Fuzzy Logic

PYQ. An autonomous car manufacturer is designing a fuzzy logic system for speed
control. Elaborate the role of Membership Functions in achieving this.
Ans=>

What Are Membership Functions?

Membership functions are curves that define how each point in the input space is mapped to a
degree of membership between 0 and 1. In simpler terms, they quantify how much an input
belongs to a particular fuzzy set, such as "slow speed", "moderate speed”, or "fast speed".

Role of Membership Functions in Speed Control
1. Input Fuzzification

e The actual input (e.g., vehicle speed of 45 km/h) is
converted into fuzzy values using MFs.

o For instance, 45 km/h might partially belong to:
o "Slow" speed (u=10.2)

o "Moderate" speed (L= 0.7) 0

Slow 40 50 Fast 80 speed ofcar

o "Fast" speed (u=0.1)

e These fuzzy degrees allow the system to handle vagueness and overlapping concepts
(e.g., what exactly qualifies as "fast"?).

2. Defining System Behavior

o The shape and overlap of membership functions define how the fuzzy system reacts to
changes in speed and other variables.

o Carefully designed MFs ensure smooth transitions between speed categories, avoiding
abrupt changes in control.

3. Rule Evaluation (Inference)
o Fuzzy rules like:
o [F distance is "close" AND speed is "fast", THEN decelerate "strongly"
o [F distance is "far" AND speed is "slow", THEN accelerate "slightly"
e The MFs determine the degree to which these rules apply in real-time conditions.
4. Output Aggregation and Defuzzification

n n

o Based on activated rules, the fuzzy outputs (like "decelerate slightly", "accelerate
strongly") are combined.
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o MFs define the shapes of these output fuzzy sets, impacting how the final (crisp) control
action is derived through defuzzification.

PYQ. A Smart home system uses fuzzy logic to control room temperature based on input
variables like humidity and outside temperature. Design a fuzzy logic system, including
fuzzification, membership functions, and defuzzification. Illustrate with a real-life

scenario.
And=>
1. Problem Statement

A smart home system automatically controls room temperature using fuzzy logic. It takes two
inputs:

e Humidity (%)
e Outside Temperature (°C)
The system outputs:

e Action on the AC/Heater system, such as: Cool Slightly, Cool Strongly, No Change,
Heat Slightly, Heat Strongly.

@ 2. Fuzzification

Fuzzification is the process in fuzzy logic where crisp input values (exact, real-world
numerical values) are transformed into degrees of membership in one or more fuzzy sets.
3 Input 1: Humidity (%)

Range Fuzzy Set
0-40 Low
30—70 Medium
60 — 100 High
Membership Functions:
e Low: Triangular (0, 0, 40)
e Medium: Triangular (30, 50, 70)
o High: Triangular (60, 100, 100)
3 Input 2: Outside Temperature (°C)
Range Fuzzy Set
0-15 Cold

10 — 25 Moderate
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Range Fuzzy Set

20 —40 Hot

Membership Functions:
e Cold: Triangular (0, 0, 15)
e Moderate: Triangular (10, 20, 30)
o Hot: Triangular (25, 40, 40)
@ 3. Rule Base (Fuzzy Inference System)

Humidity Outside Temp Action (Output)

Low Cold Heat Strongly
Medium Cold Heat Slightly
High Cold No Change

Low Moderate Heat Slightly
Medium Moderate No Change

High Moderate Cool Slightly

Low Hot Cool Slightly
Medium Hot Cool Strongly
High Hot Cool Strongly

@ 4. Output Variable: Temperature Action

Fuzzy Set Output Range (°C adjustment)

Heat Strongly +3 to +5

Heat Slightly +1 to +2

No Change 0

Cool Slightly -1 to -2

Cool Strongly -3 to -5

Membership Functions can be triangular or trapezoidal over the adjustment range.

@ 5. Defuzzification
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Defuzzification is the process in fuzzy logic where fuzzy output values (which are degrees
of membership in fuzzy sets) are converted back into a single crisp (precise) output value.

