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Abstract

In a distressed economy with increasing cost of fuel, it is necessary to achieve control of automobile engine over transient
behavior and meet performance objectives within the planned life of the vehicle. In this paper the objective is to design a model
predictive controller (MPC) that will minimize fuel consumption in a four stroke cylinder engine using idle speed control. Engine
speed is most often affected by unexpected disturbances, and the higher the engine speed at idle the higher the consumption of
fuel. Non linear dynamic equations of an idle speed engine were obtained and later transformed to equivalent linear equation by
linearization method. The designed MPC was integrated with a linearized equation of the plant. The MPC approach was used to
forecast and control the four stroke six cylinder engine model in the presence of unexpected disturbance to achieve the desired
objective. Simulations were performed in Matlab/Simulink and the results obtained showed that at different instances when
disturbances entered the system, with MPC controller in the loop, the instability introduced by the disturbance was eliminated

and the referenced idle speed tracked. There by maintaining the engine idle speed at 600 RPM.
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1. Introduction

Idle speed is the rotational speed of an engine when it is
not coupled to the drive train and no force is applied to the
throttle pedal. At idle condition, it is necessary to maintain
engine speed at a defined set-point in the presence of varying
load and perturbations. These disturbances include change in
torque arising from accessory loads on an engine such as air
conditioning, power steering/alternators, automatic trans-
missions, etc. The desired main input of the idle speed con-
troller is the engine speed. Other inputs are throttle position,
vehicle speed, feed forward indicators from automatic
transmission, air conditioning, power steering and battery

charging system. Some environmental measurements such
as engine coolant temperature and barometric pressure also
play minor roles. The main control output is the amount of
air supplied to the engine. Improved disturbance rejection
permits lower idle speed which is directly related to fuel
consumption reduction. An average passenger car spends a
significant amount of its time at idle condition while driving
in cities during heavy traffic, particularly in most developing
countries. The persistent emphasis to adequately address idle
speed problem is compounded by the desire to minimize fuel
consumption in the light of the current harsh economic
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conditions prevalent in the country and increasingly strin-
gent legislative emissions regulations in developed coun-
tries.

Engine models and control design methodologies that
have been utilized for the idle control include time domain,
crank angle domain mean value models, cycle-accurate
models capturing periodic engine speed variations due to
torque actuations and multivariable control [1-5]. Different
controllers have been used to solve idle speed problems,
such as Fuzzy control on the basis of equality relations with
idle speed control [6]. This showed that equality relations
turn out to be the natural way to represent such vague en-
vironments and developed suitable interpolation methods to
obtain a control function. Continuous action reinforcement
learning automation On-line PID tuning has been used for
engine idle-speed control [7]. A model-based control design
methodology for engine idle speed control in a mild hy-
brid-electric vehicle based on integrated starter-alternator
architecture has also been implemented [8]. An adaptive
idle speed control strategy for a V2, 1000 cc four-stroke,
water-cooled, port injection Sl engine has been developed
and a non-dimensional engine model including charging
and torque dynamics was established [9].An XU7-1761cc
gasoline engine data has been used within idle state to de-
velop a combined fuzzy-PID controller for idle speed con-
trol of internal combustion using the approach of model
based controller [10]. An ON/OFF control and PID control
have been used as a method of decreasing the engine idle
speed for the engine of a race car, the PID control was able
to stabilize the idling compared with the ON/OFF control
[11].An Attempt has been made to tune a controller without
the knowledge of mathematical model for the system to be
controlled. The Optimization algorithm of MATLAB/ Non-
linear Control Design Blockset (NCD) was used for this
purpose for anOn-line tuning in an automotive engine [12].
The theory of adaptive interaction has been used success-
fully for the active damping of engine idle speed oscillation
by applying Adaptive PID control [13].The adaptive PID
control scheme tuned the PID controller parameters by us-
ing the theory of adaptive interaction.A procedure that uses
the Measured Indicated Mean Effective Pressure (IMEP) at
different speed at a constant fuel rate and throttle position
has been used to develop successfully an Idle speed engine
model using in-cylinder pressure data and an idle speed
controller for a small capacity port fuel injected spark igni-
tion engine [14]. Pole placement technique has been used to
design an adaptive multiple input single output controller-
based on self-tuning regulator (STR) for idle speed control
[15]. A theoretical basis for further application of gas en-
gine using Fuzzy PID Model and responsiveness of engine
idle speed control to disturbances have been investigated
using Sliding Mode Control [16, 17].

