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Mining method of floating car data based on link travel time estimation
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2. School of Transportation Engineering, Tongji University, Shanghai 201804, China)

Abstract: Based on floating car data, a link travel time estimation method without signal timing
data was proposed. The method consisted of four modules, which were intersection boundary
dynamic partition module, link influence range partition module, floating car data extraction
module, and link travel time estimation module, and the implementation of each module relied
greatly on the output of previous one. According to vehicle travel state under the influence of
signal control, link unit was divided into different segments by using density method in
intersection boundary dynamic partition module and link influence range partition module.
According to link travel time estimation mechanism, floating car data that were seriously affected
by signal control were filtered off in floating car data extraction module, so the target floating car
data could be obtained. Historical floating car data were excavated in link travel time estimation
module, and floating car data were divided into 3 types according to different exsited regions of
target data. Corresponding section travel time estimation methods were used for different types of
data, and corresponding section travel time estimation models were established. Link travel time
estimation method was simulated and verified by using software VISSIM, and its result was

compared with the results of direct and indirect methods. Analysis result indicates that for coarse-
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grained floating car data, the average absolute error and average relative error of link travel time

estimation method are 12 s and 8. 67 % respectively, so it performs better than traditional direct

and indirect methods. 3 tabs, 22 figs, 20 refs.
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timing; coarse-grained data

Author resume: LI Hui-bing(1983-), male, lecturer, PhD, +86-21-38282347, hbli(@shmtu. edu. cn.

[

U]

VF1) DT 37 S B3 A7 Rt o [ 5 00 2 4 2 2 S AR
ARG AR B IRS RE S E 5 RS R4
f1f) T L IR T 4 R A o A ke I I AT R
) A T A VR B A L He G & L TR SR A R 7
2% VA 0 V) DRI A A 7 R SF ) 2 B kg [ P A2 2 F
FEFA AL FEE S, 5 TR 3 %2 B (Floating Car
Data, FCD) % [a] Wr jit #% B 47 % I 18] 350 90 5 — 4> 5
BAFFEIGES . BT P ES R TT C T
ITS V-5, JFFCE T R F B4 W7 8 4
BRI TE ) G R 1 T 4 e K HaZ RO 7 [R] T iR
i G RR  R EN 52 by N N d =  S  DE E SAE
A GPS B A 11 B BeA T BB R AT AT Y

TET [ ) DAY 90 14 1% G0 17 20 26 i B AT R I LAl 1
BEE R 2 2 B ATIE RS bR TR LA,

TRV fiff AT 1 RH R B2 2% o T 8 A B ) 4 il 8 1)
ZEARERLS) B IR AR R B R A AR
HE POLIF 20 ZEAB R A R AL SR A TR RS A i £
RIZEN L Zheng S5 M8 B F 52 2% 1 bl 2 0 2% 5 AL £
TEBK B AT RR I ), ok Bi A5 A 7 B A XL
55 BAE N — At A S BN Re AT B B AT RE I (] i
TTA &A1 Han 884828 ) — A B% Be SR A B AL, LU
Yok 7N A A R A S BEAT S R 7 A (0 45 K AT A I T
2 WL ) A S B0 38 X OHE S B RHE B A E
ik I 245 Tiang 45 I R 7R 08 I A5 A0 31 5 8 Bt
FTARI )1 MR AT J% , HA A S H0L s Liu S5 42 1
— A 1 1 R DL B AR A A A I
KA AR T B e 7 S B TR R TG v R I 5 4
g b S X OfE SR EF R M2 ASEZ
— ;Jenelius ZE 4 0 AFURL B 008 T 10 5 42 47 AR
(1) 3 it DAy s AT R N [ I ) A DR ABL R V5 A T
BOATRE S ] A5 Y (4 4 A\ S 800 8 I R AE S 8 (B )
B TE I S A B B B0 ORI N B AR Ak Ag GE
HOMHEN MRS L OGS R E A
S 2 SR PR /DN U 2 T 4% 7 R i e B AR
R T p BeAT AR B R] SR FH 35 % 550 1 O A /0N U w22

I 2 119 400 G I 4% 2 50 B L B A S 80 T 3h AT R
B 6] AR D AT R B I LV 2l 2 A A ek 0 5 G i
J7 145 Rl 4 B RS (R S IR B S B B K
A A T 8 B AT R s (] )P 2 Bl AL Sk 508 T 58
91PN 1 2l 25 HE BN BE L AR B e K HE BA K BE i 2 32 2
ST S X3 5 B 2 DX S8R P ) 9 3 A R A
77 Bl A X IR AM 4 A5 R 1] 5 X380 P9 A SiE 3R d ¢
1B B BT 47 RO (RS B AR BT T AR R A 1
Z R H R I A G T L b TR, i
Hb BB AT R 2 AR B T A8 X D AE S I
A& TN Bl = T S SR A Tl (=SB I I el o1 o ]
B A = A AR 2 F R (RE R L HAE S
Tie BE 50 ) 288 TC VA AR M AEAR KRR BE Bkl 20 17 07
2 1 S

S5, TR AR R N R B, 3R AL H AR S ]
vk o ELHEEE R BE BOL B PN GPS 2 7 85 19 7
AR DR R A Y 5 2 B G 4 i B LY
17 I g o N B =t o 1 I [ 27 B
GPS & i s 14 % B 380 B2 e 4] Al B30 4 0 2 2ot 2 B 1Y
SRR R RO R B AT RN ], R SR
PO T L G e 2 B B AT R B IR AN 3 O
B oM R WIBEE GPS B SR A (] B 04 A 7 1 K
I T Bz 3 5 I 0k AR A5 1 % B AT AR B (R A 31 iR 2
B BRI R RN T 7 s B B
AL L A TR 22 3R 8 B3, 4 R A R R AS /N
7os I ELHEIE A AN T RIOR BB F IR A