Use Centroid Method (Center of Gravity) to convert the fuzzy output to a crisp value.

@ 6. Real-Life Scenario
Situation:
e  Humidity = 75%
e Qutside Temp = 32°C
Fuzzification:
e Humidity (75%) — High (n = 0.6), Medium (= 0.4)
e Outside Temp (32°C) — Hot (n = 0.8), Moderate (u = 0.2)
Rule Evaluation:
e (High, Hot) — Cool Strongly (0.6 % 0.8 = 0.48)
o (High, Moderate) — Cool Slightly (0.6 x 0.2 =0.12)
e (Medium, Hot) — Cool Strongly (0.4 x 0.8 = 0.32)
e (Medium, Moderate) — No Change (0.4 x 0.2 = 0.08)
Aggregation:

Combine all outputs: Cool Strongly (max p = 0.48), Cool Slightly (u = 0.12), No Change (n =
0.08)

Defuzzification:

Centroid method calculates a weighted average (say) — Result = -3.2°C
@ 7. Final Action

The system adjusts the room temperature down by 3.2°C, activating the AC to cool strongly.

PYQ. Define Fuzzy Logic and explain its significance in ML.

Ans=>
Definition of Fuzzy Logic

Fuzzy Logic is a form of logic that deals with reasoning that is approximate rather than fixed
and exact. Unlike classical binary logic, where variables must be true (1) or false (0), fuzzy
logic allows variables to take any value between 0 and 1, representing degrees of truth.

Significance of Fuzzy Logic in Machine Learning (ML):
1. Handling Uncertainty and Imprecision:

o ML often deals with noisy, ambiguous, or incomplete data.
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o Fuzzy logic provides a mathematical way to reason about imprecise
information.

Interpretable Models:

o Fuzzy systems use IF-THEN rules, making models more interpretable and
human-friendly.

Integration with Traditional ML:

o Fuzzy logic can be combined with neural networks, decision trees, or clustering
algorithms (e.g., fuzzy c-means).

o Helps in soft classification, where a sample can belong to multiple classes with
different degrees.

Robust Decision-Making:

o Inreal-world applications like robotics, control systems, or medical diagnostics,
fuzzy logic enhances ML models by allowing flexible decision-making under
uncertain conditions.

No Need for Precise Inputs:

o Fuzzy logic allows ML systems to perform well even with vague linguistic
inputs (e.g., “slightly cold”, “very fast”).

PYQ. Analyze the impact of choosing different types of membership functions on the

performance of a Fuzzy Logic system.

Ans=>

Impact of Choosing Different Membership Functions in a Fuzzy Logic System

Membership functions (MFs) define how input values are mapped to degrees of membership
in fuzzy sets. The choice of MF significantly impacts the accuracy, flexibility, and
interpretability of a fuzzy logic system.

@ Types of Membership Functions and Their Characteristics

MF Type Shape Characteristics

Triangular Simple peak Fast to compute, easy to design, piecewise linear
Trapezoidal Flat top Good for ranges, efficient, similar to triangular
Gaussian Bell curve Smooth, continuous, handles gradual transitions well
Sigmoidal S-shaped Good for thresholds and asymptotic behavior

Raushan 2203751



MF Type Shape Characteristics

Bell-shaped Rounded peak Flexible, smooth like Gaussian, more parameters

@ Impact on System Performance

1. Accuracy of Inference

e Smooth MFs (e.g., Gaussian) tend to perform better in applications requiring fine-
grained control (e.g., robotics, autonomous systems).

o Simple MFs (e.g., Triangular, Trapezoidal) may yield slightly lower accuracy but are
often sufficient for basic control or classification tasks.

2. Computational Efficiency

o Triangular/Trapezoidal MFs are computationally efficient due to their linear nature—
suitable for real-time systems.

e Gaussian and Bell-shaped MFs involve exponential functions, which are
computationally heavier, though they offer smoother responses.

