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Abstract

In order to achieve advanced traffic management system (ATMS), This study
proposes a real-time traffic data acquisition system. The framework of system has its
basis of taxi fleets as probe vehicle system, and combines roadside detectors to
collect traffic data from urban network extensively. According to the physical
architectural, the study builds the mathematic models of “travel time prediction for
road section” and “dynamic OD estimation”. The algorithms are based on
generalized least squares (GLS) and extended Kaman filter (EKF) repectively.
Through the prediction model, the system state of traffic flow is predicted to support

decision-making of traffic control and management.

To verify the models, for travel time prediction for road section, this study
analyzes the prediction results of grid network simulation from Paramics, and
evaluates prediction ability by indices of precision, robustness and stability. It proves
that well prediction results are obtained through calibration and data processing. For
dynamic OD estimation, the study calculates traffic count prediction from estimated
OD flows, which shows the mean error is within 10%. Therefore, it concludes the
model is reasonable. Also, considering the represenstative of probe vehicles to traffic
flow, the model has well prediction ability, when the penetration of probe vehiclesis

above 5%.

Key Words Traffic Data Acquisitions, Probe Vehicle, Travel Time Prediction,
Dynamic OD
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T
W(t) = [W(/q)t W(kz)t o W(kK )t]

Q(f)=[%1t 4, - %LzT

)
co(F(r),t):[Z DTiE, DD ThE, > r,’;‘;ﬂ[}

c=[g, g, &
oD 5-2
G(7)
F(r +1) F(7) i +
+ ") +
W(t)>| T(t) > z SK40. —>@—> Q)
+ T
— ¢(1)
5-2 oD
5.2.2
(Kaman Filter) ( 510
(Extended Kalman Filter,
EKF) F()
F(t+1) = ¢(ﬁ(z),z)+% [F(t) - ()] + T()W(?) ( 512

F [F(t) = F(1)
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F(t +1) = DF())F(?) + T(OYW() +u(?) ( 5.13)

5.13)
OR()F() = JF ()0 + 22 [F(1)]
F [F(t) = F(r)
__99 B
u(?) oF F(t)=ﬁ‘(t)[ 3]
L . )
(transition matrix) ®(F(¢)) = oF [P~ e 1)
_E(kl)t o - 0 %(kl)t 0 0 |
0 ;(kz)t 0 0 %(kz)t 0
oF@)= 0 0 - ciy O 0 - Fux
0 o - O 0 1 - 0
0 0 - 0 0 0o - 1 |

u(t)=—[lA7(kl)tE“(/q)r g(kz)t%(kz)t l’;(kK)t%(kK)t 00 - O

( 5.11)

Q@)= ‘P(E‘(t))F(t) +G(?)+h(?) ( 519

Py =22
FEE) OF [F(t)=F(t]t-2)
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ol o - ¥ 0 0 - 0

Kyt kot kgt

(7P 7 5 00 -0
YE@D)=| Y HDE

T;’?f Tzlzzf T/IZ'ft 00 ---0
hoy=| Y S E Y S AR - XS r,",Fk}
EKF (Saridis, 1994)  ( 513) ( 5.14)
oD
F(t+1|7) = p(F(t|2),1) (  5.15)
P(r+1]¢) = DF( | )P | DT (F(¢ 1)+ T ()R, ()T () (  5.16)

K() =Pt |t —D)PT(F(t |t —D))[WF (|t -D)P( |t —DPT(F(r |1 1)+ R, ()]

( 517
F(t|1)=F(t|1-D)+KOIQ) - p(F(t|1-1),1)] ( 518
P(|1) =[I-K()W(F(t |t -D)]P(|¢-1) ( 519
R, R, W G P(0) F(0)
F() P(0) ( 515 ( 5.19)
(  5.15)
F(0)=F(0|-)=F(0) P(0)=P(0]|-1)
oD 5-3 ( 5.17)
K() ( 518 (5.9 F(t|?)
(515 F(+10)
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Sart,t=0

Y

F(0)=F(0|-1), P(0) = P(0|-1)

Ny,
>

Y

Dynamic OD Estimation Model

K(¢) , From (Eq. 5.17)

Y
¥(¢|¢), From (Eq. 5.18)
P(t|t), From (Eq. 5.19)

Y
F(¢+1|¢), From (Eq. 5.15)
P(t+1|¢), From (Eq. 5.16)

v

Subtitute F(¢+1|¢) into (Eqg. 5.14)
and lead to Q(t +1|7)

A
T,

<&
~

Y

Travel Time Prediction Model

A=(T'T) T

t+1

Tt+l = TtAt +&

ki i
1__*/%L_*Zﬁ t=t+1

!

