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Abstract -

Comparative Studies and Analysis of Classifier Architecture

This paper concerns a design and learning method of softmax function neural networks based on K-means

clustering. The partial discharge data Information is preliminarily processed through simulation using an Epoxy Mica Coupling
sensor and an internal Phase Resolved Partial Discharge Analysis algorithm. The obtained information is processed according to
the characteristics of the pattern using a Motor Insulation Monitoring System program. At this time, the processed data are
total 4 types that void discharge, corona discharge, surface discharge and slot discharge. The partial discharge data with high
dimensional input variables are secondarily processed by principal component analysis method and reduced with keeping the
characteristics of pattern as low dimensional input variables. And therefore, the pattern classifier processing speed exhibits

improved effects. In addition,

in the process of extracting the partial discharge data through the MIMS program, the

magnitude of amplitude is divided into the maximum value and the average value, and two pattern characteristics are set and
compared and analyzed. In the first half of the proposed partial discharge pattern classifier, the input and hidden layers are
classified by using the K-means clustering method and the output of the hidden layer is obtained. In the latter part, the
cross entropy error function is used for parameter learning between the hidden layer and the output layer. The final output
layer is output as a normalized probability value between 0 and 1 using the softmax function. The advantage of using the
softmax function is that it allows access and application of multiple class problems and stochastic interpretation. First of all,
there is an advantage that one output value affects the remaining output value and its accompanying learning is accelerated.
Also, to solve the overfitting problem, L2-normalization is applied. To prove the superiority of the proposed pattern classifier,
we compare and analyze the classification rate with conventional radial basis function neural networks.

Key Words : EMC sensor, Principal component analysis, K-means clustering, Softmax function, Nonlinear least squares method,
L2-normalization, Radial basis function neural networks
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Table 1 Structure & learning method of comparative model

Models
Layers

RBFNNs Proposed classifier

Learning method LLSM NLSM

N ¢
CE== Y2 t,lny,
k=1j=1

N e
Cost function SSE= Z Z(t]‘f y]k)2
k=1j=1

L2
- Used Used
Regularization
Output later - N y;= ¢
= J JiT
output % ,;“’w’ ie;"
q=1

LLSM : Linear least squares method, NLSAM : Nonlinear least
squares method, SSE : Sum of squared error, CE : Cross entropy
error function

2 REud AY x4

o

Table 2 Experimental condition of partial discharge data

Values

Class No. ( 1. 2 3 4
PD void) | (corona) |(surface)| (slot)

data No. of inputs 360 360 360 360
No. of data 250 435 270 245

Parameters

Total number of data 1200
Ratio of training & test 4:1
Number of clusters 3, 5

Learning method Nonlinear using Newton's method

H QFojME REYE HojEZ HolE 25070, TZLE 435
TH 9A 27070, €% WA 2452 FAHUE £ 1,200
7ol HlolHE ARESITL StEa AIFY] Hig2 4:112 4% s
HlolH 96070 AIETIOIH 2407H0It). S8AH = [3 5]2 &
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Table 3 Comparison of pattern classification of Max data

Model RBFNNs Proposed Classifier
CR_TR CR_TE CR TR CRTF
Mean | STD | Mean | STD | Mean | STD | Mean | STD

0 [9381] 0.99 |9241| 2.30 9991 | 004 |97.41| 0.61
91 0.01]9352| 0.90 |91.75| 1.39 | 9943 | 0.05 | 98.83 | 0.74
0.001]93.50| 0.86 |91.75| 1.39 |99.83| 0.05 | 98.75| 0.51
0 196.35| 0.70 | 95.75 | 1.07 [100.0| 0.00 | 97.00 | 1.07
13| 0.01 [96.35| 0.70 | 95.75 | 1.07 |99.85| 0.05 | 98.75 | 0.77
0.001]96.35| 0.70 | 95.75 | 1.07 | 9995| 0.05 | 9941 | 0.22
0 [97.29] 0.79 | 96.08 | 1.65 | 100.0| 0.00 | 95.16 | 0.69
91001 ]9731|0.79 |96.08 | 1.65 |99.56 | 0.08 | 99.00 | 0.47
0.001]97.29| 0.79 | 96.08 | 1.65 |99.87| 0.04 | 99.00 | 0.22
0 |9839| 013 |97.08| 0.65]100.0| 0.00 | 97.25| 1.90
13| 0.01 [98.39| 0.13 |97.08 | 0.65 | 99.93 | 0.05 | 98.66 | 0.54
0.001 {98.39 | 0.13 | 97.08 | 0.65 | 100.0 | 0.00 | 99.41 | 0.69

R|D| A

R : Number of rules, D :
PCA, A : regularization parameter, CR 7R : Classification rate of
training data, CR_7F : Classification rate of test data

