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Introduction :

Due to certain failures in the power system faults arise which may make the
entire system malfunctioning or failure. To enable seamless operation of the
power system, these faults need to be detected and located accurately.

Fault should be detected as quickly as possible in real time so that appropriate
remedial action can be taken before major disturbances to the Power
supply can occur.

Correct diagnosis and early detection of incipient faults results in immediate
unscheduled maintenance and short downtime for the system
under consideration.
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Objective :
• Aim is to detection of fault and also the type and location of 

the fault in distribution system using the help of  artificial 
intelligence techniques.
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➢What is Artificial Intelligence ?

• Artificial Intelligence (AI) refers to the simulation of human intelligence in machines or computer systems.

• Aims to create intelligent machines capable of performing tasks that typically require human intelligence.

• These tasks include learning from experience, reasoning, problem-solving, understanding natural language

➢Application of AI in Distribution System :-

▪ Fault Detection and Diagnosis

▪ Predictive Maintenance

▪ Optimization and Load Balancing

▪ Power Quality Improvement

▪ Demand Response and Load Forecasting

▪ Integration of Renewable Energy

▪ Fault Localization and Isolation

▪ Efficient Energy Management
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The process of AI-based fault detection methods

❑ Feature Extraction : -

• The process of Transforming raw data into numerical features

• Reduce data form Data set 

• For better result  
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Input Variables 

Including:-
• Current,

• Voltage,

• Real Power, 

• Phase angle

Feature Extraction

By technics such as:-
• Wavelet 

• FFT

Main algorithm  

Including:-
• Fuzzy logic,

• ANN,

• SVM

Output Variables 

Including:-

• Fault resistance,

• Fault distance,

• Fault types 
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1. Fuzzification : Crisp input values, and are transformed into fuzzy sets to be able to use them for 

computing

2. Rules (domain expert) : each Rule selects one output fuzzy member for given crisp input. 

• logical reasoning and analytical skill of expert helps a lot in rule building.

• No mathematics required in deciding rules and Fuzzy logic reduces computation burden.

3. Defuzzification : The single fuzzy sets are converted back to crisp values
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Input Variables 

Including:-
• Current,

• Voltage,

• Real Power, 

• Phase angle

Membership function 

Including:-

• Triangular,

• Trapezoidal 

Fuzzy Inference 

System 

• Mamdani type

• Sugeno type

Output Variables 

Including:-

• Fault resistance,

• Fault distance,

• Fault types 

Fuzzification DefuzzificationRules (Domain expert)

Fuzzy output

Membership function 

Including:-

• Triangular,

• Trapezoidal 

Fuzzy inputCrisp input Crisp output

Fault diagnosis on electrical Distribution system using fuzzy logic 

Membership function : 

✓    Is curve that define how each point in the 

input space is mapped to a membership value 

(each point in a specified input partition) 

between 0 and 1.
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➢ Input Layer:

• This layer accepts input features. 

• It provides information from the outside world to the network, 

no computation is performed at this layer, nodes here just pass 

on the information to the hidden layer.

➢ Hidden Layer:

• Nodes of this layer are not exposed to the outer world, 

• The hidden layer performs all sorts of computation on the 

features entered through the input layer and transfers the result to 

the output layer.

➢ Output Layer:

• This layer bring up the information learned by the network to the 

outer world.12-Feb-24 9Saurabh Rana
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ANN modular approach to fault Detection, Classification and Location
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Input Input mf Rules
Output mf

Output

fuzzification
defuzzification

• An Adaptive neuro fuzzy inference system (ANFIS) is a 

type of artificial intelligence that combines the benefits 

of both neural networks and fuzzy logic systems.

• ANFIS is able to learn and make decisions based on data 

like a neural network

• handle imprecise or incomplete data, like a fuzzy logic 

system
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Start

Record the post-fault data

Develop ANFIS module 
for identifying the fault 

and fault type

Develop ANFIS module 
for identifying the fault 

location 

Identify the fault and fault type Identifying the fault location 

ANFIS modular approach to fault Detection, 

Classification and Location
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MATLAB simulation of sample distribution system
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1. Fuzzy Logic implemented in sample distribution system
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Input Membership 

Functions
Range 

Very High [6.1ⅇ3 6.8ⅇ3 7.5ⅇ3]

High [2.5ⅇ3 3.0ⅇ3 3.5ⅇ3]

Medium [150 225 300]

Low [25 87.5 150 ]

