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Abstract - Autonomous Vehicle (AV) is a self-driven vehicle that is capable of negotiating its way not only on highways but 

also in cities. AV is a dynamical system that undergoes a sequence of events that occur at particular instances of time where 

it has to adapt itself to the new environments. Consequently, AV is a Discrete-Event Control System (DECS) that includes 

Cruise Control (CC), Adaptive Cruise Control (ACC), and Event-Driven ACC (EDACC). This paper design and simulate a 

DECS system for an AV. DECS receives data from a GPS and takes appropriate decisions so that the host vehicle maneuver 

itself on highways and in cities. Stateflow of Simulink is used to simulate the DECS. To show the effectiveness of the design 

the following scenario is implemented: the host vehicle desired speed is set to 80 km/h, the host vehicle follows a leading 

vehicle on a highway with speed limit and keeping a safe distance, the host vehicle takes on an exit, goes into a city and 

maintain its speed in accordance with a speed limit, stops at a stop sign, stops at a pedestrian crossing, slows down to go over 

a speed bump, and then pulls over for a flat tire. Simulation showed that the proposed scenario is achieved completely. 
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I. INTRODUCTION 

 

An Autonomous Vehicle (AV) is a self-driven 

vehicle that is smart enough to make driving 

decisions that normally a human driver would make. 

The idea of AV is lingering since the eighties where 

research escalated with the advent of technology. The 

National Highway Traffic Safety Administration 

(NHTSA) defines six levels of automation: 

 

Level 0: No Driving Automation 

Level 1: Driver Assistance Automation 

Level 2: Partial Driving Automation 

Level 3: Conditional Driving Automation 

Level 4: High Driving Automation 

Level 5: Full Driving Automation 

 

Carnegie Mellon University’s started developing 

levels 1 and 2 vehicles in the mid-1980s to the early 

2000s. From 2003 to 2007, the US Defense Advanced 

Research Projects Agency (DARPA) held three 

challenging competitions led to AV technology 

advancement and in specific sensor technology. In 

years to follow, DARPA “Grand Challenge” led 

research institutions and companies to team-up such 

as partnership between GM and Carnegie Mellon 

University, Volkswagen and Stanford University [1]. 

AV uses sensors along with GPS to identify its 

environment such as other vehicles, pedestrians, stop 

signs, traffic lights, speed limits, etc. LiDAR is a key 

sensor that maps the surroundings of an AV and 

effectively detects road boundaries. To precisely 

extract the irregular road boundaries or those blocked 

by obstructions on the road from the 3D LiDAR data, 

a dedicated algorithm consisting of four steps is 

developed in [2]. 

 

Another important aspect in AVs is Vehicle-to-

Vehicle (V2V) and Vehicle-to-Infrastructure (V2I) 

communication. The networking and communication 

technologies in autonomous driving from two 

aspects: intra- and inter-vehicle are exploited in [3]. 

[4] shows the benefits of V2V communication and 

provides results on how V2V information helps 

reduce employable time headway in the presence of 

parasitic lags. However, wireless networking and 

communication may be subjected to cyber criminals 

and potential cyberattacks specific to AVs, with their 

special needs and vulnerabilities [5] and scenarios 

[6]. 

 

Video cameras on board of an AV are required to 

detect or “see” road signs, traffic lights, pedestrians, 

and obstacles to name a few. A novel instrument for 

pedestrian detection by combining stereo vision 

cameras with a thermal camera is shown in [7]. 

 

Negotiating a path and tracking a line are important 

to AVs. A predictive maneuver-planning method for 

AV navigating public highway traffic integrates 

discrete maneuvering decisions, i.e., lane and 

reference speed selection automata, with a model 

predictive control-based motion trajectory-planning 

scheme [8]. A trajectory tracking error-based model 

is used to design a linear model predictive controller 

and its control action is combined with feed forward 

and robust control actions [9]. 

 

II. VEHICLE MODELING 

 

When studying vehicle motion, there are many forces 

and variables that should be taken into consideration, 

each force affects the motion in different ways. While 

the vehicle is being driven on a road, its behavior is 

described by linear and rotational motions. Where the 

linear motions are along the longitudinal, transverse, 

and vertical axes and the rotational motion around the 

three axes are the Roll, Pitch, and Yaw. To simplify 

the mathematical mode, it is assumed that there no 

linear motions along the transverse, and vertical axes. 
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A. Longitudinal Dynamics 
The forces acting on the vehicle that affect the linear 

motion along the longitudinal axis are the 

aerodynamic drag forces, gravitational forces, 

longitudinal tire forces and rolling resistance forces. 

 

Aerodynamic drag force, shown in (1), is the 

resistance of the air that pushes the vehicle in the 

opposite direction of its motion. 

 

 
 

 

 
 

B. Driveline Dynamics 

The wheel rotational velocity is highly influenced by 

the driveline dynamics of the vehicle which are the 

engine dynamics, the torque converter, the 

transmission dynamics, and the wheel dynamics. 

