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Differential Raman Spectroscopy Combined with Chemometrics for the Detection of
White Shopping Paper Bags
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ABSTRACT: The work aims to establish a method for non-destructive identification of white shopping paper bags by
differential Raman spectroscopy. 60 white shopping paper bags of different brands and specifications were collected and
detected by Raman spectroscopy. The Raman spectra of the samples were preprocessed, and the samples were preliminarily
classified based on the spectra. The samples were grouped by stoichiometric methods. In addition, Fisher discriminant analysis
method was applied to verify the classification results. Finally, the RBF model was applied to classify and distinguish
unknown samples. Based on the difference in calcium carbonate, talc powder, and barium sulfate contained in the samples, the
white shopping paper bag samples could be preliminarily divided into five categories. K-means clustering method was used for
further subdivision, and Fisher discriminant method was used to verify the sample classification results, with a discriminant
accuracy of 100%. The application of neural network RBF model for discriminative analysis of unknown samples achieved an
accuracy of 89.48%. This method is simple and easy to implement, which provides a scientific basis for the classification of
white shopping paper bags, and also provides a convenient way for the development of grassroots public security work.
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Tab.1 Samples of white shopping paper bag
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Tab.2 Raman characteristic peaks of common fillers

7/ L&A B /em™!
HEgak ) 289, 370, 430, 464, 502, 1048, 1096
TR RS 280, 711, 1085
it R 01 279, 459, 616, 986, 1115, 1148
AR 382, 378, 434, 457, 896, 993, 1094, 1119, 1292, 1338, 1379, 1409, 1471
x3 H&HE

Tab.3 Sample classification
Bl BRI 5) FE G5
I TRIRES 18 A 4 20107, 117, 147, 28", 357 40"
I TR 227, 347 397 417 48" 537
11 TR IR S5+ 1 1+ 4 17, 6", 7%, 127, 16%, 19, 207, 23% 26", 27, 30%. 32%. 45", 46", 58"
v HEZaE 3%, 4% 9 157 33% 36"-38%. 42", 47", 49% 517, 547 55%. 59%. 60"

Vo ARG BRI AR

s*.8% 13%. 17%. 18%. 21%, 24%, 25", 29% 317, 43%. 44* 50%. 52%. 56", 57"
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Fig.3 Raman spectrum of Sample 1
in Category III
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Tab.4 Interpretation of total variance

e PR FFAEAE JHEHG e 9 77 22 fiff e 3%
FEAEAR TP % FIHET /% FRIEAR  JTET /% RIHETE /%
1 44.647 74.411 74.411 44.647 74.411 74.411
2 6.352 10.587 84.998 6.352 10.587 84.998
3 2.641 4.402 89.400 2.641 4.402 89.400
15 0.119 0.198 98.916 0.119 0.198 98.916
16 0.096 0.160 99.076 0.096 0.160 99.076
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Fig.6 Effect of different K values on polymerization coefficient
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Tab.5 K-means clustering sample classification
s FE S
I L 10%, 117, 14%. 35%. 40*
Il L 34% a1* . 48% a7*, 53"
I 1*, 6", 7. 12%. 16", 197, 207, 23%, 267, 27, 30%. 32%. 45% 46", 58"
v 3%, 4% 9F . 15%, 33", 3638, 42%. 49 51%. 54* 55% . 59% 60"

A sto13f 17%, 18%, 21%, 22%, 247 25% . 28% 29%. 317, 39% 43% 44" 507, 52", 56", 57"
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Tab.6 Wilk's Lambda test
PR EURSE 56r Wilk's Lambda test Rk g H Pk
1to3 0.008 78.20 12 0
2to3 0.016 62.59 6 0
3 0.046 23.37 2 0
4l group F 7 Fisher & 5 K& R
cé Tab.7 Classification prediction results by Fisher model
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Fig.7 Joint distribution diagram of
discriminant function
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Fig.8 RBF neural network structure

SRR RBF AR R S B R HIRE A 5 1 A
#5525, 7F RBF APk B RE 5 10 I KA i A
JEMZIT, VPR IE SRR ) 35 bR BUVE R BT 2 00 PR
U LL 60 AN 2500 Pr 8O BE y FE A, 4 2 RBF
FERIIFRREAR TR T0%F 30%HY LA 43 g U1 25 48 Fn
WA, AT ERE S FIAIN G, I 42 DMEEARYE
FNGREE, 18 MNEEARVE ML, HAR S JE L5
ML 8, R 8 nIAF, IR IER 0] LIk H]
94.66%, RN IEHRA 84.3%, HEIKIEHEN
89.48% . F LT HH T ot 25 [ £ A5 16 4328y 1 JE: 1A mT
SR, T K-EREE BB, JEHATED
HIRE b Ay JS AU BB b, R EEAR TR AR A AR g At
SEEXT AR HIFEA Y 426



Fask B

WHEET, % 2SR A G TR A B G A AR IR R AT ST 221 -

#* 8 RBFEHEEHHHELER
Tab.8 Classification results in RBF model

o T FEAR
[ERURIEEN
1 2 3 4 5 EH 43 H /%
1 11 3 0 0 73.3
2 0 4 0 0 0 100
3 0 0 16 0 0 100
VIR
4 0 0 0 5 0 100
5 0 0 0 0 2 100
RARE 5 /% 26.19 16.66 40.48 11.9 4.7 94.66
1 3 0 0 0 0 100
2 0 3 0 0 75
} 3 0 0 2 0 1 66.67
3k
4 1 0 0 4 0 80
5 0 0 0 0 3 100
BRH 5 He /% 22.22 16.67 16.67 22.22 22.22 84.3
3 z:I!I: in Raman Spectroscopy Combined with Chemometrical
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