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Abstract: In this paper, an approach to control the longitudinal motion as well as reject disturbance of a platoon of autonomous
vehicles is presented. Firstly, we consider the longitudinal acceleration and velocity of the leading vehicle as disturbance, and
establish a model which describes the longitudinal dynamics of inter-vehicle. Secondly, constant time headway (CTH) strategy
is adopted to design a longitudinal upper controller based on model predictive control (MPC) to obtain the desired longitudinal
acceleration. For rejecting unknown disturbance, a major contribution that differs this paper from previous research is that the
upper level controller has two components: a nominal control action and an ancillary control law. The lower level controller
adopts simple PID algorithm to determine either a throttle or brake input. Finally, simulations are carried out using vehicle
dynamics software veDYNA to verify the effectiveness of the proposed method. Simulation results show that the controller is
able to follow the desired spacing as well as reduce the fluctuations of the leading vehicle.
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1 Introduction

Motion control of a platoon of autonomous vehicles has

become one of the central issues of current intelligent traffic

due to the emerging problems of traffic congestion. It is de-

fined by a list of vehicles driving along the same path togeth-

er with a close spacing on the premise of safety[1]. Motion

control of a platoon of autonomous vehicles can not only

specify vehicle driving, gain road capacity but also effec-

tively improve traffic flow. This study includes the lateral

and longitudinal automatic control technology, road-vehicle

information interactive technology. This paper only studies

the longitudinal following control.

The longitudinal control system can be divided into t-

wo categories according to different implementations: di-

rect and hierarchical[2]. There exist many control method-

s based on direct longitudinal control[3, 4]. The longitudi-

nal dynamic model of a platoon of vehicles is a nonlinear

system with complex multivariable, and it is affected by

dynamic target and obstacles in front. Hence, it is diffi-

cult to meet so many performances by designing only one

controller[5]. Some scholars divided the control system as

two layers inspired by the concept of hierarchical modular.

For the hierarchical longitudinal control system, several con-

trol methods can be found in literatures. The University of

Tokyo[6] designed a feedforward-plus-feedback lower level

controller based on the H-∞ robust control method, it’s ro-

bustness and stability was confirmed by experimentals. In

2006, Gao Feng et.al[7, 8] in Tsinghua University designed

a multi-model hierarchical switching control system for ve-

hicle longitudinal acceleration/deceleration based on robust

control theory. Zhang Lei[9] proposed an upper control strat-

egy of vehicle longitudinal driving assistance system and an

online self-learning method of driver characteristics based

on the analysis of driver car-following experimental data as

well as aberrant behavior questionnaire, it was also applied
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to the driving assistance system.

Overviewing the longitudinal control of autonomous vehi-

cle, it is not difficult to find that hierarchical control may be

more suitable for this control problem due to a clear division

of labour between the upper, lower level controller. How-

ever, almost everyone focuses on a single vehicle consisting

of an engine, a torque converter, an automatic transmission

etc while modeling, but doesn’t consider the longitudinal dy-

namics model of inter-vehicle, not to mention the impact of

the leading vehicle acceleration and velocity, therefore, this

part is the focus of this study. In this paper, we consider the

problem of establishing the longitudinal dynamics model of

inter-vehicle, as well as the impact of the acceleration and

velocity of the leading vehicle . The longitudinal follow-

ing of vehicle is regarded as a multi-objective optimization

problem and it will be solved under the framework of model

predictive control(MPC). MPC is a promising candidate for

controlling systems[10, 11]. It exploits a model of the system

dynamics to predict the future system evolution and select

the first element of the optimal solutions as the control law

at current time.

The rest of the paper is structured as follows. The ar-

chitecture of the longitudinal spacing control system is de-

scribed in Section 2. The longitudinal dynamics model of

inter-vehicle is given in Section 3. Section 4 designs a con-

troller based on MPC which consists of a nominal control

action and an ancillary control law. In Section 5, simulation

results and discussions are provided. Section 6 is the conclu-

sion of this paper.

2 Architecture of Longitudinal Control System

The main goal of the proposed control law is to achieve

the longitudinal following control of a platoon of vehicles

under automated longitudinal control mode as well as rejec-

t the leading vehicle acceleration and velocity. The control

system is designed to be hierarchical[12], as shown in Fig-

ure 2. It is assumed that the leading vehicle is independent

of the following vehicle, travels on its own, and there is no
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Figure 1 Two-level structure for longitudinal control system

communication between the two vehicles.

