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Abstract: The anticipative and adaptive capabilities of drivers can be improved by using intelligent transportation sys-

tem(ITS) information on the microscopic level, while the vehicle platoon reflects macroscopic properties of anticipation

and adaptation. This article incorporates the expected density/speed function and the accommodation coefficients of antici-

pation and adaptation with cell transmission model(CTM) to makes up the insufficient ITS information. The linear stability

analysis and convergence simulation show that the proposed anticipation reduces the delay in reaction from drivers; while

the adaptation increases the stability of the vehicle platoon. Different combination of coefficients depicts different degrees

of anticipative and adaptive behaviors, thus changing the equilibrium curve and convergence rate. ITS information improves

drive-safety and reduces traffic congestion.
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Fig. 1 Cell division and parameter definition

T , ∀t ∈ [0, T ],
:

li: i , (FIFO) ,

; Δt

, ,

100∼1000 m;

λi: i ;

ni(t): t i ;

ρi(t): t i ;

ρ̄i(t): t i ;

ρ0: ;

ρc: ;

vi(t): t i ;

v̄i(t): t i ;

ve(ρ): ;

qe(ρ): ;

qm,i: i ;

ri(t): t ;

si(t): t ;

fi,in(t): t i ;

fi,out(t): t i ;

fi(t): t i − 1 i ;

αi: i, i + 1 , 0 � αi � 1;

βi: i, i + 1 , 0 � βi � 1;

γi: , 0 � γi � 1;

Si(t): t i , S(ρi(t)),

;

Ri(t): t i , R(ρi(t)),

;

Ti,i+1(t): , t

i i + 1 ;

ξ: ;

τ : .

3 ITS CTM (Improved

CTM under ITS information)
3.1 (Cell transmission model)

LWR [2, 3]

∂tρ(x, t) + ∂xq(x, t) = g(x, t), (1)

g(x, t) ,

∂tρ(x, t) + q′e(ρ)∂xρ(x, t) = g(x, t), (2)

: 2 , qe(ρ) ,

S(·) R(·) ,

, (ρc, qm),

.

2 /

Fig. 2 Fundamental diagram and sending/receiving functions
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,

CTM

ni(t + Δt) = ni(t) + fi−1(t) − fi(t) +

ri(t) − si(t), (3)

fi(t) = min {S (ρi(t)) , R (ρi+1(t))} =

min {qe (ρi(t)) , qe (ρi+1(t)) , qm,i} . (4)
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3.2 (Anticipation and adaptation)
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θ K

|ρi(t) − fρ(·|i)| � Kθ, ∀(t, x) ∈ Si, i ∈ N
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: Si = {(t, x)|t � 0, xi < x < xi+1}, xi

i . vi

fv(·|i) (5) . ρi, ρi+1

(6) ,

(6), ρ̄i ρi,

. ,
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ρ̄i(t) = fρ (αi(t), ρi(t), ρi+1(t)) =

αiρi(t) + (1 − αi)ρi+1(t), (6a)

v̄i(t) = fv (βi(t), vi(t), vi+1(t)) =

βivi(t) + (1 − βi)vi+1(t), (6b)
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3.3 (Improved CTM)
ITS

, CTM

, i

ρi(t+Δt)=ρi(t)+
Δt

λili
(fi,in(t)−fi,out(t)) . (7)

t i

fi,out(t) = min {Si(t), Ri+1(t), Ti,i+1(t)} , (8)

:

Si(t) = min{qe(ρi(t)),
ρi(t)li

Δt
},

Ri+1(t) = min{qe(ρi+1(t)),
(ρm − ρi+1(t)) li+1

Δt
},

Ti,i+1(t) = min {γiρi(t)v̄i(t) + (1 − γi)qe (ρ̄i(t))} ,

fi,in(t) = fi−1,out(t).
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;
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,

, γi ( 0.5).

, : αi = 1, βi = 1,∀γi, i

αi = 0, βi = 0, γi = 0,∀i, CTM

CTM ,

.

4 (Stability and conver-

gence)
4.1 (Linear stability analysis)

CTM ,

ξ(

) τ ( )

. ITS ,

Taylor

ρ∗(x + ξ, t − τ) =

αρ(x + ξ, t − τ) + (1 − α)ρ(x, t − τ) ≈
ρ(x, t) +

∂ρ(x, t)
∂x

αξ − ∂ρ(x, t)
∂t

τ, (9)

α , ρ∗

ve (ρ∗(x + ξ, t − τ)) ≈
ve(ρ +

∂ρ(x, t)
∂x

αξ − ∂ρ(x, t)
∂t

τ) ≈

ve(ρ(x, t)) + v′
e (ρ) (

∂ρ(x, t)
∂x

αξ − ∂ρ(x, t)
∂t

τ),

(10)

ve(ρ∗) LWR

∂ρ(x, t)
∂t

+
∂ [ρ(x, t)ve (ρ∗(x + ξ, t − τ))]

∂x
= 0.

