiE 72 mh) -
NHEETH D Z L 2T,

(2) B EFERT—4

A RO Y T E2&GE Lo 217 5 23,
W PR 2 FET A 70107 — % O, H %k
KT 5. BARICIE, B-2.610RTBEH178EB DHH
BNER(LDYT — X Z W 5. 728, Bl L 138720,
SOBNICEFF SNTERBEELNEEROT — X &
H%. K TlE, LLFo2o0icT — & %4
#HF 5.

(a) FESKERFOIRPLQOI6ETH 1 H ~20184E7H 5 A
FTOT—H (~24M))

(b) KEFEROIRPLQROISHFETHI2H~8H16H £ TD
'7:‘— i (NSJ@FEﬁ))

HIEOT—X ZFHAL CTEROET LV E2ER L,
BEDOT—AEHNCET N E T A v Fa—=
74 5.

KERFIZBWTEHM THIET VAMREET 8L S
%, KEMERKEZ TRBRENRESE RS L
IZHEET 4. B-2. 712, LD-9 L LD-1812 oW T8
Ait: DA Rq L SARKOIE OB ES iz r~T. X
LV, REZRIZqEKIIITEMLTWD Z ERTh
%. ¥£77, LD-9DZEAKIZILD No-18DZELIT R, L
DWIRIRAT 4T THDHIERHERTE S, 2T,
AT Cik 7= X 912, MiREEA 83 5 KER T
HEALDOD X TE U CW=d LSS, (A
KEIZ, LD-9TIX, LD-18DZAKITEL, KIT R ERZE
fENETTNDZ ELHERTE 5.

FIZqE kD BHROEALZ T T D12 01Z, 6 HIH D
TEHGEERT & KER ORI M) ZEIN L, W5 DOLD
To-kX Db 28I L= (F-2.8, ®-2.9). XLV,
LD-18 TIL K FHI% TekIZ K & R IT RN D
D, BEEE O ey RHILTEY, HEET
T EPECLTWDZ ERHERTES. £z, LDIT
1%, kKO B RN K ERHR TRRD LD,

A7 IR ECLTWAZERHERTEDS. 202
ED, MR CEBLI & D AR RE O B Tl
BNTHE, BEEV 7 PR 7 b EEBET LD
LN ATRER R T L ORI X v KA )
TAHRREMENE WD & Z2Rd 5.

(3) AE A%

ETFNMEE L TED L0, £F, fmEFEE LT
ETNORE AT, BARIZIE, LSTM (K - 4
HFLE), GRU (F'— Mt xEYFEH ==+ ), SAE
(#gA4A— b= a2—4), DNN (BN =2 —F

IVF Y FT—2) DAODIEBFEEET L& R LT

i OfER, LSTME T VMR b IERED @V E 7 L
THDHIENRRBEINTZZ NG, LSTMET VA&

AW TR 2 Fhi L=, BARRIZIE, LSTME S
N Y — AR T IR b B R ERIOT — & & N TH
AR ZITV, IR T b bREROT — 4 %
fEHL, EAkERWE7 7 A v Fa—=2 72 &
VIR E 21T o 72, B-2. 10ICLSTM Z Fl VW 7285
FEEF VO ELR T,

A LT VL, 1-ODOLSTME(LSTM layer) & 1
DD 4GS K (Dense fully connected layer))» S K X
L, Z0 95 HLSTME O Ak 78 BRI\ T 7
TAVTa—=V T EERLTZ. NAN—NT A —
X OFEENL, —HDNANANR—=RTG A=K 5T N
WCEW LIRFRT D2 L THEIME L. AFEO BT
R PEOEIMERIET A2 L THDAT-D, T
TOYTFTIFTRUANAAIN=RFGA=FEHNDHZ
L7

B E T U, 1500 OZEIREED TR %17
I H AR UCHEEE A fGiE L7z, TRNE, AlfEio
EFILEFBEIS, 2178DLDH B 5 56045
Moqe kDFE#RE AT —4, LD-9LLD-18Dqk
CkaEHNT—2E LCHEM L. 72, T —#
v bMiE, BH CEENE D) OBFERLANT
— XL LTRIH L. 56> C, TICIEE3s7TE 0w
BIZS % (178 X2+1=357) % 7=.

nnnnnnnnn

W\\‘ Total 178 loop detectors

X-2.6 »fZihig e ERBMBOME

Traffic flow changes in loop detector no. 18 Time occupancy changes in loop detector no. 18

o N 0121
N /A
/ \ / \
|/ Q /// \\ \ m
-y z
o] [/ // i f /\\
5 y \ g
ya A /
— .
s
/ —— A\ |
A\ \\
AN A
flow (@) ! Z time occupancy ()
Traffic flow changes in loop detector 0. 9 Time occupancy changes in loop detector n0. 9
=1
\
\ /2
z 2
AN 1
T YN '
4 A\
\_/ AU o
Y \S group
A [ = soncisaster data
A \ \ [mpY
\\\\ N
0 W

£
time occupancy ()

H-2.7 SENROREE SAROLI



VB ROT IR L KN O
F—g) RIS LIB, AHEEOE » bR

5%7»@@4@%@%#5&@K,774V%;
—= VT DOMBRALA LV ETARNDORBRAL U &
FAL S E 2. KEIT20184FETHORICRAE LIZ720
ZM6¢7HIHﬁ>EﬂH&$7HSH§?C®2H3M7“—
K%, EEDREROREEZERT Y —ARNAAL
E LT, — 0, REZRORIARERT —XI1L, b7 7
Ao Fa—=IHOT—2%y hEoBRiEHOT
—&ty MZpEIL. BBFEOEMIX, V—X
FAAL DL HBONTNNTGA—EET 7 A T a—
:VﬁTé’kTﬁot TrAF a— *yfv
HAWeTr —Z OR JIITHERB 4B Th > 720
ﬁb,@ﬁmah‘:%t/%ilﬂﬁfﬁoﬁﬁx/\
LM TR S TS (R-212). K&IZ, 77
AT a—=V T HOXMGE R AL L RFEH O35
RAAL VEBEZT, Aet6 oD DTV 4 %Rk
L.

