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ABSTRACT

PID (Proportional-Integral-Derivative) and M PC (M odel Predictive Control) algorithmsareused to
synthesizetheupper-level controller of avehicle equipped with an ACC (Adaptive Cruise Control)
system. Both controller sar eanalysed, with and without constraints, usingasimplevehiclemodel under
critical TM (Transitional Manoeuvres). A compar ativeanalysisof both controllers resultshasbeen
conducted. The comparison givesthesuitability of MPC for ACC application over PID controller. The
flawsof PI D control approach for thegiven application arehighlighted. Thisapproach can behelpful for
selecting thesuitablecontroller for thegiven application.
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1. INTRODUCTION

hereare many different typesof controllersbeing

used in industrial processes, chemical process

systems, mechanical systems, electrical systems,
and economical processes. These controllers could be
anything ranging fromasimpleclassical PID controller to
the most sophisticated non-linear controllers. The
challenging task for acontroller isto performwell in spite
of uncertainties present in asystem [1].

A two-vehicle model is proposed in this study, Fig. 1,
which comprises of a preceding vehicle and an ACC
vehicle. The aims for the ACC vehicle are to set up and
retain aSIVD (Specified Inter-Vehicle Distance) with zero
range-rate behind the preceding vehicle under steady-
stateand TM. ACC vehicleusesrange, range-rate, and its
velocity and acceleration to perform the required TM in
order to maintain the SIVD and avoid acollision from the
preceding vehicle.

Adaptive Cruise Control, PID Control, Model Predictive Control, Transitional
Manoeuvres, VehicleControl.

The longitudinal control of the ACC vehicle consists of
two separate controllers as shown in Fig. 2. The ULC
(Upper Level Controller) computes the required
acceleration commands for the LLC (Lower Level
Controller) to maintain the desired spacing behind the
preceding vehicle. The LLC uses these required
acceleration commands to generate the required throttle/
braking commandsfor the nonlinear ACC vehicletofollow
the spacing-control laws computed by the ULC [3].

In the literature, different control techniques have been
proposed for the UL C, e.g. PID control [5,6], diding mode
control [3,7-11], CTG (Constant Time Gap) [2,4], and MPC
[2, 12-15]. Bageshwar, et al. [ 2] madeacomparison of MPC
and CTG methods using afirst-order ACC vehicle model.
Hehighlighted theflaws of CTG algorithm and suggested
MPC algorithm for ACC system’s application. The
comparison of MPC method with the other control methods
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for the ACC vehicle analysis has not been covered in the
previous studies. Therefore, this paper presents a
comparison of PID and MPC algorithms for ULC of an
ACCvehicle.

In previous studies, different ACC vehicle models have
been presented. The vehicle models used range from the
simple vehicle model, which does not take into account
the engine and drive-train dynamics, to the nonlinear
vehicle models. The simple vehicle models used are the
longitudinal vehicle model [7,8, 16-19], and first-order
vehiclemodels[2,4]. Ineither case, theinput to thesimple
ACC vehiclemodel isthe control signal calculated by the
UL C. Simple ACC-vehicle models have been used in the
previous studies to analyse the performance of the ULC.
In the case of a nonlinear vehicle model, the desired
accel eration commands obtained fromthe ULC aregiven
tothe LL C which then computesthe required throttle and
brake commandsfor the nonlinear vehiclemodel to follow
therequired accel eration commands. The nonlinear vehicle
model includes the engine model, transmission model,
wheel model, brake model, ULC and LLC models.

X,
X,
ACC Vchicle

Preceding Vehide

FIG 1. A TWO-VEHICLE SYSTEM

Information from
preceding vehicle

v

Upper level controller

Desired
Acceleration

Lower level controller

v

Desired throttle/brake input for ACC vehicle

Error signal

FIG. 2. ACC VEHICLE LONGITUDINAL CONTROL SYSTEM [4]

Inthis paper, the vehiclemodel used for theACC vehicle's
ULC analysisisafirst-order model. A first-order isbased
on afirst-order lag [4,13]. Thislag isincorporated in the
control input command calculated by the UL C. Thisfirst-
order model can bedefined as[4,13].

