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Design of Black Plastics Classifier Using Data Information

1PN e
(Sang-Beom Park - Sung-Kwun Oh)

Abstract - In this paper, with the aid of information which is included within data, preprocessing algorithm-based black plastic
classifier is designed. The slope and area of spectrum obtained by using laser induced breakdown spectroscopy(LIBS) are
analyzed for each material and its ensuing information is applied as the input data of the proposed classifier. The slope is
represented by the rate of change of wavelength and intensity. Also, the area is calculated by the wavelength of the spectrum
peak where the material property of chemical elements such as carbon and hydrogen appears. Using informations such as slope
and area, input data of the proposed classifier is constructed. In the preprocessing part of the classifier, Principal Component
Analysis(PCA) and fuzzy transform are used for dimensional reduction from high dimensional input variables to low dimensional
input variables. Characteristic analysis of the materials as well as the processing speed of the classifier is improved. In the
condition part, FCM clustering is applied and linear function is used as connection weight in the conclusion part. By means of
Particle Swarm Optimization(PSO), parameters such as the number of clusters, fuzzification coefficient and the number of input
variables are optimized. To demonstrate the superiority of classification performance, classification rate is compared by using
WEKA 3.8 data mining software which contains various classifiers such as Naivebayes, SVM and Multilayer perceptron.
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Table 1 Number of input variables according to method of
construction of input data

Method Slope Peak Area

1,445 14 10

No. of input variables

Method : Method of construction of input data

Slope : Slope of the spectrum
Peak  : Selection of peak from slope of spectrum
Area  : Area of spectrum from chemical elements

clolef HEE o83 S4 Z2tAEH 2RI 4A

Trans. KIEE. Vol. 67, No. 4, APR, 2018

original ~HEO] JeH0] J= 10,2407§0IC
~HEYO] 7]2718 AMgoto] 2SS Yr|oE ] YUHH
Aee 1445700101, 71271004 FEHRIA UERME peakE
AYHoEE FS5He 429 dYus9 Hee 14710tk
2]1l Siet4: peakE 7IFEOR AHEYHO WAS ALSH0
[ulolH o] Y4 7= 107§0Ich o] # 2= A

o e oo >

2 o4g
= QFshy] Qs st Addxdss UHsIRl
¥ 249 =
Table 2 Experimental condition
Parameters Values
Number of samples 1,200
Number of samples per class 400
Ratio of training data and test data 41
Number of fuzzy clusters 3,4, 5
Fuzzification coefficient(FC) 2.0
Polynomial type Linear
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Table 3 Classification rate of RBFNNs classifier in case of
using input data as the slope of spectrum

(@) In case of PCA

Preprocessing D C Training Test
3 95.12+0.44 93.33£2.04
30 4 96.15+0.69 94.08+1.75
5 96.25+0.58 93.58+2.40
Principal 3 95.85+0.36 93.50+2.07
Component 40 4 97.00+£0.14 94.00+£1.97
Analysis 5 | 97.19+033 | 9358+212
3 96.38+0.27 93.67+2.07
50 4 97.25+0.30 93.50+1.88
5 97.44+0.24 93.42%2.19
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(b) In case of fuzzy transform

(b) In case of fuzzy transform

Preprocessing D C Training Test
3 83.75+0.43 83.00£3.40
5 4 83.93+0.64 82.16+4.49
5 84.98+0.68 82.50+3.45
3 89.83%0.65 87.75+1.96
8 4 91.39+0.44 89.08+1.65
Fuzzy 5 92.06+0.73 90.16+2.21
transform 3 89.96+0.38 88.00+1.98
10 4 90.68+0.49 88.08+2.07
5 92.18+0.54 89.58+2.08
3 91.96£0.59 90.42+2.55
- 4 92.92+0.41 91.08+2.01
5 93.85+0.45 91.50+1.68

