
Journal of Engineering Science and Technology 
Vol. 16, No. 1 (2021) 681 - 695 
© School of Engineering, Taylor’s University 
 

681 

ADAPTIVE CRUISE CONTROL OF A SIMSCAPE  
DRIVELINE VEHICLE MODEL USING PID CONTROLLER 

ALI MAHMOOD*, MOHAMMED ALMAGED, MOHANAD N. NOAMAN,  
YAZEN HUDHAIFA SHAKIR ALNEMA 

College of Electronics Engineering, Ninevah University,  
AL-majmoaa Street, 41002, Mosul, Iraq 

*Corresponding Author: ali.mahmood@uoninevah.edu.iq 
 
 
 
 
 
 
 
 
 

Abstract 

The arising of an autonomous vehicle has proven to reduce accidents effectively.  
However, such technology requires time and cost to develop, while vehicle 
system simulation software provides a cost-efficient, easier and safer way to 
analyse automotive applications. This paper presents a design methodology of 
Adaptive Cruise Control (ACC) system. Initially, it involves constructing a 
complete graphical model of the vehicle using MATLAB Simscape library. This 
approach will eliminate the need for mathematical derivation, model uncertainty 
and linearization. It will also produce a quite realistic behaviour since it takes into 
consideration all the key role parameters of the vehicle. Then, two PID controllers 
are designed to adjust the throttle and brake respectively. The designed algorithm 
takes into account keeping the actual distance above or equal to the safe distance 
by modifying the set values of the controllers according to the actual speed and 
the speed of the vehicle ahead. Several simulations are performed to verify 
controllers’ capability for different driving situations. The simulation results 
reveal that the two PID controllers are successful in achieving the desired vehicle 
speed while simultaneously maintaining a safe distance. Furthermore, the results 
show that the system responded smoothly to the set speed in an acceptable rise 
and settling times with almost zero overshoot and steady state error. 

Keywords: Adaptive cruise control, Autonomous vehicles, PID controller, 
Simscape vehicle model,. 
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1. Introduction 
Automated vehicle control system (AVCS) is a crucial part of autonomous cars that 
represent the core of Intelligent Vehicle Systems (IVS) [1, 2]. Recently, the 
adaptive cruise control feature has been integrated into the passenger cars by using 
a sophisticated control and sensing elements as well as enhancing engine 
capabilities. The purpose of controlling vehicles autonomously is to increase 
drivers’ safety and decrease accident rates by putting the driver and passengers out 
of the control loop of the driving system [3]. Simple and fully automated cruise 
control systems are now a part of the new architecture of modern highway systems 
that tend to increase freeway and traffic flow [4-6]. 

Recently, a cruise control system has become one of the advanced features in 
automobile industry. Instead of adjusting throttle and brake pedal frequently by the 
driver, the adaptive cruise control system can be utilized to take over the control of 
the car according to desired speed set by the driver. Therefore, this system has an 
additional benefit of reducing driver’s fatigue in a long road trip [7]. Adaptive Cruise 
Control (ACC) is introduced as a more advanced version of a traditional cruise 
control system [8]. A sensory system is attached to the vehicle to detect slow moving 
vehicles ahead [9]. Thus, an advance adaptive cruise system allows the vehicle to 
adopt set speed according to both traffic environments and driver’s desires. 