BB M A8 GPS %8 v 5 =22 18] Y 28 45 4] ik
7, FLSCH 250 2 A AHAR I GPS 5 057 8143 5l ff
T B R WA T ik R B A 4R GPS
JE N A5 22 T P 240 50 R AT sk s G St 4% 1 oA B B i
T AFAE GPS 2 07 5 - H GPS i >R £ 18] B 428
AN B TE B BE S 7 75 4 R o B B . SR ZE AR
ZAGOUT s B W 7 5 CRERIZ S B A F1E 5
28 L AN ) 22 TR B A7 3 B R AN W AR A Y

S H T ARBL Y (R B AT RS D AT A
B 15 5 Be i 08 L 38 T TR S B L AR T A 2
GPS & i s 2Z [a] 2 40 0 5 3 AT 3 Ay R 38 ffF 1 2



102 X @ &

I £ ¥ W 2014

TR IS T 2l A B0 SR R 18] B AN B 1 B
AE YR ST s SE B Bl R Y 3 R AE
(6] i — fc o 30 s CRUREJSE B4l ) o e, 17 78 B[] 4l 31
(L 1) T 0 B2 TC 122 7 B AR IE

BT PR TR A SCHR ) — B 5 O I £
SVBRIETR B3 Bl 4 B AT R I LA 07 ik O
A3 Y [ Bl A5 3 43 e B W T 1 3 A5 30 4y R Bl
DR F g% BEAT R IR (A Al 3 4 BB R A
R B ) 52 B o5 i B A — e g

33 R 3 2530 43 5 s B i B s A R A
2 AHEHRR I S S EAE S 3R B AT BOR S
BT B R 43 R AN T 1 DX 5 P B 2 R R IRORE B
1o U A5 52 A5 T P T R R R A F 2 AR RN L B UG
BeAr R i A T (9 F AR 208 5 3 B A A I ) i A
Bext v A [ DX SR 77 20 45 H A Rde 5 R BOAS [ /9
U v 3 3 2 D 4 4 P S Bl A R L AR
AN TR B 800 A% P 3t S RH L B9 AT R I ) A A 2 LA
LA T i BEAT AR I (]

AR SRR B SCPF S5 P2 B 42 AT B AR
5 B30 3 DR AN [ 9 DX 38K A g g B s B A CAS T X
BN A A8 GPS % AL 45 2Z 18] #4230 A 0 ) AT 3t
19 38 JH LKL B8 T 9 8% B AT R F G 3. A
SCT7 k1 DB 4552 A5 5 P 5 R R Y 9 B A R dle
PRI e B AT R I (B Ay AN 7 B8 B TR A0 0 15 5
PC I S o TR IR D77 35 ) Sl 2% 1 DA i B3 SR —
{14 DX S8R P A7 7 9 30 2 RO A DR o A TR )
it R R Ik E HIVE R E AR

A SOPIEAEAR KL BE Lot 1 A5 58 5 b TR p
T AT SO DR AE S SO S I 5 BBk R T
LR JEE 5 20 2% Kt 1) et BEA T A I 18] i 3 1R

1 ZXAEEFHER S

A SIS R 2 (8] IR AL B BEA T AR I [ 1 — > EE 2L
LR Y » SR o A6 Bl 2 e AT 1) O e B
A7 R I (Al T 7 7 52 BR T X A2 40 00 A 52 31k
JBE T A R A T A T 3 Bl A S R A TR B AR
KRR 2% R B 5 28 S [ 1040 - 1 45 i)
7 2l AR AT RE I 1] 315 PR AR PR A A R

AR SO S o - T A S B A s B L AR S
P LT3 Tt T B B v 3 o SV 8 4 R L S
WL T2 BE RS I S A5 % BERI 43 LA 15 min S R
G Ta] Fia .

1.1 FEXXOMERZHERSE
ZE B 1K 52 S H HAT BELYE A AE vh % 5 kAT

FEBR  LUE S 22 B L 7 1 AME S R
CLAT R 23 X0 F8 43 4 I A BEL W VR D 450 2 4 T 1 2
HEBNARL DR b 7= A Bl 2 2T R T I - HE BA ZE 50T 1R T
. A R s 17T 900, B AE A 4 4
HRE A  NE R EE AT R2IELE SN
TN T g 5 A 7 A A g o R AR —
i Wy Re BTN BT S KBS 15 N B B N CX B B 4

i G e ok g% B Bl 285 K] 43 BE A A2 A TR AESE XL Y
T b ol A7 AN 3 58 RO B R T A I 2 3 A
2 A28 ST [a) % BN R D3 AT 3R A R R
I AE 28 SC TR 42 1 B 152 5 AR A A AT R I () 2L
B, 3T GPS 5w i 5 AR 077 3h 8 . ek
I A K B ) A2 S A B
1.2 ZXOEBEHEXS

6 BCRE 5 T A BT (D BT E
T I 0 AT B R I R R 42 I (][R Oy i i B b
2010 47 H 11 H&E 2010 4 7 A 14 H& R 7:00~
9: 00 CA STHFFE I B X5 2 128 o % 7 2l 4 B8 34T
Wb B, FBALHE 2 S,

Step 1: B4R 75 Uk . $5 78 Bk 2k B4 O e 75 JF
PO BB A A e TP A — 3

Step 2 K4l e 4 . B BUHE L M B8 — M iE A
R ot 110D W

DATHUAL S 07 3 4 s D e Bl L A T
PFFE 28 X1 3l A R 430 R BEAE 15 min
P[] BT 0 b 9 52 38 R A8 DR R RRUE S R TE T I 28 XX
PR8I BA 0 A 352 48 AE A AR B BIF 50 B8 B | 7. 00 ~
9:00 IS RS IM B ]9 8 TR AR TR Y
B 1, FERa s B B 2010 £ 7 A 11 H |
2010 4 7 H 14 H RS E 8% oD 7 RE
T B B B A R