Date:dth July 2016 Date:dth July 2017

Date:dth July 2018

T®-2.8 LD-18I2B4 BqkRDOEL

Date:4th July 2016 Date:4th July 2017

:/”

Date:4th July 2018

fow@

w .
3 7o N\
&, § X
! . |
¢ * time aceus pancydo 0 Cimeoce pancyd) 0 imeoceu pancy ()
X-2.9 LD 9( BT ba- kI(DZ‘Zﬂ:
‘ @
X — \ i l—s Y
Input shape=(None, 12, 357) . . Output shape= (None, 1)
Input variables of flow and time 1} | i Outp ffic
occupancy for all 178 loop flow ¢
detectors and dummy variable for 0
day of week for past one hour i.e. prediction= 15 mi
12-time steps.
[nput LSTM Dense layer LST™M Dense layer Output
layer layer layer layer
‘ Training wi ‘ target domain data (after disaster ie.
it uly 2016 - 5% July 2018 from 124 July 2018); rmm..m,, the LSTM kayer rios
E-2.10 ABMETEALEEBRZEOREHS
(4) #ER
#®-21312, HTT VA TFICBI HEBFEICLD

Ff&%ﬁ%%Tﬁ 77, E-2. 11K OE-2.12iC
3OoODTFT—H vy NDOBESAMEMAPED W ER %

RLTWD., FERELY, 7 XTor—XizBW\Ciig
BEHICIY PNBEOWENHERINT. £0b

T EHEROTFRICEBWTIL, 30%%2 B2 rhERY

14

R —ABHFEL, KEFICLI-TELLIELE
7K, &Y T Mokt LEBBREE2EMAT L 2 L
DEIENHER S NI, 72720, REREENRS
Ni=boo, EEHIZMHZ 2 THIBETCHLINE D
#Kowfﬁ,iﬁ 1 H OS2 8 E L7720
BB YETHD.
£-212 EBFEORIETTIA
vF o Ty ArvFa—=vIH s
UZ}_ 5___5 *ﬁuEf‘ﬁT i
| 2018 4E7 A 12 A~ 2018 20184FE7 H 19 A~ 2018
7 H18 B (1 #HH) 7 H25H (1 #EHF)
5 2018 4E 7 H 12 H~ 2018 2018 4E7 A 26 H~ 2018
7 H18 0 (1 #EHH) FESA 1T H (1 #EH)
3 2018 4E7 A 19 A~ 2018 20184F7 H 26 A~ 2018
#7H 18 H (1 #H) F-8A1H (1 HEM)
4 2018 4E7 A 12 A~ 2018 20184F7 H 26 A~ 2018
7 H25H 2 #EHH) FESA1TH (1 #EHM)
s 2018 4E 7 H 26 H~ 2018 2018 4E 8 H 9 H~ 2018
-8 HSH (2 M £8H 158 (1 )
6 201847 12 H~ 2018 201848 JJ 9 H~ 2018
£ A8 H (4E[M) 48 A 15 H (1 #EH)

£-213 EBFTICLDHBEEHRE (MAPE)
U 1 2 3 4 5 6
B (¢) LD-18
BT EHE 21707
WA EA 20.094
B (¢) LD
MBI 31,965 29.529
WA EA 29.04328.509
MESEE Kk LD-18
W AR 50425 56.785
iR 25.883 28.505

RIS EE (k) LD-Y

22.327
22.325

27.499
20.790

27.241
20.497

18.524
17.096

21.881
16.600

29.413
29.158

29.522
27.658

29.349
25.543

30.103
25.869

46.762
34.818

47.641
25.565

56.103
24.063

60.254
25.580

R 72475 58815
B EA 68.049  50.091

78.120
50.577

64.702
40.880

60.580
45.779

70.126
49.415

(5) £&

AETIE, KOVRERT—FEy N(VY—AKAA
NNBFEBELENRTA =B E T 7 v Fa—=
T 57D EEERA L, xRy VAT
F A —TEEFLEET N E FOMRER R LTZ.
W OFE R, FEEE A RO P E O ER O K
32.04%)1%, ARHEFITIIT D W ER R K6.75%) 12kt
NRTRKRENW ERMERENT. F7-, V— A,
T A F a—= T OREOONEEE, £ LT
— Xty T A N AT O RSO O SEEL
PRI EEET LVOMREEZ R EXEH5 2 LR
Xz,



) / \\\V/'\\\xk

Traffic flow loop detector 9; Seenario 3

/N +0.256%

A

\7 \\ \

= A

\ +1.863%
\ // 1\
N/ \\
\

A

+3.806%

+4.234%

Traffic flow loop detector
f\ /
|| +0o002% |

| A\

[\

fow
ua
P\
VAN
/ B\
\
\\

[ Source domain: Data before disaster

B S—t v MEIZ T A — 7 LSTM% Ll L CHRB

[ Target domain: Fine-tuning

MAPEDSEREZF L TN D.

X-2.11

g \~v +4.426%

|

RBEDDMEEBFEICL DR

1

Time occupancy loop detector no.

HE

9: Scenario 3

Tin

\
\
me occupancy lo

' +23.822%

51l

"

+20.711%

\
|
&A

Time oceupancy

+28.280%

f

| +22.076%
= i Ul
i
- \

\
|
A\

[ Source domain: Data before disaster

[ Target domain: Fine-tuning
S —t v MEIZ T A —7LSTM% bl L CHEB S E#E % O
MAPEDHSERZE L T\ 5.