Speed control of vehicles, that is usually referred to as the cruise control system, 
has been applied from the mid of the twentieth century in many companies such as 
Chrysler, Audi, BMW, etc. According to the 1948 discovery of a mechanical 
engineer community, this term is initially used in Chrysler 1958 Imperial. Based 
on the relation between ground speed and rotational speed of the wheels, such 
system physically controls the throttle position by energizing a bi-directional 
screw-drive electric motor [10]. This system has the task of keeping the speed of 
the vehicle constant according to the desired value set by the driver. However, it 
has a crucial drawback at which the vehicle does not make any interaction with the 
environment, especially with other vehicles ahead. This means when a vehicle or a 
person passes by the driver has to step on the brake pedal in order to reduce the 
speed or even stop the vehicle completely. The new generation in the world of 
speed control of the vehicles is the Adaptive Cruise Control (ACC) system. The 
ACC system differs from the ordinary cruise control system in adjusting vehicle’s 
speed to maintain a safe and acceptable distance to the vehicles ahead. This is 
usually accomplished by acquiring data from a distance sensor, Lidar or Radar, 
mounted on the vehicle. The first commercial ACC system that assisted by a Radar 
was implemented by Mercedes-Benz in 1991 [11]. A similar ACC system based on 
Lidar detection was employed by Mitsubishi in 1992.  

Many researchers have paid great attention to the controller that is being utilized 
to modify the speed of the vehicle relying on both driver desire and distance to the 
vehicle ahead. In addition, they are concentrating on the algorithm that will be used 
to reduce the response time or expand the range of the speed that ACC can deal 
with.  Several control approaches have been applied in ACC systems. These control 
techniques might be a PID controller, Fuzzy logic, LQR or even with only a 
feedforward system [12, 13]. The PID based controller has been utilized widely in 
Adaptive Cruise Control. A PID control approach has been introduced in [14] for 
improving driving stability and comfort. For more enhancement in ACC systems, 
the design problem can be recast into an optimization problem of which solved by 
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one of the searching methods. Ant Lion Optimization (ALO) is one of these 
methods that has been presented in [15]. A better performance has obtained for 
Adaptive Cruise Control in terms of settling time, rise time, peak time, maximum 
overshot and steady state error. 

Fuzzy logic controller has also been employed widely in the field of ACC 
system. Fuzzy PI and PD controllers have been applied successfully for automatic 
cruise control system [16, 17]. Also, a self-tuning fuzzy-PID controller algorithm 
has been developed in [18] which combines the benefits of both PID and fuzzy 
logic controllers. In [19], a fuzzy-logic algorithm is used as switching and tuning 
supervisor of a multiple-controller framework for ACC. Driving stability and 
comfort are one of the key concerns of the ACC system. In [20], a fuzzy logic 
controller is designed for ACC system taking in consideration enhancing driving 
experience in term of stability and comfort. other fuzzy control systems have been 
employed to achieve both ACC and Stop-Go control [21, 22]. A fuzzy logic control 
(FLC) approach has implemented in [23] with Gravitational Search Algorithm 
(GSA) for optimization. Moreover, an adaptive neuro-fuzzy predictive control has 
proposed in [24-26]. Fuzzy can human reasoning and dealing with nonlinear and 
complex problems. Fuzzy rules mostly rely on the experience of the designer. 
However, one of the major problems of employing a fuzzy controller is that there 
are too many parameters to cope with which generally yielding nonoptimal control 
in real driving conditions [27].  

Model predictive control (MPC) has received significant attention for automotive 
control applications. ACC based  on MPC has been implemented in [28, 29] for 
energy-optimization. In [30], a linear MPC cooperative ACC approach has been used 
to reduce fuel consumption. ACC algorithm with multi-objectives (safety, energy-
economy, comfort, and car following) has been reported in [31, 32] based on MPC. 
In [33], MPC has been proposed to design a practical ACC for traffic jam. MPC has 
capable of real-time multi-objective optimal control and easy to achieve accurate and 
optimal control. However, an accurate modelling of the driving dynamics behaviour 
is required in order to obtain acceptable and more realistic results. The main drawback 
of MPC is strongly depending on the model accuracy, which most of aforementioned 
techniques were using a mathematical model for the vehicle, which has 
approximations, and linearization for the complex complicated driving system [34]. 
Furthermore, MPC is requiring a certain level of future trip information, which is 
generally not the case in real life and it has a heavy computational burden.  