The desired spacing of the two vehicles can be obtained

from spacing strategy, there exist two main spacing strate-

gies: fixed spacing strategy and time-varying spacing s-

trategy. Time headway based spacing appears as the most

promising strategy[13]. In this paper, a simple constant time

headway (CTH) strategy is adopted for the sake of simplic-

ity. The longitudinal motion of the leading and following

vehicle are measured by the upper level controller in order

to calculate the desired acceleration sequence under some

constraints for each vehicle, then selects the first element of

the optimal solutions as the control law at current time. S-

ince the desired acceleration is not a true control input, the

lower level control is required to determine either a throttle

or brake input in order to track the desired acceleration. The

information of the following vehicle is fed back to the upper

level controller to establish a feedback closed loop system.

Then repeating the process until the ultimate following ob-

jectives is achieved.

3 The Longitudinal Dynamics Model of Inter-
vehicle

The traditional method of modeling always takes the s-

pacing and relative velocity between the two vehicles as s-

tate variables to get the second-order state equation, without

considering the acceleration and velocity of the leading vehi-

cle. However, it can’t be ignored indeed due to the reduction

of the model precision as well as the limit of the control al-

gorithm design.

For a platoon of vehicles driving on one-lane road, shown

as Figure 2. In order to avoid the collision, a car will strive to

keep a safe distance when the traffic is heavy. The driver in

the following car will take actions correspondingly accord-

ing to the information of the leading car. The longitudinal

dynamics model of inter-vehicle can be described by the fol-

lowing equation:

v(k + 1) = v(k) + af (k)Ts (1a)

Δx(k+1) = Δx(k)+vref (k)Ts+
1

2
(al(k)−af (k))T

2
s

(1b)

where al(k) and af (k) stand for the acceleration of the

leading vehicle and following vehicle respectively. Δx(k)
and vref (k) stand for the spacing and relative velocity be-

tween the two vehicles, they can be described as: Δx(k) =

Figure 2 Vehicle platoon

xl(k) − xf (k), vref (k) = vl(k) − v(k), where xl(k) and

xf (k) denote the longitudinal position of the leading vehi-

cle and following vehicle respectively; vl(k) and v(k) de-

note the longitudinal speed of the leading vehicle and fol-

lowing vehicle respectively, while Ts is the sampling time of

the system. Then choose state vector X = [Δx(k), v(k)]T ,

input vector u = [af ], output vector Y = [Δx(k)], and

w = [al, vl]
T represents the acceleration and velocity of the

leading vehicle which acts as an unknown disturbance input

in this case, then the state-space model is given by:

X(k + 1) = AX(k) +Bu(k) +Gw(k) (2a)

Y (k + 1) = CX(k) +Du(k) +Hw(k) (2b)

where,

A =

[
1 −Ts

0 1

]
, B =

[ − 1
2T

2
s

Ts

]
, G =

[
1
2T

2
s Ts

0 0

]
,

C =
[

1 −Ts

]
, D =

[ − 1
2T

2
s

]
, H =

[
1
2T

2
s Ts

]
.

In this section, we choose the spacing and the longitu-

dinal speed of the following vehicle as state variables, and

take the acceleration and velocity of the leading vehicle as

disturbance to ensure the precision of the model. This mod-

el describes the longitudinal dynamics of inter-vehicle more

reliable compared with the traditional method.

4 Model Predictive Control

4.1 Ancillary Control Law
For the disturbance is unmeasurable and unpredictable, a

novel MPC scheme is presented for linear stochastic system-

s with probabilistic constraints in [14]. The control signal

is specified in terms of both nominal control action and an

ancillary control law. We have also been able to find more

similar details in [15], for linear systems subject to stochas-

tic noise and probabilistic constraints on the state and control

variables. The proposed method is characterized by a com-

putational burden similar to the one that required by stabiliz-

ing MPC methods for deterministic systems, by the possibil-

ity to consider unbounded noises, and by ensured recursive

feasibility and convergence.

Here we will explain how to get the ancillary control law.