£1 FREBHY
Tab. 1 Sub-state properties

FREGH S 2 3 4 B dis

7:00~7:15 A 19 VF 3 BB
2 7:15~7:30 PN T 3h 4 5 R
3 7:30~7:45 19 TF B B
4 7:45~8:00 4 [ 7% 3 T B
5 8:00~8:15 YT 8 4 Kb
6 8:15~8:30 A 1Y ¥ 2l 4= B4l
7 8:30~8:45 P 1Y V% 3 7 Bl
8 8:45~9:00 A 1 ¥ 2l 4 B4l

L3 HKEERSH
MR A ET5 53 500 8 A 5IRZS T 19 % B d



% 6 M EB R F BRBEATREN AT E KBRS E 103

AR BEAT RN 45 2R 2000 LI 1~ 8. 7 Bl 4 K dle A
CRAROTE T SO 78 i B 23 18] 38 [ 1A DA 26 ABL ) 20 A7
Hoop A iz S ERBON LT 3 A X

9 -
&
&
1
B
&
1
0 100 200 300 400 500
) 26 BE AT X o0 B BS/m
1 FARES 1R Bk A
Fig. 1 Link division of sub-state 1
&
<
%
b
£y
|
1 1 1 1 1 J
0 100 200 300 400 500
BN EEE AT X0 A0 P BS/m
B2 TR 2 1Bk BRI 4y
Fig. 2 Link division of sub-state 1
10
# 6
<
g
B
® 2r
-2 1 1 1 1 J
0 100 200 300 400 500
V- 3)) 76 R 28 X 1T A0 B B /m
&3 FIRE 3 1y g Bkl 4
Fig.3 Link division of sub-state 3
&
<
g
=
&
-2 L 1 1 1 J

0 100 200 300 400 500
3 % BE A XA o0 B B /m

B4 FIRA 4 n9sk Bk 4

Fig. 4 Link division of sub-state 4
(DX T, XKk 1 0 i 58 X A g T i 2
SE A A LR AR 25 B DX T B A B LT R
0o FEDKIK 1 AL 4 5 LA HR (9 3 3z 17 il T K dls

&
<
g
B
&
_2 1 1 1 1 J
0 100 200 300 400 500
¥ ) 7 BE A8 X A0 B B/m
B 5 FARE 5 BRI 4
Fig.5 Link division of sub-state 5
£
<_
B
#
72 1 1 1 1 ]
0 100 200 300 400 500
V3 2 B A8 X0 0 BE B /m
B 6 FARE 6 MK Bkl 4y
Fig. 6 Link division of sub-state 6
251
®o15F
&
1
B
® Sr
-5 1 | 1 1 J
0 100 200 300 400 500
V) 2 BE 3T X o0 BE BY/m
B 7 FARE T 0SB
Fig. 7 Link division of sub-state 7
2y
<_
Eig
B
&
_2 1 1 1 1 1
0 100 200 300 400 500

FHNZEEE R X O A0 P B /m
B 8 TR 8 [y BRI 4y

Fig. 8 Link division of sub-state 8
14 SR B ] PR s A (298 30 ) L B I, K3 1 9 JLFEAS
FETETE B 250080 A 500 R ) % BEAR /DN
()R 2. X 2 ol 28 X5 2 4k Ak JT i
) BE 7 Ab 25 A X3 VF Bl G B AN S S
TR TF IR P 1 £, LB 7R 1% X S N 4E R E —
EMEREN . FEXE 2 W, Bz 88 LOfFE



104 X @ E

I £ ¥ W 2014

A A R ) R AR R VR B AR SR 2
Bl S ERCR

(X 3, X3 i &2 X 1T iR 3] 1l
38 S H T AR &5 A X3 T Bl AR B A B
Aab R UK D o HRICHE 2 X I A R A — S D
TN . PR3 N 25532 3 3¢ X H A 5 P 1 4
RIS M /N LGB AT R A S ol TR B AR B R
R () P 85 Ko DRI 77 3l 4 580 A 20, 7 Bl 4 A
SR BN

W 77 3N 2R B0 A PR IR 1 7 R B L H
S B AHE BN B R 0 I I el 1 S 4 07 B L i
MEATFXE 2 WRRBRX 3 WG 9N
SAFRET WP B KRHAFAKE, T LLE ., 1
7:00~9:00 [a], 28 S Y24 % K HEBA A BE A 32
BRI H N 8:15 FF IR 38 11 P34 e R HEBA
K BE 230, TR A 6~8 114 7 1 5 K HE BA K B —
BRSO B, XS AT AL
I 1 [0 T 90 B P 5 30 IR SRR AE

[ ]

3 4 5 6 7 8
TREGH S

200 -

100

0]

B9 i RHEBAR

Fig. 9 Average maximum queuing lengths

2 EERmEENERS

FEAE ST [ 2 25 R0 43 1 Atk % i B )
AT S AR 4 . WS RY BOT B B 4R T iR
SCEH AR B S T 15 m M B &R TR
WA X E AR B e i W 15 m iy AL E, DL
& 10, Hordr, TR IiE A8 U H Y HE R A 45 7E 1% 5T B
BLr AT AR E 7Y
2.1 EFHEREBTEMNBEMGITREE

T 3 4 s BT R R Dy

T=1t—1 [@D)]
Ao T 5807 3l 22 i T P& B AT BRI 5 20 2H
T ) 253 Ao A 1R B T B 22 5 0 O VR B Bl A &k
W T ) 5 221

i (D Af RLE L 3 4 i AT R I (R ek 1
22 3 ) 38 3 BTG [ B ¢ 1k B TR RIS A D T )

S 35 B K HE BA K BE/m

|
0

K10 OB
Fig. 10 Link unit

Z . D RO AR BT Bl 4l o B oG BT e 2
W TG 114 B 20 L A BE T G 4 1 B BEAT R I ) E AT A
ATt .
2.2 BESWERXS

AR 58 S H Y B 2l 25 R 2 O i AR A S ]
f18 X B 3 285 40 43 Syl BA DX I b G X, B 1L
HEBA DX 38 by 7 7 58 S5 A R AR TT A6 - A T i 58
P23 d R HEBA AL B AR S5 . 30 X3 ey T 9 58 X
- 35 e R HE AL B AR T R 7 B 38 S 4R 4R
AR SETR . HRBN DI 12 X B 58 38 1 44 19 X3 1 1
3 XI5 i DX BB T AR A W 3 Y DX

