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Abstract

Small industrial appliances such as fan, audio, electric rice cooker mostly consist of ABS, PP, PS materials, In colored plastics, it is
possible to dassify by near infrared(NIR) spectroscopy, while in black plastics, it is very difficult to dassify black plastic because of the
characteristic of black material that absorbs the light, So the RBFNN pattern classifier is introctuced for sorting electrical and electronic
waste plastics through LIBS(Laser Induced Breakdown Spectroscopy) spectrometer, At the preprocessing part, PCA(Principle
Component Analysis), as a kind of dimension reduction algorithms, is used to improve processing speed as well as to extract the
effective data characteristics, In the condition part, FCM(Fuzzy C-Means) clustering is exploited, In the conclusion part, the coefficients
of linear function of being polynomial type are used as connection weights, PSO and 5-fold cross validation are used to improve the
reliability of performance as well as to enhance classification rate, The performance of the proposed classifier is described based on
both optimization and no optimization,

Key Words : Black Plastics, LIBS Spectrometer, RBFNNs Pattem Classifier, PCA(Principal Component Analysis), FCM(Fuzzy C-means)
Clustering, PSO(Particle Swarm Optimization)
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Fig. 1. Principle of LIBS spectrometer
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Table 1. Number of samples and dataset per sample
ABS PA PET PP PS Total
sample | 18 11 4 22 11 66

Data 162 9 36 198 9 594
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Fig. 4. Basic framework to find the best solution
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Table 2. Experimental conditions of RBFNNs

Parameters Values
4, *lEEﬂOL*j E‘:I 7E:|J_l|' ﬂ’-é" Training Data : Testing Data 4:1
Number of Training Data 476
) L Number of Testing Data 118
olef 13 5& LBS £371S &3l HolHE F3sk= A< Number of inputs 12267
vepdich Number of reduced dimensions using PCA 3,5,10
Number of clusters 45067
Polynomial Type Linear
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Step 2] A== 9709 point #4174 dolEl 2] 2 (4 Mp7E 12267712 YT 87] whiel
RBFNNs &18]&8 $3)517] Ao dAlg] #AHo 2 PCAZS
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Table 3. Classification rate in case of non-optimization
FC C D CR_TR *£std | CR_TE %std Time
3 85.69 £1.23 84.67 £3.18 0.066
4 5 94,07 £0,62 93.77 £2.82 0.073
10 96,80 £0,58 95.46 £2.82 0,086
3 87.68 £0.58 86.02 £3.40 0.116
5 5 94,02 £0.53 93.09 £2.04 0.158
20 10 96,88 £0.60 95.12 +1,54 0.198
' 3 88.84 £1.53 87.37 £5.79 0.221
6 5 94.49 £0.75 94.45 +2.18 0.235
10 98.15 £0.40 95.79 £1.03 0.258
3 88.04 £1.35 86.87 £3.06 0,265
7 5 94.95 +£0.54 94,28 +2.00 0.277
: Bak P 10 98.70 70,45 95.47 £1.19 0.294
¢) Shooting laser three times d) Extracting 3" shot data FC: Fuzzification Cocfficient
a2l 5 HolE &2 Qs 2| 1t™ C: Number of Clusters
Fig. 5. Processing procedure for data acquisition D: Number of Dimensions

CR_TR: Classification rate of training data
CR_TE: Classification rate of testing data
Time: Computing time by FCM clustering after PCA
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Table 4. Experimental conditions of PSO

Parameters Values
Training Data : Validation Data : Testing Data 5:3:2
Number of Training Data 298
Number of Validation Data 179
Number of Testing Data 117
Number of generations 100
Swarm size 50
Viax 20%
Cps Cy 2.0
T Ty [01]
[ Wmin Wmax] [0.40.91
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Table 5. Performance comparison between
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without PSO
FC C D | CRUIR £std | CR_VA *£std | CR_TE *std
2.0 6 10 | 98.15 +0.40 - 95,79 £1.03
with PSO
FC C D | CRUTR £std | CR_VA *£std | CR_TE *std
195 8 | 14 | 99.64 £0.30 | 97.77 £1.48 | 97.78 £1.66
Classification rate from obtained the parameters through
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