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Speed guidance predictive control model on urban expressway

CHEN Da-shan, SUN Jian, LI Ke-ping
(School of Transportation Engineering, Tongji University, Shanghai 201804, China)

Abstract: In the control system of urban expressway, speed guidance was taken as control variable, and
the macro dynamic traffic flow of urban experssway model was established. Total vehicle traveling time
and speed guidance were taken as objective functions, and the entrance flows of urban expressway and
ramp were calculated. The speed guidance predictive control model of urban expressway was established
to optimize speed guidance, and the mutation of downstream traffic flow was simulated by using
MATLAB. Simulation result shows that because of speed guidance control, the average speed of traffic
flow increases from 72. 704 6 km *« h™' to 74, 167 6 km « h™', the average density of traffic flow
decreases from 23.011 2 veh » km ' to 21.156 7 veh « km ™', and their fluctuations are less than 8%.
The speed variance of traffic flow decreases, and the maximum value is only 420 (km + h™')*. The
speed and density deviation ratios between before and after speed guidance control are 3. 57 and 1. 91
respectively. During traffic flow’s mutation period, the speed and density deviation ratios between before
and after speed guidance control are 4. 56 and 2. 34 respectively. So the control model is effective.
2 tabs, 12 figs, 17 refs.
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Fig. 1 Control principle
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Fig. 2 Predictive flow
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Fig. 3 Simulation sections

M 80 km » h™ ', F/ME N 20 km « h™ ! B F 44
LYo L 51N N ZUAE AR | TS B B S I
B sl 3z =AM 10 km e h ',

TEBEA EIE G T 30T PRI % S T iAo 1
JEASAR Ty 5 DL 405 rR R DU B i 52 38 IR R
AR IFAEAS ) S I ] b B R 18 6 sG]
A AT LA Y B O7ER 1 BeB s 7 B Al
15 min JEAT 32 g R 51T G & 2 TS A AR
BB E G| SR ZE AT 10 km « b B ALEN
AN, P78 A3 D A B 5 A T S U A
JE 5 AR AR R R DL M A R S S T
A T YL 5 L B T A A S R 9 Y R I A I
(] 5 25 ] b ARAG 2 14 .

% FE/(veh * km™)

7
6
5
-
3
2
1
0 10 20 30 40 50 60 70 80 90

f [8]/min

B4 o g S m T Y R
Fig.4 Densities without speed guidance control

I 9,10 35 A TG 5 S 4a 1 R AT 7 A B
S T H R 51 2 R LA T DL L TR
JEGI AR ASE i - Y 72.704 6 km e b
EJEHFE 74.167 6 km « h ', 5258 i - 4 %
23.011 2 veh « km ' F[&#| 21. 156 7 veh « km ™',
SR P B BITE 80 LAY .

K11 12 3 50 g A A o B 5 92 T ko
PR A i B ) A U R T S R T 22 LA N
Hoa] LU Y 78 R R A S8 38 I 98 AR 0T 32 38 i

T E/(km * h™)

7

6

924
E

10 10 20 30 40 50 60 70 80 90

f [)/min

B S JRE S| ST Y

Fig.5 Speeds without speed guidance control

3] S/(km - )

BB
ES

0 10 20 30 40 50 60 70 80 90
i [8)/min

K6 HEET
Fig. 6 Speed guidances

V&5 T 2 FEAR ) S I R ARSI R AL A
TEJCHEE 5| FHE T T 22 N 271 (km « b )*
AUm EFEE 997 (km e ') D BB I 4 0
22 5 BOR R B8 % A W o AN s A HEAT T 5] S 4
e - BETT 22 B R Hae RAE AL 420 (km « b D)7,
[Fi fsf 757 22 KM i 3l F () Y L 4 /0N . 3R 2 AT o
1 B S 38 YA S B BE L A FR AT DL A R AT R
S G T 22 38 KRR R A S R
AR BOCH 2



