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Classification and Recognition of Disposable Masks Based on
Raman Spectroscopy and Machine Learning
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" School of Investigation, People’s Public Security University of China, Beijing 100038, China ;

* Institute of Criminal Science and Technology, Zhengzhou Public Security Bureaw , Zhengzhow, Henan 450000, China

Abstract In forensic scientific evidence identification, the classification and recognition of disposable masks is
critical. Therefore, in this study, a classification and recognition method for disposable masks is proposed using
Raman spectroscopy and machine learning. First, the Raman spectra of 37 types of disposable masks are gathered
from different cities and manufacturers. Then, the data are processed using Savitzky Golay smoothing and
normalization algorithms, and the mask categories are classified using principal component analysis method and the
Raman spectrum characteristic peak comparison method. Finally, a disposable mask classification and recognition
model is constructed based on support vector machine (SVM), Bayes discriminant analysis, and back propagation
(BP) neural network algorithm. The experimental results show that the accuracy rates of the training and tests set
of the SVM model are 93.3% and 100.0%, respectively, whereas the those of the training and test sets of the
Bayesian discriminant analysis model are both 100. 0% . Furthermore, the accuracy rates of the training set,
validation set, and test set of the BP neural network model are 93. 9%, 60. 0%, and 60. 0%, respectively.
Therefore, as the best model for mask classification and recognition, the Bayes discriminant analysis model provides
a certain reference for forensic science and technology.
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Table 1 Sample parameters of the disposable protective masks
Label Brand Manufacturer
1 Xuancheng mask Rizhao Nuohuan Protective Equipment Co., Ltd
2 Huian mask Zhangjiagang Meibaiqi Trade Co., Ltd
3 ShengWang mask Xiantao Siqi Protective Equipment Co., Ltd
4 JiaBoNeng mask Guangdong Dongwan Yian labor protection products Co., Ltd
33 Huian mask Suzhou Lotte Protective Equipment Co., Ltd
34 ZHICHANG mask Nanchang of Jiangxi Province
35 Sanbang mask Foshan Nanhai Weijian Sanbang Protective Equipment Technology Co., Ltd
36 Taibang mask Yunnan Baiyao Group Co., Ltd
37 3M mask 3M China Ltd
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Fig. 1 Appearances of masks under different magnifications. (a) 5X; (b) 20X ; (c¢) 50X ; (d) 100X
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Fig. 2 Mask spectra obtained by different wavelength lasers
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Fig. 3 Experimental results of reproducibility and uniformity of mask samples. (a) Reproducibility experiment;

(b) uniformity experiment
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Fig. 4 Raman spectrum processing results of 37 mask samples
2.4 WEIFE
6T B 0 4 B S T B 2O A
JEEA 100~2000 em ', 23774 1900 4E50 G . &
HEBCHE M A ET S EE B S Y L (8 1T

FIF ¥ 60 LK J3E o DR IME 7 2 A o A K a0 4 2 A ]
PRAEA Z % 5 25 BOF R BOLIE RFIE R B 722
TCGETH oA UL B AR E B2 O ¥R A /DN A 1k
M PCA . SCHRL6-7 9 BF TS 45 R R W PCA 35X
DT B 1 R A ROR B B BRI

D 35 0 SR B AR AL X

Ty ottt Xy,
X=: H 3
T, oz,

Krf,x,, A p 50 BFE S BHE 05 ¢ 48035
2) THEAH O RBUEFE P

T

P=: N 4

Fpr " Ty

Aor,, HAEEMAOLIE B ERE -, =
Vsl m‘%éi_\‘i‘j
(Iﬁ'i‘;i)(-rkj ;J)

" .
ry =2, - NG
Pt 0 B —
ka/ 7 2 (Zy — ;)
k=1 k=1

Koz, v, J8E RREE j AOLS BRI T3 HE,
n R ETE R R0 .

3) MR | AB—P [ =0 SKiNEFE P ARHESL A, A
FEAE ()3 B, IR R A (R B/ HEY » fie R AEAE
S FCT LA R AR 1) A i B — R T 2 A RE
SCHEEAMRFEAELAE ST 22 0 BT o 09 EE 490 2 32 B o3 i ik
R C,LHT A TR R FTRE D A, AT R IR N
2.

/11 k=1

= i=1,m.A, =
DA
k=1

C, vi=1sn,

n

2k
k=1

(6)
) FEAE ) A B FE M= (B, .- B ] W E

W R Y A R N
Y=XM, (7)
SVM #52H I — i [ A1 B8 30 45 44 JXURS: 114 43 28 A
R T TR — AT 1, P I R S T e T 1 o 4
A I A, R S AN WP Ak S ) o R T 1w [A]
0 B B S AN R S 43 28 . P AR 1) B SR
SRR ZEAETISH C, T B 15 50 28 B RE T B AU
B AR L R R Y B A L B AR e ) A
SVM H5 R A T 358 5 AN [7] Bl 28 14 1% ok 80K B0 %
5 B A 3h R IR 25 (], A% eR AT 43 Ry 22 T A% R B
1o 0T A% PR BRI A ) A pR R, v A8 ) A R B