Let w(k) = 0, then define a nominal system:

X̄(k + 1) = AX̄(k) +Bū(k) (3a)

Ȳ (k + 1) = CX̄(k) +Dū(k) (3b)

Denote α(k) = X(k) − X̄(k) as the error between the ac-

tual system (2a) and the nominal system (3a). Let u(k) =
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ū(k) +K(X(k)− X̄(k)). Combine equation (2a) and (3a),

the dynamics of the error system can be represented as:

α(k + 1) = Aα(k) +B(u(k)− ū(k)) +Gw(k)

= (A+BK)α(k) +Gw(k)
(4)

The ancillary control law forces the trajectories of the error

system (4) to the origin, and the trajectory of system (2) is

forced to the nominal and predicted trajectory, then achieves

to disturbance minimization.

In simulations, we choose Ts = 0.02s, then from equa-

tion (2) we know that the pair (A,B) is stabilizable, for the

matrix [A − λI,B] has full-row for all Reλ ≥ 0. Then we

just need to find the K satisfies that all the eigenvalues of

A+BK are located inside the unit circle.

Next, we will discuss how to solve the ū(k).

4.2 Nominal Control Law
The nominal dynamics (3) rather than real dynamics (2)

are used to predict the system behaviors, no stochastic dis-

turbances are present.

According to the performance requirements, performance

index that penalizes the tracking errors and vehicle acceler-

ation desired to be small, so the objective function can be

described as

min
U(k)

[J(Y (k), U(k),m, p)] (5)

Satisfies the nominal dynamics of the system (3).

Because the ability of vehicle is restricted in practice, the

following constraints must be satisfied.

Constraints1 : vmin ≤ v(k) ≤ vmax

Constraints2 : umin ≤ ū(k) ≤ umax

In addition, in order to avoid the collision, the car will strive

to keep a safe distance.

Constraints3 : xl(k)− x(k) ≥ dc

where dc denotes the minimum safety distance, vmin and

vmax stand for the minimum and maximum speed respec-

tively. Finally, the optimization problem of longitudinal con-

trol can be described as follows:

Problem 1:

min
U(k)

[J(Y (k), U(k),m, p)] (6)

satisfies the nominal dynamics of the system (3) and time-

domain constraints:

umin ≤ ū(k + i|k) ≤ umax (7a)

xl(k + i|k)− x(k + i|k) ≥ dc (7b)

vmin ≤ v(k + i|k) ≤ vmax (7c)

Where,

J(Y (k), U(k),m, p)

=
m∑
i=1

‖ Γu,iū(k + i− 1|k) ‖2 +

p∑
i=1

||Γy,i(Yc(k + i|k)− r(k + i)) ‖2

= ||Γy(Yp(k + 1|k)−R(k + 1))||2 + ||ΓuU(k)||2

Matrices Γy and Γu are weighting factors, which are shown

as

Γy = diag(Γy,1,Γy,2, · · · ,Γy,p),

Γu = diag(Γu,1,Γu,2, · · · ,Γu,m).

Yp(k+1|k) is the prediction of the output, R(k+1) is the ref-

erence values, U(k) is the nominal control input sequences.

Next, we will discuss these parts in detail.

According to the principles of model predictive control,

at time k, the coming vehicle dynamics are predicted on the

basis of model (3). Here, m is defined as the control horizon,

p is defined as the prediction horizon, and m ≤ p. Thinking

that the whole state vector could be measured instantaneous-

ly. For the vehicle system, the input ū(k) has no impact on

Ȳ (k + i|k)(i > 0), therefore, at time k, the prediction func-

tion of output is defined as follows:

Yp(k + 1|k) def=

⎡
⎢⎢⎢⎣

Ȳ (k + 1|k)
Ȳ (k + 2|k)

...

Ȳ (k + p|k)

⎤
⎥⎥⎥⎦
p×1

(8)

As well, define the optimal control input sequence U(k) at

time k:

U(k)
def
=

⎡
⎢⎢⎢⎣

ū(k|k)
ū(k + 1|k)

...

ū(k +m− 1|k)

⎤
⎥⎥⎥⎦
m×1

(9)

According to the basic principles of model predictive control

and related theory, we can predict the future status of the

system from the instance k + 1 to k + p:

X̄(k + 1|k) = AX̄(k) +Bū(k|k) (10a)

...

X̄(k +m|k) = AmX̄(k) +Am−1Bū(k|k) + · · · (10b)

+Bū(k +m− 1|k)
...

X̄(k + p|k) = ApX̄(k) +Ap−1Bū(k|k) + · · · (10c)

+

p−m+1∑
i=1

Ai−1Bū(k +m− 1|k)

Then combine (3b) with equation (10), the predictions of

the controlled output Ȳ (k + i|k) are obtained, which can

be written as:

Ȳ (k + 1|k) = CX̄(k) +Dū(k|k) (11a)

...