This paper presents implementation of a complete graphical modelling of the 
vehicle comprising all of its systems using MATLAB Simulink through Simscape 
Driveline library. This approach will eliminate the need for mathematical 
derivation, model uncertainty, linearization and approximations. Also, two PID 
controllers will be used to control the throttle and brake respectively. PID tuner tool 
with the benefits of modifying system structure and performance will be utilized to 
achieve the parameters of both controllers. These controllers will take control 
actions depending on the desired speed set by the driver while maintain safe 
distance to the vehicle ahead.  

2. Vehicle Modelling 
The realistic model of the vehicle could be understood by explaining the powertrain 
components that start from power generated by the engine to the power delivered 
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by the drive shafts, differentials and finally drove to the road surface. Graphical 
modelling offers great flexibility in describing the structure of a system using a 
physical element network rather than mathematical derivations. MATLAB 
Simulink gives a complete library for modelling and simulation of rotational and 
translational mechanical systems [35]. It also facilitates control systems design and 
testing of complex physical systems. This model simulates a complete vehicle 
comprising the engine, drivetrain, four-speed transmission gearbox, tires, and 
longitudinal vehicle dynamics using Simscape Driveline library [36]. In terms of 
this model, the torque generated by the engine, according to throttle level, is 
transferred to the torque converter, which will deliver it to a 4-speeds transmission 
gearbox. The differential connected to the gearbox splits the received torque 
equally into the two rear wheels, which are driving the whole vehicle body. Figure 
1 shows the complete vehicle model, including engine, transmission and vehicle 
body, constructed in MATLAB Simulink. 

 
Fig. 1. Constructed vehicle model. 

The engine block simulates an internal combustion engine with the throttle, time 
lag and rotational inertia. The physical input port T specifies the normalized engine 
throttle level (0 - 1) and hence states the engine torque at fixed engine speed. Model 
parameterization of the engine block includes specifying engine type, maximum 
power, the speed at maximum power, etc. It also requires specifications of the engine 
dynamic behaviour such as engine inertia and time constant. The other important 
block in the vehicle’s Driveline is a torque converter. It couples two axes by the mean 
of hydrodynamic action of a viscous fluid to transfer torque and rotational motion. 
The four-speed transmission subsystem comprises five friction clutches connected to 
two planetary gears as shown in Fig. 2. Planetary gears are commonly used in 
transmission systems as they sustain high gear ratios in a compact space. The ratio of 
the selected gear defines the clutch schedule, shown in Fig. 3, that states which clutch 
must be engaged. The shift logic subsystem is a state machine architecture that 
controls the sequence of gears changing. This system calculates the upshift, downshift 
thresholds depending on the currently selected gear, and throttle input level. Then, it 
compares these thresholds with the current vehicle speed to decide whether the car 
needs to shift gears or remain engaged on the same gear.  

The vehicle subsystem, as shown in Fig. 4, is mainly consisted of differential, 
friction brakes, tires, and vehicle body. The differential is employed to equally split 
the incoming torque from the transmission gearbox into left and right tire of the 
rear driven axle. The double - shoe brake push against the rotating drum to generate 
a braking action that causes the rotating drum to decelerate. The tire model provides 
the rolling action of the vehicle. This module takes into consideration the thrust 
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produced by the tire, normal force acting on the tire, tire slip, wind velocity and 
road inclination angle. 

 

Fig. 2. Transmissions subsystem. 

 

Fig. 3. Clutch schedule subsystem. 
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Fig 4. Vehicle body subsystem. 

The default MATLAB parameters of the vehicle, listed in Table 1, are utilized 
to run the simulations. This comprises several specifications of the engine’s 
performance, transmission and vehicle’s body size and dimension. 

