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ABSTRACT: The work aims to construct a classification and prediction model of medicine bottles. Differential Raman
spectroscopy and X-ray fluorescence spectroscopy were used to analyze and test 54 plastic medicine bottles from
ent brands and producing areas. The differential Raman spectra of 54 samples and the content of chlorine, calcium, titanium,
iron and zinc were obtained. The principal component analysis was used to reduce the dimension of the differential Raman
spectrum data, and then the system clustering was used to divide the reduced dimension data into 8 categories. Based on this,
the discriminant analysis model was established. The final discriminant model was verified by cross validation, and the ac-
curacy was 90.7%, and the classification accuracy of the multi-layer perceptron was 100%. The classification effect was
good. The differential Raman spectrum can infer the molecular structure of the sample according to the characteristic peaks
in the spectrum, and the samples can be classified and analyzed according to the peak position. The X-ray fluorescence spec-

trum can distinguish the samples according to the types and contents of various elements, so as to realize the refinement in

KRB 2021-12-13

EE&TH: BREEHAAD (2018YFC1602701 ); PR ZHRARMAF LS % FH A (2020JKF502 )
fEZ® N mE (2001—), B, A#A, THMFHEHR,

BEEE: 24 (1963—), k, #¥&, TEHAR T AREWIESN,



- 60 - 1 %% T %

2022 49 A

the group. Differential Raman spectroscopy and X-ray fluorescence spectroscopy can classify medicine bottles from organic

and inorganic perspectives respectively. They complement each other in analysis. They can be used to explore a new angle

and method of spectral combination for the actual handling of cases by public security organs.

KEY WORDS: differential Raman spectroscopy; X-ray fluorescence spectroscopy; medicine bottle; multilayer percep-

tron neural network; Fisher discriminant analysis; systematic clustering; principal component analysis
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Tab.1 Comparison of standard Raman peak

FE S hr & i /em™!
R4 (PP) 810.842.973.1 147.1 167.1 330, 1 459
RZH (PE) 1063.1129.1295.1440.2721.2 8482 882

XA WL L Bl (PET)
A% (Tale)
TKIRES ( Calcium carbonate )
“AAEER (Titania )
AR ( Barium sulfate )

632,858.1096.1289.1614.1 727
360, 430, 464. 674, 1048, 1096
280, 711, 1085
449, 612
279. 459, 616, 986. 1085, 1138
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Fig.1 Differential Raman spectra of sample 24"
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Fig.2 Differential Raman spectra of samples 13*, 14"
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Tab.2 Test results of partial samples mg/kg
FE Cl Ca Ti Fe Zn
14 93 1558 9439 116 32
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19 0 7 469 11 226 73 63
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31 0 4345 6993 58 42
40 0 2 603 1 048 33 0
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Tab.3 Total variance interpretation
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3 1.771 3.279 94.817 1.771 3.279 94.817
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Tab.4 Coefficients matrix of canonical discriminant function

3 BRI R
AR
1 2 3
1 -21.113 64.612 43.966
2 99.126 48.237 32.391
3 8.709 -5.283 32.313
W ~1.685 -57.957 -39.933
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Tab.5 Abstract of characteristic functions

REC MRS % SUAIGHE %ig/
1 2 892.693 97.2 1.000 97.2
2 67.114 2.3 0.993 99.4
3 16.851 0.6 0.972 100.0

VMR G % R A R AR ) R U,

& Sl Hl, 55 1. 82, 5 3 FRAF sk B
RIA MRS58 1.000, 0.993, 0.972, £HE 5
BEAS 8] 19 A S PEAR 755 O BT 2 A BR R Y 45 A 15 43 51 N
2 892.693. 67.114, FiFTTHRRILFEN T 99.4%, il
551 5 2 FR R AL RN Ty, AT LA SR SRS
3 H i pR A2,

JR 5L Lambda {E A 3% PR EIOGRE AR 15 7Y (1 52 1
J1, HXF R pREL (7 )

Lo

ll_Hl-i—Ei

K. 4 HEURY Lambda {8 ; E; NERF(E,

Mzl (7) WTLLAE W, BUR5E Lambda B/,
ATPAY N

WO 1, 55 2 H 5 sR B ST BE A A L (AL
Bl 5), 38 EE, FRI 8T Y e 2o 5 HETR 5
90.7%. HITH 3. % 4 BEARWEOAWES, s
W X ST ERE T X 58

DLSE 3. 55 4 5T RE S B, RS X AR

(7

FEIETEEHE WL 7,50 4 AN Ti TR RSB
T 12 g/kg, MHE 3 EFERNINT 9 g/kg, 5 4 FSHE
B Cl ILE SR T 100 mgkg, % 3 BN/NT
100 mg/kg, LABLISHE, MRIEITTER & H AR RIATE
FEARSEATH K 53 o

3.4 ZERBRMI\HE

R TR R R, B IR T
ARG, RHAZZBASMAMEHTHIE, 22
JE %S ( Multi—Layer Rerceptron ) Y A T4 25 f 4%

( ANN), HAFRSONER T )2 LA LA 2402,
RIASTEAE [ B 3R e, e — > A 4 W 4121

SCHSRH 75%. 15% . 15%0 LB REAS KR Bt
A RN ZRAE IR UEAR A AR |, YINZREE R I Zrpbiy
ISR ORI T 25 3 R i AR . T4k )
I REAEAE AR N R, BT LASCHR B A ThR Ak Ak
P, PEBERREIA LS, IS ML SR,
MRLE I RE RIERI AN 100% (WL 8 ),

100
50 |
~ 5 4 1
= L ]
g O &,
™ 2
]
8
50 - ]
~100 -
100 50 0 50 100
R

K5 REGERS oA

Fig.5 Joint distribution diagram of samples
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Tab.7 Test results of class 3 and class 4 samples

JER TR (mg kg )

E2

Cl Ca Ti \% Fe Zn
11 91 1061 8952 0 133 17
30 90 3195 6269 13 95 36
2 413 890 12 755 0 39 0
3 128 1092 13 515 0 50 0
5 335 2679 15 647 0 60 24
8 450 215 15 026 0 52 463
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Tab.8 Results of MLP model training
‘ RIIES X
HAK HER R /%
1 2 3 4 5 6 7 8
1 2 0 0 0 0 0 0 0 100.0
2 0 0 0 0 0 0 0 0 0.0
3 0 0 1 0 0 0 0 0 100.0
4 0 0 0 4 0 0 0 0 100.0
5 0 0 0 0 5 0 0 0 100.0
6 0 0 0 0 0 6 0 0 100.0
7 0 0 0 0 0 0 0 0 0.0
8 0 0 0 0 0 0 0 0 0.0
SE % 11.1 0.0 5.6 222 27.8 333 0.0 0.0 100.0
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