() + () = u () @

where, Xisposition, x isvelocity and, y isacceleration of
the ACC vehicle. u representsthe control input commands
determined by the ULC. rrefersto thetimelag equivalent
tothelagintheLLC model. Thevalue of zrecommended
inthe previous studiesis 0.5s[4,20].

Two modes of operation of an ACC vehicle namely speed
control mode and vehiclefollowing, the switching between
these two modes, the effects of transitional manoeuvres
on the ACC vehicle's longitudinal dynamics when it is
operating in the vehicle following mode are covered in
this study.

The two control strategies used for controller synthesis
are;

@) Proportional-Integral-Derivative Control
@ Model Predictive Control

Inthese controllersanalysis, the preceding vehicleisbased
on the complex vehicle model which includes engine,
torque converter, transmission, and drivetrain models[21]
and the ACC vehicle modédl is based on the first-order
vehiclemodel. A simplefirst-order ACC vehiclemodel is
used to comparethe performance of these control methods
at the ULC under the same critical encounter scenarios
between the two vehicles.

The main tasksfor the control methodsto perform on the
ACCsystemare:

1 Track smoothly desired accel eration commands

2 Reach and maintain a SIVD in a comfortable
manner and at the sametimereact quickly inthe
case of dangerous scenarios.

Mehran University Research Journal of Engineering & Technology, Volume 31, No. 3, July, 2012 [ISSN 0254-7821]

538



Analysis of the Controllers for the Transitional Manoeuvres of Adaptive Cruise Control Systems

3 Optimizethe system performance within defined
constrained operational boundaries.

2. ADAPTIVE CRUISE CONTROL
SYSTEM

A standard cruise control system enablesaground vehicle
to control itslongitudinal speed. A desired speed isselected
by thedriver, and acontrol system operates on thethrottle
to maintain this desired speed [3,4,8]. ACC systems have
been devel oped as an enhancement to the standard cruise
control systems. In addition to the speed control mode,
an ACC-system equipped vehicle can aso regulate the
set speed to maintain a SIVD from a preceding vehicle
[3,22,23]. This additional feature is termed as vehicle
following mode. The control law for the vehiclefollowing
mode is computed using onboard radar sensors that
measure the range (relative distance) and the range-rate
(relative velocity) between the ACC vehicle and the
preceding vehicle[2,4,23]. Therefore, both throttle input
and brake input are required to control the distance and
the relative velocity between an ACC vehicle and a
preceding vehicle. Inthevehiclefollowing modethe SIVD
isafunction of the preceding vehicle' svelocity [2]. Inthe
literature[8] it istermed as headway spacing control policy.

The spacing control law isdesigned within the ULC model
of an ACC vehicle where the kinematic relation between
therange (R) and range-rate (R ), Fig. 3, between thetwo
vehicles and the ACC vehicle velocity and acceleration
are used to compute the desired acceleration for the LLC
[2]. The error signal generated due to differencesin the
longitudinal motion of the preceding vehicleand theACC
vehicle is sent back to the ULC where the desired
acceleration for the next time step is calcul ated.

Velocity l{;
~. Controls

) Starting Headway
. Gl
N / “ontrol
~
.

Headway ~
Control e

Switching Line for

Specified Inter-vehicle
S Distance (SIVD)

Driver Control

Crash
FIG 3. RANGE VS. RANGE-RATE DIAGRAM [4]

21  SystemLimitations

An ACC system is attractive for the automobile
manufacturersand most of luxuriousvehicles, Mercedes,
Sedans, Lexus LS340, etc, are equipped with an ACC
system. Dueto itsadvanced features, it relievesthedriver
of stress associated with tiresome driving tasks such as
maintai ning speeds on long journeys, driving behind other
vehicles in congested traffic, safety assurance. Despite
itsadvanced functionsan ACC system al so contains some
operational and physical constraints. Two physical
constraintsfor an ACC vehicle haveto beincorporated in
theformulation of the UL C, used for the vehicle-following
control law. Firstly, the ACC vehicle is not permitted to
have anegative velocity during atransitional manoeuvre,
and secondly, the ACC vehicleisassumed to havelimited
accelerations: alower limit equal to -0.5g and an upper
limit equal t0 0.25g[2]. Equation (2) and Equation (3) show
the two physical constraints applied on thisACC vehicle
model during the high deceleration (transitional)
Manoeuvres.