3. Robustness to Noise

e Gaussian and Bell-shaped MFs handle noisy and uncertain data better due to their
gradual boundaries.

o Sharp-edged MFs (like Triangular) can lead to abrupt changes in output when inputs
cross category boundaries, making the system more sensitive to small input changes.

4. Interpretability
o Triangular/Trapezoidal MFs are easier for humans to understand and tune.

o Complex-shaped MFs may be harder to interpret but better reflect real-world sensor
behavior.

5. Tuning and Adaptability

o Systems using parameter-rich MFs (e.g., generalized bell or Gaussian) can be finely
tuned but require more careful calibration or learning (e.g., using genetic algorithms
or neural networks).

o Simpler MFs are easier to hand-tune.
@ Example Scenario: Smart Fan Control
Input Temp  MF Type Resulting Fan Speed

26°C Triangular ~ Moderate jump at 25-27°C boundary
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Input Temp MF Type Resulting Fan Speed

26°C Gaussian Smooth increase in speed, better user comfort

PYQ. Elaborate in detail the steps involved in the Fuzzification process in Fuzzy Logic.
Ans=>

@ Fuzzification Process in Fuzzy Logic

Fuzzification is a crucial step in Fuzzy Logic Systems (FLS) where crisp inputs (i.e.,
precise numerical values) are converted into fuzzy values that belong to certain fuzzy sets.
This process enables the system to deal with uncertainty and imprecision, making it more
adaptable to real-world situations.

¢ Steps Involved in the Fuzzification Process
1. Identify Input Variables

First, identify the crisp input variables that will be processed. These are the measurable
values that represent the real-world conditions. For example, in a temperature control
system, the inputs might be current temperature and humidity level.

2. Define Fuzzy Sets for Each Input

For each input variable, define the fuzzy sets that describe the possible values the input can
take. A fuzzy set is characterized by a membership function (MF), which determines the
degree to which a given input belongs to a fuzzy set.

o Example: For Temperature, fuzzy sets could be Cold, Warm, and Hot.
e For Humidity, fuzzy sets could be Low, Medium, and High.
3. Construct Membership Functions

Create membership functions (MFs) for each fuzzy set. A membership function is a curve
that defines the degree of membership of each possible input value in the fuzzy set. The
membership function can be of various types such as:

e Triangular MF

o Trapezoidal MF

e Gaussian MF

e Sigmoidal MF
Example:

o For temperature, the MF for Cold could be a triangular function that assigns higher
membership values to lower temperatures (e.g., 0°C to 15°C) and lower membership
values as the temperature increases.
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o For Warm, the MF might be a trapezoidal curve that assigns higher membership
values for moderate temperatures (e.g., 15°C to 30°C).

4. Fuzzify the Crisp Inputs

Once the fuzzy sets and their membership functions are defined, you can now fuzzify the
crisp inputs. This involves calculating the degree of membership of each input value to the
fuzzy sets.

o For example, if the current temperature is 20°C, we can check how much it belongs to
the fuzzy sets Cold, Warm, and Hot.

o Cold: Membership value could be 0.2.
o Warm: Membership value could be 0.8.
o Hot: Membership value could be 0.

This is done by evaluating the membership functions for each fuzzy set at the given crisp
input value. The result will be a set of membership degrees that describe how much each
fuzzy set is applicable to the input.

Example Calculation:
Suppose we use a triangular MF for Cold defined as:
e Cold: Triangular (0°C, 0°C, 15°C)

For a temperature of 10°C, the membership degree for Cold would be 1 (because 10°C fully
belongs to the "Cold" set). For Warm and Hot, their membership values would be 0, as the
crisp input of 10°C is far from those sets.

PYQ. Explore the concept of fuzzy set theory in depth, explaining how it differs from
traditional theory and its significance in handling uncertainty in data. Provide examples
illustrating the representation of fuzzy sets and discuss the process of fuzzification,
including linguistic variables and fuzzy membership functions.