The aim of idle speed control is to maintain a desired speed
of the engine (rpm) in the presence of disturbances. The con-
troller should be able to operate closer to constraints, time
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delay allowance, inverse response, ability to change control
objectives and sensor failure (predictive), and most im-
portantly improve operating cost by reducing the consumption
of fuel. In this paper the objective is to design a model pre-
dictive controller (MPC) that will minimize fuel consumption
in a four stroke cylinder engine using idle speed control. Non
linear dynamic equations of an idle speed engine were obtain
and were later transformed to equivalent linear equation by
linearization method.

2. Overview of Idle Speed Control

2.1. Concept of Engine Idle Speed

In a vehicle, an engine idle speed may be set by adjusting
the screw on the throttle body. This adjustment sets the air
flow through a bypass passage from the intake air side to the
manifold side of the throttle body. However, if more loads are
placed on the engine during idle condition, its idle speed may
fall to a level where the engine stalls. High load can be caused
by electric loads from head lights or cooling fans. Shifting an
automatic transmission into a drive range or engaging the air
conditional compressor clutch will also cause a drop in the
idle speed.

The extra air needed for a cold engine can come from an
auxiliary air device. The control unit reacts to this additional
air by metering additional fuel. This makes more air-fuel
mixture available during the warm up period. The amount of
air that bypasses the throttle can be controlled by electronic
control unit (ECU). It receives data on idle speed and idle
conditions and uses it to provide an output to a solenoid tapper
valve. The valve varies the opening of the bypass passage way
and changes the idle speed to sooth. This control unit is a PID
controller, Fuzzy- logic controller or hybrid controller design
with model predictive control.

It was established that about 30% of fuel is consumed due
to idling process in busy roads [18]. Most roads in major cities
in Nigeria could be classified as busy and therefore idle con-
ditions become a serious issue in the country. In car gaso-
line-fuelled vehicles emission test, idle amount of CO and
hydrocarbon emissions are usually accounted for about 70%
of the total emissions. The idle speed will increase fuel con-
sumption leading to wastages. When idle speed is too low to
make obvious reinforcement effect of exhaust gas dilution of
mixture in cylinder, a slight change of load or resistance will
cause instability or even shut down engine operation.

PID controllers, fuzzy controllers and some hybrid con-
trollers have been the traditional methods of tackling engine
idle speed problems. This paper is proposing a more robust
controller which is the model predictive controller. This pre-
dictive controller improves operating cost, allows time delays,
allows nonlinearities, and increases stability in idle speed of
engines.
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2.2. Model Predictive Control

Model predictive control (MPC) has gain wide acceptance
in recent times in advanced control technology. Many varie-
ties of MPC controllers exist both in theory and practice. They
all share common feature that an explicitly expressed plant
model is used to forecast and optimize future plant behaviour.

In MPC, calculations are done per sampling time. The
calculations are performed with respect to current measure-
ment and future output values predictions. There are two types
of primordial computation in a MPC controller. They are: set
point calculations and control calculations. The main objec-
tive of a MPC controller is such that a sequence of control
moves in the manipulated variables are determined so as to
track and maintain the system at its set point in an optimal
trend.
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Figure 1. Basic Concept of MPC [19].

The basic concept behind a MPC controller is shown in
Figure 1. From the figure, it can be seen that at each time step
k through an objective function, an optimization problem is
solved based on output predictions over a prediction horizon o
time steps. In order to minimize this objective function, a
selection of manipulated variables moves over a control
horizon of M control moves. It should be noted that even
though at each step time a group of M moves is calculated,

only the first one Uy is implemented. After this step, the
measurement at the next time instant Yk +1 is obtained,

followed by a correction due to model error, and then a new
optimization problem solved again. These procedures are
performed for each time stepk .

The prediction output for an instant time k is calculated
using the equation:

ON-1
Vie= 2 Sif-i TN YN

1)
Where Si is the model coefficient of the output values at

each time step for (i=1,2,3,
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3. Mathematical Model

3.1. Air Dynamics

There are two parts to be noted, the air flow past the throttle
plate and the air flow and pressure characteristics of the intake
manifold. These areas will be modeled in this section. In this
paper the control input is the throttle angle in degrees and the
output is the engine speed in revolution per minute (rpm).