X,(t) >0 @
umin < U(t) < umax (3)

It should be noted that the lower acceleration limitimplies
that the ACC vehicle cannot apply the necessary brakes
to avoid the collision with the preceding vehicle. Even
while providing a support for the driver, he/she still
remains responsible for the vehicle handling while
performing lateral manoeuvresandin acomplex decision
making.

3. PID CONTROLARCHITECTURE

The PID control approach, Fig. 4, is simple and easy to
implement. It iswidely applied inindustry to solvevarious
control problems. It has been estimated that 98% of all
control systems in the pulp and paper industries are
controlled by PI controllers, and in process control
applications, more than 95% of the controllers are based
on PID controllers[24].
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3.1 PID Control for Two-Vehicle System

with Headway Spacing Policy

The PID control algorithm is applied on the ULC of the
ACC vehicle to analyse the performance of the ACC
vehicle. The PID control law for thefollower ACC vehicle
can be expressed as:

u=K,(% -3,)+K,(x,-x,— )+ K, (X -%,) 8

whereK, K, and K arethe controller gains, x, and x, are
the actual positions of the preceding vehicle and the
follower ACC vehiclerespectively. Theterm hx,iscalled
headway spacing policy where the spacing (SIVD)
between thetwo vehiclesvarieslinearly with thevehicle's
speed such that the headway time (h) between the two
vehiclesremains constant. The headway time (h) can be
defined asthetime taken by the follower vehicleto reach
the point where the preceding vehicleis at present speed
[25]. In this study, his assumed as 1s[2,4]. The control
input (u) isthe desired acceleration command applied to
Equation (1) to determine the response of the first-order
ACC vehiclemodel. Theerror signal tothe PID controller
is the difference between the velocities of the two
vehicles. The PID controller gains in all scenario are
obtained using the famous Ziegler-Nichols method as
shown in the Table 1.

where K is the proportional gain at the point when the
output of the system starts to oscillate while setting the
integral and derivative gain to zero, and P is the total
oscillation period. For the ACC vehicle model, K =22
and P, =5s[26].

e(t) Traction Force
\ u Actual

Desired __ Vehicle N al
Velocity - ll ¢ m— Velocity
—
Feedback Signal

(Output)
FIG. 4. BLOCK DIAGRAM FOR THE PID FEEDBACK
CONTROL SYSTEM

TABLE 1. ZIEGLER-NICHOLS METHOD

Control Type K K K,

P 1

PID

0.6K, 2K, /P, K.P,/ 8

3.2 PrecedingVehiclewith throttlelnput of
50 Degrees and Different Initial

Conditionsfor Both Vehicles

In this scenario as shown in Fig. 5, both vehicles start
withthedifferentinitial speedsand differentinitial positions
while the throttle angle for the preceding vehicle is kept
constant at 50 for the entire simulation time of 20s. The
baseline scenarioisthat an ACC vehicletravelling at 30 m/
s(67 MPH) inthe speed control mode detects apreceding
vehiclewhichisaccelerating from 10 m/s(22.34 MPH), the
ACC vehicleis60m behind the preceding vehiclewhen it
detectsthe preceding vehicle. The ACC vehicleresponse,
using the PID control method, has been analysed for two
different situations: (1) the ACC vehicle has no
accelerationlimitsand (2) the ACC vehicleisrestricted to
the acceleration limits. In situation Equation (2), if the
acceleration command computed by Equation (4) isless
than the decel eration limit, then the accel eration command
isset equal to the deceleration limit.

