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Identification Models of Raman Spectrum for Ostreae Concha and Haliotidis Concha Based on Multiple
Algorithms

LI Junxiang', NI Lin**, WANG Yafei!, MA Hanlu®, SONG Pingshun?, YANG Pingrong?>, WANG Hongqiu®
(1.8chool of Pharmacy, Lanzhou University, Lanzhou 730000, China; 2.Gansu Provincial Institute of Drug Control/Key
Laboratory of Quality Control of Chinese Medicinal Materials and Decoction Pieces of NMPA/Gansu Province Chinese and
Tibetan Medicine Testing Engineering Technology Laboratory, Lanzhou 730000, China; 3.JINSP Co., Ltd., Beijing 100081,
China)

ABSTRACT: OBJECTIVE To establish qualitative models of Raman spectroscopy for identification of shellfish animal drugs
Ostreae Concha and Haliotidis Concha based on multiple algorithms. METHODS The Raman spectrograms of 366 samples
from 32 batches of Ostreae Concha and 29 batches of Haliotidis Concha were collected respectively. The spectrograms were
processed by Savitzky-Golay smoothing filter, Scale Normalization for Image Pyramids, and normalized preprocessing in Matlab.
Principal component analysis was used to reduce dimension of full band and specific bands. Six classification algorithms
including K-nearest neighbor, decision tree, discriminant analysis, ensemble learning, support vector machine and artificial
neural network were used to establish the identification models, and the performance of the first five models was improved by
Bayesian optimization. RESULTS The Raman signal peaks were obvious after preprocessing, and there was obvious clustering
trend of Ostreae Concha and Haliotidis Concha after dimension reduction. Five algorithmic identification models with 200-310,
670-740 and 1050-1100 cm™' as characteristic bands were established. Compared with the full band model, the accuracy of all
classifiers were improved except ensemble learning and support vector machines. After Bayesian optimization, the accuracy of
three models achieved 98% in training set and 100% in test set. Using artificial neural network modeling for classification, the
accuracy of training set, validation set and test set reached 100%, which could distinguish Ostreae Concha and Haliotidis Concha
well. CONCLUSION Qualitative models of multiple algorithms by Raman spectroscopy for the identification of Ostreae
Concha and Haliotidis Concha are established. The predictions of each model are satisfactory. Among them, the artificial neural
network model can achieve 100% accurate and fast identification of Ostreae Concha and Haliotidis Concha.

KEYWORDS: Raman spectroscopy; classification algorithm; identification model; Ostreae Concha; Haliotidis Concha
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Tab.1 Information of samples
K A R |tk AR SR | itk & kK
AW kA | 22 AW WL | 43 AW %
AW A | 23 HWE O WL | 44 AW %
ARWE kA | 24 HWE KR | 45 AW %
AW kA | 25 HWE KR | 46 ARE] R
AW kA | 260 HWE KR | 47 ARED %
W K | 27 MW KR | 48 ARW] EE
HWE K | 28 bW Wb | 49 AHB BB
HWE K | 29 HbWF Wb | S0 AEB ERL
ARWE o iRk | 30 HWE LER | s1 ARl R
10 4RWE R | 31 4tWE AR | 52 AERE Wi
11 hWE SRR | 320 dtWE AR | 53 AERE Wi
12 4hlE A | 33 APREH AR | s4 0 AU WL
13 4hlE A | 34 AP KR | ss AR Wi
14 4Rl A | 35 AP R | s6 AR Wi
15 AW XA | 36 AP XK | 57 A TR
16 4RWF  EZ#C | 37 ARE %k | 58 AW TR
17 4R #8388 AWM %k | s AW TR
18 AtWE BB | 39 ARE] XK | 60 AMH] IR
19 AWF WL | 40 AOREI XA | 61 AW IR
20 HRWE O WL | 41 ADREA GRS
21 HRWE WRIL | 42 DRI AR

O 0 N AN AW N =

TE: SR B FoR PRI PO A IR A WA, HAL R
W 3K

Note: Unit submitted for “inspection” was Pingliang Qingsong TCM
Decoction Pieces Co., Ltd., and others were the place of purchase.
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Fig. 1 Original raman spectra of Ostreae Concha and
Haliotidis Concha
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Fig. 2 Atlas of Ostreae Concha and Haliotidis Concha
before and after pretreatment
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Tab. 2 Principal component contribution rate

FW4r PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PCI0
DUk /% 53.18 27.53 4.75 3.22 231 1.65 042 027 023 0.14

o H¥F o AWkH

3 RAEKBBEEBHEAR 3 MERSHLFELH
PCA &4+
Fig. 3 PCA score plot by the first 3 principal components of
the sample after feature dimension reduction as the coordinates
K #5431 (K Nearest Neighbor , KNN)#: J&—Fft
BEAS TR ET U 77 1%, 8 ] 5 R e A Y K
AREARZRE L HARFE R BRI P 5
LR IR ZEH , (R ZHEB S B e 2K .
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Tab. 3 Accuracy of different classification algorithms after

pretreatment %
GYIEE BT AWBRAEE R B YES
VNS ULENR 89.1 94.4 95.4
KNN #: 80.3 97.8 98.6
FTN AT - 97.4 97.5
BRI 95.9 99.2 96.4
SVM 97.5 98.9 98.9
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Tab. 4 Accuracy of different classification algorithms after

Bayesian optimization %
AL VI TRE MREIZE Jiib)s IR
S RS 94.9 95.4 96.9 96.7
KNN #: 94.5 95.5 97.7 96.4
U5 AT 97.3 97.3 98.8 100.0
EEE T 98.0 99.1 98.4 100.0
SVM 98.4 98.2 98.4 100.0

DL S0 A2 — i s Al 2 38 =X Ao7 i 1Y) R BRI
{EL IR ) PR B AL B o ST AR IS — 4R AL A AL
F14) RS0 v S0 Tl U 000 S A o Ak RS P
MR A o MR v 0T Ak A [ U ) 5 SR ) 3 oK 4 1R
B, HTfES— S 8RR WRE, Kk
AR PR IR (N TR 2 B — SRR Bk [l
DA RAE S AR AEAE R AR . SVM 73 254%
Db b R UL 4, SVM D3l Ak
Je I ZREE R R EE A R4 3R 98.4%, 100%,
Hr )G SVM 43 25 2l A2 A L A i Ik 4 1)
HET R WA . s, MR 4 FTLIER], X S
Tl o 2030 20 UL - W £ 1 DI 2 4 AR X 42 17 o
WRII>95%, Bk SVM 2R LASN, FIBI43HT |
RN 2D 2 P o SR AR VI RS o el >
98%, Pk MRS AERRRINF] 100%, FILAAS
HOXTA W . A B T A S

o TLRS m BRI
o TR o BT 05

: 7 7N
¥ 0.6 \ m@
\ B
5 Lo.1
10~ ® ————— 00
WA ke © 5 10 15 20 25 30

PREE
El 4 SVM 4% & Nt fu e &
Fig. 4 Bayesian optimization results of SVM classifier
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Fig. 5 Pattern recognition of neural network structure
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Fig. 6 Loss functions of training set, validation set and test set
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Fig. 7 Confusion matrix of Ostreae Concha and Haliotidis
Concha classification
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