3.1.1. Mass Flow Dynamics of Throttle

The rate at which air mass flow into the engine, or precisely
into the intake manifold is maintained and regulated by the
throttle. The throttle being a metal plate is positioned by a
positioning servo known as throttle servo. In idling state, the
opening of the throttle valve for air mass flow can be modeled
as in Equation (2) using choked flow equation [20].

Pamb

A fZ RT.mo

where Wy , is the flow rate of air mass through the throttle;

Wath =An

@

Ay, . is the area of the throttle which is a function of the

throttle angle, @ . In idle state, the throttle displacement is
very small though the throttle area is a nonlinear function of
the throttle position. It will be assumed in this context that the
relationship existing between the effective area and position
of the throttle is linear.

3.1.2. Intake Manifold

The intake manifold functions primarily to distribute the
combustion mixture to different intake ports in the cylinder
head. The dynamic equation of the intake manifold pressure is
modeled based on based on the isothermal conditions [20] as:

dp; RT.
im _ "im(:
dt Vi (Wagn — e ©)
where Pim - Vim' Tim > R, and Wc manifold pressure,

volume, temperature, universal gas constant, and air mass
flow into the cylinder. The mean value of fuel-air mass mix-
ture flow into the engine cylinders is approximately given by:

W _ RimVd Ne
meancyl ~"Nol = 4,

4)

where Mol » Vd , and Ne , are the volumetric efficiency, the

displaced volume, and the engine speed. The mass flow rate of
air into the cylinders can be obtained using:
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. Wmeancyl
W, =——
c F
1+ q)(j
Als

F _ .
Where (KJ and ¢ represent the stoichiometric fuel-to-
S

®)

air ratio and equivalence ratio.

3.2. Engine Torque Generation

Generation of torque is generally a non-linear function of
engine speed, mass flow rate into the engine cylinder, equiv-
alence ratio and spark advance: The output torque of the en-
gine given by:

SA) (6)

Teng =9 (Ne’wmeancyl P

3.3. Rotational Dynamics of Engine

The equation describing the rotational dynamics of the en-
gine crank shaft with moment of inertia, J is given according
to Newton’s second law [17] as:

dN

TLoad is the external load (or disturbance) torque which

can come from air-conditioning compressor.
So far the dynamic equations of the component parts of the
idle speed engine have been obtained.

3.4. Linearized Model

In this section, a linearized model of the engine idle speed
dynamics which be used in this context is presented using the
method in [21]. Hence Equations (2) and (3) are given as (8)
and (10).

®)
Equation (8) can be represented as a function of Aa by:

Wath = 9 (Aa) )

where « is the throttle angle, ka is the linearized rate of

airflow rate sensitivity, and A« is the increment in throttle
angle from the operating point at which the system is linear-
ized.

The intake manifold pressure, equation (3) can be ex-
pressed as follows after linearization.

30
€ _ _
J dt _?(Teng TLoad) )
AP =k Math _ e AP_+k_ Kk Aa—k_ ky AN (10)
M- "Pim\ @ ap ) M Pim @ Pim Ne ©
oW
where kp_ —L Ky =—C A time constant, AT =H_ AP +H.Af, +HAS+ fo. AN

im - W, =W, e ONg eng " pTim TR TS N™e (13)

Tpi m can be defined for a transfer function of the intake

manifold from (10) as:

o 1
Pim O O (12)
Piml o0 op

Hence, equation (9) can be generally represented as a

function of Apim : ANe, and Acby:

AR =0, (AR (12)

im,ANe,Aa)

The engine torque or output torque is again represented in
this context as linear model given by:
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where Afd is the increment in fuel delayed by induc-
tion-to-power (IP) lag, ANe is the increment in engine speed,
and Ao is the increment in the ignition timing in degree
before top dead centre (TDC). H p is the influence of delayed

pressure on torque, Hf is the influence of delayed fuel on
torque, H5 is the influence of spark advance on torque, and

fN is the engine friction. The terms Hp, Ht and H5

give the combustion torque.

The rotational dynamics model, equation (7), can be line-
arized by substituting equation (13) into equation (7). This
gives:
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. 30 2Ne
ANe+E k—z— N
J

Equation (14) can be expressed as a function as follows:

AN = g APy AN A, ATy AT o) (19)

If k =£ a transfer function is taken from equation
RN = 5,

(14) which gives a time constant as:

B 1
RN =

k

2N

e (16)

RN| 2 _

N

In order to determine the model parameters by testing in
Matlab/Simulink environment, typical nominal values of the

parameters for a four stroke, six-cylinder engine at Ne =600

kg
Wath ath ath ath
I R
™% Py P iy
ANg

o 09, 093

ONg ONg ONg

The coefficients of the matrices are evaluated at the given
nominal operating point of either of the following: Wath’
Pim Ne,a’ S, 1:d 'TLoad .