The velocity of the ACC vehicle for both conditions is
shown in Fig. 5(a), the velocity profile, with limited
acceleration, establishesfirst the S|V D and then maintains
the zero-range-rate behind the preceding vehicle; this
manoeuvre can be well understood by observing
acceleration graphin Fig. 5(c). The ACC vehicle without
the acceleration limits, only concernswith establishing a
SIVD with zero-range-rate and is unabl e to meet the other
requirements of the transitional manoeuvre.

Fig. 5(b) shows the corresponding positions of the two
vehicles for this scenario. The initial relative distance
between the two vehiclesis60m. In responseto theinitial
deceleration commands computed using by the PID
control method; the ACC vehicle decelerates and
successfully establishes a SIVD with a zero range-rate
behind the preceding vehicle based on the headway
spacing control policy for both limited and unlimited
acceleration conditions. Once the SIVD is established,
the A CC vehicle maintainsthe steady-state operation with
a SIVD, which is the function of the vehicle speed. Fig.
5(d) shows the range (relative distance) between the two
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vehicles. It can be seen that the ACC vehicleis smoothly
establishing the desired SIVD after the transitional
operation. It has been observed from this analysis that
the ACC vehicle, using the PID control algorithm, has
performed all the control tasks discussed in Section 1.
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3.3 ACC VehicleResponseagainst a Halt

Preceding Vehicle

In the scenario considered below, an ACC vehicle detects
ahalt vehiclein front of it. The initial speed of the ACC
vehicle is 30 m/s, and it is 110m behind the preceding
vehicle. This encounter scenario has also been analysed
for two different situations; (1) ACC vehiclewith unlimited
acceleration, (2) ACC vehiclewith limited acceleration. In
situation Equation (2), if the acceleration command
computed by Equation (4) is less than the deceleration
limit, then the acceleration command is set equal to the
deceleration limit.

The simulation results for both conditions are shown in
Fig. 6. It can be seen with unlimited acceleration, the
ACC vehiclesuccessfully performsthe TM (dashed line).
In the case of acceleration limits (dashed-dotted line),
the ACC vehicle cannot meet the required control
objectives of establishing the desired SIVD with zero
range-rate and collides with the preceding vehicle as
shown in Fig. 6(b) (dashed-dotted black-line). During
thisTM, the ACC vehicleisexecuting anegative vel ocity,
Fig. 6(a) (dashed-dotted black-line), which does not
satisfy Equation (2) constraint. The initial commands
computed by the PID control law for the ACC vehicleis
to accelerate rather than to decelerate, Fig. 6(c). If the
initial commands are to accel erate then the deceleration
limits would not allow using the necessary brakes to
prevent acrash with the preceding vehicle. It isessential
that ACC vehicle must decel erate to avoid the collision.
After analysing this scenario, it can be concluded that
the PID control law is not feasible for these kinds of
transitional manoeuvres of the ACC vehicle, because,
the PID control algorithm does not include either the
state constraints or the control constraints in its
formulation.

4. MPC PREDICTION MODEL FOR
THETWO-VEHICLE SYSTEM

Similarly, the MPC control a gorithmisapplied to thetwo-
vehicle system which consists of apreceding vehicle and
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afollowing ACC vehicle. The position of the preceding
vehicleisdenoted by x, and the position of theACC vehicle
isdenoted by x,, (Fig. 1).

The continuous-time model in Equation (1) can be re-
written in adiscrete-time state-space model as:

Le+D) [1 7 0 wo) o
e |=[0 1 T |50+ 0 o) -
5,0+ o 0o 1-Lleo) | L

T T

where, T isthe discrete sampling time of the ACC system
and assumed as 0.1s.
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41 Coordinate Frame for Transitional

M anoeuvr es

It isnecessary to design and understand the mathematical
link between the state variables of the ACC vehicle and
the preceding vehicle. The desired SIV D between thetwo
vehiclesvarieslinearly with the preceding vehicle'sspeed
such that the headway time (h) between the two vehicles

remains constant (SIVD = hvpr ccetin g).