Preprocessing D C Training Test

3 95.10+0.33 93.58+1.40

30 4 96.16+0.32 94.25+1.82

5 96.50+0.28 94.33%£1.33

3 95.46+0.50 93.66+1.51

trjr‘:szfzyrm 40 | 4 | 9593051 | 9383180
5 96.79+0.30 94.50+2.17

3 95.04+0.45 93.75+1.97

50 4 95.93+0.54 93.08+1.40

5 97.00+0.13 92.83+1.65

Preprocessing @ Preprocessing algorithm which is used in RBFNNs

classifier
D : Number of reduced dimensions using preprocessing algorithm
MFs : Number of membership functions
C : Number of fuzzy clusters
Training : Classification rate of training data and standard deviation
Test ¢ Classification rate of test data and standard deviation
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Table 4 Classification rate of RBFNNs classifier in case of
using input data as the peak

(a) In case of PCA

AHMOIHE 718719 peakZ AMSTH A2, AXg LBE
oF FYE EAHE AIS3E e EFE0] &F 91%E Fuzzy
transforme AFEIE WRECF EFE0] =A UE AE gQlst
Art 7 30] A EFE HweM 2% U Ag &
4 QAT YHHOIHE AHEYS| WHOZ AESH 499 BR
g2 syt Zrh
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Table 5 Classification rate of RBFNNs classifier in case of using
input data as the area of spectrum
(a) In case of PCA

Preprocessing D C Training Test
3 89.19+0.58 88.17+1.97
5 4 89.29+0.77 88.50+2.01
5 90.17+0.72 89.00+1.20
Principal 3 89.85+0.90 88.92+3.41
Component 8 4 90.35+0.74 88.50+1.92
Analysis 5 90.37+0.84 89.33+1.73
3 89.96+0.79 88.83+3.72
- 4 90.31+0.56 88.83+£1.90
5 90.60+0.77 88.92+1.92

(b) In case of fuzzy transform

Preprocessing D C Training Test
3 86.43+0.51 85.58+2.25
5 4 87.31+0.61 86.33+1.23
5 87.83+0.62 86.91+1.33
Fuzzy 3 89.31+1.06 88.41+3.41
transform 8 4 89.71+0.80 88.75+2.06
5 90.02+0.83 88.58+2.72
3 89.96+0.79 88.83+3.72
- 4 90.31+0.56 88.83+1.90
5 90.60+0.77 88.92+1.92

Preprocessing D C Training Test

3 91.21+0.64 90.67+2.18

5 4 92.04+0.46 91.42+1.83

5 92.90+0.49 91.92+1.24

3 91.33+0.71 90.58+2.71

8 4 91.98+0.69 91.08+2.73

Principal 5 | 9308058 | 9142229

Component

Analysis 3 91.48+0.60 90.42+2.52
10 4 92.77+0.74 90.83+2.38

5 93.42+0.64 91.42+2.24

3 91.96+0.59 90.42+2.55

- 4 92.92+0.41 91.08+2.01

5 93.85+0.45 91.50+1.68
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Table 6 Setting condition of parameters for optimization

Parameters Values
Ratio of data 5:3:9
(Training : Validation : Test)
Number of generations 50
Swarm size 100
[Win Wivax] [04 09]
Viax 20%
C G 2.0
Ty Ty [0 1]
Number of reduced Slope Peak Area
dimensions (10 50] [3 10] [3 8]
Number of fuzzy
Search clusters [27]
space Fuzzification
’ coefficient(FC) [1.1 30]
Polynomial type Linear, Modiﬁed.Quadratic,
Quadratic
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Table 7 The result of classification rate using particle swarm
optimization according to the objective function

(a) In case of classification rate

Data type Slope Peak Area
Dimension 5 5 6
Clusters 4 5 5
FC 2.12 1.92 2.35
Polynomial type Linear Linear Linear
Training 96.42+0.81 92.67+1.04 90.36+0.74
Validation 95.14+1.15 91.94+0.81 87.66+2.25
Test 94.82+2.11 92.25+1.83 89.83+2.23
MSE 0.121£0.007 0.206+0.017 0.267+0.005
MSE\, 0.714£0.521 0.828+0.931 0.316%0.046
MSE ., 0.236+0.248 0.396+0.204 0.335+0.030
(b) In case of performance index
Data type Slope Peak Area
Dimension 6 7 6
Clusters 5 6 4
FC 1.87 2.16 213
Polynomial type Linear Linear é)vl[l (;ngii
Training 97.70+0.68 93.26+0.34 93.16+0.65
Validation 93.11+1.47 93.94+0.91 89.94+1.78
Test 93.33+1.74 90.66+2.13 89.25+1.23
MSE,., 0.097+0.009 0.198+0.009 0.194+0.008
MSE,,, 0.213+0.024 0.209£0.029 0.273+0.038
MSE ., 0.269+0.073 0.286%0.053 0.399+0.082