H-2.12 SEXROIMEEBFEICLDHREROBE

[ Target domain: Testing

15

25 ODXRBENEHTA . REFE

OD zS@EOHEMPHIICEB W T, ZimREDHE
PR L RS, UTAEA D2 % %2 & AFT
EBHNR VT T ERWEFERT AT X LD
FENEFE L. KETIE, #EHEFOMNEERT —
A (BN NVERMKET —%) &L, #iA R
A ETOT—H 05, 2485% OODAS @ E % T3
HETINVEEEEE L, TORBELZLE L. ik
2k D, ODZBEETHNICHT-»> T, HEFEEOTH
Wi % SEEERIC A B L=,

(1) FEAT—20OHE

AT, A NVEMKGHT — 2 Z2EHA LT
ODZZHEEZ THIT 5. B A VEMFET— & LT,
ERIBEET AT 2R CRET HEHRT
— X &, HEOFREBOME - BHEZ2HWE LT
WAt b L7285 € O N Z 551 C & W EHR(T — %)
Thb. AHGE, FIHESE, EESFREE
e LTHEL, EHT—XO—ETH HME
F—E2BLORBMET — &2, AL, EEL
B, MELARZITY Z EICXVIEREN=ZT —4% T
HD. ARWFZEBAZE TIX, AL NVEREHT — X %
AWT, Y= oD EE IR LT —% % H
WC, EHITEE AT . ODREEAEFHT DI
o THBE LY — 0%, G - KB A0
L L7230V — 2 Th 5H(E-2. 13B8). 7F— % 0t
AR, SERANMCHTZ2201THEDH 25104,
BEO, KERERICHT-DH2018FED6H 2H10H T
b5, T—HHEMAITIEMTHD. ETAEEICHT
ST, BT WEEOME, ¥ X O ER~OH
FREMEDRRIED -, 4D F —Z v FERET S
(T-214). T—Z ¥y FUIKEREFOAET —4
Thrb. T—HEy N~DETFEAERND, K
L DD, TTAEEOSREE255.
T—=H Yy IR ERT X THDB. T —F
Ro~a b FE T — 2 B HL T 5. REFE I T
—Z PR VEEET REEN BT ES 8D, —H
T, KEREEZITIE, RV KEL, FETHIO
BEEMENE. AT, FET—Z OB DR
25300 T — Xy NORERE L, EETEE
TV O $EE IH O ODAZS i 77 2 1~ i F 7T B
PEZB &M T 5.

(2) ETIEERER

AWFZEBAFE TIE, RNNZRDOET LV EZEHL, &2
V= MOODIEFREE TS L. ATy b &L
TI%, HODDAH ~1HATE TCO/MT—4#, Wfin &
ODDOAH~1HATE TOBMT =4, LHBLADF I
—ZH, WEELCET LKLY FRIL7ZAODD1 H i~
IRHATE COTFRT—F THDH. ZhIT LD, 24KF
AT E TOBMT —Z DNFICA LRI TO A
HOODALEFTFEDFI FHET VEWES L. €T
WA A=V %BR-2. 14T . £72, RNKNRDOET L
& L TRNN (Recurrent neural network), GRU (Gated



Recurrent Unit), GRU -+ Dropout, LSTM (Long Short
term Memory), LSTM + Dropout® 5 Fi¥E % 5 3% .
Fio, WG E LT, Bl /-ODKEED R Y
2 — AW ERMAE BB L, 50D (a. JLEHH
X—JRETEX, b, Bfikn—RlidR, oo BifiK
ISR X, d Bl -Rm TR, e Bl
BoIREGTHEX) L, @A L.

T, a JRETHX A ETFEXOODRT % %t
B, KEAT —2 v FATI0) LS ERANA 4y
DOF—H¥ v FI8I0)E AWT, TTF MEEKR DT
WHRERORMEEZATH . 728, FEICHIZ->TiE, #
W AIP & v & — o FH & (oM
https://pr.fujitsu.com/jp/news/2018/04/20.html) % F| FH L
7o BTV ORREFR-2.1510 7. RiVEEE
80, 100, 120, A > 7' v b 28T —% H¥ %4,
5L, TNENERE Lz, BEOHEBENTIER W
(MAEZS300LA F)Tdh 5 Z L AR LTW5, SR -
KERICEDLT, BV RLZ R LEETAVREID,
LSTMK OGRU (Dropout’s L) DA > 7 v M4 58
R —% Q840 Th o7, BAREIEZ80, 1000
ELLTHRBED BRI REREZHTHND. Zhb
DETIVHEZMOODT «F—4 ¥ v MIEMHT
5. F2, HEIZ X WRNN L D $LSTM, GRUZS B
AER L 7p o728, Dropout’2 LOGF N EWRER L 2o
ATy N2 DOBREIT4A Ty TH oI
RPN o7z, KERT —F v F1810)D
TANT—=ZIZBT LB L7-ODR#E&E & ET L
FHIL7-0DZRmE A K-2. 15 L K-2. 1612~ XD
HFRIZET VPN X A0, BHIIENT—%, 57
BILHHE OZOMSEEZ R L TWND. BT —Z135%
BIZFEAERH D DT TR, ETAVEAWET
HNRKETHDZ ENRDND. ET/ATHIICEY &
DEFEHF CTHREDEWVODRZEREZH TV D &
25,7270, —HoHWZIX10A28H)D B — 7 I
BV, MR E RENEC TV DIHERH 5.

®-2.13 ¥RV —> (L& - EHED)

®-214 HRALET—StV b

F—HEv b F— X O 5 — & W

1. KEAT (1710) B 20174E 6 HA~9 A
MR 2017 410 A

2. SEH 1(1810) e 2018 4E 6 H~9 A
MR 2018 4£ 10 H

3. SEEH% 2(1809) e 2018 4F 6 H~8 H
MR 2018 49 A

4. $L5E 3(1808) e 2018 4E 6 A~7 H
FREE 2018 4F- 8 A

16

\
‘J\.J =N

.