T¥WARXA
HEBA X 35

{ i

P1T 22 SUH i iy IX Bl 2y

Fig. 11 Segment division between two intersections

K12 B B e e BB o . Al TR Bl A
a2 i DR TRT A I 22 R A B T DX 1 HE A
DT AP Bl R . AR s R e &k
T TR ) P 221 i A By T 0 DX 2 5 A X R 2
PN IR T 2l 25 B8l

i) TR
% 38

| || =wrems .
Wil B %iE (W HEB
B2 K2 K1 KB 1
/ / /
T gglt | 7 | T
|H9?E

Bl 12 B B w3 ) 4y

Fig. 12 Division of link influence scope

3 EFHEHERK

WAk B 2 4 I hh RO S B AR AR AR K.
DR g AN T A 97 B0 2 00 30 ) o % BEAT A 1] 2k



% 64

EB R, RBATREN AET S ERERE S 105

Fr ARG T TG AR SORE 2 — 22 2 98 7 3l %2 K di
S IPUH A 35 77 3l A R A D F AR B . DL
7 2 AR R0 0 s GE 3t B 00 X i Bl A B R AT
UG MR 4 BB

Step 1+ K& A1 3l 42 B0d w3 A 2 %8 B 50
JH B 11 o 3 DX 1 A X 15 X 2L HEBA X
2 AF A4 AN TR KN B 1A S
TET» FIF A DX 35811 O o BT 1 DAy 58 ST 45 AR 2R AL iy i X
SR Fy S B BT TET O BE B8 A S E 15 m A G B B
F18 S iy T IFT 6 1 T TR AR

Step 2. B DX 45 P4 B 15 L OG5k W THT S5 3 1Y
1A B4 s A S 2 DX ) BF 5 000

Step 3 K138 XK 2 SHEA XK 2 §3F08 1 4
R R X 1 S5 HEBAIX R 1 5960 1 AR
DI, AR B TE Bl M R DU FE LR 1 AR IX
SR U2 Bl A R S A RE T T e B AT A I T
it RO AU B F 1 A R I 1937 3 % 2 3
S HUREA S B3 0 2l A2 0d i e 1 A s BB T B9
I 220 T JC 35 Al 3T 2% 72 3 Rl ad oy 1A % B
T ) B 0

Step 4 1 98 #5 A 3E 15 HEAT A7 B I (] Al T 2F
2l AR R R A B AR D B BEAT R IR A 3 H
PREE .

4 BERTREE T

248 5 3 4 H AR B - o — 20 0 7 g 7 i BeAT
FEIS (B 117 2 AT RO
4.1 REXERNZF N EBIRSFE

43511 4 B BA DX I 1 3 X I8N 7 Bl 4 A A7
RRAE » FE A X 2 o X8 PN 1 77 3l 4 B R ALE
411 HER R B8 3 F B4 A

HT T A X8 37 3l 4 52 58 S 5 5 S i S R
AR MR A TR G 1 2 20 A R BA DX I P A 8l
IES A X IfE S B Z LR,

WFFE e BOh e BT AL BV B BN b 76 B 2 T 1
P& 0 EAT BB CORTE B AT - WF 58 I B IX A b 5 7
6% 55 7 9B B 5 ST HE B X I WE S H AR ZE S H R
R PaE S T S X, B TR A R 2
SCATS (Sydney Coordinated Adaptive Traffic System)
GO RS G, H AR X H R AE T R %
BT IRk, £ 2 S HARSS X AW 5T B
(6:30~12:00) I fE S ECH %

% 2 H HARS U B 5 JE O 160 s, AR P
HATHAI SR IT I N 20 s, 20ATAF K 137 s, /i

®2 BRZXOMEREMAR

Tab. 2 Signal timing plan of target intersection

MILLFEFN | FEdIrm | GATHH /s | BATHH /s | 20X /s
0 [2ElAEn 88 3 69
1 ML 20 3 137
2 INEY 20 3 137
3 PN 20 3 137

TR 5T Bl AR 0 SR A TR B — A 30 s, AT LA
RS AR HE BN XN &% T R — TR
FERE CEDHE BA XN 19 H A5 808D Z 05 A
30 s BERT A @ HARZE X A 4. Gl o b
T7 8l 4 H RO 5 75 HEBL X380 i H A5 500 A
IV TETE LR 2 AN el Y A

(1) FE LT B[R] 18] B8 P9 3 20 42 AT 3 2o 38 ) H 45
T gk B R — NN 0 IR AR A Z F)
A8 S 545 ) 4 5 i) DA A8 v A ok B 3 5k 28 S I
1L, BT IR

(2)FE LT KT A J2 s BEAT [ B P 3 3 25 5 a5
BE— R O FE B J I B E) N O R F 30 ) A 3k
XL LT R S AR RGO i Z B e X 1
G R AT ST R AT g T
(1] B e J o DA R i o 5 58 S R R 4k

R T R X AR S A S —
BIRTF 100 s, I H AT — 070k 35 Ho2r 4T B i)
BIRTF 30 s, UL, iR 45 38 X6 7 50T A0 XY 7 B
FRARHE .
4.1.2 ¥ R 369 % 30 £ R4 AE

i 38 DX 3 1) 7 3l 22 AR 245 5 48 i ZE 1R 1 5
M) o LA A B ) 0 R 3 3ok i 3 DX X 38k P 1) 7 B0 4 H
PR B0 o5 B — A Ry O XML B A9 7T 3h 4 B dE
HeB B EE S O i B AR R B AL THEER
B TE AR AE B 20 2Z 0 AR M o 5 4K BOH A7 38R
25 R LA 5 S R Sl O 1Y 3 2h 4R s T ME A
TIZ TR 3l 4 1 Ui T 3 i )
4.2 ZHEEHREESE