Ȳ (k +m|k) = CAmX̄(k) + CAm−1Bū(k|k) + · · ·
(11b)

+ CBū(k +m− 1|k)
...

Ȳ (k + p|k) = CApX̄(k) + CAp−1Bū(k|k) + · · · (11c)

+

p−m+1∑
i=1

CAi−1Bū(k +m− 1|k)
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Then equation (11) can be described as:

Yp(k + 1|k) = SxX̄(k) + SuU(k) (12)

where,

Sx =
[
CA CA2 · · · CAp

]T
p×2

,

Su =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

CB D 0 · · · 0
CAB CB D · · · 0

...
...

...
...

...

CAm−1B CAm−2B · · · 0 0
...

...
. . .

...
...

CAp−1B CAp−2B · · · · · · D

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

p×(p+1).

Based on the CTH strategy, desired inter-vehicle spacing

satisfies the following relations approximately:

r(k + i) = thv(k + i) + Δx0 (13)

where, Δx0 denotes the minimum safety distance, including

a vehicle length and a fixed distance value, v(k+i) is the 2th

system state, we can obtain the predictive output by equation

(1a).

Similarly as before, define the predict output sequence

Vp(k + 1|k):

Vp(k + 1|k) def=

⎡
⎢⎢⎢⎣

v(k + 1|k)
v(k + 2|k)

...

v(k + p|k)

⎤
⎥⎥⎥⎦
p×1

(14)

Omitting the derivation, it is given by:

Vp(k + 1|k) = VxX̄(k) + VuU(k) (15)

where,

Vx =

⎡
⎢⎢⎢⎣

0 1
0 1
...

...

0 1

⎤
⎥⎥⎥⎦
p×2,

Vu =

⎡
⎢⎢⎢⎣

Ts 0 0 0 · · · 0
Ts Ts 0 0 · · · 0
...

...
...

. . .
...

...

Ts Ts · · · · · · · · · Ts

⎤
⎥⎥⎥⎦

p×(p+1).

Define the reference output sequence as follows:

R(k + 1)
def
=

⎡
⎢⎢⎢⎣

r(k + 1)
r(k + 2)

...

r(k + p)

⎤
⎥⎥⎥⎦
p×1

(16)

Then, it can be finally written as follows:

R(k + 1)= th × Vp(k + 1|k) +R0 (17)

where,

R0
def
=

[
Δx0 Δx0 · · · Δx0

]T
p×1

We can not obtain the analytical solutions of this optimiza-

tion problem due to the existence of the constraints, the op-

timization problem (6) subject to inequality constraints (7)

can be formulated as a Quadratic Programming (QP) prob-

lem

min
z

zTHz − gT z, (18a)

s.t. Cuz ≥ b, (18b)

where, z = U(k) is the independent variable of this opti-

mization problems. Substitute the predictive equation into

the objective function, then, obtaining:

J = ||Γy(Ep(k + 1|k) + (Su − thVu)U(k)||2 + ||ΓuU(k)||2
= U(k)T ((Su − thVu)

TΓT
y Γy(Su − thVu) + ΓT

uΓu)U(k)

+ 2Ep(k + 1|k)TΓT
y Γy(Su − thVu)U(k)

+ Ep(k + 1|k)TΓT
y ΓyEp(k + 1|k)

(19)

where,

Ep(k + 1|k)=SxX̄(k)− th × VxX̄(k)−R0

For Ep(k + 1|k)TΓT
y ΓyEp(k + 1|k) is independent to the

variable. The cost function (19) can be rewritten as:

J̃ = U(k)THU(k)−G(k + 1|k)TU(k) (20)

where,

H = (Su − thVu)
TΓT

y Γy(Su − thVu) + ΓT
uΓu,

G(k + 1|k)T = 2(Su − thVu)
TΓT

y ΓyEp(k + 1|k).
Next, we transform the constraints into Cuz ≥ b.

� Transform control input constraint

Constraint (7a) can be rewritten as Cuz ≥ b

[ −Im×m

Im×m

]
U(k) ≥

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

−umax

...

−umax

umin

...

umin

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

(21)

� Transform output constraint

Substituting the prediction equation (12) into (7b), then

the output constraint can be rewritten as

SuU(k) ≥ Dc − SxX̄(k)

where,Dc = [dc . . . dc]
T
p×1.