Table 1. Vehicle’s parameters. 
Engine Parameter Value Body Parameter Value 
Maximum power 
(Watt) 1.5e+5 Mass (kg) 1200 

Maximum speed 
(RPM) 6e+3 Horizontal distance from CG 

to front axle (m) 1.4 

Speed at maximum 
power (RPM) 4.5e+3 Horizontal distance from CG 

to rear axle (m) 1.6 

Initial speed (RPM) 960 CG height above ground (m) 0.5 
Stall speed (RPM) 500 Frontal area (𝒎𝒎𝟐𝟐) 3 
Engine inertia (kg.𝐦𝐦𝟐𝟐) 0.08 Drag coefficient 0.4 
Engine time constant 
(sec) 0.4 Wind velocity (m/s) 5 

3.  Controller Design 
The first step of designing a controller is describing the sequence of operations, 
shown in Fig. 5, required to control the whole process. Designing the algorithm 
requires two controllers, the first controller is used to adjust the throttle and the 
other one for controlling the brake action. This is necessary to ensure that the actual 
speed (v_actual) exactly follows the set speed (v_set) which has been chosen 
depending on desired speed (v_desired) and the speed of the vehicle ahead 
(v_ahead). The designed algorithm also takes the actual distance into consideration 
keeping a safe distance (d_safe) from the vehicle ahead. When the v_ahead is 
reduced suddenly, v_actual needs time to be reduced and as a result this will reduce 
the distance between the two vehicles (d_ahead). The speed of the vehicle ahead is 
calculated as follows: 

𝑣𝑣𝑎𝑎ℎ𝑒𝑒𝑎𝑎𝑒𝑒 = 𝑣𝑣𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑣𝑣𝑟𝑟𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎𝑟𝑟𝑟𝑟𝑒𝑒                                   (1) 

𝑣𝑣𝑟𝑟𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎𝑟𝑟𝑟𝑟𝑒𝑒 =  ∆ 𝑒𝑒_𝑎𝑎ℎ𝑒𝑒𝑎𝑎𝑒𝑒
∆ 𝑎𝑎𝑟𝑟𝑡𝑡𝑒𝑒

                  (2) 
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Fig. 5. Adaptive cruise control flowchart. 

The structure of the proposed Proportional Integral Derivative with filter 
controller is shown in Fig. 6. 

 
Fig. 6. Structure of PID controller with derivative filter. 

The transfer function of the proposed controller can be written as follow: 

𝑐𝑐(𝑠𝑠) = 𝐾𝐾𝐾𝐾 +  𝐾𝐾𝐾𝐾
𝑠𝑠

+ 𝐾𝐾𝐾𝐾 𝑠𝑠
𝑠𝑠
𝑁𝑁+1

                 (3) 

𝑐𝑐(𝑠𝑠) = (𝐾𝐾𝐾𝐾+𝐾𝐾𝐾𝐾.𝑁𝑁)𝑠𝑠2+(𝐾𝐾𝐾𝐾+𝐾𝐾𝐾𝐾.𝑁𝑁)𝑠𝑠+𝐾𝐾𝐾𝐾.𝑁𝑁
𝑠𝑠(𝑠𝑠+𝑁𝑁)

              (4) 

As the graphical model of a vehicle has several nonlinear subsystems which 
makes the overall system is highly nonlinear.  MATLAB auto-tuning failed to 
produce an initial value of the controller gains (KP, KI, KD). Therefore, the system 
needs to be linearized so that the PID controller can be tuned accordingly. The PID 
tuner tool will attempt to linearize the system and produce a new plant model of the 
vehicle. This can be accomplished by giving an input signal and obtaining an output 
response of the identified model of the vehicle. It is required to define the 
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specifications of this input signal. These are the sampling time, offset, onset Lag, 
stop time and the amplitude. Then, two signals will be generated, the identification 
data and identified plant with “adjuster point” which can be moved manually to 
further improvement. The default identified plant structure is represented as one 
pole system. The structure of the identified plant is changed to two underdamped 
pairs to produce a more realistic plant model as shown in Fig. 7. Auto values will 
be given for the damping ratio (ζ) and natural frequency (Wn) and these values can 
be auto-tuned to obtain a better response (Fig. 8). Further manual tuning could be 
done by adjusting the speed and robustness of the system response. By 
accomplishing all the previous steps, the gain values of the PID controller will be 
updated automatically.  

