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1.1 UEE5SH

AR R H HA Advantest A5 ] TAS7500SU %
GUAT G R, IEPRE . B8 AT 1% ) i B
WE 1 fR, REBOLS I 5 SR 4 R I 2 i e A
GBI, s T R EWOR KR 2& Ik
281 A A 5 571 A 205 B S 40 28 IR R A RIERIE
S, JLFEfR RIS, SRR INIEES . R
G 2 AN KRS A8 7 AR R % U LA BRI R
2505 . RO KGR DR KN 50 mW,  HLE K
1550 nm, FEEHZ 50 MHz. ¥ RGN E X E
N8 ms/R, FARGEEE N 8 096 Y/, RGBT
FEAEFRFE 20°C Ay, FHRHREE 25% LA FFHLEFIH 2
FEHURIZS S s Bl A\ TR, Wi 30 min J5, f#
FES B2 IR ERRAE 5% ULR, FFA KA RE I AR
2O . RAEBINHE S H 55 HIIRME Eo() LR
B85 5 FIIRAE Evans(0)J5 > 8 B A8 0 2 480 Sy s
TERIIEAE Eo(@) Eans(@), HHE Dorney 22741 H 11 6 2%
ZHE, FRRICRE a(w). WL 4. Pt n(w)
SO, HitEARXw (D ~X 3 .

a(w) = 2 {M} D
d | p(@)[n(w)+1]
Au[w} 2
d Ey ()
n(w) = plo) +1 (3)
wd

A d NEEWEE, mm; o NARFZERFIE, Hz; p(o)
ARG S 52 EE SRR o(0) N FIAHALZ,
rad; ¢ RRNHE, m/s.
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Fig.1 Terahertz device schematic diagram
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WSS, 200 HZTHHEATIREG, FEEBB R & & 30%
H LA C BRI i, DN STRE A B 5 R R R H AN R
G I S R, FRE RIS B R LG IT
RS . B Z AT i B TR TR A h R e, DA
T i AT PR 7K 20 o DR 2% 38 ) sl o R U PR
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13 mm, JEF9(1.0£0.1) mm. 6 FhBREI40 5 & EH] 10
MR, BARRE 4 AR JEREE 240 ik 4l )|
DR R BAE WL R 50 AN F, AN RE 4 N,
JRAER 1200 Z5 405 G AT ST T A FE LR AR
Jait 1440 %
1.3 HEAIERE

RAEFE S OGS B 5, 10 ) e 4l i )1 DLERERy
58 Ak 19 X ), xR 46 O i & 3L PLS-DA
(Discriminate Analysis) 70 ZRHI BB . 251K H S.G
“F¥g (Savitzky-Golay Smoothing) « J4—4t (Normalize)
Z JTCHUS AR IE (Multiple Scatter Correction, MSC) A}
IR TV 45 A0 SR GG T AT TAL R, SR 3 AR
AT R F B R, RREUR 4T, Wi E
. KH Kennard-Stone(K-S)/77%4% 1:3 1 ELBIPKE itk %L
P NN AEF R AL, b filiAR 360 ANMGIEREAR,
AAEAE 1080 MGIGEEAS, ) 5% H £ Fh 7 V2 T Ak BRI 1)
HARE T SVM A, Horh S Hpm s LA 77 2R HL
Mk R L (Grid Search) LKL FREEAAL (Particle
Swarm Optimization, PSO) W7, FFilHEMMZE
A T7 N & &SRB EN 5 R IEMZ, AT IR
BAENSEIMNTT AR Z 539871 BRI E 2.
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Fig.2  Experimental flow chart
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RO IR AR 42 M 4% (Back Propagation Neural Network, TR B4 TR 2 (Root Mean Square Error of

BPNND 70 UCHOHE s RANERSE T PR35 80E, T Calibration, RMSEC) AT 77 22 (Root Mean
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Fig.3 Terahertz spectrum of samples
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FI ST BT XD IR AT FUAC B LB i .t BIX D BERERBEINIEE; 2) 2515206 )1 DR
TR AT R E BRI, EEXS 0.5~2.5THz e 5IXOKB-)I DUERRy (A 1 LB hiB 2 KoKk, At

B B N RO 1 EAT 20 BT FAD BRI DUEERy . 201 DUERE . 7 DURRA- 1]
2.2 BRERERZ=SZE UUBRA . NZER- I DUERA . BARSERA RINZR 1, 7202KI1E

AT IR AT AR A, FERIN S SR B R AR IR R 200 B %R A B LA
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Table 1 Results of dichotomy

AR T MR R IER%
FfiH2R7 Sample types R’ iR R fRig%  Classification
RMSEC RMSEP accuracy/%
4l )1 TURFA 52135 R & Pure Unibract fritillary bulb powder and adulterated sample (Pure) ~ 0.973 5 0.081 2 0.9730 0.0821 100
JI JLRES KK HE-)1 DLEERS Rice flour-Unibract fritillary bulb powder(R-U) 0.9818 0.067 4 0.9815 0.068 0 100
I LEES 3565 -)1] DUEER} Kudzuvine root-Unibract fritillary bulb powder(K-U) 0.9770 0.1516 0.976 5 0.1532 100
JI L BES 2T 24 - )1 | T BERY Sweet potato-Unibract fritillary bulb powder(S-U) 0.980 6 0.208 7 0.980 02109 100
JI DURES S JURRR- 1| WURER Fritillaria ussuriensis-Unibract fritillary bulb powder(F-U) 0.9772 0.301 7 0.976 7 03049 100