W
\\ _I
N
\

@ PR

WEE0D -
X-2.14 BCREREOERBFEEETIL

*-2.15 #EAKR

#RIODT -4

@ FRIODF—4

Method Num. of Bropout Input Test: 1710 Test: 1810
hidden "' [day] RMSE  MAE  RMSE  MAE
Base 452 272 608 340
80 4 423 320 386 251
80 apply 4 1000 794 804 605
80 5 404 312 456 299
RNN
100 4 381 261 436 310
100 apply 4 974 753 523 326
100 5 502 373 618 411
80 4 359 242 419 287
80 apply 4 481 327 702 453
80 5 494 368 460 340
LSTM 100 4 342 229 338 230
100 apply 4 537 376 659 400
100 5 558 357 411 302
120 5 498 367 446 327
80 4 407 259 369 248
80 apply 4 610 445 744 551
80 5 802 614 470 329
GRU 100 4 486 297 394 273
100 apply 4 509 380 735 526
100 5 518 363 433 306
120 5 535 367 376 264
— Observed —— Predicted —— Dif. (Prediction)
8000
6000
4000 v
2000
0 m\..,.fl‘m‘-“_-.p"‘u-ﬁ't.,"I i it el
1007 10/14 1021 10/28
X-2.15 8817 —42 (20185F10R) L ET/ILFA (LSTM, (2
NLE100) O L&
—— Observed  —— Predicted  —— Dif. (Prediction)
8000
BOOO
4000
2000
107 10/14 10:21 10/28
X-2.16 #8857 —% (2018%F108) L ET/ILFAI(GRU, 2
NE80) D LLE%



26 ODXRBEMDR AT :
entropy tucker model

AFICIX, BBEE L & Rl & OB A%
LR LIz T VR EZRA D . BRNIZIX, ODRRIE
BEOTHET NV E LTALEDILTV DentropyT T
b, RGBS EASOEADNIEN Y D0 b DR
438 O —F- 45T H 5 Tucker decomposition A L 7=
ETFNERREITY. Fiz, KEETHE IO TE K
L CWALAIKZIEICH — KT —4% (PASPYT —#)
PIGH LTZFEEEO T 21TV, IRETEORY M 2T
BAEEE, FRRATREMEDOBLE D GRRGET 5. MREEE#
UC, EFIEE, 1ERFIEICHAT, (1) KigkE
EEm b (13%DFEEM L) NAfRETH D2 L, m
WIERMEZ G352 & &R,

(1 [FL®IZ

BLAEA 1) B2V, Bk & 72 Passive data>Fl)
TEDEIHTR-TETCND. ZNHDOT—F &%)
R T & DB E FIEORE HHE - T,
Uber°Lyft 4 1% U & ¥~ 5 Ride Hailing ¥ —E 2D
Yy F U TT Y XLRKEIEE SHE & Vo 7o
T RRMEEE SN D RTRE R & ID TV
5. Flo, RBBROBEMAERD 5 52BN T,
A H D Passive data & BT E FIEOMAG DY
IERE R 2D TWAHD, —J5, ZZi@EF A~
ERHIZOWTIE, +RICEATHRNONRBRTH
59, ZORNIE, BEBEETFEOSBHRRERH T
XA & AT CTRESR 2 MEIR - ST E A
WZ EITERKT 5 & ZANRKE V. EFOAZEE
WIS T % 729121%, Chenetal. (2016) V23 fEfE9 %
X9z, RaHEGwmMFEOF CEMI N TE M
98 % RLIRIA A TERBIR T FiE O R L O OBURH
FRASOWEHNRD HILTND.

Bt IR s B GR & DG MEZ RO - 4F5E
IO DOEIS & FrE 2% < 1372\, Brathwaite et al.
(2017)'? X, “the fields of statistics, computer science,
and machine learning have created numerous methods for
modeling discrete choices, while these newer methods
have not been derived from or linked with economic
theories of human decision making” & #5fiL, REA
SR D X 7w R R BRSO O ATREMEIC DV TR
LT\ 5. Sifringeretal. (2018)V1%, HEHGRINET L
DOREFIZIB\NT, 2O HGR LM & OGS MEZ B
J X knowledge-driven DEEFH &, KA L=
W2 E 2 O A % B2 % data-driven D B FE D
M7 % & FF - 7= Learning Multinomial Logit Model %
REL TS, EETAITA K74 3K Sh,
BOR O BB E O SR T O E oFHice ¥y
7 Lreasoning N EEMH I N TETCNDH I L 2EHLD
&, Ubo X9 Zpzzim g & A I bk 8 Fik
B - FIHT 22 L5, &0 o EERREEAEST T
DNEBE L 72 5 AZWFT NI B W L EEIC R D.

AW TlE, LA EDOW R &2 B E 2, Tucker
decomposition % Entropy model & #A&9 5 X 91
Lok U, Z@BGEm & AR 2R MRS Al Re 2o i -

17

ET VORI EALD.
AKFFEOERIITO LB THD.

(1) BEfF® NTF €5 /v & Entropy €7 /LD IC
FAET HECPEENEIC S K L, BET — #fif
Mrickt3 2T VOR S ZREE LT
NTF EFNERET L. BEET VI, BET
— ZTITET D BR B G O 52 28 % 3 B0 5y B
T&, WHORGW2BE S Z — 2 2 TX
5. ZOWRET, BEhX— T L OBERIR
BERR N T A — X DN HEETE 5.
BETTNVICEY ERFE SN D i L E % fif
L T=DDOFWEET VT Y ZLERETSH. 20
FomibREIL, @ ONTEIC BREER =AM N
EN=boLeoTHEY, BEFONTFH ORI
(7T XLPEHTE 720, Z D78, NTF
D7 O i b & HEERE N T A — X O i
b % 22 HACHE Y R85 72 72 22 Hoded Ak 7 v =
UALZEHT L. £72, ZOWKMEIZONT
b D,

H A D JE 8D OFLEE D B 15 5 72 KB 2
~— MU — R7F—% (CF4F, 100050 (fEig{t <
LTV, 4,500 F trips) X RICIREETT
NV, ROBEGFETAVERBEAL, B _REN
RRBE N — DN FHMlE T . fEREL
T, BEFE T VITZEEBEN TOBE R L & v
IfER L DOIIR L, BREET L TILEENF
7 LS HR D ER T AT R 20 B D ER A~ D B B A3
bl L0 ARERD ORI D &
ENEONDZ L aMRT 5. £z, WEKR
HROBEE Wo B8/ N7 — T LItiE b
DR (BENEPL) N7 A—40, 7—
HZIWCAILTE U b DO THAHZ A REET 5.

2

(€))

2 #EETIL
DUTOETFTAOEBICBWNTH Y T JIIVEREF
ERRAT L - HETOEXRERT.

®-2.16 EH - BEFOEE

Notation | Description
X N-way tensor
X matrix
A™ mode-n matrix in a tensor decomposition model
Xn mode-n product
° outer product
O] Hadamard product

PRI D IEBEERIEMNE NTD T /WTILTo L
BOTHD.

