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Abstract

Surface enhanced Raman spectroscopy (SERS) is a novel substance detection technology, which
has the advantages of fast, high efficiency, and low loss rate. In the analysis of components, it is
difficult to distinguish them by conventional means because of the high overlapping of SERS spec-
tra of analytes with similar structures. In this paper, based on the combination of principal com-
ponent analysis (PCA) and support vector machine (SVM) model to classify and predict the spec-
trum, taking the edible synthetic pigment of the same type as an example, using SERS and PCA-SVM
model to verify the effectiveness of the classification model, the results show that the accuracy of
this method is as high as 98%, and the results are basically the same as expected. It provides a ba-
sis for SERS signal processing of similar structure substances.
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B BRI X 4y« B 20 B (Principal Components Analysis, PCA) A& — i iEfiE 7 b 2 11 2
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TR RS (e B b, 5245 5] B L (Support Vector Machine, SVM) & —Fh i DLUA 2L IX 2090 5 6 i B s 435 B
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Figure 1. Flow chart of SERS signal feature extraction
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Figure 2. SERS signal of amaranth in different concentrations
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Figure 3. SERS signal with different concentration of brilliant blue
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Table 1. Main feature results after dimension reduction based on PCA

F 1. ET PCARYEREBFELER

Fdh RFAIE— V&AL IRFAE— V55 HRAE 0 £ RHIE 658
01 1173 32276.4180 1616 22324.7734
02 1172 9821.87087 1616 7433.05144
03 1174 9917.17784 1616 7694.50465
04 1173 9020.20897 1615 6859.59249
05 1344 14717.9075 1361 14687.0474
06 1343 34062.9349 1361 32433.1216
07 1344 37233.3106 1361 36620.9769

DOI: 10.12677/csa.2020.103045

441

VAR 5


https://doi.org/10.12677/csa.2020.103045

B 45

4.2. SVM #3l)

H 2t PCA FE4EAL IS R 21T SVM H151

1) EHZ S PCA MHERE 5 FIYCIE B FEANE NN GREAR, it TR IE | 20 5 15 2 I SRR A K

2) BINGREA D NIEREARAREA, Hr IEREAR R NS OGS B, TR TGS G 2
ASE TN AR S EISY

3) I T SC A A A HTiE R e AT PR AR AL B IR BRI M RHIEE, SR SVM AT RS 5T,
CE e

BT R AU S . REALREIEN AR R, 3 F ik EE BAAE— e s . itk F%
KR SREAFALRE, 7E3G RBUERT, W MHEmMZR TR, w5, ik eils B4, sLibk
TS B E B R BRHIE s Kk, B SVM R IR BB K LT (1R, fEA SR R, fRIFE R
AR fe /)y, FEAREAS S, STE T ZEAS S0 1) 0 S XU B /M

(ELLEZ N

l

KL E

l

S TSI

'

PCARg4E

wEHEmR RUtES SVM%y 225

Y l

IE#H Hix

Figure 4. Flow chart of SERS spectral processing
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B 6. SVM =45 %F

5. B4

IN=A

AR T PCA-SVM AL S SERS Sl X 73 A PR WL T8 Bt 3 DSR2 AN 2 i HEAT
X7, HENL T — A RSN R X FUIR Y o A HZ AR EAT X 7 AR [T, o A ke rh S B
CER T AT 7T, SEIG 45 RS TN A5 R IE AR — £ PCA-SVM SR [ LB N A SERS 15
SIEE T2 T DUE 08 SR A MR BAIR S T3, B A ATEE A R 45 05 23 # s ok
WAL R ZE . BB Z YIRS, RADSDEERIE, 0 " HiT Xy, LN

DOI: 10.12677/csa.2020.103045 443 THENUR S 5 R H


https://doi.org/10.12677/csa.2020.103045

B 45

BORBEE R, BTl A I S D, AR ORAR B IR ST IR E) o 738 B2 AN AT 73 B B8 R I e v]
DI R A — A% R 0K SR A BRSO B — ANk T 2 (K S T T, PR HEAT 23 SRR A 42 i A Y
] N T HARAR USSP K SERS St Eudla 7 tfr, JREERT SN, N TN T A 26X
AT R, SAGIN R GE, AT ST B b NN 70 AT AR 245 57 B % ) A ) B BR A

E&UH

WL H A THRITE G T 2 MEdEi2 4 77751 SERS %51 78 2019R426046); Wil 4 H IR FL 2
H4 T H (LY19F020022); 2017 FEmi i it 2 kR BHF I H (20170533B05);  FiH 17 2 244t 2k 2R kiR
L T H (2018JD60) .