JI DURES) /N2 453 1] DL BER} Wheat flour-Unibract fritillary bulb powder(W-U) 0.981 4 0.340 7 0.9810 0.344 2 100
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Note: 1 represents pure unibract fritillary bulb powder ; 2 represents R-U; 3 represents K-U; 4 represents S-U; 5 represents F-U; 6 represents W-U, the same below.
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Fig.4 Results of dichotomous model of adulteration of unibract fritillary bulb powder

2.3 #BRIINEBMEIZ 5 LR

FEEAT — 0 KBTI, RAERET SR IR S RS IL
BP0, B2 M BB IR E &R, PLS-DA
PR HE AT HER A X 70 o DT BE) N DUBERE S HEATIR N
WHFE, HAL SVM 270 KRB, S JEda el 22 Moy i

=

BEATHUARER, RIS T AR 4E L . @5 SVM

Table 2 Multiple classification results of SVM adulteration of unibract fritillary bulb powder

G RIGERIN, IR R R A E AL R, LR i

Jo I R 22 68 AR N N RRAE, FIH M4 ZR  (Grid

Search) SHiFELLAL (PSO) X SVM ZHHAT AL
2 0T EEANRI AL BRI SCRF M B L2 5 AL

2 JIIBHHEER SVM ZRRER

A T5E 43R IEHR# Classification accuracy/%
Parameter FAb BT %% EINE pmsE . o N S
optimization Pretreatment method PCs gl 1| DURE JORoH- N URE B34 )1 DURE 2038080 - 1] DURE T DURE-)1| DURE /N 22k- )11 DLRE Average
method Pure R-U K-U S-U F-U w-U seeuracy
% None 4 05831 100 100 84 82 86 84 89.33
S.G TiF
Savitzky-Golay Smoothing > 06325 100 100 78 80 86 84 88.00
J5—4£ Normalize 6 06758 100 100 86 98 78 88 91.67
EErEES Z JLHUR L IE MSC 7 05916 100 100 86 94 78 94 92.00
Grid Search SETE
i Seare SGITH-A—L 5 o567 100 100 86 98 86 9% 9433
S. G Smoothing-Normalize
S.G -2 JuHUN K IE
5. G SmocthingMSC 10 05802 100 100 84 98 90 92 94.00
JA—1b-Z Ju L I
N e 705802 100 100 86 98 88 92 94.00
% None 4 05447 100 100 82 78 90 84 89.33
S.G TF
Savitzky-Golay Smoothing > 05477100 100 80 82 92 84 89.67
J-—1% Normalize 6 07074 100 100 84 98 74 88 90.67
BT EEAL % TERUT R IE MSC 7 0.5657 100 100 84 94 86 94 93.00
PSO S.G “Fig-A—1k
S.G SmoothingNommalize 10 0:5000 100 100 92 98 90 94 95.67
S.G -2 JuHUN R IE
5. G Smoothing MSC 10 05066 100 100 84 98 90 94 94.33
. S A it T
B2 U R IE 7 04320 100 100 92 98 88 9% 95.67

Normalize-MSC
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K IS 3 R IEAT SHARALE, 40 S-G Smoothing
TRALEE 5 1 22 73 A5 IR B (K R 88.00%, it S-G °F
W-H— A TRAL 3 S (1) 2 4 AR AL 2R 50 94.33%,
HAER BN HRIEZEN 0.562 7. BLH) T ANE20
A 4 ) 1] D1RES K- 1] D BER I TR 2235024 100%,
RN DURERG 25 501 1E A 26 B KABN 86%, R AN #ELAH
ZLEER-) 1| DLEEA S50 ERf 28 5 KA 98%, 1~ DUEE-)1] I
BER 4 ) IR 0 2 B RAE N 90%, ZINZEH- )1 DLRER %5 53] 1E
K E N 96%. K H PSO XS HEATRALIS , ToAT A Tl
AR FRRS IE 0 R A KN 89.33%, FHrpaliJI] TTRES KKA- )1
DUBERY I IEB R B8 100%:; S-G P i-IH—46 J5 & 8- )1 0L
BER 4 ) IR A 2 A RAE N 92%, 212085 - )1 DLRER 4 5] 1E
i KAEN 98%, T DURE-)1] DL RERy S 51 IR 26 i KAE A
90%, /INAEHy- )1 DUBERY % ) IE R R KA N 94%. Hirp 4
T S-G S-G “FIF-H— AL #5153 —4k-MSC TikbEE 5 1
FEARBAR [ERf R, N 95.67%, {BZ5EIH—1k-MSC Fiikb
HER BT REZE RN, 804320, L rH—ik
-MSC-PSO-SVM £ 73 BB SR . @id R 2 v it
H, ZR TR SEARAL G SVM B /32K IE A %
AR T2 AR =AU S AR Y S ) IR 26

