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ABSTRACT: The work aims to establish a fast and non-destructive analysis method for inspecting plastic food
packaging bottles and provide a fast classification model. 100 plastic food packaging bottle samples were tested by
differential Raman spectroscopy. The samples were classified based on their differential Raman characteristic peaks and
divided into two categories of polyethylene terephthalate and polypropylene. The Class I samples in a larger number were
further classified based on the different fillers contained. The classification model was constructed by Bayesian

discriminant analysis, multi-layer perceptron, and random forest algorithm to analyze and verify the continued
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classification results. The Class I samples were further divided into four categories. The classification accuracy of

Bayesian discriminant combined with left one cross validation method was 71.7%, the classification accuracy of the

training and testing sets of the multi-layer perceptron neural network classification model was100% and 86.2%,

respectively, and the classification accuracy of the random forest classification model0020was 100% and 96.5%. Through

comparison, it was found that the combination of differential Raman spectroscopy and random forest algorithm could

effectively classify plastic food packaging bottles. This method is simple and fast, requiring a small sample size but not

damaging samples, which can provide scientific basis for the identification of physical evidence in plastic food packaging

products.

KEY WORDS: differential Raman spectroscopy; plastic food packaging bottles; artificial neural network; random forest

algorithm

SR E fty A AT AE T ARG 905 D5 . AEVF
R, WSRO R )
HE, X IZORHUE BRI i R AT R S A, O
X HCREAT HERR PE 7328, A BT R Wz B e ok U L
L FBaskmitt . nON AR R R, A/
A

FIRT T SR Y e AG 36 1 7 05 2 20 40411
%X SHEsOtik . PR BRI . hisot
W 2RO R RS RIRIT X2
PTG IR AP R T T RS0 . BRI 25 5 0R
EES LR Vei-0i KN BT SE S P 3w g (0 N
HR R o A S8 SR L G B g K v
FHHEAT TR0 o 2 B AUV 28 40 R O R e 24
PRMO ST TS . JR AR AE TR I ZD ik
XL B i ORI TR PN A SRR e A R AT T
Ko 2203 P0 EOERE R —IUH SR, BT LASE iR E
JETHE, AR T, P BR 2l i & FR R
HRT7ER ARk RE o ah . B ah L, TR
FLAE G — BT . 3 VR 22 43 8 i i 48
Ftidh SCPFAHEATAS B, SEBL T 4Rk IEMIIE R 7326
FH i ) 1 4512 431 e S0 % 7 25 IR JE R 4o i
PV STHEAT TR, SEILT A2 H i INR R
FIHI 2 5 P2tk 45 & K-means X B #H TR 5,
SEPLT Doy R AR IR S L B Ot A
BRI B IR AR A TR AG , RREAS 2D
SR IY o M 22 0 4L 2 A5 AL 2 T s X R
AL AR I I i oA UL AR o AN SR A 4 X
SRS ISR R 100 AN [H] it e 1 90462
BB i BEATAG 8, AR AR il 14 22 2007 2 A e X
FOEATIr 28, A5 B DU SRR R | 22 2 R 45 1 22
P08 4% A5 TR R B ML AR AR TR X b 3R 43S 8 SRR AT I,
HETTIG 28 H Bl 5 2R ot ) 0 2607 125

1 K

1.1 LB REHE
SEDRS Portable-BASE AU #5250 H1 2 Y

(PR EM RS A IR AR ); JEIRPEE R 785 nm;
HOLThZ 250 mW, FRArEHE] 3 s, MR IEEGE FN
250~2 800 cm ',

1.2 SRIGHEAR
oK A ARt R BB A BB 100 NCRRRD M ).
1.3 SLWHIE

A3 BIBTHLZY 0.5 emx0.5 em K/NYFESL, FH 75%
AR HE TS, Frkem i T s, R 220 P 8okl
AAE LR SEER A5, % SEgeAE dt tHEA TI

EIPESER . FEALVEER 10"RE S, X H Rl —3B A0z
HEAT 5 OPATSESS ;s P A L A AR AT
Hts 5 ASERALHEA T, JF%F 2 USR5 430 SRR X
FrvfEfi 2= ( Relative Standard Deviation, RSD ),

2 #HRE5WR

21 EIEXLWERSN

SR 6 UEAS i AR S B AR S A3 A0, R S
SERLMERG AR, XPRESLUEAT T BRI . 107G )
—HBALIY) RSD Z5 B3 1 i, ARIREIBALA) RSD 4%
W 2 PR 78 10" RS Al —107 B LA SO R B Ak A 2
B A5 R W R AR R IR 2E KT 10%, UERR{GER BAT 34
GFIRE R, RESP ISR . I, FIHZ SR
D5 1 X VR RE B B IR A T A 6 245 R MR T &

*1 BE—MENRSD&ER
Tab.1 RSD results at the same location

S UREX 690 cm ! 1285cm™ 1613 cm™!
1 221.41 769.17 2146.35
2 243.21 704.72 2059.35
3 204.8 711.37 2092.85
4 197.6 703.32 2030.13
5 239.47 734.35 2 085.39

RSD fH/% 9.1 3.8 2.1
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Tab.2 RSD results at different locations

SEG A 690 cm! 1285cm™! 1613 cm™
i 219.06 765.84 2173.16
T 252.08 649.19 2074.54
H 228.62 689.47 2070.11
L 196.34 747.54 2 020.87
aF 205.2 705.61 1 920.62

RSD {H/% 9.8 6.5 4.5
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Tab.3 Classification results of Class I samples

Ik R FE S =
. % 117, 147, 28%. 31%~33%, 36", 43%. 44% 46", 49* 50, 52%. 53% 57%. 59%,
62-67. 70", 71%. 74* 75" 77%. 78", 80", 81". 83" ~85". 86", 89-97. 99
1#. 2%, 4%~ 8% 10, 177~ 19%, 217, 22% 24% 26, 27", 29%. 30%. 34, 35",
-2 TRIR A 377 ~ 40% 427 45% 477 487 517 547 56" 58%.60%.61%. 68", 727, 73% . 76", 79",
82" 87", 88", 98", 100"
-3 T A1 B +BR R 45 127, 15%, 16", 25", 55", 69"

I-4 HRER AN

9%, 13*, 20%. 23, 417




45 H£oW JATN, . ST REYLARMA T 22 5502 610 SR 5 2 A 43 85T - 167 -
2500 o3 4000 F Tel3
2000f 3300
3000 -
| Bl 2000
z 1000 626 853 1384 ii;"f 1500 | g5y 1284
626 ‘
S00r 0 ]j 1000 1090
| padl | J 500 | 280 ﬁ ol 413
0 Il 1 r\ T 1 1 0 k 1 ' 1 ‘v‘k\l 1 1
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
hr SN /cm P& B/om
a P-12REER, b HI-225KE 5
5000 2500
1613 a0l 302 896 1456
40001 20001
1152
3001 836 132
% 30001 1613 g 15001 1‘727 Ju%*
1B ey 1 200
4 20001 g\( 10001 852 1285 | g 967
8521 1751285 " &6 1urg) H 100}, 450 e
1000 626 ‘110197]7. 500 F 270 A kogfk “ 316 1 } J
. od |
N of Lo Phs o UM
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
hrgfi#/om hirg i /om hi&fik/om
c HI-3HEES d B4R e FIAEN
B 1 528k 20 G E
Fig.1 Differential Raman spectra of the 5 categories of samples
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Tab.5 Classification results of Bayesian discriminant model
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Tab.6 Classification results of MLP model
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Fig.3 Classification results of RF Model
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