Ans=>

What is Fuzzy Set Theory?
Fuzzy Set Theory, introduced by Lotfi A. Zadeh in 1965, is a mathematical framework for
dealing with uncertainty, imprecision, and vagueness. Unlike classical set theory, where an

element either belongs or does not belong to a set (binary logic: 0 or 1), fuzzy set theory allows
degrees of membership, ranging between 0 and 1.

Key Differences: Fuzzy Set Theory vs Classical Set Theory

Feature Classical Set Theory Fuzzy Set Theory

Membership Binary (0 or 1) Continuous [0, 1]
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Feature Classical Set Theory Fuzzy Set Theory

Logic Crisp / Precise Approximate / Vague

"Temperature is Hot" — either|"Temperature is Hot" — True to some
Example

True or False degree (e.g., 0.7)
Handlln'g Not possible Effe?tlYely handles partial truths and
Uncertainty ambiguity
Application Traditional systems Al, control systems, decision-making

under uncertainty

¢ Example: Classical vs Fuzzy Set

+ Classical Set Example:
Let Set A = {x | x >30°C} (Hot temperatures)
o If temperature = 35°C — member of A — p A(35)=1
e Iftemperature = 25°C — notin A —» u A(25)=0
« Fuzzy Set Example:
Let Fuzzy Set B represent "Hot" with gradual transition:
e u B(25°C)=03
e u B(30°C)=0.6
e u B(35°C)=0.9
e u B40°C)=1.0
This enables smooth classification rather than abrupt cutoffs.
© Representation of Fuzzy Sets
A fuzzy set A in universe X is defined as a set of ordered pairs:
A={(x,p AW)|x€X}
Where:
o x = element of the universe

e 1 A(x) =membership function — defines the degree of membership of x in A (from
Oto1)

¢ Example: Fuzzy Set for “Tall”

Let universe X =[150 cm, 200 cm]
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Height (cm)||pn_Tall(x)
150 0.0
160 0.2
170 0.5
180 0.8
190 1.0

Graphically, this can be plotted using a membership function (e.g., triangular or trapezoidal).
¢ Linguistic Variables and Membership Functions
¢ Linguistic Variables

A linguistic variable is a variable whose values are words or sentences in natural language
rather than numbers.

For example:
e Variable: Temperature
o Linguistic values: Cold, Warm, Hot
Each of these terms corresponds to a fuzzy set.
¢ Membership Functions

A membership function (MF) defines how each input maps to a degree of membership.
Common types include:

Type Shape Use Case

Triangular |Simple peak |[Basic control systems

Trapezoidal|Flat-top Wider range with plateau

Gaussian  [[Smooth curve||Smooth transitions

Sigmoidal ||S-shaped Gradual increase/decrease

< Example — Temperature MF (°C):
e Cold: Triangular (0, 0, 15)
e Warm: Triangular (10, 25, 35)
e Hot: Triangular (30, 40, 40)

@ Fuzzification: Converting Crisp to Fuzzy
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Fuzzification is the process of mapping crisp input values (e.g., 28°C) to fuzzy membership
values in one or more fuzzy sets.

< Process:
1. Input: Crisp value (e.g., Temperature = 28°C)
2. Identify relevant linguistic variables: Warm, Hot
3. Apply Membership Functions:
o w Warm(28°C)=0.7
o u Hot(28°C)=0.2
4. Result: Fuzzy representation = {Warm: 0.7, Hot: 0.2}
This allows multiple fuzzy sets to be activated simultaneously.