Number of reduced dimensions using

¥ 4 E¥g HolHY " BRE Hu
Table 4 Comparison of pattern classification of Avg data

Model RBFNNs Proposed Classifier
CR.TR CR.TE CR.TR CR.TE
Mean | STD | Mean | STD | Mean | STD | Mean | STD
0 |[8891| 1.55 |87.16| 2.75 |95.95| 0.69 | 90.50 | 2.30
9 | 001 [89.75| 1.26 | 88.50 | 1.90 |95.33| 0.58 | 92.75| 1.33
0.001(89.75| 1.26 |88.50 | 1.90 |95.83 | 0.77 |91.25| 1.14
0 92.31| 1.28 |90.83 | 1.06 [98.70| 0.72 | 90.91 | 2.45
13| 0.01 [92.31| 1.28 {90.83| 1.06 | 97.58 | 0.25 | 92.41 | 1.62
0.001192.31 | 1.28 [90.83 | 1.06 198.85| 0.32 |93.41| 1.39
0 19212] 0.89 |89.33| 1.54 |9741| 1.06 | 89.75 | 2.31
9] 001 ]9212| 0.89 |89.33 | 1.54 195.93| 0.23 | 92.75 | 1.83
0.001192.12| 0.89 [89.33 | 1.54 |97.50 | 0.67 |93.08 | 2.31
0 | 939 094 | 9200| 169 [99.77| 0.13 | 89.33 | 1.68
131 0.01 [94.39| 0.94 |92.00 | 1.59 | 9852| 0.24 | 95.00| 169
0.001194.39| 094 [92.00 | 1.59 [99.22 | 0.35 | 93.58 | 0.95
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Table 5 Classification rate of each fcv for Max data

Model Proposed Classifier
R[{D| X\ 5-fev CR_TR(CE) CR_THCE)
Ist 100.0 (0.0032) 96.66 (0.1239)
2nd 100.0 (0.0046) 98.33 (0.0558)
3rd 100.0 (0.0037) 9541 (0.2188)
0 4th 100.0 (0.0040) 97.08 (0.0933)
5th 100.0 (0.0043) 97.50 (0.0386)
+ +
2| Mean=STD (o.éggé)ﬂgi%)om (0.%%?10101.&?7712)
1st 100.0 (0.0325) 99.58 (0.0442)
2nd 99.89 (0.0299) 99.58 (0.0664)
3rd 100.0 (0.0294) 99.58 (0.0331)
0.001 4th 99.89 (0.0295) 99.16 (0.0563)
5th 100.0 (0.0279) 99.16 (0.0586)
+ +
MeansSTD | pronote) | (0051720013

¥ 6 dugt HolEol et 2} fove] 2RE

Table 6 Classification rate of each fcv for Avg data

Model Proposed Classifier

R|D| A 5-fcv CR_TR(CE) CR_TECE)
Ist 99.68 (0.0614) 88.75 (0.7821)
2nd 99.58 (0.0879) 90.41 (0.4137)
3rd 99.79 (0.0521) 86.66 (0.8323)
0 4th 99.89 (0.0364) 90.00 (0.8382)
5th 99.89 (0.0143) 90.83 (1.2486)

+ +

o |13 Mean=STD (0.32674718612375) (0.23?03101.%861)
Ist 98.64 (0.1407) 95.00 (0.1759)

2nd 98.64 (0.1358) 97.08 (0.1619)

3rd 98.75 (0.1233) 95.83 (0.2255)

0.01 4th 98.43 (0.1277) 94.58 (0.2375)

5th 98.12 (0.1297) 9250 (0.2308)
Mean=STD (o.?gi55zf(gbz(;168) (o.ggé)soiiol.b%in

F 59t 62 5-fold cross validatione &&3l0] foldntcl A
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b-1. Cost function

b. L2 B3t &8st 42 (A=0.01)
b. In case of using L2 regularization (A=0.01)

b-2. Pattern classification rate
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Fig 6 Comparison of cost function & recognition rate(Max)

. [ Triningdata -+ Tesing it ——
12
s
g,
H
2oy
3
§
Sos
5
]
So4
N
0
] E] 0 £ E) E) T m w ®m m m wm W m W m

150
Literation Liteation

a-1. Cost function a-2. Pattern classification rate

a. L2 st A&dAl e 4% (A=0)
a. In case of not using L2 regularization (A=0)

[ e g

n m w0 wam © W m m m m w
Liteation Literation

b-1. Cost function b-2. Pattern classification rate
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Fig. 7 Comparison of cost function & recognition rate (Avg)
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Table 7 Comparison of classification rate selected according to
Models of each dataset

CR_TR CR TE
Models T |R|D
Mean | STD Mean STD

Neural | Max|110| X | 9523 | 162 | 9333 | 172
Network[9] | avg | 25 | X | 8856 | 355 | 8475 | 4.19
Support Vector] Max | X | 40 | 1000 | 00 | 9625 | 1.06
Machine[10] | avg | X |60 | 9777 | 015 | 9375 | 065
RBFNNs |Max| 4 | 50 | 9950 | 0.3 | 9891 | 0.75

without

PSO[11] |Ave| 4 | 60| 9900 | 028 | 9566 | 1.12
RBFNNs with | Max | 3 | 75| 9986 | 0.07 | 9895 | 0.88
PSONL]  |avg| 3 |60 | 9920 | 029 | 9631 | 187
Proposed | Max| 3 | 13| 9995 | 005 | 9941 | 022

Models Avg| 5 | 13| 9852 | 024 | 9500 | 1.69

T : Type of Data
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