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Abstract: The design of a PID-type (Proportional-Integral-Derivative) controller based on a Fuzzy algorithm for deployment in a
transportation cruising system is described in this work. To avoid collisions, a cruising system based on the Fuzzy rules has been
developed.
On the road, there are crashes between vehicles. Fuzzy Logic is a new type of logic which serves as a point of reference for
driving the vehicle. It either increases or reduces the speed depending upon the speed of front, rear and ego vehicle. The speed of
control is determined by the preceding vehicle's distance when it becomes too close and alerts the driver when required. There
are two theories on fuzzy logic the first given by Mamdani and the other was given by Sugeno.
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I.
INTRODUCTION
A. Mamdani VS Sugeno
1) Mamdani Approach: The Mamdani Fuzzy Inference Theory is a theory of fuzzy logic developed by Ebhasim Mamdani. It was
first created to operate a steam engine and boiler combination using a set of linguistic control rules gathered from skilled human
operators. The result of each rule in the Mamdani inference system is a fuzzy logic set. Mamdani FIS possess less flexibility in
the system design. Through defuzzification of rules resultant of crisp result is obtained. Mamdani systems are well-suited to
expert system applications where the rules are created from human expert knowledge, such as medical diagnostics, because
their rule bases are more intuitive and easier to grasp.
The inference method of a Mamdani system is defined in Fuzzy Inference Process and precised in the following figure –

Fig. 1 – Fuzzy Logic Workflow
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Fig. 2 - Input and Output of a system using Mamdani Approach.
Each rule's output is a fuzzy set produced from the FIS's output membership function and implication technique. Using the FIS's
aggregation mechanism, these output fuzzy sets are grouped into a single fuzzy set. The combined output fuzzy set is then
defuzzified using one of the methods outlined in Defuzzification Methods to compute a final crisp output value.
2) Sugeno Approach: Sugeno fuzzy inference, also known as Takagi-Sugeno-Kang fuzzy inference, is a type of fuzzy inference
that utilises singleton output membership functions that are either constant or a linear function of the input values. Sugeno
defuzzification is more computationally efficient than Mamdani defuzzification because it employs a weighted average or
weighted sum of a few data points instead of computing a centroid of a two-dimensional area.
The Sugeno approach was for generating fuzzy rules from a given input-output. A typical fuzzy rule in a first-order Sugeno
model has the form:
IF s is A and t is B THEN r = f(s, t).
It is bit complex to understand because it gives the output in the form of function but Sugeno approach has more flexibility in the
system design. Higher-order Sugeno fuzzy models are also possible, but while planning, those host significant complication. In this
no defuzzification of fuzzy rules is done. Using weighted average of the rules of resultant, crisp result is obtained.
The resulting Sugeno system has constant output membership functions that correspond to the centroids of the Mamdani output
membership functions.
Each rule in a Sugeno system operates as shown in the following diagram, which shows a two-input system with input
values x and y.

Fig. 3 – Block Diagram Of Sugeno Approach.
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Each rule generates two values:
 zi — Rule output level, which is either a constant value or a linear function of the input values:
zi=aix+biy+ci
Here, x and y are the values of input 1 and input 2, respectively, and ai, bi, and ci are constant coefficients. For a zero-order Sugeno
system, zi is a constant (a = b = 0).
 wi — Rule firing strength derived from the rule antecedent
wi=AndMethod(F1(x),F2(y))
Here, F1(...) and F2(...) are the membership functions for inputs 1 and 2, respectively.
Consider each rule as determining the location of a moving singleton when considering first-order Sugeno systems (a and b are
nonzero). That is, depending on the input values, the singleton output spikes can move around in a linear fashion within the output
space. The magnitude of the singleton spike is then determined by the rule firing strength.
The system's ultimate output is a weighted average of all rule outputs:
Final Output = N∑i=1wizi / N∑i=1wi
Where N is the number of rules.
The following figure shows the fuzzy inference process for a Sugeno system.