Significance of Fuzzy Set Theory in Handling Uncertainty

Advantages:
e Models human reasoning more closely
e Handles vague, ambiguous, and incomplete data
e Supports multi-value logic (beyond true/false)
o Widely used in AL, ML, expert systems, robotics, etc.
Real-Life Examples
4> Smart AC System:
o Input variables: Room Temperature, Humidity
o Fuzzy sets: Cold, Comfortable, Hot
e Output: Fan Speed — Low, Medium, High

e Crisp input (Temp = 27°C, Humidity = 65%) — fuzzified — infer fuzzy fan speed —
defuzzify to crisp value

#% Autonomous Car Braking:
o Input: Distance from obstacle
e Linguistic variables: Close, Moderate, Far
o MF maps distance to fuzzy set

o Braking force adjusted based on degree of “closeness”
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PYQ. Explain the following terms a) membership functions b) Fuzziness c) Power set
d) Union of two sets e) Defuzzifiction f) trimf function.

Ans=> a) Membership Functions

A membership function (MF) defines how each element in the input space is mapped to a
degree of membership between 0 and 1 in a fuzzy set.

o It answers: "How much does this value belong to the fuzzy set?"

o Example: In the fuzzy set '"Hot temperature", the value 35°C might have a
membership of 0.8.

Common types of membership functions:
o Triangular (trimf)
o Trapezoidal
o Gaussian
e Sigmoidal
b) Fuzziness

Fuzziness refers to the degree of uncertainty or vagueness in data representation. It arises
when a value partially belongs to a set.

o In contrast to binary logic (crisp), fuzziness allows partial truth.
o Example: A glass of water at 30°C might be both "Warm" (0.6) and "Hot" (0.4).
¢) Power Set

A power set is the set of all possible subsets (including the empty set and the set itself) of a
given set.

o [IfSet A= {a, b}, then Power Set P(A) = { {}, {a}, {b}, {a, b} }
o For a set with n elements, the power set has 2” elements.

In fuzzy logic, the concept of a power set becomes more complex due to degrees of
membership.

d) Union of Two Sets

In fuzzy logic, the union of two fuzzy sets A and B is defined by taking the maximum
membership value for each element from both sets.

e Formula:
p<sub>AUB</sub>(x) = max(u<sub>A</sub>(x), u<sub>B</sub>(x))

o Example:
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u<sub>A</sub>(x)=0.3,u<sub>B</sub>(x)=0.7
— u<sub>AUB</sub>(x) = max(0.3, 0.7) = 0.7

e) Defuzzification

Defuzzification is the process of converting fuzzy output values (after inference) into a single
crisp value.

o Necessary in real-world applications (e.g., to control a fan motor).
o Common methods:
o Centroid (center of gravity)
o Max membership (peak value)
o Weighted average
© Example:
Goal: Control fan speed based on temperature.
e Fuzzy output:
o Slow (20 RPM) — degree = 0.3
o Medium (50 RPM) — degree = 0.6
o Fast (80 RPM) — degree = 0.1

A" Method 1: Centroid (Center of Gravity)

Y u(z) -z
> u(z)

Crisp Output =

(0.3-20) + (0.6 -50) + (0.1-80) 6+30+8
0.3+0.6+0.1 a 1.0

Crisp output = = 44 RPM

« Result:

Fan speed is set to 44 RPM — a crisp value from fuzzy logic.

f) trimf Function:

The trimf function stands for Triangular Membership Function.

It is a commonly used membership function in fuzzy logic systems and is shaped like a
triangle. It is defined by three parameters [a,b,c]where:

o a=left foot of the triangle (start of the fuzzy region),

e b =peak of the triangle (where membership is 1),
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params = [50. 100 101] | |

Degree of Membership
o ] o
- @ =4

o
9

]

o 20 40 60 80 100
Crisp Input Value

e Equation:

z<a
a<z<b
S EE

>C

e Example: trimf(x; [20, 30, 40]) represents "Warm" temperature peaking at 30°C.

PYQ. Why defuzzification is required?
Ans=>

@ Why is Defuzzification Required in Fuzzy Logic Systems?

Defuzzification is required because fuzzy logic systems work internally with fuzzy sets, but
real-world systems need crisp, actionable outputs.

@ Purpose of Defuzzification:

Fuzzy inference gives results in degrees of membership (like "speed is slow = 0.4", "speed
is medium = 0.6"), but motors, displays, or actuators cannot interpret fuzzy values — they
need a single numerical output.