&5k

[1] Han, C.Q., Yao, Y. and Wang, W. (2017) Rapid and Sensitive Detection of Sodium Saccharin in Soft Drinks by Silver
Nanorod Array SERS Substrates. Sensors and Actuators B-Chemical, 251, 272-279.
https://doi.org/10.1016/j.snb.2017.05.051

[2] Yan, B, Li, B. and Wen, Z.N. (2015) Label-Free Blood Serum Detection by Using Surface-Enhanced Raman Spec-
troscopy and Support Vector Machine for the Preoperative Diagnosis of Parotid Gland Tumors. BMC Cancer, 15, 650.
https://doi.org/10.1186/s12885-015-1653-7

[3]1 E0y, IR, JER e BT REMEEB S HIEMAEREELTRE Vv yJudai]. A5 444, 2019,
39(10): 3205-3209.

[4] Ma, C.-H., Zhang, J. and Hong, Y.-C. (2015) Determination of Carbendazim in Tea Using Surface Enhanced Raman
Spectroscopy. Chinese Chemical Letters, 26, 1455-1459. https://doi.org/10.1016/j.cclet.2015.10.015

[5] Aditya, K. and Venugopal, S. (2019) Paper Swab Based SERS Detection of Non-Permitted Colourants from Dals and
Vegetables Using a Portable Spectrometer. Analytica Chimica Acta, 1090, 106-113.
https://doi.org/10.1016/j.aca.2019.08.073

[6] 27tk dk&isg, o IE. AT/ BRI B &N T8 E[IOL]. 143 5 R 4, 2020(2): 33-36.
[7]  BME B, 5 s 200 T O S A5 G B m v 5E 0], Bot4e &, 2019, 40(11): 80-83.
[8] AL, PhBEZR, XIERF. fu B eREL A fk I IRyt & F I ST SO A BT AT [0]. b B AR, 2019, 38(12):

\

171-174.
[0 M. fwdpe/ —IRIEAE G 2 R AR A [I]. SRR R T, 2020, 37(1): 16-17.
[10] AVER. BP #h& M4 SIALE T BB B B A o 2 (R [D]: [l L2 5] ek ZRbARboK 3, 2019,

[11] &FH. T BP MM RITE A N THB R K0]. FEEARE(E 21k, 2019(9): 43-45.

[12] Lin, Z.S. and He, L. (2019) Recent Advance in SERS Techniques for Food Safety and Quality Analysis: A Brief Re-
view. Current Opinion in Food Science, 28. https://doi.org/10.1016/j.cofs.2019.10.001

[13] xl&E5E, B2, 5kHl. ETZ£5 GA-SVM MEE A AID BA[]. R4 TR 55, 2013, 33(8):
2110-2115.

[14] =&, FAER, FIEme. 38728 8 b HE R N ) 2 455 A 5 L3 BT [J/OL]. B PR AT IE K 2 2E R (H AR RL 2 fR):
1-7[2019-11-14].

[15] F=F, Ble, ZEmerE. T NIRS BiARM PCA-SVM Hik b 4 7)) [ 7= Ak O Myl e [d). 2524524, 2019,
37(4): 322-331.

[16] MkE, 2=, 5kiEZE. JET PCA-GA-LSSVM (¥4 28 6 7 UK 6 fuf E R TR U [I]. W 0 KRG AP S5, 2019,
47(10): 110-119.

[17] XUZAER, ¥, Dalfh. T PCA-SVM M2 4350 E iR A R4 [0]. H ER AL 244, 2019, 40(8): 132-136.

[18] BBz, 1REf, TZ4. HT PCA-BP #EML IR E SERS E 5 AHI[]. HEMAINSHA, 2017, 13(31):
196-198+204.

[19] Z=igse, XM, G748 RIE L0 AN A I —Flos k], Dtk 2= 506140 #r, 2019, 39(7): 2142-2146.

[20] Hou, X.W., Wang, G.L. and Su, G.Q. (2019) Rapid Identification of Edible Oil Species Using Supervised Support VVector
Machine Based on Low-Field Nuclear Magnetic Resonance Relaxation Features. Food Chemistry, 280, 139-145.

DOI: 10.12677/csa.2020.103045 444 LR 5 5


https://doi.org/10.12677/csa.2020.103045
https://doi.org/10.1016/j.snb.2017.05.051
https://doi.org/10.1186/s12885-015-1653-7
https://doi.org/10.1016/j.cclet.2015.10.015
https://doi.org/10.1016/j.aca.2019.08.073
https://doi.org/10.1016/j.cofs.2019.10.001

	SERS Signal Discrimination of Synthetic Pigment Based on PCA-SVM
	Abstract
	Keywords
	基于PCA-SVM的合成色素SERS信号判别
	摘  要
	关键词
	1. 引言
	2. 实验方法与结果
	3. 数据处理方法
	3.1. 主成分分析法[19]
	3.2. 支持向量机[20]

	4. 模型应用
	4.1. PCA处理
	4.2. SVM判别
	4.3. 结果与分析

	5. 总结
	基金项目
	参考文献