(11)

,

, t x Fourier
[15]

ρ(x, t) = ρ0 + ρ̃eikx+ω(k)t, (12)

: k , (10)
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ikρ0v
′
e (ρ) (ωαξ − ikτ) ρ̃eikx+ωt = 0, (13)

ω =
−ikv′

e (ρ0) + αk2ξρ0v
′
e (ρ0)

1 − ikτρ0v′
e (ρ0)

, (14)

ω

� (ω) =
k2ρ0v

′
e (ρ0) (q′e (ρ0) τ + αξ)

1 + k2τ 2ρ2
0 (v′

e (ρ0))
2 , (15)

�(ω) � 0,

k2ρ0v
′
e (ρ0) (q′e(ρ0)τ + αξ) � 0, (16)

q′e (ρ0) � −αξ

τ
. (17)

, ,

β,

v∗
e (ρ(x + ξ, t − τ)) =

βve (ρ(x + ξ, t − τ)) + (1 − β)ve (ρ(x, t − τ)) ≈
ve (ρ(x, t)) + v′

e (ρ) (
∂ρ(x, t)

∂t
βξ − ∂ρ(x, t)

∂x
τ),

(18)

q′e (ρ0) � −βξ

τ
. (19)

, ρ0 � ρc ,

,

, q′e (ρ0) � 0,

α, β, ξ, τ � 0, ξ ,
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4.2 (Convergence simulation)
CTM

, .

, 1 0,

1 km, –

, 3 .

3

Fig. 3 Equilibrium flows at on-ramp segment
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: ρc = 20 veh/km (ρ

� ρc , ρ � ρc ), ρJ

= 100 veh/km, vf = 120 km/h,

w = 30 km/h (

, w ρ ), qm = 2400 veh/h,

qu = 1800 veh/h,

qd = 2400 veh/h,

r=600 veh/h.

4 ,

0 , 1 ,

, ρ0, ρ1 ∈ {0, 100},

Δt = 1 s, T = 1200 s.

3 ,

, 0 1

, 4 , ,

,

[0, 100] × [0, 100],
: F C, 3

,

(20, 15), (40, 40),

, [13]

CTM , {α, β} =
{1, 1} .

4

Fig. 4 Equilibrium states and convergent orbits of different

anticipative and adaptive coefficients

, t = 10, 60, 120, 300 s

, 4 ,

,

.

, {α, β}={1, 0},{1, 0.5},{0.5,

0} , : 1)

, F→C ,

CTM

, CTM

; 2)

, 4 F,

C, F→C

; 3) , t > 300 s ,

,

; 4) {α, β}
/

, , ,

{α, β}={1, 0},{1, 0.5} {0.5, 0}.

4.3 (Incorporation with higher-

order model)
Papageorgiou Payne ,

,

Glasgow M8 [16, 17].
[18, 19],

[20] . :

ρi(t+Δt)=ρi(t)+
Δt

λili
(qi−1(t)−qi(t)), (20)

vi(t+Δt)=vi(t)+
Δt

τ
(ve(ρi(t))−vi(t)) +

Δt

li
vi(t)(vi−1(t) − vi(t))+
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θΔt

τ li

ρi+1(t) − ρi(t)
ρi(t) + κ

, (21)

ve(ρ) = vf exp[−1
δ
(

ρ

ρc

)δ], (22)

qi(t) = λiρi(t)vi(t), (23)

: (20) [16, 17]

, (21) ,

(22) ,

τ, θ, κ . , (20)

,

, (7)(8) (21) ,

.

( 5), L1

∼L4 , 6:00∼
11:30, 20 s , ,

. 5 , L1,

L4 , L2, L3

,

,

. L1∼L4

: vf = 95.5 km/h, ρc = 23 (veh·km−1)/lane,

ρJ = 130 (veh·km−1)/lane, w = −20.5 km/h, qm =
2160 veh/h, δ = 2.793; [16, 17],

: Δt = 20 s, τ = 20 s, θ = 40 km2/h,

κ = 13 (veh·km−1)/lane, λi = 4, i = 1, 2, · · · , 5;

: α = 0.9, β = 0.1, γ = 0.7.

5

Fig. 5 Test stretch and locations of loop detectors

6 7 [16, 17]

,

0 ∼ 180 min ,

, ,

;

180 ∼ 330 min , 15 veh/km

, 100 km/h ,

. 6 , 7

,

.

6 [16,17] /

Fig. 6 The simulated and measured density and speed

based on the approach in [16,17]

7 /

Fig. 7 The simulated and measured density and speed

based on the anticipative and adaptive approach



12 : 1597

1 L2 L3

, RMSE =

√
N∑

i=1

ε2
i /N , εi

, N . ,

,

.

1

Table 1 Root mean square error of simulations

RMSE [16, 17]

ρ/(veh·(km)−1) 9.410 10.231
L2 v/(km·h−1) 14.647 18.256

ρ/(veh·(km)−1) 9.611 11.366
L3 v/(km·h−1) 21.613 22.693

5 (Conclusions)
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ITS

, / α, β,

CTM , ,
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(LÜ Zhilin, FAN Bingquan. Integration of ramp control and route

guidance under accident conditions[J]. Control Theory & Applica-
tions, 2009, 26(10): 1151 – 1156.)

[20] , , , .

[J]. , 2009, 26(1): 103 – 106.

(YANG Xuhua, DONG Yingying, YANG Haidong, et al. An im-

proved traffic flow-speed control design for an automated highway

system[J]. Control Theory & Applications, 2009, 26(1): 103 – 106.)

:

(1986—), , ,

, E-mail: chenxq04@mails.tsinghua.edu.cn;

(1974—), , ,

, E-mail: xmyang@tsinghua.edu.cn;

(1976—), , ,

, E-mail: li-li@mail.tsinghua.edu.cn;

(1946—), , , , E-mail:

dcisqx@mail.tsinghua.edu.cn.