© Example:
#8 Fuzzy Speed Control:
e Fuzzy output:
o "Slow"=0.2
o "Medium" =0.7
o "Fast"=0.1
o Defuzzification result: Speed = 45 km/h

Without defuzzification, the system wouldn’t know how fast to actually go.
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PYQ. Define the following terms: Fuzzification, Rules, Inference engine and defuzzifier.
(Architecture of Fuzzy Logic)

Architecture of Fuzzy Logic .
It’s Architecture contains four parts : | Rule Base |
1. Rule Base

2. Fuzzifier
3. Inference Engine

Inference
engine

Fuzzifier

Output values

Defuzzifier

1. Crisp Input : The car's speed is 75 km/h and "the road is slightly wet.

2. Fuzzifier: It is used to convert crisp inputs to fuzzy sets.
Example:
75 km/h — "Fast"
Slightly wet road — "Slightly Slippery"

3. Rule Base: It contains the set of rules and the IF-THEN conditions provided
by the experts.

Example:

IF speed is fast AND road is slippery — THEN slow down a lot.

IF speed is slow AND road is dry — THEN no need to slow down.

4. Inference Engine: It thinks and decides based on rules and the fuzzy inputs.
Example:
Speed is "fast" and road is "slightly slippery" —
Decision: "Reduce speed moderately.

5. Defuzzifier: It is used to convert the fuzzy sets into a crisp output.

Example:
Car's speed is reduced from 75 km/h to 55 km/h.

PYQ. Discuss the concept of fuzzy logic and explain the steps involved in the fuzzy logic
process, including fuzzification and defuzzification.

Ans=>Fuzzy Logic is a form of multi-valued logic that allows for reasoning about
uncertainty and vagueness. Unlike traditional Boolean logic where variables take only two
values (true or false, 1 or 0), fuzzy logic allows variables to have a range of values between 0
and 1, representing the degree of truth.

o Traditional Logic (Crisp Logic): A value is either true (1) or false (0).

o Fuzzy Logic: A value can be any degree of truth between 0 and 1, e.g., 0.7 means
"partially true".

Steps Involved in the Fuzzy Logic Process
The fuzzy logic process typically involves four main steps:

1. Fuzzification (Input Processing)
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2. Application of Fuzzy Rules

3. Inference Engine

4. Defuzzification (Output Processing)
1. Fuzzification (Input Processing)

Fuzzification is the process of converting crisp input values (precise data from sensors or
real-world measurements) into fuzzy values that represent degrees of membership in fuzzy
sets. This is done using membership functions.

Steps in Fuzzification:

o Define fuzzy sets for each input variable. For example, for a temperature sensor,
fuzzy sets might be:

o Cold (low values)
o  Warm (medium values)
o Hot (high values)

o Use membership functions to convert the input value into fuzzy degrees (between 0
and 1).

Example:
e Suppose the temperature is 25°C. This value may be:
o 0.4 in the Cold fuzzy set
o 0.7 in the Warm fuzzy set
o 0.1 in the Hot fuzzy set
2. Application of Fuzzy Rules

Once the inputs are fuzzified, the next step is applying the fuzzy rules. These are IF-THEN
statements that define how input values relate to output values.

Example Rules:
e Rule 1: IF temperature is Hot THEN fan speed is High
o Rule 2: [F temperature is Warm THEN fan speed is Medium
e Rule 3: IF temperature is Cold THEN fan speed is Low

Each rule produces an output in fuzzy terms.

3. Inference Engine

The Inference Engine is responsible for processing the fuzzy rules and combining the
results to produce a fuzzy output. It applies fuzzy logic operators (like AND, OR) to evaluate
the relationships between the fuzzified inputs and rules.