 
Fig. 7. Plant and identification data structure. 

 

Fig. 8. Fine-tuned plant response. 
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The same procedure is repeated for the brake controller. It has been noted that 
the controller values of both brake and throttle are not the same. This is mainly due 
to the fact that the vehicle has different acceleration and deceleration 
characteristics. The parameters of the throttle and brake controllers produced by the 
auto tuner tool are shown in Table 2.  

Table 2. PID controllers’ parameters. 
 Throttle PID Brake PID 

KP 0.011854 0.001159 
KI 0.000968 0.000005796 
KD -0.010537 -0.02104796 
N 0.15447078 0.00756188 

Using PID tuner tool always guarantees that the designed controller is stable 
even though one of the gains might have a negative value. As shown in Table 2, 
derivative gain, KD, has a negative sign and according to Eq. (4), the system is 
stable as long as KP > KD.N. In other words, the Coefficient of 𝑠𝑠2 is positive. The 
overall structure of the vehicle along with the Adaptive Cruise Control system is 
shown in Fig. 9. After reading the desired speed selected by the driver, several 
parameters are needed to be measured. For Instance, a radar sensor is required to 
measure the distance to the vehicle ahead and hence set the vehicle speed 
accordingly. The signal of the radar sensor is simulated in MATLAB, which can 
take different patterns to test the performance of the controllers at different driving 
situations. According to given input value from the radar and the desired speed 
chosen by the driver, the algorithm will choose the set speed of the vehicle. The 
second stage is to select the appropriate controller, throttle controller or brake 
controller, depending on the actual speed and the set speed of the vehicle. 

Fig. 9. ACC system structure. 

4.  Simulation and Results 
After designing the PID controllers, several simulations have been performed using 
MATLAB Simulink. The solver of the simulation has been chosen automatically 
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with variable step size. These multiple simulations executed to verify the 
controllers’ capability and performance for three random desired speeds (40, 60, 
70) mph. The first test was implemented at v_desired = 40 mph. Figure 10 shows 
that the actual speed of the vehicle trying to follow the desired speed selected by 
the driver when the speed of the vehicle ahead is greater than the desired speed. 
Once the v_ahead drops down the desired value, the v_actual will not follow the 
desired speed selected by the driver, but it will follow the speed of the vehicle ahead 
(v_ahead) to keep a safe distance and avoid collision.  

 

Fig. 10. Actual speed response at 40 mph desired speed. 

Another test has been accomplished at a different desired speed. This test will 
also present the automatic change in gear state according to the actual speed of the 
vehicle. Figure 11 shows the response of the vehicle speed to a desired 60 mph 
along with that the gear selection based on the required speed and engine torque. 

 
Fig. 11. Actual speed response at 60 mph desired speed with gear state. 

The last test shown in Fig. 12 is performed at high desired speed while the 
change in the v_ahead is also high. This test has more difficult control situation 
than the rest of the tests.  
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Fig. 12. Actual speed response at 70 mph desired speed. 

The simulation results show that the two controllers are working in parallel to 
accelerate and decelerate vehicle speed while simultaneously ensuring a safe 
distance. Thus, the v_set of each controller is changing regularly according to the 
desired speed and the speed of the vehicle ahead. It can be noticed that the system 
smoothly responded to the desired speed in an acceptable rise and settling time with 
almost zero overshoot and steady state error that meets the design requirements. 
However, there are some small notches in the speed cure which are due to the change 
in gear state. The time response specifications of the system are shown in Table 3. 

Table 3. Time response specifications. 
 V_desired 

40 mph 
V_desired 

60 mph 
V_desired 

70 mph 
Percent Overshoot, %OS 0.505 % 0.861 % 0.883 % 
Rise time, Tr (sec) 16.193  17.107 18.391  
Settling time, Ts (sec) 22 33.5 46 
Peak time, Tp (sec) 25 48 70  
Steady state error, Ess 0.0005 0.001 0.08 

It is important to make sure that the change in the vehicle speed happens rapidly 
to keep the safe distance in its acceptable range. If the safe distance is less than the 
designed value, the collision avoidance algorithm will be activated. At the same 
time, a sudden change in the speed can cause uncomforting to the driver and 
passengers. Also, it may cause an accident with the vehicle behind. Therefore, a 
balanced time response specification should be obtained to ensure both the safety 
and comfortability of the driver and passengers. 