The coefficients of the matrices at operating point for a

0

AN

e (H pAPim +H e Afy +HGAS—AT) (g ) (14)

Jrz

RPM [19] is used. The control sampling time, T , for a
six-cylinder engine is equal to 120 degrees.

3.5. State-space Representation of the
Linearized Engine Idle Speed Model

A state space representation of the system is realized by
choosing a state matrix which has three elements: the mass

flow rate through the throttle (Wath)' the intake manifold

pressure ( Pim ) and the engine speed ( Ne ). The inputs are the

change (or increments) in throttle angle, spark timing, delayed
fuel, and the load torque. Hence, Equations (9), (12) and (15)
can be represented by the following state-space matrix by
taking their partial derivative:

o w, gy O
W Jda OJda O« Load
oMl o eg, ooe| Y| ag
L %% 99, 993 09y
APt a6 a5 @6 | A0 LA ATl oad (17
ANe | |20z oo |4 oa
Y Uy U3 a9
og oy iy T
- - |~ Load |

six-cylinder engine at nominal engine speed N, =600 RPM
are presented below:

W .
ath | |o 0 0 Wath K 0 0 Aa 0
AP |=0 —yrp_ ~kp Kne || APim [+ Kp, ko 0 0 AS |+ 0 AT 4 (18)
ANe | g k ;m . ANe "g kon e ko Ho |2Td ) LR
rnHP R rRnFs KrnHe

Evaluating the values of the coefficients of the matrices in equation (18) using Table 1 gives:
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Wath 0 W,

0 0

ath

AR =10 —4.762 -0.062 | AR

ANg | [0 898.464

The state space equation (19) can be represented in form of
a state equation as:

X = Ax+Bu+bv (20)
y =Cx+Du (21)
Where
Wath Aa
X= Apim u=l Ao andeATLoad
0 0 0 0
A=|0 -4762 -0062|, B=Ib= 0
0 898.464 -0.251 —67.20
c=[o o 1]JandD=[0 0 0]

3.6. Transfer Function Representation of the
Linearized Engine Idle Speed Model

In order to carry out simulation in Matlab/Simulink envi-
ronment, the state-space equations (20) and (21) are trans-
formed into Laplace form using the formula:

Cadj(sl —A)B

o) =~ Get(s — A)

(22)

Substituting the Matrices A, B,and C yields the closed
loop transfer function of the plant as in equation (23).

24602 +1.171x10%s

=3 5 (23)
s° +5.013s“ +56.97s

G,(s)

4. Flow Chat and Implementation

4.1. Algorithm Development

In order to minimize fuel consumption by controlling the
engine idle speed, a controller has been designed. The first
thing we did was to identify the control variables (the air
dynamics and the intake manifold), then the rotational dy-

~0.251| ANg

180

20 0 0 || A 0
+(1552 O 0 A |+ O ATLoad (19)
0 -67.20

672 2460 | Af d

namics of the engine using the engine torque generation.
When we have obtained the model dynamics of the idle
speed, the system configuration was established. In other to
design a predictive controller, we had to understand how the
predictive controller works and get a comfortable set point
for the engine idle speed. A set point where the idle speed
will neither be to high nor too low in the presence of un-
known disturbances causing high rate of fuel consumption or
engine stalling respectively.

Ae the control oby ective/
+

I Identify the controlled variable I

|

| Write the specifications |

l

Obtain the model dynamics ofidle speed

Establish the system configuration

!

Describe an MPC controller and design the
controller by zelecting lcey parameters

I

Integrate the designed controller with the
model dynamics and check performance

Iz the performance
gpecifications met?

/ Complete the design /

Stop

Figure 2. Element of the control system design process.

The control loop is a standard single input single output
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(SISO) system and was implemented in Matlab/Simulink
environment. The plant model dynamics were initially in a
nonlinear form and were later linearized and transformed to
equivalent linear forms. The linearized dynamics where
combined to a single transfer function in continuous time.
The transfer function was integrated with a MPC designed
using Simulink block to create a closed loop control system
for engine idle speed.

4.2. Simulation Data

Table 1. Typical parameters of six-cylinder-engine model at N;= 600
RPM [19].