Bl s AL FEmDm e mHE—1-
MSC-PSO-SVM £ 4p il 5L,k bl or i Hofth 2
SRR, SRR ) RO B, AR B S R
IEZR LSRRI R 2. R, &S (o N
2.5508, S (g) N 66.814 3, 4fi)I| NIRER 5 KKK -
JI DUEER TR FE iR 7 SR 0L s k-1 DUBERY 3L 4 ANFE
BRI, 1 ARSI R - DIRERY, 1 Ak
R ULEE- N DUBRRY, 2 AN RS0 /N2 43 )1 D
BERYs 202080 - )1 DURERY 1 AN S s 2 S8 0 9 K- )|
DUBERys - DUBE- )1 DUBEAS 4 R 55 A RK ok - 1| DL BE#y
HIRE SN ECN 3 A ANk )TN DUEER A 2 AMFE S A iR 4
S DUBE- | DLEERY o ASHE 78 i gl 37 AR AL B AR e % DLAS
AR S A F BB, B TRIe R B B
B A KEEH LA HABAR LR S, B B & AN,
EB S SEOURHR 2GS E BRI AL b,
DERE SRR S, PR RIERZER N 95.67%.
= 4li 1| VIRER (pure)

* JKA- )1 DURER(R-U)
< BB UURERH(K-U)
« 2RI DUERERR (S-U)

5L T ULREE- I DURER(FSU)
INZER- N VLBERY (W-U)

Pt 43 2% Forecast classification
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Fig.5 Results of normalize-MSC-PSO-SVM multi-classification
model
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Detection of adulterated fritillariae using terahertz time domain
spectroscopy

Xu Zhen, Liu Yande™, Hu Jun, Li Maopeng, Cui Huizhen, Zhan Chaohui
(School of Mechatronics and Vehicle Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract: Unibract fritillary bulb, a traditional precious Chinese medicinal material, has the effects of clearing away heat,
moisturizing the lungs, reducing phlegm, and relieving cough. However, the adulteration of Unibract fritillary bulbs has posed
a serious threat to the medicinal effect and the healthy development of the market in recent years. Therefore, it is of great
significance to accurately and rapidly detect the adulterated Unibract fritillary bulb powder. In this study, a systematic
detection was conducted to distinguish the adulterated fritillariae using terahertz time-domain spectroscopy. Five samples of
Fritillaria powder were used as the research objects, containing different adulterants (rice flour, Kudzuvine root powder, sweet
potato powder, wheat flour, and Fritillaria Ussuriensis Maxim powder), pure Unibract fritillary bulb powder as the control
group. Chemometric methods were also selected to detect the quality of Unibract fritillary bulb. The specific procedure was as
follows. Firstly, adulterated samples were prepared with different types of Unibract fritillary bulbs in the same content. Then,
the terahertz time-domain spectra were collected. Partial Least Squares Discriminant Analysis (PLS-DA) was also used in the
range of 0.5-3.0 THz, according to the original and five adulterated Fritillaria powders. The original spectrum was used to
remove the irrelevant variables and noise using the Savitzky-Golay smoothing (S-G Smoothing), Normalize, and Multiple
Scatter Correction (MSC). A two-class model was established using the obtained spectral data. Thirdly, Principal component
analysis (PCA) was used to reduce the dimensionality of preprocessed data, while simplifying the calculation of the model.
Kennard-Stone (KS) was selected to divide the sample data into a 1:3 ratio, while the spectral data into prediction and
modeling set. Finally, a Support Vector Machine (SVM) multi-classification model was established using Grid Search and
Particle Swarm Optimization (PSO), where two parameters were optimized, namely, the penalty parameters (c) and the number
of cores (g) of SVM. Correspondingly, the recognition accuracy rates of various samples were compared under the optimal
spectral preprocessing and parameter optimization. The results showed that six binary classification models for the original
spectra presented a correct identification rate of 100%, indicating a high accuracy for the pure Unibract fritillary bulb and
adulterated Fritillaria. There were also great differences in the time domain spectra in the terahertz of samples. A
multi-classification model was then established using Normalize combined with MSC preprocessing, further optimizing
parameters using Particle Swarm Optimization (PSO). The overall accuracy of PSO optimization was higher than that of grid
search optimization, where the highest accuracy rate was 100%. The lowest accuracy rate was 90%, and the average prediction
accuracy was 95.67%, while the root mean square error was 0.432 when Unibract fritillary bulb powder was mixed with
Fritillaria Ussuriensis Maxim powder. Consequently, Terahertz spectroscopy combined with a support vector machine can
simultaneously detect a variety of Unibract fritillary bulb powder containing different adulterants. This finding can provide a
theoretical experience for the detection of Unibract fritillary bulb adulteration in the field of medicine, thereby ensuring the
excellent quality of Chinese medicinal materials in the trading market.

Keywords: spectroscopy; models; support vector machine; grid search; particle swarm optimization; terahertz time domain