A

t=t+1

Construct ¥(F(r)) and h(r)
with 7

Output F(r+1), Qu+1), T
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Paramics V.4.0

oD

6.1

OD

oD
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Paramics V.4.0



6.1.1 Paramics V4.0

Paramics (Parallel Microscopic Simulation) Quadstone Limited

1992~1997
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6.2

Paramics

10D 12D 14D 16D

1.8D

20

6.2.1
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MAPE (Mean Absolute Percentage Error) MAE (Mean

Absolute Error)

1 7.()-T.()|
MAPE—(TOW)ZZ‘ T | ( 613

1
MAE= zzﬁw ) —T,.(l)‘ ( 6.1b)

(Total) MAPE

MAE

MAPE Lewis(1982) 6.2

6.2 MAPE

MAPE (%)

10
10-20
20-50

50

MAPE MAE

* (Robustness, R)
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R =max {|e,(/)|} ( 62

. (Stahility, S)
1
S= (Total) ZZ|ei ) _ei—l(l)| ( 63
e(N=T:(1)-T,(1) I

6.2.2
( 5.1b)

Jj=i-N meM (1) z(l,m)eZ(m)

%Hl(l): Zl: aJ-XTj(I)+ z z bz(z,m)x<TTL”;)xpz(z,m) +e
z(l,m) Z(m)

Model Mode?2

(V)
¢ Model
Jarjees & Drane
M(I)
lup A N=10
Z
360 7200
6-5 66 6-7

59



MAPE (%)

50 -
—=—10D— Ave
0 L 19.69%
0 ——1.2D— Ave
i 22.20%
20 | —&— 14D — Ave
26.86%
10 r —%—16D— Ave
18.74%
0
0 10 15 20 Time Stage
6-5 MAPE  (Mode 1)
MAE ('sec/ 100m)
10
—&—10D— Ave
8 L 4.17 sec
5 ——12D— Ave
i 5.31 sec
4 | —&— 14D — Ave
5.64 sec
2 r —*%—16D— Ave
4.28 sec
0
0 10 15 20 Time Sage
6-6 MAE  (Model)
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Counts in Percentage (%)

% _
—a— 10D
2 —e—12D
20 r —a—14D
15 —x—1.6D
10 |
5 L
0
O 5 10 15 20 2 30 35 4 4 5 55 g0 HO(%)
6-7 (Mode 1)
6-5 6-6
Mode 1 MAPE MAE
MAPE MAE
6-7
Lewis MAPE 20% 50%
6.1
6.1 (0%-20%-50%) (Mode 1)
Error (%) 1.0D 1.2D 1.4D 1.6D
0~20 60.72 70.71 55.39 62.58
20~-50 34.10 16.57 31.19 32.82
>50 5.18 12.71 13.43 4.60
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6-7 6.1 6-7 1.2D

(
) 6.1 50%
MAPE 1.0D 1.eD
¢ Mode2
Mode 1 ( 20%
)
Muq L4
A B N=10 Z
6-8 6-9 6-10
MAPE (%)
30 -
—&—10D— Ave
2 18.78%
20 - ——12D— Ave
\ 17.94%
5 | W
—a—14D— Ave
10~ 19.24%
5 —¥—1.6D— Ave
17.84%
0 L
0 5 10 15 20 Time Stage