XFVE Bl A E bR ECE AT 43 28 A AN TR A Al
S IR 3 N7 AH N 1 [ B T T A A 204 s . I BR
JEA s Dl O MRl 4 H AR B . T RIX SN
$¥65 B T 18 30 Ao o 220 £k ) — A R X L LR
DX IR AF 52 X B G v 43 A 0 4 B L O L R 4y
HULE 3 R,
4.2.1 HFEEEA 1

B A 1 S AAF AE TR <8 HE BA X 8 P 1 £
o DL 13 AR 5 32 HE B IX 380 9 1 77 30 4 H A5 5K



106 X @ &

I £ ¥ R

2014

160 5 3 “
7
J|

Sy

[&13 Hdmesd 1
Fig. 13 Data type 1

ik s B U T e v )
4.2.2 HBIEEEA2

B 2B 2 g {UAF AE T HH A8 i DX 3 P9 11 %
- LA 14 AR 5 i W J DX 3 P 1 97 3 4 H bR R
i T s B U T e e v )

HEBA X 35K

1% 38 DX 4R HEBA X 35K

BEke ]
BBE |

-

4 HEkm 2
Fig. 14 Data type 2

4.2.3 FHIEEA3

FHE A 3 O AH AR HE BA DX 35k 5 e 3 DX 3 P 1) £k
It [ I A7 7 DL 15, Rl Aok 2 A4S BN 9 3 3l 4
H A 508 Ay T 2 B W 18 3 5 B

430 1 HEBA K 5%
J
Bde ] .
gRwiE |

.

B 15 BRI 3
Fig. 15 Data type 3
4.3 R EUTEE TR R T &
X3 Fh S 2R AR B B B e T I 2 R AT
i1t
4.3.1 H#EEA1
BT 1A i B e v 3 o B 2 T S
BObs o AL LAY 2 FR 43 L.
(D) ZHbr
Al T 2% B W 181 38 2ok B 20 22 BT T e H
RIS HGHAThRE . B S 500 35 HE B X381 X B
B Z5S KB FHEESE.
76 HE BN DX 35k X B 4] 43 B 5 DAHE BA X 35S 46 I8 1T

RN E IR 4 mEIET/AMNRE KB &
S W TE S UL 16, DU FE 32 HE BA DX IR P AT IR n
/I\Hfﬁ'ﬁvno j‘:’

n, = fix(%) (2)
A fix(C ) MATLAB w9 1) & U3 pR &L L
g HEBA DI K

% 38 DX 4 HEBA DX 35K

B [T
4

BRE |
r B A7:m

16 HEBA X S8 X BEkl 2y

Fig. 16 Segment division of queuing region

1 BA DI 54 DB T 5 T 98 B B U T =2 1) )
KB R 1A/ B AT AR my A/ X B, o, I
A1 575 i B Be W i 2z 18] 1y X Bl IXBE 1, T 2
55T i i BT 1A 2 R Y DX B B 2, DA S HE L BT
TAT 7o 551 Ui B B WY T 22 ) 7 DX B o DX Bt

T8 X B 23 B2 Bk i i ) Dy s 7 gl 4 A dk
(Tab A5 A58  JE HARER) L H R A /N B
MR B B . KB k(R=1,2,++yn) HYF

IR Ve K

14
=1

AV, WX B WIS R b M E,

(2) Al A5 7Y

B anHE B X 385 P 19 5 0 B0 4 B bR BcE 50T HE
BA DX IS B Wi & k1 2Z (8] HL i B0 5 B B Wi &
BT L WA 3% 7 3 78 A Y T8 LAV, i
AR R I B BT AT I B TR B R Y B Bt R v S
L2 T, R

T, =0+ L& )
v,

A IR RE S SRAERT 2 L R F B 8
Pt BE T Ui I B R T A

[i) B, Q0 SR 2 B B o S W T A 1 BT, A
KIE B ZE N BB DLV A e 5
UiFe B B T T+ I B 92 T ) 2 1% B B T T 3 o B ) Ry

T, — 1, + L 5)

Vk+1
4.3.2 HIEEA2
R B W 10 3 Ao 1S 0 A T AL B R S T o g X



% 64

EB R, RBATREN AET S ERERE S 107

B4R 3 A K I B, 43 i 5 TR TR R IX B
B 1 T T A

(D ZHhrE

bR E W 38 X X BRI o 5 KB B
P o T 8 43 2H

oy 3 DX 3 DX B ] g3 o i DRI 4 R 3 A
KB i g X B 1.2.3, b KB 1 &8
T WA O LR AL 2T RS S AL,
ZIXBRKERN Ly X B2 12 T IX B 1 By % ik W
T 26 1k BE  JR G T I 30 m ALY AL B X X B
KB L, N 30 m(IAEIX 30 m (19 X BEN , 24 LA
AP T G A) SIS AT 3R sl BN A AR T
WO X B3I TIX B 2 & LW, 2 1k T 1%
DX 38 1 26 1k BT T 3 X B BE Sy Ly o W 38 X R Y
X B A 43 WL 17l X K Ly

L,=1L, +L;+30 (6)

DA K i 3 DX s i) AR e D TR 9 58 S A A R
A0 R FEHE L BERR A m S 1 W E KB 1 AT
BEST ny ASWRTE . LUK B 3 A A U B T A ik v L 4 B
4 m BN 1 ASWIE  7E XL 3 AT g ST,
KB 15X B3 Wik nons 0980 % 7 0
K2 XBAFHHEbRE T E S 4.3, 1 WA .

XEB1
K
X B3 X B2
I [11]
L4 15} 15 All.
I
Bfrm BEE

P17 X g X B Rl 4
Fig. 17 Segment division of unblocked region

(2 Ay A5 Y

FETIXBL 1 P B A U 1 5 B 2 A R R
4.3.1 WM .

