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Abstract Using fuzzy logic controller, a sophisticated algorithm for adaptive cruise controller systems is pro-
posed. The presented architecture can control the vehicle acceleration in a very simple and efficient way. The new
algorithm is simulated in an artificial environment using MATLAB. In comparison with previous works, simulation
results of the proposed algorithm have a much smoother output for controlling throttle and brake actuator of a car.
In addition we represent a structure for implementing the proposed algorithm by using FLC, DAC, ADC, adders
and some digital gates.
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1 Introduction

From old days the transportation systems have been one of the most significant aspects of our life. Today’s rapid
increasing of traffics in roads, the most frequent driving scenario [1], demands enormous increasing of intelligent
transportation systems (ITSs). One of the applications of ITS is to provide the assistance to the control of some
of the vehicle elements, like the throttle pedal and consequently, the speed-control assistance [2]. Adaptive cruise
control (ACC) system is a new generation of conventional cruise control systems. But, unlike the conventional
cruise control structures, this new system can automatically adjust the speed in order to maintain a proper headway
distance (gap) between vehicles in the same lane [3,4]. This is achieved by using a radar headway sensor such as
lidar [5], a digital signal processor, and an intelligent speed control system [6]. If the front vehicle slows down, or
another obstacle is detected, the ACC sends a signal to the engine and the braking system decelerates the vehicle.
On the other hand, when the front vehicle speeds up, or no obstacle is detected, the ACC will re-accelerate the
vehicle back to the default speed [7,8]. Because of the ability of fuzzy logic controller (FLC) in mimicking human
behaviour, it can be used as a good bridge to achieve this goal.

The fuzzy control method was first introduced by Lotfi Zadeh for systems which are difficult to control using
conventional methods. It is based on the work of Zadeh on fuzzy sets [9]. FLCs have been used in many applications
of intelligent transportation systems, C. Kim [10] used fuzzy logic-based method to make an optimal decision for
an autonomous vehicle, design of adaptive neurofuzzy inference system (ANFIS) models for predicting the future
of the stop & go is presented in [11], J. E. Naranjo [12] used FLC to imitate the driving behavior of human. All
the papers on fuzzy-based ACCs, apply the FLC output directly to the throttle or brake as an input signal. The
abrupt changes in FLC output signal causes depredation in mechanical hardware. In order to avoid the abrupt
changes, the new algorithm of controller uses an adder after the FLC. Therefore the final output of the controller
becomes smoother by integrating the FLC output.

MATLAB simulations are presented to verify the new structure’s ability in controlling the vehicle speed in
different situations.

Each FLC contains three main blocks: membership functions circuit, inference engines and defuzzifiers.
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2 Paper Outline
In the following section we describe the proposed ACC algorithm . The algorithm implementation is explained

in section 4, and section 5 describe the MATLAB simulation of the proposed algorithm. Finally, in section 6 we
conclude the paper with a discussion of results.

3 Proposed Algorithm

The proposed algorithm for ACC controller has the ability to control the maximum acceleration of the vehicle,
it has three inputs and one output. The input signals are Ad;, A; and A,. They are defined as follows:

Ad; = distance from the front vehicle (1)
As = wehicle real speed — desired speed (2)

Ady — Ad;—
Av = (ad: A (-a) (3)
t

Vehicle real speed comes from a hall sensor, While a radar headway sensor or a lidar gives us the distance from
the front vehicle. In (2) the desired speed is the speed which is set by driver. Equation (3) represents reletive speed
of the two vehicles, Ad; is obtained form (1) and A; is the time variation steps that we consider for obtaining
(3). Fig. 1 illustrates the algorithm used to control the vehicle speed in different situations. The vehicle speed is
restricted by controlling the throttle input signal.
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Figure 1. Proposed algorithm for controlling vehicle speed.

The algorithm of Fig.1 puts a desired upper limit on the value of positive acceleration, a typical value of 2 m/s?
is chosen to be used in Fig.1. In this algorithm the manual command is given a higher priority and can take control
of the vehicle when it is available. If there is no vehicle ahead, the radar sensor alarms that the system is under
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cruise control. Under cruise control, the system’s goal is to reach the pre-set speed. In order to achieve this goal,
the system checks A and if it is not zero, it adjusts the throttle control pressure until the speed error becomes
zero. If there is a vehicle ahead, in this situation Ad; is less than 250 meter, the speed of our vehicle must follow
the speed of the front vehicle. In this state the vehicle is in adaptive cruise control mode.

4 Algorithm Implementation

Block diagram of implementing the proposed algorithm is depicted in Fig. 2. The basic idea behind our
structure is to reduce the abrupt changes of the throttle control signal. This is achieved by integrating the FLC
output using a 10-bit adder right after the FLC block. As shown in Fig.2, to perform the algorithm, a 4-bit analog
to digital converter (ADC) and a 9-bit digital to analog converter (DAC) are required too. As suggested by Fig.
1, we need to add or subtract the FLC output from the previous value. First we determine if the FLC output is a
positive value or a negative one. If the FLC output is more than fifty percent, it is considered positive and must be
added to the previous output value. Otherwise, it is considered negative and must be subtracted from the previous
output value. When there is no error, the FLC output would be exactly the half of the maximum desired value.
A 4-bit ADC is used to convert the analog FLC output into digital. The most significant bit (MSB) of the ADC
output is the sign bit. If it is one then the FLC output is positive and it must be added to the previous output
value, otherwise it is a negative value and must be subtracted from the previous output value. In order to subtract
two digital numbers using an adder, the carry value has to be set to one. The final output is a 10-bit digital value.
Therefore, a 10-bit adder is needed to add or subtract the FLC output from the previous value. The upper limit
of the vehicle acceleration signal (ULVAS) is shown in Fig. 2. If the acceleration reaches the upper limit of the
vehicle acceleration, the ULVAS in Fig.2 goes high. Consequently, the adder block adds zero to the previous value.
If the acceleration becomes less than the upper limit of the acceleration value, the ULVAS goes low. Therefore the
adder adds the output of the ADC to the previous output value.
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Figure 2. Implementation of the proposed algorithm.
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Figure 3. Av implementation.