6-8 MAPE  (Mode?2)
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MAE ('sec/ 100m)
6 _
—&—10D— Ave
5t 401 sec
4 + ——12D— Ave
4.14 sec
3 L
—&— 14D — Ave
2 r 3.95sec
1 | —*—16D— Ave
4,06 sec
0 ‘ ‘
0 5 10 15 20 Time Stage
6-9 MAE (Mode 2)
Counts in Percentage (%)
30 ~
—a— 10D
25
—— 12D
20 | —a— 14D
15 —%—1.6D
10
5 L
0
0 5 10 15 20 25 30 35 40 45 50 55 o Eror(%)
6-10 (Mode 2)
6-5 66 6-8 69 MAPE MAE
12D 14D MAPE 22.20%
26.86% 20%
Lewis 6-10 6-7
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1.2D

(0%-20%-50%) 6.2
6.2 (0%-20%-50%) (Mode 2)
Error (%) 1.0D 1.2D 1.4D 1.6D
0~20 60.82 69.93 63.26 63.74
20~50 35.82 22.13 30.36 32.69
>50 3.36 7.94 6.38 3.57
50%
( 10% ) Model Mode?2
6.3
6.3 Model Mode?2
Total Mode MAPE MAE R S
Demand (%) |(sec/100m) | (sec/100m) (sec)
Lob Mode 1 19.69 4.17 31.03 6.31
' Mode 2 18.78 4.01 44.06 5.63
19D Mode 1 22.20 5.31 60.05 4.56
' Mode 2 17.94 4.14 24.38 3.57
14D Mode 1 26.86 5.64 54.46 7.52
' Mode 2 19.24 3.95 23.39 5.15
L6D Mode 1 18.74 4.28 44.28 5.43
' Mode 2 17.84 4.06 26.67 5.14
6.3 1.0D Mode 2
Mode 2 Mode 1

Mode 1



(V)
N 5 N 15 1
1.2D
Mode 1 6-11
25
—8—5 8 5 . 0 —8—8—=a
20
—a— MAPE(%)
15
——MAE((sec/100m)
10
5 & & & & & & & 7S & & &
0
5 6 7 8 9 10 11 12 13 14 15 16 N
6-11 (N) (1.2D)
6-11 N MAPE MAE
0.5%
6.2.3
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6%

6-12
(%)
25
22.09
20
15
10
5
112 074 0.49 061 027 029 028 019 0.11 005 012 0.06
o - L J— L s | L L L L
S & & & R N I N R
— N o n [(e] ~ [e0] o o — N (32] Lo O N~ o) (o)) o —
— — — — — — — — — — N [qV]
Travel Time( sec)
6-12
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(Outlier)

6.4 Outlier
()
T;(l) 180 sec 0
84.60sec T'(/) 180 sec T()=01 x T'(/) +0.9 x T(I)
56.71sec T'(l) 84.60sec T())=02 x T'(/) +0.8 x T(I)
0 T,()
T.() Outlier
Outlier 6-12
6-12
90% 80% 84.60 sec 56.71 sec
80% Outlier
6.4 ( 180 sec)
( )
mode 2

6-13 6-14 6-15
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MAPE (%)

30 —
—.— _
o5 | 10D — Ave
18.70%
20 r ——12D— Ave
15.83%
15 r
—&—14D— Ave
10 | 16.55%
5 | —*—16D— Ave
17.42%
0
0 5 10 15 20 Time Stage

6-13 MAPE  (Outlier )

MAE ( sec/ 100m)

6 -
—a—10D— Ave
ST 4,01 sec
4 r ——12D— Ave
3.57 sec
3 L
—&— 14D — Ave
2 © 351 sec
1 —*—16D— Ave
4.06 sec
0
0 5 10 15 20 Time Stage

6-14 MAE  (Outlier )
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Counts in Percentage (%)
30 -

25

20

15 +

10 -

—=—10D

——12D

—a— 14D

—k—1.6D

O 5 10 15 20 25 30 35 40 45 50 55 o Eror(%)
6-15 (Outlier )
6-13 1.2D 14D
MAPE 15.83% 16.55% 6-15
67 6-10 (0%-20%-50%)
6.5
6.5 (0%-20%-50%) (Outlier )
Error (%) 1.0D 1.2D 1.4D 1.6D
0~20 60.21 73.79 67.65 64.13
20~-50 36.65 21.45 30.10 32.78
>50 3.14 477 2.25 3.10
6.2 50%
5% (0% ~ 20%)
(w/DP) (w/oDP) 6.6
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6.6