The engine rotational speed dynamics are simply the 

difference between the net engine torque and the 

pimp torque, (6). 

 

 

 
The vehicle model is drawn in Simulink as shown in 

Figure 1. The inputs of the model are the throttle 

angle percentage and brake torque. The outputs are 

the engine speed, the engine torque, and the velocity 

of the vehicle. 

 

III. AUTONOMOUS VEHICLE MODEL 

 

The Autonomous Vehicle (AV) controller model is a 

discrete-event dynamical system that exceeds the 

functions of Adaptive Cruise Controller (ACC) as it 

is described in [11]. While on a highway the AV uses 

the ACC, however it must know how far the exit it 

needs to take and plan accordingly. When it exits and 

goes into a town, the AV gets its data from a various 

sensors to identify the surrounding environment. 

While in town, the AV recognizes stop signs and 

traffic lights, speed bumps, and pedestrian crossing. It 

also capable of reading speed limit signs. 

The ACC is composed of two levels, the upper and 

the lower level. The upper level controller is where 

the decision of being in a cruise control or in vehicle 

following mode is made, in addition to calculating the 

convenient acceleration for the host vehicle. The 

lower level controller then receives the calculated 

acceleration, computes it and determines the throttle 

and brake inputs of the vehicle in order to attain the 

desired acceleration, Figure 1. 

A discrete-event is an incident that causes changes in 

the state of the system the moment it occurs. More 
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than a single event can take place in different slots of 

time. This chronological sequence of events requires 

many reactions and decision makings from the 

system which makes it dynamic. For the vehicle to be 

autonomous, it should be able to observe its 

environment analyze it and behave accordingly. The 

Stateflow of Simulink is used to implement the 

discrete-event system of the AV. The detailed 

Stateflow Chart that is shown in Figure 1 is 

elucidated in Figure 2. The states are defined as 

follows: 

1. ACC_OFF: this is the default state where the 

system is still off. It only takes the vehicle to 

ACC_ON mode when the driver gives the command 

with a desired set speed. 

2. ACC_ON: in this state the vehicle has already 

taken the command from the driver to enter in 

ACC_ON mode. This state is parent to 

ACC_ACTIVE and EDACC. 

2.1. ACC_ACTIVE: This default state is parent 

to the four modes of the ACC system, 2.1.1. 

Cruise: during the cruise mode, the vehicle is in 

normal cruise control. 

2.1.2. Trail: during the trail mode, the 

vehicle is in following mode. 

2.1.3. Brake: the vehicle is in brake mode 

when it is too close to the leading vehicle. 

2.1.4. SpeedLimit: in this mode the vehicle 

follows the speed limit. 

2.2. EDACC: This State is parent to the five 

modes of the Discrete-event ACC system, 2.2.1. 

OFF_Ramp: during this mode, the vehicle goes 

into a ramp and reduces its speed to preset value. 

2.2.2. Pedestrian: during this mode, the 

vehicle comes to a complete stop. 

2.2.3. SpeedBump: during this mode, the 

vehicle approaches a speed bump and 

reduces its speed to preset value. 

2.2.4. Stop_Sign: during this mode, the 

vehicle comes to a complete stop. 

2.2.5. Flat: during this mode, the vehicle 

comes to a complete stop. 

Sample transitions between the states are summarized 

in Table 2. 

For the purpose of serving those states and make 

them active, a Decision-Making System (DMS) is 

needed to analyze and compute. The DMS is a series 

of controllers that receive the output “mode” of the 

stateflow stating the current status of the system, or in 

other words, which event is occurring at that specific 

moment. Then it computes it and output the desired 

acceleration. Each event has a controller that 

computes the acceleration depending on the situation. 

 

A. Hard braking controller 

Hard braking may cause critical situation especially if 

a vehicle is following the host vehicle. Consequently, 

a safer method should be considered and the throttle 

input must be maintained momentarily and then 

slowly and gradually decrease it. This logic is applied 

for all hard braking scenarios, namely a flat tire, 

pedestrian crossing, and a stop sign. The Hard 

braking controller dynamics is shown in (7). 

 
 
B. Speed limit controller  

 
 
C. Off-ramp controller  

 
 
D. Speed bump controller  

 

 

From To Conditions Mode 

ACC_ACTIVE Cruise Default when ACC is ON 
 

Cruise Trail (d<dmax) & (d>d_des )& (Vl<Vs) 1 to 2 

Cruise Brake (d<=dmin) 1 to 3 

Cruise Speed limit (VGPS<Vs) & ((d>=dmax) | (VGPS<=Vl) & (d>dmin)) 1 to 4 

Trail Cruise (VGPS>=Vs) & ((d>=dmax) || (Vs<=Vl) & (d>dmin) 2 to 1 

Trail Pedestrian [Pedestrian] 2 to 8 

Trail Speed bump [SpeedBump] 2 to 9 

Brake Cruise (VGPS>=Vs) & ((d>=dmax) || (Vs<=Vl)) & (d>dmin) 3 to 1 
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Brake Trail (d_des<d) & ((Vl<Vs) || (Vl<VGPS)) & (d>dmin) 3 to 2 