The designed ACC algorithm also takes into consideration keeping the actual 
distance to the vehicle ahead either above or equal to the safe distance. The safety 
distance value depends on the vehicle’s actual speed. It is taken as a ratio of this 
speed plus an offset to avoid zero safety distance at stop condition while the actual 
distance is simulated using ramp signals with multiple slopes for different 
acceleration and deceleration scenarios. The actual speed of the vehicle, shown in 
Fig. 13, always follows the set speed of the controller, which is either equal to the 
desired speed selected by the driver or the speed of the vehicle ahead. The set speed 
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is equal to the desired speed when the actual distance is greater than the safety 
distance as well as the desired speed is higher than the speed of the vehicle ahead. 
While the set speed is equal to vehicle’s ahead speed when the desired speed is 
greater than the speed of the vehicle ahead and also the actual distance is less than 
the safety distance. For example, during the period of the (0-35) second, the actual 
speed follows the speed of the vehicle ahead as the safety distance is less than the 
actual distance. Gradually, the gap between the two vehicles starts to get bigger 
until it settles down to a constant value. However, once the speed of the vehicle 
ahead increases suddenly, the actual speed rises too until it reaches the desired 
value. Similarly, as the vehicle’s ahead speed drops, the set speed is returned to its 
initial value and the vehicle responds accordingly. The relative speed between the 
two vehicles shows a gradual increase or decrease in the speed of the vehicle 
without any sudden changes that may discomfort driving journey. 

 
Fig. 13. ACC speed response. 

5.  Conclusion 
In this paper, an adaptive cruise control system has been designed and simulated. 
Initially, a complete graphical model for a real vehicle is created via the MATLAB 
Simscape library. Unlike derived mathematical models of vehicles that does not 
take into account a mass properties or external force effects, this kinematic model 
produces a quite realistic behaviour as it takes into consideration several external 
forces such as wind velocity as well as vehicle’s Powertrain characteristics. Then, 
two PID controllers for the throttle and brake have been designed and simulated in 
MATLAB Simulink.  

The designed adaptive algorithm takes into an account keeping the actual 
distance above or equal to a safe distance by modifying the set speed of the 
controllers according to the actual and the vehicle ahead speeds. Several 
simulations were performed to evaluate the performance and effectiveness of the 
designed PID for ACC systems. A reasonable time response specification was 
obtained which ensures both the safety and comfortability of driving.   However, it 
is important to stress out that the acceleration and deceleration of both vehicles 
were not taken into consideration which might affect the value of the actual distance 
during the actual execution of the algorithm. 
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Nomenclatures 
 
d_ahead The actual distance between the two vehicles, mile 
d_safe The safe distance between the two vehicles mile 
Ess Steady state error  
KD Derivative gain 
KI Integral gain  
KP Proportional gain  
Ts Settling time, sec 
Tp Peak time, sec  
Ns Filter coefficient in the derivative filter of the PID controller 
%OS Percent Overshoot 
Tr Rise time, sec 
v_actual Actual speed of the vehicle, mph 
v_ahead The speed of the vehicle ahead, mph  
v_desired The speed selected by the driver, mph  
v_relative The relative speed between the two vehicles, mph 
v_set The set speed that vehicle should have, mph 
Wn Natural frequency, rad/sec 
 
Greek Symbols 
ζ Damping ratio 
Abbreviations 

ACC Adaptive Cruise Control  
AVCS Automated Vehicle Control System  
IVS Intelligent Vehicle Systems 
PID Proportional, Derivative, Integral 
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