FEF X BE 2 PN A 1 W 16 A B 220 A A R
B AN B 2l A H AR AN T IX B 2 Y, HZ R
it LT B BB TED 1 3 DT 3 4 Y i B R T
i 3k i 2
L
v
b VORI Bl B R A R

B 2 B AL T i B UK TR ) b U S DN Bl
B2 1) 5 B B T L B 22 Ry

L

T, =t +V (€D

T, =t, — 7

FET B 3 P9 CHE 1Y 1 T gk B 2 A A R
H A AN 3 X3 X BE 3PN IR RS TR B 2R R AL T
X BT i+ 1 TE] FLIZ B A R T & 4
AE S MIIA 2 07 30 4 N b 3 3 BE BT 11 LAV, 3 )3
PRAT I A S K PF Bl A 1Y B B T T A
Z1h
I

T() :fgijl (9)
\%

I AZEE S B W 1 BOE WA TR
2l A2 N e B T TR LAV B R 20 AT B 2 Y
7B W2 20 2 1) e B W i ol ek e 221
L

= 10>
Vin

T():tg*

4.3.3 FHIEEA3

MR A5 17 2 4 B AR B0 A5 70 AR AT R BA X I A
DX I N il b 7 ) AN T FE G 2R 3 3 43 Ty 3 il
SE R L 1A HAREUE s AL T AR QB HEBA DX I Py
73 1A HAR B s A7 T AH 4B s i DXl X BE 1 s
165 2 1A HARECHE s 0 T AH &8 HEBL X 30 L 55
1A E AR ECHE 5 07 T AH 40 i i X B0 X B 2 P s 1
3 1A H AR B s AL TR SR HEBA XN 5
1A~ HARBCHE o507 T AH 4B W 38 X X B 3 .
3 A 540 LI 18~20, 3 Bl S A U 18 38 g
ZUE TR .

KB 1
508 1 35,
X B3 X B2 | ! HEBA X 35
[T (R TTAITTITI
pamm o4 A g

Irf

B 18 51
Fig. 18 Scenario 1

B f7:m

XE1
1% 38 X 3%
X B3 X Bt 2 HE BA X 35

(CTTTTETETTTTETTY 1o T T
pawm 4 A g

Irf

19 5 2
Fig. 19 Scenario 2

CIE 5 1A W T80 308 e s 20 £ A 7
TEAE 5 1 v o (e B U T 3l ok if 220 i T 7 A )
T XX B 1 P 997 30 4 R RO L B AR

BA7im



108 X @ &

I £ ¥ W 2014

KB 1
3 K
X B3 X B2l | HEBA X 35
LT T T LT T T
mawE LS LA muEs

Irf

& 20 53
Fig. 20  Scenario 3

B f7:m

AL 4.3, 2,

(21 5% 2 1 W Th0 3g o g 220 i A 7Y

TETE 5% 2 v o e B VR I 3 ok i 220 i T 7 24 D)
Tl DR B 2 PN Y B A H RSB R HL R
AL 4.3, 2,

(31 5% 3 A W 1A 3 o e 220 i A 7Y

i 2 R BN DX B89 H As s s B SR s 9/ IX
B an 2Rz DX B HE BN DX Y X B & U5 X

B SR V. B % XX B 3
H AR SO TSR T8 1 /N KB, SR /N KB o XK B
3N /NIX B 7y 330 /N IX B Y 8 S I

Voo 1553 U S ki 204 R

letgit,lzTZ‘#Tg (1)
«aV.T,=1L; (12)
aV,Ts=L, (13)
t:[,1+T3:t3_T2 (14)

e o TR 3 A Y i B W i o 3o B 205 ¢, O i
DX 358 P A0 A T IR 220 5 2, DA BA DX P SR )
Z05 Ty Jh iy 3 X 30 PN B30 a5 B X P R 0
Z 8] f4 1] 22 5 B i2 3 3l 4 ol o P RS R 2 [ IX
Be AT REmE )5 T, O 3 3 %5 I i BE BT 1 21 1 30 X
SN Bt L BT AT SR A TR 5 Ty i 8 A AHE
BA X 35 P B0 A7 B 3 B W o P AT 8 P T 5
B TE R H Ly Ay o il X4 A 530 i B B B O i
f BB 5 Lo Dyl BA DX 8k P 00 30 A B i B T T
.

5 ZEBISH

AW g0 1 W TR 52 R e T B L SR TR
T R 2 ZE B U ) 30 22 1 A7 52 b R % 300 2 AT R
LB R 1 s B B0 3 S0 50 s e S i A A
BRI LA o 24y BT Ab B . F T i B N L e 0 B
Bf7:00~9:00, 2010 4F 7 J1 12 H IR0 B 48 )7 1)
MR g A6 52 V4 B R 3 % 5 ROF- L % =Z 8D R FdE
% (G P B 5 v LU AR B =2 D)D) b o AR % RSP %

FPEHE B% Z 8] | 52 B B (i il R B 5 b s v i 2
1) A L (b 50 P g% 55 r L 2R B 22 1)) A M i
PR % 5 R Pb i =z 1)) . 2010 42 7 J 13 H ik
R gk 7 05 2010 4F 7 H 12 H A9 5 % BT )
.
Do A5 UL R T S T 2l A R R 4 1Y S
Ot Xt I 4 R dE O A O e Ak B A BT 9RO -
T A % R B I 1) HE R AR 30 s KR
B b 4R B — AR L B A 4R OB B D L 30 s
Shy I i) 8] B 9 RELAE B K880 » SR R 0 90 M AR SO
% VEAR R 5 L T 3 4 e B AT R I e g AT
it
et 16 > Be b S i BeAT R ik 18] (52300 47 A 1)
8] AR SO v AT RR S IR)AS T1(E L BB AT R A A
L 0 i) 42 3 A 8 P B Al 360D A S i A i » %
BeAT RIS VAR WL 3. faT JH 260 36T 5% 22 A0 A X R 22
HKPFAN T7 3k A B 3 R
®3 BRITENME