A coordinate frame[2], asshownin Fig. 7, travelswith a
velocity equal to the preceding vehiclevelocity. Thisframe
is used to determine the ACC vehicle motion relative to
the preceding vehicle. The origin of thisframeissituated
at thedesired SIVD and the objective of the TM isto steer
the ACC vehicleto the origin of thisframein order to set
up the zero range-rate with the preceding vehicle, where,
Ristherange (relative distance) between thetwo vehicles.

Using thiscoordinate frame (Fig. 7) for TM, the discrete-
time state-space model of the error vector between the
two vehicles can be defined as:

&.,~Ae+Bu, 6)
y,=Ce, )
where
err —(R-SIVD)
€, = err, | = R (8)
érr, X,

where, err, is spacing error, érr,is range-rate (relative
velocity between the two vehicles), and érr, is the
absol ute accel eration of theACC vehicle. Each element of
the error vector (g,) isthe quantity which is measured by
the ACC system and the control objectiveisto steer these

e —— SIVD—y|
) R Preceding Vehicle
ACC Vehicle|
S ) —
0
FIG. 7. COORDINATE FRAME FOR TRANSITIONAL
MANOEUVRE.
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quantities to zero [2]. u, is the control input, and y, isthe
system output at time step k. The system matricesA and B
can be obtained from the comparison of Equation (5) and
Equation (6).

1 T 0 0
A=(0 1 T | B=|0
' 9
00 1-L r ©
T T
And the system matrix Cisdefined as[2]:
1 00
C:
(o -1 o) (10

The control input constraint included in the MPC control
formulationis:

U SU S U (12)

min

Thedimensionof AU isN_andN_is3samples, therefore,
the constraintsare fully imposed on all the componentsin
AU and can betranslated to the six linear inequalities as:

1 0 0 u,, —uk,~1)]
0O 1 0 Upnax — U (k; —1)
Au(k,)
0o 0 1 ! U, —u(k, —1)
Lo o || Atk |< D
— Uu_. +1 —
Au(k,+2) | | T (12
0 -1 0 u, + u(k, —1)
10 0 -1 | %+ 2(k, = 1) |

And the state and collision avoidance constraints
incorporated in the MPC control formulation are:

err, SIVD
ylc = ; <
—err, v preceding

SIVD = hy

(13)

14

preceding

where, histhe headway time. The parameterswhich have
been used in MPC controller formulation are shown in
Table2.

4.2  ACC VehicleResponse against a Halt

Preceding Vehicle

In this encounter scenario, the ACC vehicle, in the speed
control mode, with an initial velocity of 30 m/s detectsa
preceding vehiclewhichisat rest at adistance of 110m. In
this scenario the ACC vehicle model has to decelerate
from 30 m/sto therest position. The spacing error between
thetwo vehiclesis-110m andtheinitial range-rate between
the two vehicles is 30 m/s as shown in Equation (15).
According to Bageshwar, et al. [ 2], thisscenarioispossible
toavoid the collision asfor the given range-rate of 30 m/s,
the required minimum range is 106m to decelerate to the
velocity of the target vehicle. The required SIVD in this
scenario is at the origin of the coordinate frame (Section
4.1) of the TM which remains constant throughout the
length of the simulation asthe preceding vehicle' svel ocity
isequal to zero.

Based on this encounter scenario the initial error vector
can be defined as:

err —(R-SIVD)) (- (110-0)) (-110m
e(0)=|érr, |= R = 30 =|30m/s | (15
érr, X, 0 0

where, -110mistheinitia spacing error, 30 m/sistheinitia
range-rate, and the 3 element of the vector isthe absolute
acceleration of the ACC vehicle. It should be noted that
the spacing error is equal to (R-SIVD), here R is the
initial range (relativedistance) whichis110mand SIVD is
the specified inter-vehicle distance which is Om in this
case.

