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A Study on Three Phase Partial Discharge Pattern Classification
with the Aid of Optimized Polynomial Radial Basis Function Neural Networks
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Abstract - In this paper, we propose the pattern classifier of Radial Basis Function Neural Networks(RBFNNs) for
diagnosis of 3-phase partial discharge. Conventional methods map the partial discharge/noise data on 3-PARD map, and
decide whether the partial discharge occurs or not from 3-phase or neutral point. However, it is decided based on his
own subjective knowledge of skilled experter. In order to solve these problems, the mapping of data as well as the

classification of

phases are considered by using the general 3-PARD map and PA method, and the identification of

phases occurring partial discharge/noise discharge is done. In the sequel, the type of partial discharge occurring on
arbitrary random phase is classified and identified by fuzzy clustering-based polynomial Radial Basis Function Neural
Networks(RBFNN) classifier. And by identifying the learning rate, momentum coefficient, and fuzzification coefficient of
FCM fuzzy clustering with the aid of PSO algorithm, the RBFNN classifier is optimized. The virtual simulated data and
the experimental data acquired from practical field are used for performance estimation of 3-phase partial discharge

pattern classifier.

Key Words :

Radial basis function neural networks, Fuzzy C-means clustering, Subtractive clustering, Particle swarm

optimization, 3-PARD(3-Phase Amplitude Relation Diagram), PA(Pulse Analysis).
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Fig. 9 Distributed Partial discharge data on 3-PARD map
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Table 3 Parameters for RBF neural network pattern

classifier

3 Phase Partial

Data Discharge
1 Q ]
Parameters Hiﬁa A4 dolE
No. of generation 30 100
Swarm size 30
PSO vmax 20% of search space
[wmin wmax] [0.4 0.9]
cl, c2 2.0
No. of nodes 6,7 | 2~6
No. of iterations 20
Polynomial type Constant, Linear,
quadratic
RBFNN | Weighting factor () 1 05
Division of data (%) 70:30 50:30:20
Fuzzification coefficient [1.1 ~ 3.0]
Momemtum Coefficient [Ie-9 ~ 0.1]
Learning Coefficient [le-9 ~ 0.1]
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Fig. 10 Classification rate of testing data by RBFNN (Casel
- Constant)
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11 Classification rate by RBFNN (Casel - Constant)
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Fig. 12 Classification rate of testing data by RBFNN (Casel
- Linear)
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Table 4 Pattern classification rate used RBFNN (Linear)
Proposed
RBFNN
Model
rules 2 3 4 5 6
Fuzzfication | ) o0 19 279 | 154 | 254
coefficient
Training 88.88 100 99.73 100 100
Classification | *27.21 +0 +0.59 +0 +0
Validation 99.72 99.51 99.64 97.78 97.78
Classification +0.68 +1.08 +0.8 +1.81 +1.81
Testing 87.77 99.11 97.78 89.44 90.75
Classification | +26.73 +1.21 +0 +9.66 +9.78
£ 5 ct2 zEanlel M5 HlW
Table 5 Comparison of performance with other models
Model NN
P-Type
rules 2 3
ol Testing 63.78+3.57 65.57+4.21
assification
Model RBFNN
P-Type Constant
rules 2 3 4 5 6
Testing 51.33 51.33 48.44 50.99 51.22
Classification +0.54 +3.29 +3.71 +4.44 +2.53
Model RBFNN
P-Type Linear
rules 2 3 4 5 6
'l‘e‘SFmg' 87.77 99.11 97780 89.44 90.75
Classification +11.73 +1.21 +9.66 +9.78
Model RBFNN
P-Type Quadratic
rules 2 3 4 5 6
Testing 87.77 86.13 83,56 93.55 91.67
Classification +12.56 +1.21 +6.54 +8.12 +6.83
6.2 B
2 =idAe 33 FEdd 4y £7E 93 3-PARD
map3} PA map 78S Agtele] HlolEE wPAT| L o] F
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