Tab.3 Link travel times s
BRkEA | SeAT AR5 Bk 7] 4 7
%t 5 i) (g (g (g i)
1 136 145 108 158
2 111 99 128 152
3 511 529 545 462
4 152 158 167 192
5 284 265 277 261
6 93 86 123 46
7 128 159 151 208
8 101 108 114 82
9 316 298 334 285
10 179 192 162 86
11 196 199 177 233
12 54 47 145 47
13 121 110 163 144
14 98 111 89 133
15 119 105 156 80
16 116 124 104 187
a=|A—E| (15)
A—E
r=100 ‘Ai‘ (16)

A AVE 7350 0 i B S I A7 A A (8] A0 4T A A ]
FEIHE sa v 20 B D 32 B B AT A I 1] Al T {8 ) 46 %)
R 22 MARRF R 22



% 64

B E S RBATAA AR 695 3 £ RE B R 109

&l 21,22 43 5 AN [6) 5 125 04 48 %) 1% 2% 55 AH %
W25 AL AR SOy AT R I A A SR Y O B 4 X
DR 2 T AR R 22 50 0 12 s F10 8. 67 Y0 5 HL 42
AT AR B AD AR T 1 SF- 249 448 X 5% 25 RO 2 AH X iR
E43 0 22 s F117. 85 %6 5 a4 35 47 FE B 8] A 1A
491 38 ¢ % 152 25 17 24 6 X 1R 22 43 i 41 s AN
29.80% o BIUL, AR SCOT BT SEOR B A T B B
Ak

102
—o— KL TT
85 —— HIEE
S 68t
e
51
&
§ 34r
17
0 4 8 12 16
BmEARS
Bl 21 4a5%hiR 2 K
Fig. 21 Comparison of absolute errors
70
oA T
60 -  mE#E%
LRGIE: 273
< 50
W a0l
oK
= 30}
= 20
10 -

1 23 456 7 8 910111213 141516
B A G5

B 22 FHXFRZE LK

Fig. 22 Comparison of relative errors
A
£

6 4 iE

AR SCTr 3 Al A Rk D HDREJE (30 s Ze 47D 7%
2l 7R R 9 3 B AT A I 1) Al T )T, HOAS i 24 Bl
TR E SR FEE .

COMRYE S SCAE 5 P il T B 4 AT Bk 25
e B DA A [) DX s TA S B B B A A0 CAS [ X35
P I GPS JE 7 i Z 1] 4240 A S 20 3 47 3 Y 35
FOHURLEE SCHE ™ 9 % Be A A i (814 35 2o i 4w 32 A
TS BRI T B A R DR B B AT AR I [R]
FhTEAS TR A5 BT RS AR £ S B A5 R

(3 ATy ik 1 STt 4% 1F DAy df B idn 5 5 — Ml i)
DX I8 P9 A7 AE 7 2l 5 bR e a5 DR Bl 7 oK R
Wb T T LR AL

CAYAR SCT7 AT 8 BF T Ay 3 B - 24 46 X R 22
ISP P AR 35 22 5330 12 s F1 8. 6706 WAL T 1%

Gl br AR,

5 E X Hf
References :

[1] WANG Jian-giang, NIU Hui-min. Graded-information feed-
back strategy in two-route systems under ATIS[J]. Journal
of Traffic and Transportation Engineering: English Edition,
2014, 1(2): 138-145.

[2] WUCH, HOJ M, LEE D T. Travel time prediction with
support vector regression[ J ]. IEEE Transactions on Intelligent
Transportation Systems, 2004, 5(4): 276-281.

[ 37 SUN Lu, YANG Jun, MAHMASSANI H. Travel time estimation
based on piecewise truncated quadratic speed trajectory[]J].
Transportation Research Part A: Policy and Practice, 2008,
42(1): 173-186.

[ 4] ZHENG Fang-fang, ZUYLEN H. Comparison of urban link
travel time estimation models based on probe vehicle data[ C] //
MAO Bao-hua, TIAN Zong-zhong, HUANG Hai-jun, et al.
Seventh International Conference on Traffic and Transportation
Studies. Kunming: ASCE, 2010: 615-626.

[ 5] ZHENG Fang-fang., ZUYLEN H. Urban link travel time
estimation based on sparse probe vehicle data[ J]. Transportation
Research Part C: Emerging Technologies, 2013, 31 (1):
145-157.

[ 6] BISong, WANG Zhi-jian, HAN Cun-wu, et al. Estimation
of left-turning travel time at traffic intersection[J]. The
Journal of China Universities of Posts and Telecommunications ,
2013, 20(S1) . 10-14.

[ 7] HAN Shu, LIN Hang-fei, CHEN Xiao-hong. The application
of link aggregating algorithm in travel time estimate on
signalized arterial network[ C] // PENG Qi-yuan, WANG K C
P, QIU Yan-jun, et al. Second International Conference on
Transportation Engineering. Chengdu: ASCE, 2009. 2315-
2321.

[ 8] JIANG Zhou, ZHANG Cun-bao, XIA Yin-xia. Travel time
prediction model for urban road network based on multi-
source data[J]. Procedia-Social and Behavioral Sciences,
2014, 138. 811-818.

L9] Z=ifbe RAES. X Hk, 45, 3 T 1 Ah s IR 20 1) < K 2 0 U

Z 4T I O k)] &R g LR AR S S0 R, 2013,
33(5):1289-1297.
LI Jin-yan, ZHU Zheng-yu, LIU Lin, et al. Multi-step Kalman
filtering travel time estimation method based on simplified
road network model[ J]. Systems Engineering— Theory and
Practice, 2013, 33(5): 1289-1297. (in Chinese)

[10] ZHENG Fang-fang, WAN Yu., WU Ping-heng. Link travel-
time prediction using extended exponential smoothing and
Kalman filter in dynamic networks[C]//LIU Rong-fang,
ZHANG Jin, GUAN Chang-qian. The Eighth International
Conference of Chinese Logistics and Transportation Professionals.