TABLE 2. CONTROLLER PARAMETERS

Discrete Time Sample T 0.1s
Time Lag T 0.5s
Tuning Operator R 1
Set Point r 0
Headway Time h 1s
Prediction Horizon N, 230 Samples
Control Horizon N, 3 Samples
Upper Acceleration Limit U 0.25g
Lower Acceleration Limit Usin -0.59
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The simulation results in Fig. 8 show the ACC vehicle
responsefor two different situations. Inthefirst situation,
the ACC vehicleisanalysed without using any constraint.
In the second condition only the control input constraint
is included in MPC formulation while the states and
collision avoidance constraints are not included in the
control algorithm. It can be seen in Fig. 8(c) that without
any constraints the ACC vehicle's acceleration is going
below -0.5g m/s?, the ACC vehicle successfully executed
the TM and can establish athe SIVVD with the zero range-
ratewith the preceding vehicle. However, an ACC vehicle
should obey the constraintsin any of itsmode of operation
and in any driving situation. With the control input
constraint included only, the ACC vehicle cannot establish
a safe SIVD and smashes with the preceding vehicle as
shown in Fig. 8(a). The control input commands for both
situations are shown in Fig. 8(d). It can also be observed
from Fig. 8(b) that the ACC vehicle is travelling with a
negative velocity. Thisis due to the reason that the states
constraints and collision avoidance are not included in
the controller formulation. Therefore, it is necessary to
include states constraints and collision avoidance in the
formulation of the MPC control algorithm.

Fig. 9 showsthe same simulation scenario asshownin Fig.
8 but thistimethe statesand collision avoidance constraints
area soincludedin MPC agorithm. The MPC control law
computesinitially the decel eration commandsfor theACC
vehicle, Fig. 9(d). After reaching the decel eration limitsthe
deceleration commandsremainsactivetill t=5.93sfollowed
by the acceleration commands to bring the velocity of the
ACC vehicledown in order to establish the SIVD with the
zero range-rate. The velocity of the preceding vehicle is
zeroduring theentiresimulationtime sothe SIVD. It canbe
seeninFig. 9(a) that theACC vehicleestablished therequired
SIVD and manoeuvresto theorigin of the coordinateframe
(Section 4.1) with the zero range-rate. Therefore, it is
necessary to include control input, states and collision
avoidance constraintsin the controller formulationin order
to execute the TM successfully and avoid the accident
with the preceding vehicle.

These results have also been validated against the
Bageshwar, et al. [2] model. The simulation produced in
Fig. 9 matches well with their results. It should be noted
that in their results the simulation was stopped when the

ACC vehicle came to a complete halt while its absolute
acceleration still shows a negative sign. This does not
show the complete response of the ACC vehicle. On the
contrary, Fig. 9 shows the ACC vehicle response for a
longer time to emphasize that all the control objectives
have been achieved.
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5. CONCLUSIONS

Two control algorithms; PID and MPC, for the ULC of an
ACC vehicle have been synthesized and analysed in this
paper. Basic ordinary PID controller isused for thedistance
control of an ACC vehicle. These controllers are easy to
set up and allow high performance on the micro-controller
dueto low demands of calculating power. Problemsarise,
if several variables have to be controlled within the
constrained boundaries, e.g. statesand control constraints
as we have seen in the above simulation results. It has
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been observed that the functionality of the PID controller
is limited and approaches for stability determination of
more than one variable are complicated.

The main advantages of using MPC method over PID
control strategy are incorporating the operational
constraints (control input, states and collision avoidance)
in the control algorithm during the analysis process and
an online optimization can be achieved. The control input
constraintsarefully applied on all the componentsof AU,
and have been translated as six linear inequalities.

The simulation results obtained from PID method for the
first situation are satisfactory. In has been observed that
using PID control methods, theACC vehicleisestablishing
the desired SIVD based on the headway-spacing policy,
performing the control tasks discussed in Section 1 and
executing smoothly the required TMs.