Figure 1 - Input and Output of a system using Sugeno Approach
The Sugeno technique is appropriate for acting as an interpolating supervisor of numerous linear controllers that are to be applied,
respectively, to distinct operating states of a dynamic nonlinear system because each rule is linearly dependent on the input
variables. The performance of an aeroplane, for example, might vary considerably depending on altitude and Mach number.
Although linear controllers are simple to programme and adapt to any flight circumstance, they must be updated frequently and
seamlessly to keep up with the flight vehicle's changing state. Sugeno fuzzy inference systems are well-suited to the task of
smoothly interpolating linear gains over input space; they are a natural and efficient gain scheduler. A Sugeno system, on the other
hand, is well suited for modelling nonlinear systems by interpolating between multiple linear models.
II. PID CONTROLLER USING MAMDANI FUZZY INFERENCE SYSTEM
The non-linearity characteristic behaviour of fuzzy systems is universally known. As a result, the non-linear characteristic of a
traditional PID controller can be improved. The fuzzy logic algorithm considerably improved the situation. Furthermore, The Fuzzy
PID controller has been the subject of research, concentrating on the typically two-input PIDs. According to Mamdani there are two
types two input PID- PI (Proportional-Integral) and PD (Proportional-Derivative). This is due to the fact that the three inputsPID
controllers are a difficult undertaking to implement since there are so many parameters to be taken into account when constructing
the fuzzy rule foundation.
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The control principles for the Integral mode are difficult to identify.As a result, the controller's three inputs are all defined as error
(e), change in error (Derivative), and rate of change of error (as acceleration error).
Aside from that, there has never been a proper tuning method accessible. Tuning by trial and error method is used in order to
optimise the controller.
In addition, the number of rule bases grows at an exponential rate with the addition of the membership functions.
Suppose if the number of input is m and the number of membership functions for each input is n then the total count of IF-Else rules
sums to mn.
The transportation cruising system is the intended application of the Fuzzy based PID controller in this study. The proposed cruising
mechanism is designed to avoid collisions between vehicles. Thesystem detects the distance of the preceding vehicle and slows
down if it gets too close or, if necessary, notifies the driver. Furthermore, it restricts the acceleration of the vehicle as a function of
distance car that came before it.
The fuzzy based PID cruising controller developed in this study is less expensive and may be used in low-cost cars. This would help
to decrease future traffic accidents and protect the safety of road users.
The PID-type Fuzzy Controller's output serves as a reference for a car's speed, allowing it to rise or decrease. If the set-point is 20
units of distance, for example, the car will slow down if the preceding vehicle's distance is less than 20 units of distance. If the
distance is greater than 20 units, the vehicle is permitted to accelerate.
The rate of acceleration and deceleration, on the other hand, is determined by the vehicle's distance. The rate of deceleration and the
amount of acceleration that can be done is determined by the vehicle's distance from each other. When the two automobiles are too
close together that is the distance between them is less than 10 units, the controller will use a medium force to deaccelerate the
vehicle and at the same time, warn and alert the driver to use the brakes.
Instead of slamming the brakes on the car this is done to safeguard the safety of the passengers as due to the unexpected momentum,
the passenger may be injured.
Improvements to the PID controller system can have a significant impact on the industrial control process. As a result, in this
project, the PID-type Fuzzy controller system is explored, designed.

Fig. 5 - Fuzzy Inference System.
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Fig. 6 – Output of the software model.
III.
PID CONTROLLER USING SUGENO FUZZY INFERENCE SYSTEM
FLC attempts to think like a human and processes natural language. One of the most appealing control strategies is FLC, it makes
use of the process's qualitative information to create a controller. Systems that are complex and ill-defined and lack accurate
mathematical models, as well as systems that are uncertain, higher-order systems, as well as time-delay systems, can be regulated
using FLCs.
Zadeh (1973) proposed a paradigm for dealing with these systems, in which the fuzzy control approach was specified using IFTHEN expressions. Since the beginning of fuzzy control, two types of language descriptions of fuzzy controllers have been
developed: the Mamdani type (Mamdani 1974) and the Takagi–Sugeno (TS) type (Takagi and Sugeno 1985).
The ability to analyse, create, and implement fuzzy logic controllers requires a strong understanding of mathematical models.
Membership functions, triangle norms, triangular co-norms, rule base, and defuzzification approach are all aspects that influence
mathematical models. Different combinations of these parameters result in different models, indicating that there is no single fixed
model for fuzzy controllers. The mathematical model aids in the establishment of stability conditions for feedback systems with
fuzzy controller models in the loop, the determination of optimal controller parameter values, and the investigation of the
controller's computational and memory requirements.

Fig. 7 - Block Diagram for PID tuning using Sugeno based Fuzzy Controller.
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Fig. 8 - Implementation of PID tuning using Simulink
IV.
CONCLUSION
On a concluding note, let us look at the differences between the Mamdani System and the Sugeno Model that we have observed
throughout the paper.
1) Output Membership Function: The output membership function is the fundamental distinction between them. The membership
functions of Sugeno's output are either linear or constant.
2) Aggregation and Defuzzification Procedures: The difference between them is due to the outcome of fuzzy rules, and their
aggregation and defuzzification procedures differ as a result.
3) Mathematical Rules: The Sugeno model has more mathematical rules than the Mamdani model
4) Adjustable Parameters: The Sugeno controller has more parameters that can be changed than the Mamdani controller
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