Parameter Unit Value
K (Ib/hr)/deg 20.000
T Sec 0.210
Ko, Ibf-h/(Ibm-in2-sec) 0.776
Hp ft-Ibf/psi 13.370
Hs ft-Ibf/deg 10.000
T Sec 0.033
RN Sec 3.980
KRN Rpm/(ft-Ibf-sec) 67.200
kn, Ibm/(rpm-hr) 0.080
Hj ft-Ibf/lbm 36.600

4.3. System Configuration and Controller
Design

Step Disturbance

G67.

ENGINE IDLE
SPEED PLANT

iv

MPC
CONTROLLER

- Reference
| 600 Speed

Figure 3. System configuration for engine idle.

Figure 3 shows the structure of the system to be considered
in this context. It is a single input and single output (SISO)
linearized engine idle speed close loop control system. The
controller and the plant are all in the forward path.

181

4.4. Controller Design

The controller design in this context is performed in
Matlab/Simulink environment. The procedures taken for realiz-
ing the suitable model predictive controllers (MPC) have been
concisely outlined in this section. A mode predictive controller
block in Simulink is used. The controller design and simulation
steps are as outlined in Parameter Selection

In order to design a model predictive controller (MPC),
certain parameters have to be chosen. The parameters are the
different horizons, set-points, output weight, and constraints.

(a)Setting the model and horizons

Table 2. Selected Horizons.

Horizons Selected Value
Control Intervals 0.2

Prediction Horizons 10

Control Horizon 2

Selected the horizons of the MPC designed in this context.
To design the controller, the horizons must be set to values
that will meet the desired set-point of the control system. For
stability purpose for the closed loop system, the prediction
length as well as the control horizon are essential because the
controller when conditioning the control signals to perform
certain changes can subject the system into unst The horizon
determine how far the controller could predict the plant or
process behaviour in future. Table 2 shows able mode. The
relationship between the prediction horizon (Hp) and the
control horizon (Hc) is such that H, should be far greater than
He.

(b)Set-point selection

This is the same as the nominal value of the input and
output system. The set-points give the target values for both
input and output signals. There are nominal values which
have to be selected for the input and output. The selected
set-points used in the simulation performed in this context
are shown in Table 3.

Table 3. Selected Set-Points.

Signal Type Set-Point
Torque Manipulated Variable 67.2Nm
Step-Disturbance Measured disturbance 0

Engine Idle Speed Measured output 600RPM
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(c)Setting the constraints

The constraints tab makes it possible to specify the mini-
mum and maximum values for the manipulated variable (in-
put) and control variable (output). It is important to set these
components when designing model predictive controller
(MPC) because this approach is able to take care of the pro-
cess constraints in an optimal fashion. Hence, for the evalua-
tion of the closed loop system for the engine idle speed, dif-
ferent responses were tested and evaluated in this context by
selecting different values for the constraints until a response
which gives the desired output was realized. Table 4 shows
the selected values for the constraints.

Table 4. Selected Constraints.

. . . Max Down Max Up
Signal Minimum  Maximum Rate Rate
Load -67.2 134.4 -Inf Inf
Torque
Engine
Idle Speed -600 600 0 0

5. Results and Discussion

5.1. Results

In this section, the results obtained when the system is
simulated in the open loop and closed loop conditions in the
Matlab/Simulink are presented. The simulation results in
both conditions show different dynamic behaviours of the
control loop for an engine idle speed system.

Graph of Engine Idle Speed against Time
1200 T T T T T T T T T

Engine Idle Speed
—---=-- Referenced Engine Idle Speed ||

1000

800

600

400

Engine Idle Speed(RPM)

200

i ru
5
time(second)

ir 0 Ut

9 10

6 7 8
Figure 4. Open loop simulation response of the engine.
Figures 4 and 5 show the simulation results performed in

this context in open loop for when a unit step input disturb-
ance and a sine wave disturbance enter the system. The solid
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line represents the referenced speed and the dash line repre-
sents the engine idle speed (tracking speed). The open loop
case is the simulation without controller in the loop while the
closed loop is the simulation with controller in the loop. In
both cases the plant responses remain the same as can be
seen from the graphs. It can be seen that the system shows
high degree of instability without a controller in the loop.

Graph of Engine Idle Speed against Time
1200 T T T T T T T T T

Engine Idle Speed
—--=-- Referenced Engine Idle Speed

1000

T

800

600

400

Engine Idle Speed(RPM)

0 r r r r
4 5 6 9

time(second)

10

Figure 5. Open loop simulation response of the engine idle speed
system for a unit step disturbance idle speed system for a sine wave
disturbance.