Total Mode MAPE MAE R S
Demand (%) |(sec/100m) | (sec/100m) (sec)
LoD w/ DP 18.78 4.01 44.06 5.63

' w/o DP 18.70 4.01 26.99 5.61
LoD w/ DP 17.94 4.14 24.38 3.57

' w/o DP 15.83 3.57 19.27 3.36
14D w/ DP 19.24 3.95 23.39 5.14

' w/o DP 16.55 3.51 33.89 4.68
L6D w/ DP 17.84 4.06 26.67 5.13

' w/o DP 17.42 4.06 43.42 4.89

14D  1.6D
6.2.4
1.0D 1.2D 14D 1.6D MAPE
7.32% 4.68% 5.32% 5.94% Lewis
Eprob
MAPE = — T ZZ|T =10 ( 64
(Total) | T |
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T'.(I) 7.(1)

(Total)
MAPE  Epop 6-16
Eprob
Eprob = 46%
46%
Epoo  46% (
) Eprob

MAPE (%)
3 3 2
y =0.0004x" - 0.0355x" + 1.0443x + 6.4738
- ' R*=0.9128 .
Inflection Point x=29.58
25
20
15
10
20 25 30 35 40 45 50 55

Eprob (%)

6-16 MAPE  Eprob

1.2D
Pprob 1%' 15% 1%
Epow MAPE 6-17 6-18
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Eprob (%) = Eprob ( w/o DP)
¢ Eprob (w/ DP)
70
y =-0.0232x" + 0.7286x" - 8.3084x + 71.314

o | R* =0.9247 [ Eprob ( w/o DP) |
50 |
40 |
30 |
20 | N )

y =-0.0185x" + 0.6607x” - 8.4803x + 64.114

R*=0.8321 [ Eprob (w/ DP)]
10 L L L L L L

0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16
Pprob (%)
6-17 Eprob  Pprob

= MAPE (w/o DP)
+ MAPE(w/ DP)

45
o | y=-0.0233x +0.743x" - 7.8746x + 46.492
'\ R =0.914 [ MAPE (w0 DP) |
'S
o y=-0.019x +0.5775x" - 5.9268x +37.727
R’ =0.8154 [ MAPE (W DP)]
5
20 L
15 . . e
10
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Pprob (%)
6-18 MAPE Pprob
6' 17 6' 18 Eprob M A PE Pprob
Pprob 5% Eprob 46% MAPE
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20% Pprob 6%

I:)prob

I:)prob

Sen, A. (1997)

R?> 0.788

Sen, A.

I:)prob 6

F)prob

a+(b/n)

Sen, A.

6-13

13 F 48.25
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MAPE

I::.prob
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6.3 OD

6.3.1 oD
100
OD 100x99
OD OD
OD
9 ( 6-19 L1 Lo Ls
La )
. ERs RN e m
P4 nEHa = e o
i, = = §ime [ o]
6-19 1(
)
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a
g
)

1 I g
[D_|| TLE | ||_F]
[G] ] 1]
6-20 2(a)
EZh : -
1
(& f >
| | | |
I I l I
6-21 2(b)
(centroid) 6-20
9 A B C D EF G H I 9x8 = 72