1630004-4



$£58%5 £ 16H81/2021 £8 B/BAEREFEFHRE

A e )iz, LS By ] A A S ) R ) (]
(9 L 1S, 8 43 208 A 2% 1 S e

DU i34 0 530 A A5 2R R B DL ok 307 5 B R RS AT
SR ABLBE XA il HE A7 0 2 AR AR R TR AR i 15 26
MR R o 2 Y i 2 57 S T KON 4 X I A 48 Y
B A R AT LR AR o0 A1) 2 T e g R o A
72 5 B0 AR 20 A1 A B BOAE S SO I R
56 MOE 2% 3 A1 1 DL T T 2K

BP 1 2 [0 265 2 K5 45— 4> i B30 AR S g AL il
2270 JH RSO0 B 1) B 5 R Y 1 T A R B Y
PR BRI L AT R AR 5 2 A e 5 0 30 e Y R K g
SR MRS, BE T AR 45 ME R e 1 SR i 2.
SR AR I R i B L I G 0 A R e i TR
HHRE di 6E A AR 2 o TR R BB ML A Y
PO 25 SR A MER 22 R I, w7 2 e 0RO
1] £ 1 4 A pRK, SR 5 T e 1) A% B BB EE T B
S A AR R A5 2 L s BIME A » K A9 H
FRT S AT o 2K 2 R I B HOR 2 ) R OB
B ONGY Yo LD UM O SR S P S
BRI AR 3 AR UK

3 KBRS IR

3.1 ERHSAWE

G AT PCA 1508 )t 1% B 40 F 47 B 4 L OF- 45
B P G R AE 06 B R 1 EELRE A B9 28 0, DO BRI
W I AL A B, RS ISR 2 LS
o) BRI R B B ST A 1E L 2 R A
J5 ¥ N A 78 I X ) 4k 4 2F A7 B0 . AR R, W AR A
R 3 S0 () B R R A A7 s, PR 3 o B fE O
(53 800 T %8, AR AR Wl 5 R .

[ input the Raman spectrum data of 37 kinds of masks ]

=~ =

[ PCA and classification

= =

[ establishing machine learning classification model

not convergent
model, continue
model iteration

optimization

achieve the expected accuracy

[ output best model ]

5 HET S O Ay 1 B SR A R A
Fig. 5 Flow chart of the mask classification model

based on Raman spectroscopy

% 2 0 PCA FRAETT 22 WY TR A, AT LUK B, 24
PEWCRT 31 A F o (PO I, B35 22 09 & 4 Lk
REISE] 10000, o, sk 1 A STHkR Ty 49. 02% .
B 2 B TTHER R R 36. 13 %6, Xt L AR £l Hi 19 1T i
FEER . B, B BCAT 2 A 32 4R 2 1 R Bt
SEZYERT AL B AR 6 Bros, AT LR B
37 A H B KRBT 20y 6 2K

#* 2 PCA RHIET7 22 19 TTIR
Table 2 Contribution rate of the PCA characteristic

variance

PC Eigenvalue Variance /% Cumulative variance /%

1 18. 80335 49.02 49.02
2 13. 85901 36.13 85.15
3 2.36197 6.16 91.31
4 1.76937 4.61 95.92
5 1. 06630 2.78 98.70
6 0.13423 0.35 99. 05
7 0.09534 0.25 99. 30
8 0.06265 0.16 99. 46
9 0.03321 0.09 99.55
10 0.02942 0.08 99.63
11 0.02400 0.06 99. 69
12 0.02108 0.05 99. 74
13 0.01752 0.05 99.79
14 0.01311 0.03 99. 82
15 0.01148 0.03 99. 85
16 0.01001 0.03 99. 88
17 0. 00800 0.02 99. 90
18 0.00729 0.02 99.92
19 0. 00525 0.01 99.93
20 0.00471 0.01 99. 95
21 0.00387 0.01 99. 96
22 0.00341 0.01 99.97
23 0. 00250 0.01 99.97
24 0.00202 0.01 99.98
25 0.00168 0. 00 99. 98
26 0.00142 0. 00 99.99
27 0.00116 0. 00 99.99
28 0. 00090 0. 00 99.99
29 0.00084 0. 00 99.99
30 0. 00063 0.00 99.99
31 0. 00060 0.00 100. 00
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Table 3 Mask classification results based on PCA and

Raman spectra
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Table 4 Influence of different kernel functions on

the SVM model

Kernel Training set Test set

Run time /s

function type accuracy /%  accuracy /%

Linear 50.0 28.6 5
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Table 5 Bayesian discriminant function of mask samples

Function Eigenvalue Variance /% Cumulative variance /% Canonical correlation Function test Wilks’lambda Sig
1 15064. 487 66. 2 66. 2 1 1-5 0. 00 0. 00
2 6222. 540 27.4 93.6 1 2-5 0. 00 0. 00
3 1303. 951 5.7 99.3 1 3-5 0. 00 0.00
4 126. 670 0.6 99.9 0. 996 4-5 0. 00 0. 00
5 24.217 0.1 100 0. 980 5 0. 04 0. 00
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