Plant Inputs
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67.5 r r r r r r r r r
2

1.8+ |

1.6 yl

Stepl

L4f .

1.2+ |

1 r r r r r r r r

0 1 2 3 4 5 6

Time (seconds)

Figure 6. Plant inputs characteristics with an MPC for a unit step
disturbance for a sine wave disturbance.

10

Figures 6 and 7 show the plant inputs characteristics with
an MPC in the loop. In Figure 6, the manipulated variable
(load torque) rises from 68 Nm to 69 Nm and settles at a load
torque of about 68.1 Nm which is within the range chosen
for the designed MPC, that is -67.2 Nm (minimum) and
134.4 Nm (maximum). In Figure 7, the manipulated variable
(load torque) rises from a value of 67.2 Nm to 70 Nm and
settles at a load torque of about 68.1 Nm.
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Figure 7. Plant inputs characteristics with an MPC.
Graph of Engine Idle Speed against Time
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Figure 8. Closed loop simulation response of engine idle.

Graph of Engine Idle Speed against Time
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Figure 9. Closed loop simulation response of engine idle speed
system for a unit step disturbance speed system for a sine wave
disturbance.

Figures 8 and 9 show output responses of the engine idle
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speed control loop when a step input disturbance and sine
wave disturbanceentered the system. In both cases the con-
troller is able to track the referenced speed. The solid line
represents the referenced speed and the dash line represents
the engine idle speed (tracking speed).

5.2. Discussion

Figures 4 and 5 are the open loop simulations of the en-
gine idle speed. It can be seen that the uncompensated sys-
tem shows continuous cycling. The response of the engine
idle speed to a referenced speed of magnitude 600 rpm
shows a peak value of above 1000 rpm and continues cycle.
Hence this indicates high instability in the open loop condi-
tion and leading to increase in fuel consumption by the en-
gine in the idle state. And this requires a controller in the
loop to take care of the cycling and maintain stability in the
control loop with improved fuel consumption rate.

Figures 8 and 7 are the closed loop simulations with a
Model Predictive Controller (MPC) in the loop. It can be
seen that the response initially peaks to a value of about
680 rpm and then cycles for 0.04 minute (2.5 seconds) in
both cases. In Figure 8, at point 1.0 seconds, a step dis-
turbance was introduced and the response peaks downward
and then rises rapidly before tracking the referenced speed
at 2.5 seconds. This shows that the designed controller has
been able to eliminate the cycling in the open loop and has
been able to stabilize the system with a settling time of 2.5
seconds. This shows an optimal and fast response tracking.
In Figure 9, at point 1.0 seconds, a sine wave disturbance
was introduced and the response peaks downward and then
rises rapidly before tracking the referenced speed but with
slight variation from the referenced input as the system
settles and stabilizes. In both cases the controller is able to
eliminate the high instability in the open loop. This leads to
improveengine idle speed with the fuel rate consumption
greatly minimized. Hence, operating cost of the engine in
terms of fuel consumption has been improved to a large
extent.

It is obvious from the simulation graphs of Figures 8 and 9
that the designed controller greatly improved the perfor-
mance of engine idle speed system when compared to the
loop without a controller. Hence, it can be seen that the en-
gine idle speed has been considerably minimized and main-
tained at a desired speed of 600 rpm by the designed MPC
controller.

6. Conclusion

A model predictive control system for minimizing idle
speed in four stroke six cylinder engine has been presented in
this context. Predictive control of engine's throttle valve has
many advantages such as reduction in emissions, improve-
ment in fuel efficiency and power delivery. In this paper, a
four-stroke six-cylinder engine model is used; model predic-
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tive control approach is used in order to design a robust con-
troller for engine at idle speed. The main objective of this
paper is to design a controller that will minimize fuel con-
sumption in idle engine speed. The controller achieved the
objective and hence improved fuel economy. The basic de-
sign steps can be summarized as linearization of Throttle
body dynamics, design of suitable robust controller for sta-
bility and tracking problems. Lastly, simulation of control
indicates that applying the proposed approach successfully
overcomes obstacles for control of engine at idle speed. The
choice of a sine wave disturbance after testing with a step
input disturbance that could arise from an ignition, was due
to the fact that one of the disturbance that affect the engine in
idle state is an audio sound from car stereo which is sinusoi-
dal in nature.
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