oD Bonsal et a. (1997)
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3 OD pair 6
9
24
( )
oD 6.7
72 oD 132
6.7
Origin Origin Origin Origin Origin Origin Origin Origin
A B C D E F G H Origin|
AB BA CBA DA EBA FCBA GDA HEBA IFCBA
ABC BC CB DAB EDA FEBA GDAB HEDA IFEDA
AD BAD CBAD DEB EB FEDA GDEB HGDA| IHEBA
ABE BED CBED DABC| EBC FCB GHEB HEB IHGDA
ADE BE CFED DEBC EFC FEB GDABC| HEBC IFCB
ABCF BCF CBE DEFC ED FC GDEFC| HEFC IFEB
ABEF BEF CFE DE EF FED GHEBC| HIFC IHEB
ADEF BADG| CF DEF EDG FE GHIFC HED IFC
ADG BEDG| CBADG| DG EHG FEDG GD HGD IFED
ABEH BEHG| CBEHG| DEH EH FEHG GDE HE IHED
ADEH BEH CFEDG DGH EFI FIHG GHE HEF IHGD
ADGH BCFI CHHG DEFI EHI FEH GDEF HIF IFE
ABCFI BEFI CBEH DEHI FIH GHEF HG IHE
ADGHI| BEHI CFEH DGHI Fl GHIF HI IF
ABEHI CFIH GH IHG
ADEFI CFI GHI IH
6.2
6-21 A B
6.2 ab ab, abs abs
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A B (Cordonline)

6.3.2
52 oD
F(+1]1) = g(F(t]1).1) ( 515)
P(t+1]1) = D(F(t [)P(¢ | )T (F(t )+ T(O)R, (T (¢) (516
K(r) = P(t [t =)W' (F(e |t ~D)[P(F(t |t -D)P(t [t -D)%" (F(¢ |2 -D)+ R, (r)]
( 5.17)
F(e]1) = F(]t-1) + K(©O[Q(r) - p(F(z | ~1),1)] ( 518
P(¢] 1) =[1-K(@)W(F( |- D)P(¢ £ -1) ( 519
5-3 ( 517 K (
518) ( 5.19) ( 5.15)
15
¢, 1 F(0|-1) =F(0) (264
x 1) P(0|-1) (132x132) L
P (F(t|t-1) (24x264) 7k 5.9
(  5.9b)
CBEHG CB BE EH HG 6.2
CBEHG
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CB BE EH HG

132
r,’l‘}’ 2'1'1‘5’ r,’l‘f’ 00 0
It kot kit 0 0 0
7] (ﬁ- (t)) lezt z-l:zt Tl?t :
r,’ff 2'1'3’ r,’i’j’ 00 0
0.1% DF( 1)) (264x264)
( 513
_E(kl)t 0 0 %(kl)t 0 0 |
0 ;(kz)t -0 0 %(kz)t 0
q)(ﬂ‘(t)): 0 o - Z’(kK)t 0 0 %(k,()t
0 o - 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1 |
5% R, R;
oD
10D 12D 14D 16D 20
oD oD
oD oD
0 6.8 OD AF 5.9 ABCF
ABEF ADEF 10veh -3veh b5veh
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OD AF 12veh OD AB
AB oD 0

6.8 OD
oD AF Traffic Counts (veh)| OD AB Traffic Counts (veh)
Route ABCF 10 Route AB -1.32

ABEF -3

ADEF 5
Total Counts 12 Total Counts 0

6.3.3

Paramics V.4.0

oD

OD Table

oD

oD

Q) =pF®),N+V(@) (511

oD

6-22 6-23 6-22
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500

400

300

200

100 |

0

6-22 24 (
)
MAPE
15% OD
MAPE (%)
25 -
—8— 10D — Ave
20 [ 8 11.79%
——12D— Ave
15 9.40%
10 —&— 1.4D — Ave
11.05%
ST —%—1.6D— Ave
12.64%
0
0 10 15 20 Time Stage
6-22 oD MAPE
MAE (veh)

10

15

20

—8— 10D — Ave
219.35 veh

——12D— Ave
175.42 veh

—4&— 14D — Ave
206.04 veh

—%—1.6D — Ave
235.61 veh

6-23

oD

80

MAE
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GPS
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oD

oD

OD

Paramics V4.0
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50%
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46%

46%
6 oD

oD
oD
15%

1.
2.

ITS
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100 MAE 3541

5% 60%

MAPE

5%

6%

MAPE
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4. GPS

7. Visual Basic 6.0

10.

11.

615-638 1997

12.

2001

13. Matlab

2001

2001

2001

1996

2002

2001
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2001

2003
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