The MSB of the output value is the sign bit. If the MSB is one then the other nine output signals are digital
signals for controlling the throttle of vehicle. Otherwise the inverted state of the other nine output bits are the
brake system controlling signals. This strategy guarantees the use of only one actuator at a time either the throttle
or the brake actuator. As a result, less fuel is consumed. Finally a 9-bit DAC converts the digital signals to two
analog voltages which control the throttle and the brake system. These voltages can be substituted for the throttle
and brake control voltages, which are produced by the gas and the brake pedal, under manual control. By choosing
either Ad; or Ay as the inputs of the structure in Fig. 3, the value of velocity and acceleration can be produced
respectively. A digital comparator is used to compare the values of the two inputs in Fig. 3. The smaller input
must be inverted before entering the adder block. The clock frequency is about one hertz, which is too low and
may result in unwanted discharge of the capacitors holding the output signals. Therefore some inverter latches are
used to retain the desired signals. The speed of vehicle can be measured by a digital signal that the Hall sensor
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produces. The level of output current signal of this sensor is about 7mA for low state and 14mA for high state
[13]. After amplifying this signal and passing it through the two inverter blocks, we have a square wave that can
be used as an input clock for a digital accumulator to count the speed of the vehicle.
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Figure 4. The membership functions for the ACC system.

5 MATLAB Simulation of the ACC Algorithm

Figure 4 shows the membership functions of the FLC which are designed in MATLAB. We use 11 rules to
implement the proposed algorithm. The rules are defined as following;:

If Asis Half and Ad is Zero and Av is NegB
then Act is 2Neg (4)

If Asis Half and Ad is Zero and Av is NegS
then Act is 1Neg (5)

If Asis Half and Ad is Zero and Av is Zero
then Act is M f0 (6)

If As is Half and Ad is Zero and Av is PosS
then Act is 1Pos (7)

If Asis Half and Ad is Zero and Av is PosB
then Act is 2Pos (8)

If Asis NegB and Ad is NegB
then Act is 2Pos (9)

If Asis NegS and Ad is NegB
then Act is 1Pos (10)
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If Asis Zero and Ad is NegB
then Act is M f0 (11)

If As is PosS and Ad is NegB
then Act is 1Neg (12)

If Asis PosB andA d is NegB
then Act is 2Neg (13)

If Adis PosB
then Act is 3Neg (14)

The MATLAB 3D surfaces related to these rules is shown in Fig. 5. and Fig. 6.

Figure 5. MATLAB Fis first surface.

Figure 6. MATLAB Fis second surface.

The ACC system including FLC, the mentioned blocks for completing the algorithm and the Simulink model
of vehicle, the blue box, is shown in Fig. 7. Two cars are needed in this simulation. The Simulink model of vehicle
which is available in the demos of MATLAB [14] is used for the first car. For the second car an arbitrary velocity
pattern can be chosen. The position and the velocity of both cars are related by the following:

current position = welocity * time + initial position (15)
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Figure 8. ACC simulation results.
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By subtracting the current position of the two cars, the distance between the two vehicles is obtained. In Fig.
8. the simulation results of MATLAB Simulink workspace is shown which has a very smooth signal to control
the vehicle throttle position. In Fig. 8. the horizontal axis shows time in seconds. We assume that the speed of
the first car is set to 100 km/h and the speed of the second car is 80 km/h. The initial distance between two
vehicles is 500 meter. Therefore the vehicle speeds up to 100 km/h at first. When the acceleration of the first
car exceeds 2 m/s? | the throttle input does not change until the acceleration decreases. After 220 seconds the
distance between two vehicles becomes less than 250 meter. Therefore the system is in ACC mode and speed of
the first car must reduce to 80 km/h.

6 Conclusion

We proposed a new algorithm architecture for adaptive cruise controller applications. The simulation results
show a very smooth output for controlling the throttle and brake of a vehicle. It is capable of controlling the
acceleration by predetermined quantities and does not need any filter for the outputs of controller because they are
made smooth enough by adding another loop in controlling structure. So in comparison with the previous works
it has advantages of acceleration control and smoother controlling outputs. In addition we represent a structure
for implementing the proposed algorithm by using FLC, DAC, ADC, adders and some digital gates. Although
evaluation of the proposed ACC algorithm and designed FLC structure was just investigated through MATLAB
simulations, it can be applied in real vehicles and good vehicle speed controlling will be expected as the simulations
showed. The proposed algorithm can be used in safe distance keeping observers, collision avoidance systems,
assistant driving devices and other I'TS applications.
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