Example:
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o If the fuzzified temperature is 0.7 in Warm and 0.3 in Hot, the Inference Engine
will evaluate these membership degrees against the rules and combine the results to
generate fuzzy output values for fan speed.

o Rule I might give High fan speed = 0.3.
o Rule 2 might give Medium fan speed = 0.7.
4. Defuzzification (Output Processing)

Defuzzification is the final step in the fuzzy logic process. It converts the fuzzy output
(produced by the inference engine) into a single crisp value that can be used in the real world
(e.g., to control a system like a fan or air conditioner).

Common Defuzzification Methods:

e Centroid Method (Center of Gravity): The output is the center of the area under
the curve of the fuzzy set.

e  Maximum Method: The output is the value with the highest membership value.

o Weighted Average Method: The output is calculated by taking the weighted average
of the fuzzy output values.

Example:
e Suppose the fuzzy output for fan speed is:
o Low with membership 0.1
o Medium with membership 0.7
o High with membership 0.2

o The defuzzification step will calculate a single crisp output, for example, a fan speed
of 75%.

PYQ. Evaluate the role of fuzzy logic in machine learning. Discuss the principles of
fuzzy logic, including fuzzy sets and membership functions. Explain how fuzzy logic can
be applied in real-world scenarios and the advantages it offers over traditional binary
logic. Provide case studies or examples to illustrate your points.

Ans=>Role of Fuzzy Logic in Machine Learning

Fuzzy logic plays a crucial role in machine learning by offering a framework to handle
uncertainty, imprecision, and vagueness in data. Unlike traditional binary logic (which only
deals with true or false values), fuzzy logic introduces degrees of truth, allowing for more
flexible reasoning and decision-making. This makes it particularly useful for real-world
applications where exact values are often difficult to determine.
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Principles of Fuzzy Logic
1. Fuzzy Sets:

A fuzzy set is a set whose elements have degrees of membership rather than crisp
membership. In classical set theory, an element either belongs to a set or it doesn't, but in
fuzzy set theory, an element can belong to a set to a certain extent, with a degree of
membership ranging from 0 (not belonging) to 1 (fully belonging).

o Example: Consider the fuzzy set " Tall People' in a dataset of people's heights:
o A person who is 170 cm tall might have a membership of 0.6 in the "Tall" set.
o A person who is 190 cm tall might have a membership of 1 in the "Tall" set.
2. Membership Functions:

A membership function (MF) defines how each point in the input space is mapped to a
degree of membership in a fuzzy set. These functions are usually continuous and can take
various forms (triangular, trapezoidal, Gaussian, etc.).

o Example: A membership function for the "temperature" fuzzy set might define Cold,
Warm, and Hot ranges.

o For a temperature of 25°C:
= "Cold"=0.2
= "Warm" =0.8
= "Hot"=0.1
o Types of Membership Functions:

o Triangular Membership Function (TRIMF): Often used for simplicity and
efficiency.

o Gaussian Membership Function: Common for smooth transitions.

o Trapezoidal Membership Function: Useful for representing ranges with flat
peaks.

Fuzzy Logic vs. Traditional Binary Logic

Feature Fuzzy Logic Traditional Binary Logic
Truth Values Range between 0 and 1 Only O (false) or 1 (true)
Handlln.g Can model partial truth and Cannot handle uncertainty
Uncertainty vagueness

Example “Temperature is somewhat hot” ||“Temperature is hot” or not hot
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Feature Fuzzy Logic Traditional Binary Logic

Real-vs:orld More r'eahstlc, mimics human Limited to clear, defined situations

Modeling reasoning

Applications Al, cfontrol systems, decision Digital f:lI‘CUl'[S, logic gates, basic
making computing

Flexibility Highly flexible Rigid and binary

How Fuzzy Logic Can Be Applied in Real-World Scenarios
1. Fuzzy Logic in Control Systems (e.g., Air Conditioners, Washing Machines):

Fuzzy logic is widely used in control systems to make decisions based on imprecise inputs.
Traditional control systems often rely on fixed thresholds, but fuzzy logic allows for more
gradual control.

o Example: Smart Air Conditioners (AC):
o Inputs: Temperature, Humidity

o Fuzzy Rule: IF temperature is "Warm" AND humidity is "High", THEN set
AC speed to "Medium".

o The AC adjusts its speed smoothly, based on the fuzzy membership values,
rather than turning on/off abruptly.

e Washing Machines:

o Fuzzy logic allows a washing machine to determine the water level, washing
time, and spin speed based on the type of clothes, load, and dirtiness, offering
better performance compared to rigid, rule-based systems.