Chengdu: ASCE, 2008 3753-3759.
(F4% 116 )



116

\

I

>‘\

I #

oL

¥ IR 2014 %

traffic responsive signal systems[R]. Austin: Texas A&M

University. 1998.

signal[J]. Journal of Traffic and Transportation Engineering,

2012, 12(6): 97-103. (in Chinese)

[18] SHELBY S G, BULLOCK D M, GETTMAN D. Transition [21] WANG Jian-giang, NIU Hui-min. Graded-information feedback
methods in traffic signal control[J]. Transportation Research strategy in two-route systems under ATIS[]J]. Journal of
Record, 2006(1978): 130-140. Traffic and Transportation Engineering: English Edition,

(197 ZRzrsm  Blifb . 0 5. iy 3¢ W £k 4% 2 I B e i 7 58 3 1% 2014, 1(2): 138-145.

BT LT ROCEE TR 22 4 338 B 2% 5 TR ML, 2008, [22] SARLE W S. Cubic clustering criterion[R]. Cary; SAS
32(5):779-781,852. Institute Inc. ,» 1983.

LI Hong-giang, LU Hua-pu, LIU Qiang. Research on tran- [23] LIAO Fei-xiong, ARENTZE T, TIMMERMANS H. Multi-state
sition algorithms for timing plans of arterial time in-day traffic supernetworks: recent progress and prospects[J]. Journal of
control[ J]. Journal of Wuhan University of Technology: Traffic and Transportation Engineering: English Edition,
Transportation Science and Engineering, 2008, 32(5): 779~ 2014, 1(1) . 13-27.

781, 852. (in Chinese) [24] Wk AR JET 04T B850 0 28 30 1 3858 5 U HL AR B 52 [ D .

[200 /5 LR i), 40 UK L 55, Q38 15 5 B i 9 1 O 48 3 8 £ 1k b R PR L2011,

k[ &8 iy TR 244 .2012,12(6) :97-103. YAO Jiao. Study on vehicle probe data based traffic control
LU Kai, XU Jian-min, ZHENG Shu-jian, et al. Optimization mechanism at isolated intersection[D]. Shanghai: Tongji
algorithm of coordinated control scheme transition of traffic University, 2011. (in Chinese)

(L% 109 ) [16] ke, WL, 5k 5.5, lF GPS #ah i A R % B AT

[11] LIU H X, MA Wen-teng. A virtual vehicle probe model for it (A A D7 3k L] 23 B 2009(11) £ 87-90.
time-dependent travel time estimation on signalized arterials[ ] ]. JIANG Gui-yan, CHANG An-de, ZHANG Wei. Physical
Transportation Research Part C: Emerging Technologies., link travel-time estimation method based on GPS equipped
2009, 17(1); 11-26. floating car[J]. Highway, 2009(11): 87-90. (in Chinese)

[12] JENELIUS E, KOUTSOPOULOS H N. Travel time estimation (170 Z2EEHE . W %48, RIS, 2T GPS I 3 4 f9 0l {7 B R AR
for urban road networks using low frequency probe vehicle 5] EMRE R T, 2010,40(4) 1 971-975,
data[ J]. Transportation Research Part B: Methodological, JIANG Gui-yan, CHANG An-de, WU Chao-teng. Traffic infor-
2013, 53 64-81. mation collection method based on GPS equipped floating car[ J].

[13] 2= 2, %0FE AL, 5. 3 F 3858 SRR A 8 AR W17 e Journal of Jilin University: Engineering and Technology
] PRI R R () ). WIS R A R E AR B2 . 2014.41 (1) . Edition, 2010, 40(4): 971-975. (in Chinese)

33-38. [18] #h & AR C .3 KK IR B 4R 4 R S8 Rl o> By
LI Jia, LIU Chun-hua, HU Sai-yang, et al. A travel time Wt sE )], s 53 5L, 2007,25(5) :105-109.

prediction model based on traffic data fusion technology[ ] ]. HAN Shu, LIN Hang-fei, XIN Fei-fei. Method of merging
Journal of Hunan University: Natural Sciences, 2014, 41(1). urban road subsections based on floating car data[ J]. Computer
33-38. (in Chinese) and Communications, 2007, 25(5): 105-109. (in Chinese)

[14]  J5 BT WAL e B KL B T/ NREAR 2 30 £ R i T 47 12 (190 REZEMS IR 7 XUAF A8, 56 77 2h % 4500 19 38 XL 1 [ 8 74
) i LT AL . 2012.29(9) :367-370. 253 070, 28 R B S % 42,2009, 27(5) : 38-43.

FANG Lu-ping, CHEN Shi-xiao, ZHAO Fei-fan. Average link XIONG Ying-ge, XU Zhuo-li, LIU Hao-de. Methods of
travel time estimation based on floating car of small sample size[J]. intersection dynamic subsections based on floating car datalJ].
Computer Simulation, 2012, 29(9): 367-370. (in Chinese) Journal of Transport Information and Safety, 2009, 27(5):

[15]  Zak#, #2448, 5k #. 561 GPS I 8l 4 19 % Be 47 B i i) i 38-43. (in Chinese)

07 AL . W AROR 2224 - T4 12, 2009, 39 (3 2) :182-186. (200 3/ 3C. TR 4 SO0 A I3 o A D00 5% 080 1 B BEAT 2 6 i)

JIANG Gui-yan, CHANG An-de, ZHANG Wei. Comparison
of link travel-time estimation methods based on GPS equipped
floating car[J]. Journal of Jilin University: Engineering and

Technology Edition, 2009, 39(S2) . 182-186. (in Chinese)

flirH[D]. L« 6 3% K4, 2008.

HU Xiao-wen. Link travel time estimation based on probe
data and fixed detector data[ D]. Shanghai: Tongji University,
2008. (in Chinese)