Very Low [0 12.5 25]

b1 b2 b3 b4

Equivalent 

decimal 

number

Triplets

A B C

No Fault 0 0 0 0 0 0 0 0

A-G 1 0 0 1 9 8.5 9 9.5

B-G 0 1 0 1 5 4.5 5 5.5

C-G 0 0 1 1 3 2.5 3 3.5

A-B 1 1 0 0 12 11.5 12 12.5

B-C 0 1 1 0 6 5.5 6 6.5

A-C 1 0 1 0 10 9.5 10 10.5

A-B-G 1 1 0 1 13 12.5 13 13.5

B-C-G 0 1 1 1 7 6.5 7 7.5

A-C-G 1 0 1 1 11 10.5 11 11.5

Symmetrical 
fault 1 1 1 1 14 13.5 14 14.5

Fault Condition at 

different Location

Output Membership 

Functions Range

No-Fault [0.0  0.0  0.0]

Bus-1 [0.5  1.0  1.5]

Bus-2 [1.5  2.0  2.5]

Bus-3 [2.5  3.0  3.5]

Bus-4 [3.5  4.0  4.5]

Bus-5 [4.5  5.0  5.5]

Bus-6 [5.5  6.0  6.5]

Bus-7 [6.5  7.0  7.5]

Table 1. INPUT MEMBERSHIP FUNCTION RANGE Fuzzy Logic input and output Membership Range

Table 2. FUZZY VARIABLE TO REPRESENT THE DIFFERENT FAULT TYPES 

ALONG WITH THEIR EQUIVALENT FUZZY FAULT CODE

Table 3. FUZZY VARIABLE TO REPRESENT THE DIFFERENT FAULT 

LOCATION ALONG WITH THEIR EQUIVALENT FUZZY FAULT CODE12-Feb-24 Saurabh Rana 16



o Fuzzy Logic tool-box : 
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2. ANN implemented in sample distribution system
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▪ Training data of ANN :-
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▪ Target data of ANN :-

▪ Target data for fault type :- ▪ Target data for fault location :-

Fault Condition at 

different Location
Target Data

No-Fault 0

Bus-1 1

Bus-2 2

Bus-3 3

Bus-4 4

Bus-5 5

Bus-6 6

Bus-7 7

Fault Condition
Target Data

C1 C2 C3 C4

No-Fault 0 0 0 0

A-G 1 0 0 1

B-G 0 1 0 1

C-G 0 0 1 1

A-B 1 1 0 0

B-C 0 1 1 0

A-C 1 0 1 0

A-B-G 1 1 0 1

B-C-G 0 1 1 1

A-C-G 1 0 1 1

Symmetrical fault 1 1 1 1
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o ANN algorithm for fault diagnosis
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3. ANFIS implemented in sample distribution system
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o ANFIS  tool-box   

ANFIS algorithm for fault diagnosis
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Bus No. Types of Faults