2. Fuzzy Logic in Autonomous Vehicles:

Autonomous vehicles require precise control over many variables like speed, direction, and
obstacle avoidance. Traditional controllers may struggle to handle uncertainties (like traffic,
weather, or sensor noise), but fuzzy logic can provide smooth control.

o Example: The fuzzy system might use inputs like:
o "Proximity to obstacle" = 0.8 (near)
o "Speed" = 0.4 (moderate)
o Output: Adjust speed to avoid collision by reducing it to 0.3.
3. Fuzzy Logic in Decision Support Systems (DSS):

Fuzzy logic is applied in decision support systems for handling uncertain or vague
information. In areas like medical diagnosis, finance, or customer support, fuzzy logic
helps make decisions based on fuzzy, incomplete, or conflicting data.
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o Example: In medical diagnosis, symptoms like fever, cough, and fatigue may have
fuzzy memberships (like mild, moderate, or severe) and the fuzzy inference system
can suggest probable diagnoses with degrees of confidence.

Advantages of Fuzzy Logic Over Traditional Binary Logic

Advantage Explanation

Fuzzy logic can work with imprecise, vague, or incomplete

Handles Uncertainty data

Produces smoother outputs instead of abrupt decisions (e.g.,

Smooth Decision-Making gradual changes in speed).

Can be easily adapted and updated for new situations without

Flexible and Adaptive .. .
rewriting logic.

Mimics the human way of reasoning, where concepts like

Human-like Reasoning " "o s o1m .
warm" or "high" are subjective and not exact.

Better Control in Non- Effective in systems where traditional control methods struggle
Linear Systems with non-linearity.

Case Studies and Examples
Case Study 1: Fuzzy Logic in Home Heating Systems

Problem: Control the temperature of a room in a smart home environment with inputs like
outside temperature and humidity.

o Input Variables: Outside temperature, humidity, time of day.
e Output Variable: Heater's power level.
o Fuzzy Rules:

o IF outside temperature is Cold AND humidity is High, THEN heater power is
High.

o IF outside temperature is Warm, THEN heater power is Low.

By using fuzzy rules, the system adjusts the heater power gradually instead of turning it
on/off abruptly. It provides comfort and energy efficiency.
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Case Study 2: Fuzzy Logic in Car ABS (Anti-lock Braking Systems)
Problem: Prevent wheel lock-up during hard braking.

o Input Variables: Wheel speed, brake pressure.

e Output Variable: Brake force adjustment.

e Fuzzy Rules:

o IF wheel speed is decreasing AND brake pressure is high, THEN apply less
brake force.

o IF wheel speed is constant AND brake pressure is medium, THEN apply
moderate brake force.

This helps maintain vehicle stability, improve safety, and prevent accidents in slippery
conditions.

PYQ (Calculate the deffuzzified value using Center of Sums (COS) Method.

fug
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Ans=>Center of Sums (COS): The Center of Sums (COS) method is a type of
defuzzification technique used in fuzzy logic systems. It is used to convert fuzzy output sets
into a single crisp value. The COS method finds the center of mass (centroid) of the
individual output membership functions summed together, not overlapped.

21;1 Ai-ci
COS = ==5——
Zi:l A;

Where:
o A; is the area of the clipped membership function %
s ; is the centroid (center of gravity) of the membership function ¢

e nis the number of output fuzzy sets.
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rea: Ai

Calculate the deffuzzified value using Center of Sums (COS) Method.
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