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An improved traffic flow-speed control design for
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Abstract: On the basis of the traffic density control design by using the nonlinear integrator-Backstepping method, this
paper proposes an improved method for designing the traffic flow-speed control by selecting the traffic flow-speed as the
controlled variable and applying the Backstepping method to design the controller for an automated highway system. The
controller guarantees the traffic flow-speed at each section to be exponentially convergent to the desired speed. Comparing
with the prior methods, this controller is superior in algorithm-efficiency, being free from matrix inversion, and automati-
cally satisfying the controllability condition. Simulations show that this controller effectively reduces the congestion and
helps to achieve a smooth traffic flow on a congested highway.
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2 [l SR (Problem statement)
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3 AW FAE A (Traffic flow model)
Papageorgiou 5 O~8I4 tH I i b 1 i3 2 B 2 W

SRS RAAL, JFH E@?ﬂ#ﬁﬁfﬁﬁ’b&ﬁi&ﬁﬁ

HAHT TR, 30AF 7 HA %M. Karaasian 2505 H

T Papageorgioufi Y (1] JLANAN R, It T — AN AT

B SEBR 1 SO A

¢:(n) =aki(n)vi(n)+(1-a)kii1(n)viii(n), (1)
ki(n+1) =

ba(m) + - laes ) = () + () = 53(m),
viln+1) =

T

vi(n) + —{Velki(n)] = vi(n)} +

T ki(n)

fzk'z(n) + Kl X vim ()[V/Vima()vi(n) —
vi(n)] - £ i@iTwi(n)- )

A
Vilh) = ol = (o)™ @
pu(n)=
p ir1(n ;(n
{ H kjam_ki+1(n)+O" WK Kia(n) > i )’(5)
M2, /H\:ﬂﬂ,

wi(n) = W ©)

PAE 22 SR 28 T2 R 35 SR SRR 1]
75 A Bk I o B R 8, G I 54T

“S;)T () 1338 50 () LAY, 75 5
G 0% 5 5 B R 4, s () Ve
B R vy (n-+1).
4
filn) =
T ki*
)+ AVl )] =)} + ot
vi—1(n)[V/vi-1(n)vi(n) — vi(n)]. W

MR LA B2 B, ASCHER A 35 A = A A 1 A
I T T 2 I RS SRR T

T FEGAT R SR 1],
4 AT UL BE 2 2% (Traffic flow speed con-
troller)

Bl R N i I B W o N R A
#xBackstepping /7 V2 55 HL#% il 6, RE R ET WEE AL
T RE, FE A B T AR v T B B LA 5
4.1 5| (Lemma)

T8 B HLN [ R 4t

z(n+1) = cz(n) +u(n), 2(0) = 2. (12)
XA Kot —AHE, Hie|<1, W Hu(n) LFa 507
OB TR, z(n)th AT EO AEIE 10, Rlu(n)—
0, Wz(n) — 0.

4.2 ]88 ¥ it (The design of the controller)
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Table 1 Initial densities and velocities of 12 sections in a freeway
H B 1 2 3 5 6 7 8 9 10 11 12
WIUA# B (veh/(km - lane)) 18 18 18 18 18 52 52 52 18 18 18 18
HIGHHEE (km /h) 81 81 81 81 81 29 29 29 81 81 81 8l
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Fig. 1 Velocity profile without control
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Fig. 3 Velocity profile: desired velocity is 45 km/h
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Fig. 5 Velocity in each section: desired velocity is 45 km/h
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Fig. 6 Density in each section: desired velocity is 45 km/h
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