—_yJ1..y/N @, ..
X =25 Ly Sivein %y ©

o o a}(}'\‘l’) © fUr-iN)(D) (2-

1)

227, aViEE— FITSIA™ e R B o

Fl~<2 b, D€ RPINIXOKEFRITK LTER
SHBHEEHE (BB = 2 k), fUrn RPN



RN B DM, .,y HEICER S LD, FHIED
%ﬁmfé%ﬁr%é.

BREFIEIC féﬁ%ﬁﬁ%&ﬂhwiﬁﬁw
RIS/ FIFH RIRE72 208, AGmSCCIRZER MM B E A £
?W@R%WQ%TWT%éi/FDEW%TW%
BEZ, UTOBEKERAT 5.

fUrIM(D) = exp(~pj, .;yD) 22
T2 By, IO, ) & OB S

TA—=EThD., XQ-DEHH LELAEDORETT
JELLF DL H 127 5.

(N) © exp( =Bj,.. ]ND)
(2-3)

J1 (1)
Zh ZJN Jj1JN 11

PIBE, Z dFF /L Zentropy Tucker model & 3§
D. AIRREFIEL, NTFOBMRFEAEIETE 5
F A &entropy BT VOBLEOBENZ B KRBT 5 &
WORREZRREATZET NV ER>TND Z L]
frah .

YL EDYEIE L2 BT VO 155 7212, Kimand
Choi (2007)'"9234£ % L 7=, NMF | O figdifk 7 m 1o
T & % multiplicative updating algorithms (MUA) (Lee
and Seung, 2000) = NTDENIFIZHEE L 72T 7' 0 —F %
BH4 5. NTDHEIFOMUA, &F— FITHAW &
arTT I NSE, AT _XTEELLS & TIOT
OHEFL TN Z & &0 RT A fE b7 /v
ALTHDH. MUAZFIHT L &, £— FTlL a7
T Y NOEBEZROYFEN A THL, F5
NOMROUTIAME RS, £, EAT v T T
HIBAEOMEIZIEEIMTH D720, mWIPORMEZ R
4. BARHYZ 7 L 2 Y R AT Algorithm 1T 3458 Y
Thb.

Algorithm 1

Algorithm 1 Alternative Optimization Algorithm for Proposed Model

Input: X.De Ri‘ xoxdy {J1..... IN}. Binit: €max: €may. tol, tol’

Output: §e RN A g RIvIn 5,
Initialization: 8 RUFRTD A™ ODBREHEZ 0 & H KEREROMCELY b FTRTD B,y
# Binic 1Y ko

1: for epoch =1 t0 €max do
CUL-IN) = exp(—Bjy..jx D)
forn =1to N do oy
x\Un
A(H)HA(.L)®—H ( )" ex L)y, SEAVe- @A DAt Ne. gaWec!

Sine, Sy soAuo AT DEATTNG._@AVEC
end for v ‘/m e
S sein :: (f’>@f, & @(jm ?:c o
for iteration = 1 t x do
update all 3;,_j, using a gradient method
9: if [Improvement ratio by the gradient method] < tol’ then
10: break
11 end if
12 end for
13:  if [Improvement ratio in this epoch| < tol then
14: break
15:  end if
16: end for

(B) y—RARB T4 DHRFE

EIEOM TITEBICBW S FIH S TV AR
WICH— KPASPYD h T oY 7 va 5 —X &
5. UV varmbELNAIERICE, 22—
W ID, ZEE7RERTH 2D EHVFEEE ID &,

R Ch 5> RA/GEERLANEENTVD.
Ry —ARZT 4 TIL, JEE T HLERITRR D 1,0005R
B RBZ, 2017/11/167>52018/06/30 THFHALTZ4
FoHrvaroF—2ERMATL. AR L DHHE

OB RETE, BROZEMBR0m - ﬂﬁkﬁ@7/
XV HEBE2ANRT. 2O RN T 7 arinn,
O(origin stations; 1st way), D(destination stations; 2nd
way), T(transaction time at an origin station; 3rd way),
K(kind of day - weekday or holiday; 4th way)? P47k jC
T NVEER L, BRITOMBEDEITH T D
N Y TEET I NDIFET NAAS~DAT LT D,

TERR S NTeT > Y v DA IRIE D FEUENE 2 &-2.17
(ZRTT. TIZ605 % A CHERE ST 5. 7eds, Al
WE L LT, Fl—a— ¥ OREHRFZ) & IR 0O 5 HLR
A% 30 HUNTH D, Lz NI oHFriay
IRV Z EHE, 1oO M) v 7L LTHRA L.
ATLEIZ ISR O D8 b U v 7 8U3# 4,500 17T,
ZDHH BI%NFEAHDO N v T ThDH. £iz, T
VY NDAN— AV (BEFEOMEN 0 ThHEIE) 1E
96.2% T, FRDEFRDEIL 40,818 TH 5.

£ F H
ans with the highest number af users

5 &
Ranking of stati

(b) BRO A LRI AT > 7

(a) Satellite image
H-2.17 T—2 ORREHEDOFEEES L VRO MM
o - MAANBS Vx0T

R-217 TUIILT—EDER

Way # of Dim.  Description
O: Origin Station 1,000 st way
D: Destination 1,000 2nd way

Station

T: Time of day 20 3rd way; (1) 5:00-6:00,..., (20)

24:00-25:00

K: Kind of day 2 4th way; (1) weekday, (2) holiday

(4) PR

AKHiCTIEHEZE (proposal) € 7 /L & BETF (normal) € 7
IV DI FEVERE D LHGEHAM 21T O . 3 fEMERE O FEAM I
T AT 4 TR, KOV HIPERE O W E 2 HAT O .
FHEFIEXLL TO B0 THDH. 1FLDHIZ, Av—
N —RTF—=HDO—H % T XL~ AT, Thb
LREMAME CTHD L L-. SElE~ A7 T5HEK
BEFEO 10%E L7z, WRIZ, IHRMEOHERDTZ
DU E & ELHIZ L 7= EC 1,000epoch (2 -
THETNEIDOSAIT—XZHA L=%, <7
— A LET LT VO~ A7 STV
& DY) I-divergence #HWCTT ¢ v T 1 7 VERE
%M L 7.
WEAZE-2.181RT. Z 2 CTRBO” -fit” 137 4
T 47,7 est” IXTHIMEREZERL, BRI



