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Design of Fuzzy Clustering-based Neural Networks Classifier for Sorting Black Plastics
with the Aid of Raman Spectroscopy
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Abstract - This study is concerned with a design methodology of optimized fuzzy clustering-based neural network classifier
for classifying black plastic. Since the amount of waste plastic is increased every year, the technique for recycling waste
plastic is getting more attention. The proposed classifier is on a basis of architecture of radial basis function neural network.
The hidden layer of the proposed classifier is composed to FCM clustering instead of activation functions, while connection
weights are formed as the linear functions and their coefficients are estimated by the local least squares estimator
(LLSE)-based learning. Because the raw dataset collected from Raman spectroscopy include high-dimensional variables over
about three thousands, principal component analysis(PCA) is applied for the dimensional reduction. In addition, artificial bee
colony(ABC), which is one of the evolutionary algorithm, is used in order to identify the architecture and parameters of the
proposed network. In experiment, the proposed classifier sorts the three kinds of plastics which is the most largely discharged
in the real world. The effectiveness of the proposed classifier is proved through a comparison of performance between dataset
obtained from chemical analysis and entire dataset extracted directly from Raman spectroscopy.
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Table 1 Chemical characteristics by types of plastic through
Raman spectroscopy

(@) PET
Wave number(cm™) Assignment
795 Ring torsion and C=0 stretching
858 Ring C-C eater CO-C
1289 CO-C stretching
1613 Ring CI1-C4 stretching
1725 C=0 stretching
(b) PP
Wave number(cm™) Assignment
398 wCH, +5CH
841 rCH, +vC— CH,
1034 vC— CH, +vC— C+3CH
1257 dCH+tCH, +rCH,
1307 wCH, +tCH,
1457 6 CHy asym + 6 CH,
2871 vCH, sym
(c) PS
Wave number(cm™) Assignment
621 Benzene ring vibration
1001 Benzene ring breathing mode
1032 C— Hin plane bending mode
1155 C— C'strechingviration
1602 C= C viration
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Fig. 2 Chemical characteristic points by kinds of plastic
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pattern classifier
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Table 2 Initial setting of parameters in ABC algorithm

Parameters Initial values
No. of generations 60
No. of food sources 30
No. of employed bees 15
No. of onlooker bees 15
Limit for scout bee 5
Search Space Range
No. of Input variables(In) [2 50]
No. of clusters in FCM(R) (2 10]
Fuzzification coefficient in FCM(m) [1.1 35]
Method for generating input No. of input variables
variables before PCA
Case I: Chemical peaks-based 26
dataset
Case II: Entire dataset 3001
Istof Sfev | Testing Training | Training | Training | Training
2nd of 5fcv | Training Testing Training | Training | Training
3rd of Sfev | Training Training Testing Training | Training
4th of Sfev | Training | Training | Training | Testing ' Training
5thof 5fcv | Training | Training | Training | Training | Testing
(@) In case without optimization
Istof 5fcv | Testing | Training | Training | Training | Validation
2nd of 5fcv | Validation | Testing Training | Training | Training
3rd of 5fcv | Training | Validation Testmg Training | Training
4th of 5Sfcv | Training | Training | Validation | Testing | Training
5thof 5fcv | Training | Training | Training | Validation | Testing
(b) In case with optimization
I¥ 6 5 BE WA 43 HolE 7

Fig. 6 Data configuration of 5-fold cross validation
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Table 3 Pattern classification rate without optimization
(a) Without ABC optimization

Training_CR Testing_ CR
Case In R m
Mean | STD | Mean | STD
2 92.75 | 1.28 | 92.00 | 4.38
10 3 9338 | 1.11 | 91.75 | 4.89
4 9344 | 091 | 92.00 | 3.38
5 9344 | 1.34 | 91.75 | 4.20
2 9488 | 1.05 | 91.50 | 555
20 3 9538 | 1.11 | 91.25 | 5.99
4 9538 | 1.11 | 92.00 | 4.73
5 9569 | 1.09 | 91.50 | 5.26
2 9544 | 090 | 90.50 | 5.20
3 96.06 | 098 | 91.50 | 5.62
! 30 4 20 96.13 | 0.90 | 90.75 | 5.05
5 9594 | 0.83 | 90.75 | 5.05
2 96.44 | 1.26 | 90.75 | 6.29
m 3 96.69 | 1.05 | 91.50 | 541
4 96.38 | 1.34 | 90.75 | 5.12
5 96.63 | 1.28 | 90.75 | 4.73
2 9731 | 087 | 89.75 | 8.17
50 3 9738 | 122 | 89.75 | 8.72
4 9713 | 1.28 | 90.00 | 6.90
5 9731 | 1.39 | 89.00 | 7.15
2 9450 | 148 | 9250 | 451
10 3 9481 | 154 | 9250 | 459
4 9481 | 151 | 92.75 | 4.87
5 9488 | 1.22 | 9250 | 4.59
2 95.38 | 149 | 94.00 | 4.09
920 3 96.19 | 1.24 | 94.25 | 3.26
4 95.88 | 1.39 | 94.00 | 3.69
5 96.00 | 1.20 | 93.75 | 354
2 95.81 1.34 | 9450 | 4.01
3 96.50 | 0.95 | 94.25 | 3.38
I 30 4 20 96.25 | 1.29 | 9450 | 3.38
5 96.38 | 1.12 | 9450 | 3.38
2 97.13 | 0.60 | 94.25 | 4.20
0 3 97.06 | 0.65 | 95,00 | 3.42
4 96.63 | 0.81 | 95.00 | 3.42
5 96.94 | 0.68 | 95.00 | 3.42
2 9756 | 046 | 94.75 | 4.37
50 3 9775 | 0.26 | 95.00 | 4.15
4 9756 | 046 | 95.00 | 4.15
5 9756 | 046 | 9475 | 4.18

In: Number of input variables after PCA; R: Number of nodes in the

hidden layer; m: Fuzzification coefficient

(b) With ABC optimization

C Training_CR | Validation_CR Testing_CR

8l g|mm| R| m

Z Mean | STD | Mean | STD | Mean | STD
0] 11 4130|9225 | 152 | 93.25 4.56 93.00 4.29

1105 21 4113 | 9808 | 086 | 91.50 6.21 91.25 5.93
1]50 | 5| 1110000 | 0.00 | 7425 | 699 | 7325 | 4.89
0|34 | 3161|9783 | 075 | 9575 | 314 | 95.75 | 3.14

II{05[ 50| 3|16 9867 | 019 | 9575 | 360 | 94.75 | 4.18
1150 ] 5] 1.11]100.00 | 0.00 | 86.00 6.00 83.75 4.42

In: Number of input variables after PCA; R: Number of nodes in the
hidden layer; m: Fuzzification coefficient
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Fig. 7 Pattern classification rate by number of generations
according to portion coefficients
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Table 4 Number of classification success/failure by plastic
materials

(a) Case I: Chemical peak points-based dataset

PET PP PS Belt
PET 88/100 6/100 6/100 0/100
PP 2/100 97/100 0/100 1/100
PS 1/100 2/100 97/100 0/100
Belt 7/100 0/100 3/100 90/100

(b) Case II: Entire dataset

PET PP PS Belt
PET 88/100 3/100 8/100 1/100
PP 0/100 99/100 1/100 0/100
PS 0/100 2/100 98/100 07100
Belt 2/100 0/100 0/100 98/100
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