No-fault A-G B-G C-G A-B B-C C-A A-B-G B-C-G A-C-G
Symmetrical 

Fault

Bus No. 5 0.00 4.96 4.96 4.96 4.96 4.96 4.96 4.96 4.96 4.96 4.96

Bus No. 7 0.00 6.975 6.975 6.975 6.975 6.975 6.975 6.975 6.975 6.975 7.052

Bus No. Types of Faults

No-fault A-G B-G C-G A-B B-C C-A A-B-G B-C-G A-C-G
Symmetrical 

Fault

Bus No. 5 0.00 8.99 4.96 2.945 12.01 6.045 9.998 13.02 6.975 11.01 13.95

Bus No. 7 0.00 8.99 4.96 2.945 12.01 6.045 9.998 13.02 6.975 11.01 14.03

o Fault Location for Bus- 5&7 using Fuzzy Logic- Algorithm

o Fault Identification for Bus- 5&7 using Fuzzy Logic- Algorithm

RESULTS AND DISCUSSION 

1. FUZZY LOGIC RESULTS
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Bus No. Types of Faults

No-fault A-G B-G C-G A-B B-C C-A A-B-G B-C-G A-C-G
Symmetrical 

Fault

Bus No. 5 0.26 5.01 4.98 4.91 5.073 5.044 3.65 5.041 4.941 4.667 5.10

Bus No. 7 0.26 7.03 6.85 6.62 7.019 6.78 6.939 7.569 6.957 6.82 6.94

No. Fault- Type C1 C2 C3 C4

Fault –

detected and 

Identification

1 No Fault 0.20 0.19 0.13 -0.03

2 A-G 1.06 0.06 0.04 1.08

3 B-G 0.27 1.02 0.05 0.85

4 C-G -0.07 -0.03 1.18 0.74

5 A-B 0.79 0.90 0.05 0.16

6 B-C 0.09 0.90 0.90 0.14

7 A-C 0.83 0.06 0.94 0.34

8 A-B-G 1.10 1.16 0.06 0.41

9 B-C-G 0.01 1.18 1.11 0.87

10 A-C-G 1.11 0.06 1.11 0.81

11
Symmetrical 

Fault
0.82 1.16 1.11 0.04

No. Fault- Type C1 C2 C3 C4

Fault –

detected and 

Identification

1 No Fault 0.20 0.19 0.13 0.03

2 A-G 1.03 0.07 0.10 1.07

3 B-G 0.18 1.00 0.05 0.93

4 C-G -0.07 -0.11 1.15 0.85

5 A-B 0.78 0.88 0.12 0.06

6 B-C 0.15 0.82 0.90 -0.01

7 A-C 0.86 0.06 0.90 0.06

8 A-B-G 1.09 1.11 0.03 0.97

9 B-C-G -0.12 1.08 1.05 0.99

10 A-C-G 1.19 -0.01 1.04 0.82

11
Symmetrical 

Fault
0.99 0.99 1.01 0.09

2. ANN RESULTS

o Fault Location for Bus- 5&7 using ANN - Algorithm

o Fault Identification for Bus- 5 using ANN- Algorithm o Fault Identification for Bus- 7 using ANN- Algorithm
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Bus No. Types of Faults

No-fault A-G B-G C-G A-B B-C C-A A-B-G B-C-G A-C-G
Symmetrical 

Fault

Bus No. 5 - 0.05 4.93 5.13 5.10 5.11 5.17 5.11 4.92 5.08 5.00 5.08

Bus No. 7 - 0.01 7.02 7.02 7.04 7.04 7.05 7.07 7.00 7.00 7.00 7.06

Bus No. Types of Faults

No-fault A-G B-G C-G A-B B-C C-A A-B-G B-C-G A-C-G
Symmetrical 

Fault

Bus No. 5 0.28 9.26 5.38 3.01 12.14 5.99 9.96 13.05 6.63 10.80 14.09

Bus No. 7 0.00 8.85 4.96 2.86 12.31 5.81 9.95 12.99 6.89 10.98 14.50

o Fault Location for Bus- 5&7 using Fuzzy Logic- Algorithm

o Fault Identification for Bus- 5&7 using Fuzzy Logic- Algorithm

3. ANFIS RESULTS
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NO.
Fault -

Type

Equalent 

Decimal 

no.

FUZZY ANN ANFIS  FUZZY ANN ANFIS  

1 No Fault 0 0 0.28 0 0.2664 -0.05

2 A-G 9 8.99 9.26 4.96 5.01 4.93

3 B-G 5 4.96 5.38 4.96 4.98 5.13

4 C-G 3 2.945 3.01 4.96 4.91 5.10

5 A-B 12 12.01 12.14 4.96 5.073 5.11

6 B-C 6 6.045 5.99 4.96 5.044 5.17

7 A-C 10 9.998 9.96 4.96 3.65 5.11

8 A-B-G 13 13.02 13.05 4.96 5.041 4.92

9 B-C-G 7 6.975 6.63 4.96 4.941 5.08

10 A-C-G 11 11.01 10.80 4.96 4.667 5.00

11 A-B-C 14 13.95 14.09 4.96 5.10 5.08

❑  MATLAB Result :–  FAULT-LOCATION❑  MATLAB Result :–  FAULT-TYPE

COMPARISON OF DIFFERENT – AI TECHNIQUES RESULTS (BUS-5)
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NO.
Fault -
Type

Equalent 
Decimal 

no.
FUZZY ANN ANFIS  FUZZY ANN ANFIS  

1 No Fault 0 0 0.00 0 0.2664 - 0.01

2 A-G 9 8.99 8.85 6.975 7.03 7.02

3 B-G 5 4.96 4.96 6.975 6.85 7.02

4 C-G 3 2.945 2.86 6.975 6.617 7.04

5 A-B 12 12.01 12.31 6.975 7.019 7.04

6 B-C 6 6.045 5.81 6.975 6.779 7.05

7 A-C 10 9.998 9.95 6.975 6.939 7.07

8 A-B-G 13 13.02 12.99 6.975 7.569 7.00

9 B-C-G 7 6.975 6.89 6.975 6.957 7.00

10 A-C-G 11 11.01 10.98 6.975 6.82 7.00

11 A-B-C 14 14.03 14.5 7.052 6.94 7.06

❑  MATLAB Result :–  FAULT-LOCATION❑  MATLAB Result :–  FAULT-TYPE

COMPARISON OF DIFFERENT – AI TECHNIQUES RESULTS (BUS-7)
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CONCLUSION

The paper proposes a fault detection, identification, and location scheme 

for distribution systems that has high accuracy and is validated through 

MATLAB/Simulink simulations. Various AI techniques (fuzzy, ANN, and 

ANFIS) are utilized to diagnose faults in a sample distribution system. These 

techniques effectively detect, locate, and identify 10 types of faults using only 

the magnitudes of phase voltage or current measurements. While all AI 

techniques successfully detect and identify various faults, the ANN method falls 

short in detecting some specific faults for a given distribution system.
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