TUWAEIX 1,000epoch B - I-divergence T &
%. 1,000epoch DT, #EET /ML BEFET L
LT, T4y T 4, FRIEES KIS
13%A EL72Z LR HERTE 2. 2D &6, 4l
AW A~— R hH—RT—2IZb, ~ N2 ZET
— & L ARRICHERE I K BEYENBRT D &V O FF
PERNTEL TRV, Z 08 % MR EH X T
XABEETIVOFIFN, BT 4 v T T HRER
RYTZENHERTE ., MAT, PHNEE LENLT
WL ENDL, T4y T A THRRORI N, T
A= BRI AT Z LT KA —N—T (T 4

JIZEDHDOTIERNZ ERHERTE T,
2.8
—— normal-fit
—-- normal-est
2.6 —— prop-fit
— ——- prop-est
<
2 o
5 2.4
=
“6 2.2
: H
18]
(<RI (N | ——
T I B 1.920
1.903
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______________________________ 1.675
. . 1.663

200 600
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o
~
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g
o
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T: time of day
(a) normal
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(b) proposal
®-2.19 METILOERHEEDEFRHFOIE

19

TRt & KR ITIZBI 9 A mode matrix DfE % B-2. 19,
®-2. 20127R9. F70, _EBEETINVTHE SN T-
K Z L OB T A —F1X ®-219D LBV &
VARV o

®-219 B, FHHRBEEZEDR—420DIE

K1 K2
T1 11.46 11.21
T2 13.01 11.46
T3 8.99 8.78
T4 10.16 1243
—— K1
= — k2
5 1.0 4
£
¥ 0.8+
@
B
E 0.6
o
3 0.4+
g
§ 0.2 1
weell(day hulilday
K: kind of day
(a) normal
T2
—— K1
X —— K2
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£
¥ 0.8 4
@
e
E 0.6 -
o
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g
".E 0.2
0.0 : T
weekday holiday
K: kind of day
(b) proposal

X-2.20 METIDOEFER/ABEEDIE

15 5N 7-0% ot & DRIt D mode matrix %, 45172 &
WCRLTHIRD X5 ICcER b L. Effkansz
mode matrix DK EHE X, KIRNKELEICET HHE
EEWTLZ LD, oF D, [Al—® normalized
mode matrix N THEEIL TWB 7 Lz EFORRIE
ik, BTN TN L 5 B 2R o Twn
Dz b, B-2.21, ®-2.2212, ERPEFEOE
normalized mode matrix D4 EJE DA %, BROFERE
WZ7ay FLEMRRERT. ok, MomERAE
WIEE, FOEEOENPRE VY GEENEWT 5%
BlEm o) L E R,
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Sz — by 7R CTERRLEZL DO EE-2. 23,
X-2.24 (2R T. 2B, I T T VY IVOMEITS RN
KEWD, AT ED7=0 logiok il L7~z v



(a) normal-O1 (b) normal-O2
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(d) normal-O4 (e) normal-O5

| 7 |
| |
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XpfEER oz L. ko T RET T 01 i
BT 2N E, DUCET DER~OBENRKZH TH
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A R TIK3A4-5% D &, TXTODO0I-DIiT Tl
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5, normalE 7 V& AW =B E5HT Cik, JRETHINT
%, Fl—OfEENTOBEINRENLRBHTH D,
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3.1 [FL®IZ

HEVEBHI SN DNy 75— 213, BEE OB
SCHE, FIHAZBEFBEOHBINE LN B2z,
ZEITERE R DT =2 Th D Z &b, BEIEDAR
BTREAFSCHMWMOERT, [THORY L7 L,

BAERIRITENCE oo 7 e B AOHIENREETSH 5.

EHIT, BRI L BENBELL TS
BA, B SNFmERY = lhbE @ —
PP b A 5 iRl AN SR AN AN N=i=3 i b/ Y= R
v T T =X 0 5SS BRI O & Tl
Ul7eZl~ R Ay M aFEIT L2 LIRS Tk
A
FITARETHE, ULy v TF—2DREL
9=, BrizZe Bl - AN — NV EBRFETH. 3.2
BT, RPATENFERZ S L2 T4 A ATEIRIZ
X9 5 1R I F R & 5242 Dreal-time context-aware Z< BH
A (SPIHETIEZ B L, 338 HRMERSD
O Lo R 2 wmiE 325, 348iCix, fHx
N DOWREMME O BE M %2 FH» 02, =V F T4
RENTA T A TEERTHIZDOT LT
ALEBAFL, 35HICITAER LA BT 470
fHE SN RM ATENRS RIS U CHHa R 2 B S
52 ETHIG) FERLaXrr—ua UiERE
LTIz T D mITEN 2 BN - FEmS 5 AR O
FhAk R AW T 5. 3.68i TlE, Gojek°Grab & )5
T~ VTP —ERARZET T v N7 4 — L(MSTPs) A
TS - RWITENC R TR T L2 HMN
2, AV RRVT Xy INFHiextgl L7 m
— 7 X— (PP)-EK I RAH(SP) A A FXEF - BAFE L,
3T THICA Y IA4 v 7 — REEYS —E 2D
BT M N 2 Y CloirE R e ®mE T 5.

3.2 Real-time context-aware3 BA:#&17(SP)
REFEORE
(1) &= - B

A= — b7 # > OGPSHEHE THA X RE OB EHL
BN D & &b ICBE AR F Bz i
ETc&x b 7m—7 /%= (Probe Person; PP) FH#:
(X, BEEDEHRICRETOIHEREIGT 52 L
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MCTEBTIT 4T T—HThHdHD, BEIZFDR
M & ZEITEN O BN AEETH D, Fiz, TH0
> I=PPIA O WBRF (T IB MR B A % =
NRHEZ EICED, i@~ RrT A b EVNERERE
"L ENAREEEZEZDND.