MSEp, : Performance index of training data
MSE,, : Performance index of validation data

MSE,; : Performance index of test data

=AgEE A (9o MASH 2ReR AR 89 # 3, #
4, & 501 MAlgt EReRtt MdEE Zle 2elsilnt. ot
YHHOIHE ~HEYY] VEV|z AT 89, FASE 87
20| peak, HAS YUOHE AFERE HETH A ZidEE
dEs AR HEoiitt SAgE Al 100 AAR SsA+z
AET B2, BARgE BREE ARERIE miHn FASHE
AE EFE0] QAF oz WA Uehts e SelsiRith 17
1 FsAE 270 Hdl O 2 Ueke Ze =RIsii.

5.3 WEKA 3.8 data mining softwareE Al83t 58 H|n
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data mining software®] YEHOIHZE AMESI0] 2 =204l A
Al B2gat Hiwsith, QEdold 74 diHoll tist WEKA
software@t RBFNN E7719] EF&<2 Hlush Z1E off9 &
80l RIAIGHALE.

3 8 WEKA software?} RBFNN £%7|9] E&& H|ul
Table 8 Comparison of classification rate between WEKA
software and the proposed classifier

(a) In case of the slope of spectrum as input data

Model of classifier Training Test

Naivebayes N/A 72.33%£3.13

Multilayer perceptron N/A 93.08+2.66

SMO N/A 88.58+1.20

IBK N/A 87.25+4.83

PART N/A 87.08+1.56

J4.8 N/A 90.17+£1.68

Random forest N/A 93.75+1.61

Random tree N/A 82.92+2.78

PCA-based

Proposed RBFNNs 96.15+0.69 94.08+1.75
classifier Fuzzy transform-

based RBFNNs 96.50+0.28 94.33+1.33

(b) In case of the peak of slope as input data

Model of classifier Training Test
Naivebayes N/A 78.08£2.07
Multilayer perceptron N/A 90.50£1.92
SMO N/A 89.75+2.10
IBK N/A 90.58+1.80
PART N/A 89.75+1.78
J4.8 N/A 89.08+3.19
Random forest N/A 91.33+£1.86
Random tree N/A 90.00£0.72
Proposed classifier 93.85£0.45 91.50£1.68

(c) In case of the area of spectrum as input data

Model of classifier Training Test
Naivebayes N/A 82.08£2.30
Multilayer perceptron N/A 89.17£2.15
SMO N/A 87.58+2.09
IBK N/A 84.58+3.49
PART N/A 86.67+0.72
J4.8 N/A 87.58+1.12
Random forest N/A 88.25+0.78
Random tree N/A 84.08+2.11
Proposed classifier 90.60+0.77 88.92+1.92

I 89 (a= AAS BERE9 A% d8HS9 M+E 3070
2 F2AR F de BREES HWsKIth WEKA 38 data
mining software®] BF71& AISIE HELT B =0l AS
St RBFNNs 27719 EFg0] =2 Zg ot
Multilayer perceptron®] AS ERE0| 93.08%% = =E0JA]
ARESH ERVIED 1%8E €2 Ag 20og = e 1%9)
BRge & 9n7t glg Aolgtal Azt 4= Ut} ohAlE A
S EFow AT 1%9 BFer IA UEg = VI

in)

576

[0

R0l 1%9 EREE AUE 7IKal e Aietal
Ch & 89 (h)9 Aole E 89 ()9 Zie} His=sh =
TOlA AFESE BR719] ERE0] O =A UEhe= Ag golst
ALt TF Random forest BF7IE AMESH dol= 91.33%=
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WEKA 3.8 data mining softwared] EA|dl= ClYet BRIIE
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wsto] Mot BERVI9 fede YESoiith gFos Agu
¥ HEAWH(Linear Discriminant Analysis, LDA), fusion
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