The analysis carried out in the second situation shows
that PID method can establish therequired SIVD with the
zero range-rate when no acceleration limit is applied on
the control input (u), and the ACC vehicle exceeds the
acceleration limits (-0.5g). When the acceleration limitis
applied to the control input (u), the ACC vehicleisunable
to achieve the required control objectives described in
Section 1. TheACC vehicleisinitialy accelerating whereas
it should decelerate straight away for thegiveninitial range
between the two vehicles. Also, the ACC vehicle is
executing negative velocity, which does not satisfy the
constraint in Equation (2), and finally, it cannot avoid the
collision with the halt preceding vehicle.

The MPC strategy is not anew control method of control
designandisbeing used for different applications. It mainly
solves standard optimal control problems where the
optimizationiscarried out in afinite horizon. Thedifference
between the MPC and the other control methods is that
MPC solves the optimal control problem on-line for the
current states of the system rather than solving it off-line
using a feedback policy as in the case of other control
methods. The main difference betweenthe MPC and PID
control strategies is that the MPC control strategy uses
the desired reference trajectory which is computed using
the prediction model then, the MPC controller modifies
the plant characteristics in order to follow the desired
referencetrajectory. Whereas, the control action taken by
the PID control strategy is based on the past errorswhich
can beviewed asif the driver isdriving the vehicle using
therear-view mirror.

Mehran University Research Journal of Engineering & Technology, Volume 31, No. 3, July, 2012 [ISSN 0254-7821]

545



Analysis of the Controllers for the Transitional Manoeuvres of Adaptive Cruise Control Systems

ACKNOWLEDGMENTS

The authors would like to express their sincere thanksto
Mehran University of Engineering & Technology,
Jamshoro, Pakistan, for giving them an opportunity to
pursuethis study. The research work/study was supported
by HEC (Higher Education Commission), Pakistan, under
Faculty Devel opment Scheme.

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

Dorf, R.C., and Bishop, R.H., “Modern Control
Systems”, Prentice Hall, New Jersey, 2001.

Bageshwar, V.L., Garrard, W.L., and Rgjamani, R.,
“Model Predictive Control of Transitional Maneuvers
for Adaptive Cruise Control Vehicles”, |IEEE
Transactions on Vehicular Technology, Volume 53, pp.
1573-1585, 2004.

Girard, A.R., Spry, S., and Hedrick, JK., “Intelligent
Cruise-Control Applications”, |EEE Robotics and
Automation Magazine, pp. 22-28, 2005.

Rajamani, R., “Vehicle Dynamics and Control”, Springer,
New York, 2006.

Peppard, L.E., “String Stability of Relative-Motion PID
Vehicle Control Systems”, |IEEE Transactions on
Automatic Control, Volume 19, pp. 579-581, 1974.

Murdocco, V., Albero, D., and Carrea, P, “Control of
Longitudinal Vehicle Motion for Adaptive Cruise Control
and Stop & Go Applications”, Proceedings of ITS,
Torino, pp. 1-9, 2000.

Sun, M., Lewis, F.L., and Ge, S.S., “Platoon-Stable
Adaptive Controller Design”, 43rd IEEE Conference on
Decision and Control, Atlantis, Paradise Island, Bahamas,
2004.

Ferrara, A., and Vecchio, C., “Collision Avoidance
Strategies and Coordinated Control of Passenger
Vehicles”, Nonlinear Dynamics, Volume 49, pp. 475-
492, 2007.

Connolly, T.R., and Hedrick, J.K., “Longitudinal
Transition Maneuvers in an Automated Highway
System”, Journal of Dynamic Systems, Measurement,
and Control, Volume 121, pp. 471-478, 1999.

Gerdes, J.C., and Hedrick, JK., “Vehicle Speed and Spacing
Control Via Coordinated Throttle and Brake Actuation”,
Control Eng. Practice, Volume 5, pp. 1607-1614, 1997.