Brake Speed limit (VGPS<Vs)&((d>=dmax) || (Vs<=Vl)) & (d>dmin) 3 to 4 

Brake Speed bump [SpeedBump] 3 to 9 

Speed limit Cruise (VGPS>=Vs)&((d>=dmax) || (VGPS<=Vl) & (d>dmin)) 4 to 1 

Speed limit Trail ((VGPS<Vs)||(Vl<VGPS))&(d<dmax)  & (d>d_des) 4 to 2 

Flat - Simulation Stops 5 

Off Ramp Cruise [!Off_Ramp] 6 to 1 

Off Ramp Stop sign [StopS] 6 to 7 

Pedestrian Cruise [!Pedestrian] 8 to 1 

Speed bump Cruise [!SpeedBump] 9 to 1 

Speed bump Flat [Flat] 9 to 5 

Speed bump Pedestrian [Pedestrian] 9 to 8 

Table 2. Sample Transition conditions for the Stateflow Chart of the Autonomous Vehicle 

 
Figure 1. Simulink Autonomous Vehicle model along with the upper and lower level controllers 

 
Figure 2. Stateflow Chart of the Autonomous Vehicle 
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For the purpose of serving those states and make 

them active, a Decision-Making System (DMS) is 

needed to analyze and compute. The DMS is a series 

of controllers that receive the output “mode” of the 

stateflow stating the current status of the system, or in 

other words, which event is occurring at that specific 

moment. Then it computes it and output the desired 

acceleration. Each event has a controller that 

computes the acceleration depending on the situation. 

 

E. Hard braking controller 

Hard braking may cause critical situation especially if 

a vehicle is following the host vehicle. Consequently, 

a safer method should be considered and the throttle 

input must be maintained momentarily and then 

slowly and gradually decrease it. This logic is applied 

for all hard braking scenarios, namely a flat tire, 

pedestrian crossing, and a stop sign. The Hard 

braking controller dynamics is shown in (7). 

 
F. Speed limit controller 

 
G. Off-ramp controller 

 

 
 

H. Speed bump controller 

 

IV. SIMULATION AND RESULTS 

 

To show the effectiveness of the proposed AV, the 

following scenario is proposed: 

 

Time Action 

0  1500 sec Desired Speed is set to 80 km/h 

500 sec Take an exit 

700 sec Stop Sign 

900 sec Pedestrian Crossing 

1100 sec Speed Bump 

1300 sec Flat Tire 

 

The proposed scenario was simulated and the results 

are shown in Figure 3. The host AV starts off at 

initial speed of 35 km/h at time t = 0 sec and 

accelerates to the desired speed of 80 km/h at t = 50 

sec. At this interval of time, the desired speed is 

below the leading vehicle speed which is 85 km/h and 

below the speed limit which is 90 km/h. At t = 150 

sec, the leading vehicle drops to 60 km/h. The host 

vehicle speed was not reduced until the distance 

between the host and the leading vehicles falls below 

minimum allowed safe distance between the vehicles 

which is approximately around t = 220 sec. Then the 

host vehicle tracks the leading vehicle. When the 

leading vehicle speed drops to 50 km/h and then to 40 

km/h at t = 300 sec and t = 400 sec, respectively, the 

host vehicle speeds were exactly equal to the leading 

vehicle. 

At t = 500 sec, the host vehicle exits the highway and 

reduces its speed to a preselected ramp speed of 25 

km/h. After the host vehicle exits the ramp, it follows 

the speed limit of 40 km/h. 

At t = 700 sec, the host vehicle approaches a stop sign 

and stops completely. It continues by going at speed 

limit until it approaches a pedestrian crossing at t = 

900 sec. Again the host vehicle stops completely and 

continues at speed limit at t = 1000 sec. 

At t = 1100 sec the host vehicle reduces its speed to 

preselected speed of 5 km/h to go over a speed bump. 

At t = 1300 sec the host vehicle pulls aside and stops 

completely because of flat tire. 

 
Figure 3. The Autonomous (or Host) Vehicle speed 
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V. CONCLUSION 

 

The proposed work showed that vehicle can be 

autonomous, however more research needs to be done 

especially when it comes to safety. In fact, some 

technologies have been implemented in vehicles with 

some kind of autonomy like the adaptive cruise 

control and the auto-park features. Other events are 

still being tested and updated in order to meet some 

standards of safety. In order to meet those standards, 

the transportation industry must not only focus on the 

vehicle behaviors, but also push the governments to 

modify and release new laws that can be in line with 

the new technologies in order to prevent accidents 

and risks [12]. 
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