106 X @ E B O B OF R 2012 4
; % FE/(veh « km™) o
Y/ 0
6 55 _
50 g
5 =
z
= =
g 4 &
30
3
25
2 20 15 1 1 ! 1 1 |
1 2 3 4 5 6 7
15
BB
l0 10 20 30 40 50 60 70 80 90 10
o /e ERUNESIET
Fig. 10 Comparison of average densities
& 7 B SRR
Fig. 7 Densities under speed guidance control 700
— G FEH
7 80 o
TE 500
2
6 70 = 400
<
60 300
E R
bl
" , 50 e 200
ES 100
40
3 < ; oFo—o—ocof
30 0 10 20 30 40 50 60 70 80 90
i [A]/min
2 20
11 BT %
1 0 10 20 30 40 50 60 70 80 90 10 Fig. 11 Variances of densities
Bﬂ‘I‘Eﬂ/min 1000~
B8 M EE G| T T A R — HHEEG] S
Fig. 8 Speeds under speed guidance control 800 - —o— TS F )
80 =
& 600
2
76 "
R 400
~ =
) ®
g 200 -
2
B 68
ﬁ 1 1 1 . L 1 A 4
0 10 20 30 40 50 60 70 80 90
64 i [8)/min
K12 M2
60 ! 1 ! ! 1 ] ) )
1 2 3 4 5 6 7 Fig. 12 Variances of speeds
BB JE 1T BT SR A5 R B L XA TC B 51 R B
B9 S b A PR S AT T E . AR AR
Fig. 9 Comparison of average speeds TE G| Ej&’ﬁzFﬁF ﬁfﬁ‘ﬁ%LEﬁ?ﬁ{ﬂ" ?}’:fﬁj 5‘&%@%‘ ,
4 # B A F B 2800 A PR e A d AR IS k. HAT
=A (=]
5| FUE BRI A 15 B B SR B R B 22
ARV R a ‘ﬂﬂiﬁ? PR [ 72 A 5l 285 ¢ 3 i A A 10 km o« bt SR AE S BRIz T o PR A2 38 3 1

TR HEA b s H 3858

A5 A B L i e 5

)
A

ZAE T W AL 1 R A BT R LU



% 137 FR RO 5 o 3R T Brak B ik E 3] 5 TR 45 ) AR A 107
R2 SR speed management of freeway[ J]. China Journal of Highway
Tab.2 Parameter comparison and Transport, 2004, 17(1): 74-78. (in Chinese)
I 5 P 5 U 2 L9 EIER BRI, SR, w2 H T 2R Bk 5 38 fh A 1 P
P BT/ (km - b 1) 0.98 FEHILT]. 5 8 FE 5 10 5 2007, 24.(6) : 973-976.
4 B P15 % (veh » km 1) 108 WANG  Zheng-wu, LUO Da-yong, HUANG Zhong-xiang.
G I 2 (km - b2 3. 57 Coordinated control of variable speed limits and ramp metering[ J].
Control Theory and Applications, 2007, 24(6) . 973-976. (in
E I %/ (veh « km™1)? 1.91 Chinese)

BRI (om b L5 [10] F Bk TF 8 T . 1 B BE 24 ok D 5 i

RAR BB 72/ Cveh + k™) 23 PERIBIRIL) ], A8 2 5 TR 2011,11(5) :109-114.

Wt AT E g S, % B RCR A LAl B R A X WANG Wei, YANG Zhao-sheng. Zhao Ding-xuan. Control

‘H‘Eﬁ] u%{hﬁ E‘Jiﬁféj"j%& m . model of variable speed limit based on finite horizon Markov

decision-making [ J]. Journal of Traffic and Transportation

7}3 % X - Engineering, 2011, 11(5): 109-114. (in Chinese)

References [11] BRINCKERHOFF P. Synthesis of active traffic management

[1] ZHAO Nale, YU Lei, ZHAO Hui, et al. Analysis of traffic experiences in Europe and the United States[ R]. Washington
flow characteristics on ring road expressways in Beijing using DC: Federal Highway Administration, 2010.
floating car data and remote traffic microwave sensor datal[]]. [12] SISIOPIKU V P, SULLIVAN A, FADEL G. Implementing
Transportation Research Record, 2009(2124) ; 178-185. active traffic management strategies in the U.S.[R].