� Transform state constraint

Combining equations (15), then the state constraint (7c)

can be rewritten as[
Vu

−Vu

]
U(k) ≥

[
Vmin − VxX̄(k)
VxX̄(k)− Vmax

]
(22)

where,

Vmin = [vmin · · · vmin]
T ,
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Vmax = [vmax · · · vmax]
T .

Based on the above analysis, the optimization problem

Problem 1 can be finally described as Problem 2:

Problem 2:

min
U(k)

U(k)THU(k)−G(k + 1|k)TU(k), (23a)

s.t. CuU(k) ≥ b(k + 1|k), (23b)

where,

H = (Su − thVu)
TΓT

y Γy(Su − thVu) + ΓT
uΓu,

G(k + 1|k)T = 2(Su − thVu)
TΓT

y ΓyEp(k + 1|k),
Cu = [−Im×m, Im×m, Su, Vu,−Vu]

T ,

b(k + 1|k) =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

−umax

...

−umax

umin

...

umin

Dc − SxX̄(k)
Vmin − VxX̄(k)
VxX̄(k)− Vmax

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(2m+3p)×1.

It is clear that H ≥ 0 and hence the optimal solution of the

optimization problem exists.

By solving Problem 2, we can get the control se-

quence U(k), only the first step of the optimal control se-

quence is applied to the controlled vehicle, then ū(k) =
[1 0 · · · 0]U(k), the control sequence U∗(k) is described

as follows:

U∗(k) = ū(k) +K(X(k)− X̄(k)) (24)

This is a process of rolling optimization.

5 Simulation

This paper implements some simulations by using co-

simulation of Matlab/Simulink and veDYNA, a high fidelity

vehicle simulator. In simulations, a vehicle model of limou-

sine(Light) is utilized to show the effectiveness of the pro-

posed method. Table 1 shows the main parameters used in

simulation.

Table 1: The main parameters used in the simulation

Symbol Description Value

Ts sampling time 0.02 (s)

l0 vehicle length 4.3159 (m)

dc inter-vehicle constant distance 7 (m)

th headway 6 (s)

umin the following vehicle min acceleration -5 (m/s2)

umax the following vehicle max acceleration 5 (m/s2)

vmin the following vehicle min velocity 0 (m/s)

vmax the following vehicle max velocity 40 (m/s)

Kp Kp in the lower level controller 12

Ki Ki in the lower level controller 2

Kd Kd in the lower level controller 0.01

In order to verify the effectiveness of the proposed

method, several simulations are made.
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Figure 3 Experimental results with ancillary control law

A. Experimental validation of the proposed method

At first, we consider a simple set to verify the validity

of the controller. Supposing that there is an initial offset

of 100m between the two vehicles, and the leading vehicle

keeps straight with the speed of 20m/s, then there is an ac-

celeration of 1m/s2 between 40s and 50s. The acceleration

of the leading vehicle and the detailed information are shown

in Figure 3. In the above figure we omit the data before 20s,

for the state of following vehicle is not stable. According to

Figure 3 it can be seen that facing of the leading vehicle’s

rapid change in the speed, the host car adopts a smoother

tracking mode. In spite of the speed deviation, the host car

can be able to track the desired distance perfectly. It is con-

sistent with our expectation, for the purpose is to track the

desired spacing between the two vehicles as well as restrain

the change of the vehicle ahead.

B. Variation in road conditions

In this section, we set varied road friction to verify the

tracking performance of the proposed control algorithm. As-

suming that the variation in road conditions has no effect on

the performance of the leading vehicle. In each case, other

settings are the same including the parameter K. The path

and other information can be seen in Fig 4. It is worth point-

ing out that, when the friction coefficient changes between

[0.4, 1], the host car can tracking the leading vehicle accu-

rately. When it comes to the ice-covered road (μ = 0.2), the

controller becomes invalid.

C. Comparative experiments of the two controllers

To illustrate the ancillary control law can inhibit the ac-

celeration and velocity of the leading vehicle, a sine change

of speed in the leading vehicle is used in simulation. All

the cases are implemented on dry asphalt pavement (μ = 1).

The vehicle states for different cases (with ancillary control

law,without ancillary control law) are shown in Figure 5. We

can notice that the host vehicle with ancillary control law can
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Figure 4 Comparative results of variation in road conditions

track the desired spacing with smaller error and longitudinal

velocity fluctuations. All the vehicle states and responses

are smoother than the other controller. Thus, such a conclu-

sion can be obtained: the proposed method can track the de-

sired spacing more accurately compared with the traditional

control methods, and it can increase the driving comfort by

reducing the vehicle longitudinal speed fluctuations.