Rajamani, R., et al., “Design and Experimental
Implementation of Longitudinal Control for a Platoon
of Automated Vehicles’, Transactions of the ASME,
Volume 122, pp. 470-476, 2000.

Corona, D., and Schutter, B.D., “Adaptive Cruise Control
for a SMART Car: A Comparison Benchmark for MPC-
PWA Control Methods’, |IEEE Transactions on Control
Systems Technology, Volume 16, pp. 365-372, 2008.

Li, S., Li, K., Raamani, R., and Jiangiang, W., “Model
Predictive Multi-Objective Vehicular Adaptive Cruise
Control”, IEEE Transactions on Control Systems
Technology, Volume 18, pp. 1-11, 2010.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Zlocki, A., and Themann, P., “Improved Energy
Efficiency by Model Based Predictive ACC in Hybrid
Vehicles Based on Map Data”, 10th International
Symposium on Advanced Vehicle Control, Loughborough
University, UK, 2010.

Li, S., Li, K., and Wang, J., “Development and
Verification of Vehicular Multi-Objective Coordinated
Adaptive Cruise Control Systems”, 10th International
Symposium on Advanced Vehicle Control, Loughborough
University, UK, 2010.

Sheikholeslam, S., and Desoer, C.A., “Longitudinal
Control of a Platoon of Vehicles with no Communication
of Lead Vehicle Information: A System Level Study”,
|IEEE Transactions on Vehicular Technology, Volume
42, pp. 546-554, 1993.

Swaroop, D., and Hedrick, J.K., “Constant Spacing
Strategies of Platooning in Automated Highway Systems”,
Transactions of the ASME, Volume 121, pp. 462-470,
1999.

Huang, A.C., and Chen, Y.J., “Safe Platoon Control of
Automated Highway Systems”, Proceedings of Institute
of Mechanical Engineering Part-I1, Volume 215, pp. 531-
543, 2001.

Swaroop, D., Hedrick, J.K., and Choi, S.B., “Direct
Adaptive Longitudinal Control of Vehicle Platoons”,
|IEEE Transactions on Vehicular Technology, Volume
50, pp. 150-161, 2001.

Rajamani, R., and Zhu, C., “Semi-Autonomous Adaptive
Cruise Control Systems’, |EEE Transactions on Vehicular
Technology, Volume 51, pp. 1186-1192, 2002.

Ali, Z., “Transitional Controller Design for Adaptive
Cruise Control Systems”, Ph.D. Thesis, University of
Nottingham, UK, 2011.

Haney, P.R., and Richardson, M.J., “Adaptive Cruise
Control, System Optimisation and Development for
Motor Vehicles’, The Journa of Navigation, Volume
53, pp. 42-47, 2000.

Liang, C.Y. and Peng, H., “Optimal Adaptive Cruise
Control with Guaranteed String Stability”, Vehicle System
Dynamics, Volume 31, pp. 313-330, 1999.

O’'Dwyer, A., “Handbook of Pl and PID Controller
Tuning Rules’, Imperial College Press, London, 2009.

Naranjo, J.E., Narango, J.E., Gonzaleg, C., Revigjo, J.,
Garcia, R., and dePedro, T., “Adaptive Fuzzy Control
for Inter-Vehicle Gap Keeping”, |EEE Transactions on
Intelligent Transportation Systems, Volume 4, pp. 132-
142, 2003.

Franklin, G.F., Powell, J.D., and Emami-Naeini.,
“Feedback Control of Dynamic Systems”, Pearson
Prentice Hall, 2006.

Macigowski, JA., “Predictive Control with Constraints”’,
Prentice Hall, 2002.

Wang, L., “Model Predictive Control System Design
and Implementation Using Matlab”, Springer, London,
20009.

Camacho, E.F., and Bordons, C., “Model Predictive
Control”, Springer, London, 2004.

Mehran University Research Journal of Engineering & Technology, Volume 31, No. 3, July, 2012 [ISSN 0254-7821]

546



	537-538.pdf
	539-540.pdf
	541-544.pdf
	545-546.pdf