[2] YANG Xiao-fang, YANG Xiao-guang, FU Qiang. Study on Birmingham: The University of Alabama, 2009.
integrated control of method of on-ramp and correlated inter- C13] BRI PRAEL XUBAS S ST DR B 30 507 45 30 25 ke
section[ C] // Southwest Jiaotong University. 2007 Interna- S P SR L ). AROR 5 2 i T i 2006 36 (D -
tional Conference of Transportation Engineering. New York: 144-147.

American Society of Civil Engineers, 2007 2380-2385. YANG Zhao-sheng, BAO Li-xia, LIU Xin-jie, et al. Study

[3] CARLSON R C, PAPAMICHAIL I, PAPAGEORGIOU M, on coordination of ramp metering and dynamic speed guidance
et al. Optimal motorway traffic flow control involving vari- for urban expressway[J]. Journal of Jilin University: Engi-
able speed limits and ramp metering[ J]. Transportation Sci- neering and Technology Edition, 2006, 36(S): 144-147. (in
ence, 2010, 44(2); 238-253. Chinese)

[4] PAPAMICHAIL I, KOTSIALOS A, MARGONIS I, et al. CLAT PR A Sr 8 6 U2 S5 i bl B 755 B O R 56 ik
Coordinated ramp metering for freeway networks-a model- BRFELT]. [ BF A 4ft AR BH IR 5 2007, 35(5) : 602-606.
predictive hierarchical control approach[]J]. Transportation GAN Hong-cheng, SUN Lijun, HAO Yuan, et al. A case
Research Part C; Emerging Technologies , 2010, 18(3): 311-331. study of urban expressway traffic flow based on high-order

[5] CARLSON R C, PAPAMICHAIL 1, PAPAGEORGIOU M, continuum model[ J]. Journal of Tongji University: Natural
et al. Optimal mainstream traffic flow control of large-scale Science, 2007, 35(5): 602-606. (in Chinese)
motorway networks [ J]. Transportation Research Part C: L15] RN AR ), B o AL, 0 2 B S0 U Y R A 55 AL 11 L 3
Emerging Technologies, 2010, 18(2): 193-212. e A L. p 2 412 5 2000, 13(4) : 83-85.

[6] HEGYI A, SCHUTTER B D, HELLENDOORN H. Opti- TAN Man-chun, XU Jian-min, MAO Zong-yuan. Traffic
mal coordination of variable speed limits to suppress shock flow modeling and on-ramp optimal control in freeway[]].
waves[ ] ]. TEEE Transactions on Intelligent Transportation China Journal of Highway and Transport, 2000, 13(4): 83-
Systems, 2005, 6(1): 102-112. 85. (in Chinese)

[7] HEGYI A, SCHUTTER D B, HELLENDOORN H. Model L16]  JAuikfe. 32 3 o T 00 2 i ) ML 55 07 e L. o 128 B 2 4
predictive control for optimal coordination of ramp metering 2007,20(1):107-111.
and variable speed limits[ J]. Transportation Research Part C: ZHOU Yong-hua. Mechanism and approach of traffic flow
Emerging Technologies, 2005, 13(4) . 185-209. predictive control[ J]. China Journal of Highway and Trans-

(871 A, Ak iy 2 o 7 o O 5 S I G R port, 2007, 20(1); 107-111. (in Chinese)

S ERETELT . A B 4 L 2004, 17(1) s 74-T8. [17] ABDEL-ATY M, DILMORE J, DHINDSA A. Evaluation of

PEI Yu-long, CHENG Guo-zhu. Research on the relationship

between discrete character of speed and traffic accident and

variable speed limits for real-time freeway safety improvement[ ] ].

Accident Analysis and Prevention, 2006, 38(2): 335-345.