6 Conclusion

This paper established a longitudinal dynamics model of

inter-vehicle, which took the acceleration and velocity of the

leading vehicle into consideration. For rejecting unknown

disturbance, an ancillary control law was introduced under

the framework of MPC. Simulation tests showed that the ve-

hicle behaviour agreed with the proposed approach. The host

vehicle for different cases (with ancillary control law and

without ancillary control law) both could follow the lead-

ing vehicle, while ancillary control law helped the vehicle

driving more smoothly by reducing the vehicle longitudinal

acceleration fluctuations in the same situation.

References
[1] Q. Wu and W. He, “Key technologies research devel-

opment of vehicle platoon drive control in intelligen-

t vehicle-infrastructure system,” Computer and Communica-
tions, vol. 26, no. 4, pp. 154–157, 2008.

[2] T. Petrinic and I. Petrovic, “Longitudinal spacing control of

vehicles in a platoon for stable and increased traffic flow,”

in Conference on Control Applications(CCA), vol. 3, October

2012, pp. 178–183.

[3] Y. F. Peng, “Adaptive intelligent backstepping longitudinal

control of vehicle platoons using output recurrent cerebellar

model articulation controller,” Expert Systems with Applica-
tions, vol. 37, no. 3, pp. 2016–2027, 2010.

[4] Y. B. Li, “Longitudinal motion control of intelligent vehicle,”

Chinese Journal of Mechanical Engineering, vol. 42, no. 11,

pp. 94–102, 2006.

30 40 50 60 70 80

110

120

130

140

150

160

170

180

Time(s)

S
p
a
c
in
g
(
m
)

 

 

Desired distance

With ancillary control law

Without ancillary control law

30 40 50 60 70 80

10

15

20

25

30

35

40

Time(s)

L
o

n
g

it
u

d
in

a
l 
v
e

lo
c
it
y
(m

/s
)

 

 

Leading vehicle V
l

 V
f
 with ancillary control law

 V
f
 without ancillary control law

30 40 50 60 70 80

-10

0

10

20

30

40

50

60

Time(s)

E
r
r
o
r

 

 

Without ancillary control law

With ancillary control law

Figure 5 Comparative results of the two controllers

[5] L. H. Luo, Vehicle adaptive cruise control and the corre-
sponding macroscopic traffic flow model. Zhejiang Univer-

sity, 2011.

[6] D. Z. Hou, Study on vehicle forward collision avoidance sys-
tem. Tsinghua University, 2004.

[7] F. Gao and K. Q. Li, “Hierarchical switching control of lon-

gitudinal acceleration with large uncertainties,” International
journal of Automotive Technology, vol. 8, no. 3, pp. 351–359,

2006.

[8] F. Gao, W. J. Li, and K. Q. Li, “Vehicle longitudinal acceler-

ation control under large model uncertainties,” Chinese Jour-
nal of Mechanical Engineering, vol. 18, no. 5, pp. 495–499,

2007.

[9] L. Zhang, J. Q. Wang, and F. Yan, “A quantification method of

driver characteristics based on driver behavior questionnaire,”

in Intelligent Vehicles Symposium, vol. 3, June 2009, pp. 616–

620.

[10] H. Chen, Model predictive control. Beijing: science press,

2013.

[11] D. Hrovat, “The development of model predictive control in

automotive industry: A survey,” in Control Applications (C-
CA), June 2012, pp. 295–302.

[12] X. Y. Lu and J. Q. Wang, “Multiple-vehicle longitudinal col-

lision avoidance and impact mitigation by active brake con-

trol,” in Intelligent Vehicles Symposium, December 2012, pp.

680–685.

[13] S. Mammar, N. A. Oufroukh, and Z. Yacine, “Invariant set

based variable headway time vehicle longitudinal control as-

sistance,” in American Control Conference, June 2012, pp.

27–29.

[14] S. Y. Yu, T. Qu, and H. Chen, “Model predictive control of

linear stochastic systems with constraints,” in American Con-
trol Conference, June 2015.

[15] M. Farina, L. Giulioni, L. Magni, and R. Scattolini, “A prob-

abilistic approach to model predictive control,” in American
Control Conference, December 2013, pp. 10–13.

8131



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