LD X5 BBEER D, PPRRERELZ D &IC
SPA % FE i 4 5 context-aware SPFENIER I T
WHDD F 7, FHEPORETIEE LT, JEBIHISUR
FEREZZE L7 ETSPREICEEZELTH L H L
& LT, RPFA CE#IR L 7= IR 0 @ Pk e 2 28
&7z L& 5HA )75 (SP-off-RPFHA)
INVLREINTWND. TS DOFE ST HEDO KX 7258
X, BlzE THEEARSBCISMLE) E LTS,
HEV I A DN ZNATSMERZH D] Lol
BROITENO BRI E I ZEE L T 5 SUIREK 2 5 8.
L7z ECSPREICHIZALTH B D Z LN AHEIC A
LB THD. T\ o - IEEIN SRR & 545 L C
LED &, Bl dHR2R@TFEOR A ZmENC R
FBboTLEIREDARALATANEL D D2 LN
HENTEY, A~ 3P A b ELERERE A
FTDHERCBNTIE, BE» OB/ SOIRE R AL
B LZRENELND X )RS RE TFIEOR
ARk ons.

R ORE & & HICFRENERIZ /R D Z L b,
DL R 7 SONREE IR D 5028 %, FEERDORPATEN TR
&SP RIZRED I ZN TENILTE 51T
E, Lo T AREMRH D, Z 9 W\ Al
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minize z = (Pi,car + Pi,motorcycle)
Subject to:
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0 < incentiveyicyce < congestiongg; * Total amount + val_1,4;
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0 < incentive,q < congestiongg; * Total amount + val_144;
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BRI E A TR () 2.150 0.167 1291
PR A EHCE () 0.095 0.107  0.89
AR mu 3.143 0.038 83.89
AEEE IR sigma 0.924 0.017 55.14
@A b mu -1.934 0.172 -11.28
AR A b sigma -5.687 0.266 -21.35
XL (0) -44845.3
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3 6:30:00-6:59:59 0.5 1.0 0.7
4 7:00:00--7: 29:59 0.8 1.0 0.7
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10 = 10:00:00-15:59:59 0.4 0.4 0.7
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17 19:00:00-19:29:59 0.6 1.0 0.7
18 | 19:30:00-19:59:59 0.5 1.0 0.7
19 | 20:00:00-23:59:59 0.4 0.4 0.7
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Distribution of Bicycle Incentive
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(2019 4FFHA) (2020 4EFRAY)
H R 2.7 5.4
INA 1.7 6.2
H#hE 80.0 75.9
o HL 5.8 9.1
EH 1.7 1.0
fEA 8.2 23
ARt AL 28 28
AR NY v T 396 386

£-3.14 RBRShtA o741 JELEHENAEE
DEL (RETYTZEZEMMET DRI Y TDH)

FLHIEN ) A8 i FESEIES ERIHAE MY >
DY NOLStES B ] halb's s P4 (HEh#> = T%)
ZIRIT B A AT >
verT 47 £ 7 D) HEME Y v TR
A& DF-EIE fill (B@hH> = 7%)
1 327.71 -111.86 19 (89.5) > 7 (28.6)
2 382.38 -134.63 14 (71.4) >24 (29.2)
3 364.88 -171.81 25 (60) > 16 (25)
4 338.60 -116.60 3(33.3) > 5(0)
5 297.75 -103.75 2 (50) > 4 (25)
6 312.89 -113.56 11 (90.9) > 9 (77.8)
7 387.75 -155.31 30 (100) > 17 (100)
8 396.00 -158.00 44 (100) = 23 (100)
9 510.13 -219.50 22 (100) = 16 (100)
10 339.39 -138.24 7 (100) > 2 (100)
11 452.64 -183.86 6 (100) > 8 (100)
12 329.50 -134.25 40 (100) = 70 (100)
13 432.00 -161.00 17 (100) = 14 (100)
14 464.13 -235.22 10 (100) > 8 (100)
15 452.50 -183.75 1 (100) > 3 (100)
16 575.10 -240.00 2(0) > 4(0)
17 284.30 -87.67 8 (100) > 10 (100)
18 341.35 -168.76 21 (100) = 27 (100)
19 221.94 -61.47 12 (100) > 17 (100)
20 258.39 -98.67 19 (94.7) > 18 (100)
21 447.40 -116.30 27 (59.3) > 10 (70)
22 463.54 -203.46 19 (78.9) > 13 (92.3)
23 569.67 -186.67 3 (66.7) = 3 (100)
24 419.31 -180.94 12 (66.7) > 16 (100)
25 419.20 -171.60 5 (60) = 5 (100)
26 460.05 -196.70 10 (20) = 20 (75)
27 413.85 -173.54 4(25) > 13 (92.3)
28 298.00 -141.25 2 (0) > 4 (100)
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Distribution of Car Incentive
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&-3.14 MR REFEIED A
Tota  Percenta
Variable Category 1 ge

Total number of 225 100.00%
respondents

Gender Male 100 44.44%

Female 125 55.56%

Age 18-22 21 9.33%

23-27 128 56.89%

28-32 43 19.11%

33-37 29 12.89%

38-42 4 1.78%

Marital Single 152 67.56%

Married 73 32.44%

Education Junior High School 1 0.44%

Senior High School 90 40.00%

Diploma 14 6.22%

Bachelor 110 48.89%

Master and Doctor 10 4.44%

Job Office Worker 205 91.11%

Non-office Worker 20 8.89%

Provision Lunch by Provided 42 18.67%

Workplace Not Provided 183 81.33%

Car Ownership Yes 158 70.22%

No 67 29.78%

Motorbike Ownership ~ Yes 71 31.56%

No 154 68.44%

Family Size 1 105 46.67%

2 29 12.89%

3 58 25.78%

4 33 14.67%

>5 10 4.44%

Average Income (in Less than 1 8 3.56%

Mil. IDR per month) 1-3.99 58 25.78%

4-7.99 118 52.44%

8-9.99 31 13.78%

More than 10 9 4.00%

#£-3.15 TEFEROEER, FHBEEM FHRITHE

Average Travel Average Percentage
Travel mode Time (min) Distance (km) of trips (%)
Walk 95.82 2.65 17.83%
Car 47.18 19.24 29.96%
Motorbike 70.92 12.42 19.76%
Public Transit 77.59 15.16 10.46%
Ojek Online (MSTPs) 51.40 5.31 16.65%
Ride-Hailing/Taxi 36.83 15.34 2.35%
Others 230.31 25.39 2.99%
Total (7112 trips) 319.59 19.18 100.00%
£-3.16 54 ViEBHDERE
Physical Virtual/Online Activities Tota % of
Activities g Shoppin Worki Educati Leisu Socia | total
g ng on e 1
Eating out 35 9 2 0 72 30 148 2.71
Shopping 14 18 3 2 23 10 70 1.28
Working 230 128 180 57 318 259 1172 21.46
Education 5 2 1 16 23 5 52 0.95
Leisure 2 3 0 1 26 4 36 0.66
Social 26 2 8 12 57 73 178 3.26
Home 371 152 202 109 868 448 2150  39.36
Others 12 7 3 4 62 138 226 4.14
Travel 251 133 104 67 446 429 1430 26.18
Total 946 454 503 268 1895 1396 5462

% of total 17.3 8.31 9.21 491 347 256

socia | S
Leiswr | 155
g
wor ST
shop S S M
ge————————e
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Eating Shopping Leisure Social
Explanatory Variables (Online FD) (online) (online) (online)
Est.  t-stat Est. t-stat Est. t-stat Est. t-stat
Constant -1.90  -0.99 -2.26 -0.81 8.22 1.98® 6.58 2.80°
Gender (0=Male; 1=Female) 054 1.16 04 055 091 065 -0.57 -0.97
Age 0.12 1.53 011 083 -003 -0.17 -0.25 -2.33!
Marital (0=Single; 1=Married) 0.25 0.35 -0.6 -0.55 0.51 035 1.5 1.66°¢
Education (0=Not graduate; 1=, 37y 31 j77¢ 15 _1.17 -062 -1.01
Bachelor’s degree or above)
Job (0=Non-office worker;
1=0ffice worker) 075 081 076 0.63 217 08 -0.71 -0.66
Car ownership (0= No; 1=Yes) -0.22 -045 0.82 1.19 -039 -038 0.02 0.03
Motorbike ownership (0=No: g s 1 18 016 025 -1.86 -1.33 -0.76 -0.95
1=Yes)
Family size -0.28 -1.73¢ -0.18 -0.78 -0.11 -0.33 0.12 0.79
Avg. income (in mil. IDR) -0.13 -1.66¢ 0.1 088 -0.19 -1.16 -0.07 -0.77
Time 2 (04:00:00-07:59:59) 0.07 018 -0.08 -0.13 -2.05 -2.51' -0.53 -1.46
Time 3 (08:00:00-11:59:59) -0.002 -0.004 -1.14 -2.10% -1.09 -1.32 0.05 0.14
Time 4 (12:00:00-15:59:59) -1.32 -3.93* -0.98 -1.74¢ -1.6 -2.27' -0.31 -1.00
Time 5 (16:00:00-19:59:59) -1.15 -3.68 -1.33 -2.52F 211 -3.42¢ -0.72 -2.15%
Time 6 (20:00:00-23:59:59) -1.22 -3.69* -1.32 -2.48° -0.29 -0.37 -0.73 -2.11%
Sigma (random parameter) -2.31 -9.00° 295 7.80* -3.95 -556° 3.55 9.04*
Number of individuals 177 137 121 163
Sample size 1592 840 1864 2030
LL (0) -1103.49 -582.24 -1292.03 -1407.09
LL (Final) -714.88 -338.28 -358.92 -738.02
AIC 1461.75 708.57 749.83 1508.04
Variance Explained by (%)
Observed Variables 24.10 7.85 24.18 22.68
Un9bserved inter-individual 46.91 66.87 62.59 61.30
variables
Other unobserved variables
including intra-individual 28.99 25.28 13.23 16.02

variations.
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===~ - Combination Food Merchants s Online Food Merchants «++++-++ Dine-in Food Merchants Commercial Facitifies
025

Average of Agglomeration Index
°

0.02- 0.12- 022- 032- 0.42- 0.52- 0.62-
0.12 022 032 0.42 0.52 0.62 0.72

==~~~ Combination Food Merchants  0.12 0.11 0.13 0.15 0.15 0.16 0.20
s Oline Food Merchants 0.15 0.14 0.14 0.12 014 014 0.15
“+++vve-- Dine-inFood Merchants 0.12 0.11 0.14 0.14 0.15 017 0.19

Commercial Facitilies 011 0.11 014 0.15 0.13 017 0.20

Percentage of Commercial Land Use (%)
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= = = Combination Food Merchants == QOnline Food Merchants Dine-In Food Merchants Commerdial Fadilities
0.30
G025 e
= rd
g0 PRl
. -
%05 . /
] e
g —————
£ 0.10 =
- -
2 0.05
A 000 0.02- 0.12- 0.22- 032- 0.42- 0.52- 0.62-
012 022 032 042 052 0.62 0n
= = = Combination Food Merchants 0.08 0.07 0.12 0.12 0.19 019 025
s Online Food Merchants 0.11 0.12 013 013 014 0.16 0.19
Dine-In Food Merchants 011 011 0.14 0.13 0.14 018 019
Commercial Fadilities 0.11 0.00 012 0.11 014 0.16 022

Percentage of Commercial Land Use (%)
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Robustness (Random attack)

Percent reduction at 5% 20.54 (4.20) 33.06 (Yuzawa) 8.52 (Osaka)

Percent reduction at 10% 39.52 (8.22) 63.84 (Kainan) 19.34 (Nagoya)

Percent reduction at 15% 57.23 (9.09) 74.14 (Kainan) 32.31 (Osaka)

Robustness (Targeted attack)

Percent reduction at 5% 40.96 (6.28) 57.08 (Kobe) 26.20 (Oyabe)
Percent reduction at 10% 61.62(7.21) 82.41 (Kobe) 42.36 (Oyabe)
Percent reduction at 15% 76.77 (7.43) 88.96 (Kobe) 54.72 (Oyabe)
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