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B OE: B FABEFRAMGZENSHNS ALK Bletilla striata X HAMBATHRR, BIEES A &I PGSR HHR 77
Tk EARET (FEZM). HITFRHER HPLC $5 8IS 2 R RIER) 134 #itE & S i b T 27 & 580, CAifE
FRAFHFREE (Vo G ET B TFIRA G Z0r JIERE RS R EE (0. &EFIA Matlab 857 Y=FX)AL,
BiarmaE s A B 2k (ALK FEA KD M43 (A M. R Gastrodia elata< E1T Polygonatum odoratum- ¥4t
I Bletilla ochracea) VW)= 53 H-F5] 5381 (principal component analysis-discriminant analysis, PCA-DA). /> —3f&-H)
A4rHT (partial least squares-discriminant analysis, PLS-DA). #x/N —3%-3F¢[a/ &ML (least squares-support vector machine,
LS-SVM) Hl K 4l (K nearest neighbor, KNN) FFHBAIIFIGIE, £5R A A HRIE, BTHRTREM /2%
BRARHFABA KNN B, IEHFIFN 99.25%; DU7r KRR LS-SVM #,  IEHIFN 97.01%. F= T 2
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Abstract: Objective To identify Baiji (Bletilla striata) and its approximate decoction pieces by electronic eye and colorimeter, so
as to establish a rapid identification method for authenticity of B. striata decoction pieces. Methods Firstly, 134 batches of B.
striata and its counterfeit samples from multiple sources were comprehensively identified based on Chinese Pharmacopoeia, local
standards and HPLC fingerprint to determine the benchmarking information (Y). Then intelligent visual information (X) of the above
samples was obtained based on electronic eye and colorimeter. Finally, the ¥ = F(X) model was established by Matlab, that is, the
principal component analysis-discriminant analysis (PCA-DA), partial least squares-discriminant analysis (PLS-DA), least squares
support vector machine (LS-SVM) and K nearest neighbor (KNN) of 134 batches of samples were established and verified for the
Authenticity binary classification (B. striata, non-Bletilla striata) and the four classification [B. striata, Tianma (Gastrodia elata),
Yuzhu (Polygonatum odoratum) and Huanghuabaiji (Bletilla ochracea)]. Results After the leave-one-out interactive verification,
the optimal identification model based on electronic eye is KNN model, and the positive rate is 99.25%; The four-class optimal
identification model is the LS-SVM model, and the positive rate is 97.01%. The optimal identification model based on colorimeter is
KNN model, and the positive rate is 99.25%; the optimal identification model of four classifications is PLS-DA model, and the
positive rate is 97.67%. Based on two types of intelligent vision and multi-source information fusion technology, the optimal
identification model of two classifications is PCA-DA and KNN model, and the positive rate is 98.51%, which is lower than that
before fusion; The optimal identification model of four classifications is LS-SVM model, and the positive rate is 97.76%, which is
higher than that before fusion. Conclusion Two kinds of intelligent vision technology can be used for rapid identification of
authenticity of B. striata decoction pieces. The establishment of this method can provide reference for the rapid and accurate
identification of the quality of traditional Chinese medicine.

Key words: Bletilla striata (Thunb.) Reichb. f.; intelligent vision technology; authenticity rapid identification; multi-source
information fusion; electronic eye; colorimeter; Gastrodia elata Bl.; Polygonatum odoratum (Mill.); Bletilla ochracea Schltr.;
PCA-DA; PLS-DA; LS-SVM; KNN
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ML, 60~180 H, JbmEHTAUIRERAF];
2y D57, 025 pm FLAE, WIvL b EE i sE 10y
1X#%); LEICADMI1000 B e+ B, Lilg LAS
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Table 1 Information of samples

RS A R 7 KA SR K G dhg HiS R CREEMS/AEMT R

S1 B/ 180311 pivAl LN RP I HIRA A S16 HA 180903 i/ ZBNERPAR A AIRAF
S2 A 181001 pivAl LN RP A HIRA A S17 A 190213 Bt/ ZBRNRP AR AR
S3 AKX 181202 pivAl LN HIRA A S18 H A 181125 i/ ZBWNRPAR A HRA A
S4 B/ 20181201  BHANILE ZBUEE VAR A PR A 7 S19 | 181216 i/ ZBWNRPAR A HRAF
S5 A 170801 M N TR AR HIRAF S20 H A 190113 B ZRNRP AR A HRAF
S6 HMK 1901191 = LR TR AT S21 H A 180520 MM ZBWINRPAR A HRAH
S7 A 1808061 I LR RA T S22 H A 190120 B ZRNRPAR A HRA R
S8 MK 1812131 ©H LR AR R AT S23 H A 181110 5/ ZBRANRPHR A HRA
S9 MK 1812230102 it M TR A R A A S24 H K 181005 MM ZBINRPAR A HRAF
S10 M % 181219 M CNR LY AH R AT S25 H K 190214 B ZRNRPAR A HRA R
S11 H /% 18051001 = FEE MK AT HIR A S26 H K 180707 MM ZBINRPAR A HRAF
S12 H /% 18072501 = FMEE MK A T HIR A S27 HK 190101 B ZRNRPAR A HRA
S13 H /% 20181001  H/NELE 2R & 25V A0 A BR A | S28 A 18030102 S M KM I el 25 i iy PR 2 5
S14 B DI812074 = VU TG HR 2500 A B B BR A 51 S29 F1 M 18030101 SMI AR MIH H2 1 24 e A1 A5 PR A ]
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S 3518 IE S R IR E AT
2.1.2 HPLC #5445

C1) T R V8 VR 1) 4%« 2 o0l kG 3% PR X
militarine X} {8 i 9.06 mg. KR E X 10.66 mg,
AT 10 mL BREMF, MOsE-K (3:197) HiE
HER, A1, BIAEXT IR VAR .

(2) MR R IE &, It
i 450, FEERE 2.0g BT 50mL BT,
In# B 40 mL, FOEFE, HAE (P)% 200 W,
B 40 kHz) $EEL 30 min, BUHY, 804, FF 2B
R R, PR, SRR B TCRER, R
mafE-/K (3197 REEREGM, %2 25 mL
Bifd, FHakE-K (3:97) IBREBERRmBEEZE,
A, B, 4045 pum FFLIEEER, HUJER,
B A5 R S VA

(3) thifi 444t Shim-Pack GIST Cis-AQ ffiift:
(250 mmX4.6 mm, 5 um); VRBIHHN 0.1%BER K
WR-C 5, BEEDR: 0~5min, 95%~80%Z./i;
5~10 min, 80%~76%ZfiE; 10~20 min, 76%~
68.5%Z.Ji5: 20~25 min, 68.5%~65%ZJiE; 25~
30 min, 65%~58%Z.fii; 30~45 min, 58%~40%
NG ARG 1.0 mL/min; KK 280 nm; A
I 30 C; #EFEE 10 L.

(4) FEEPESLY: %M BIR TP 14 St
Wt RE 10 uL, 3% B (s S SRR 6 IR,
L 2 506 militarine A2 MG, THE &G & 1)1
FEOT O B B[] FH P S5 A 0T U T AR RSD A1 o %5 B 5
U2k BB IR 8 N UG (1) T S AH G OR B B () R~ 35
XTI AR RSD 23 514 0.04%. 0.13%, B 2%

R 2% P R AT

(5) HEEMESLE: FWEWE 14 SFM 6 41,
FRIE PR VEACBE 14 SRS, Sl BRI, TR
B 10 pL, #% Bk 3l 2% ARk RE, DL 2 50 militarine
N5 BRI TH B A A UG (1) P S5 FE T AR B IR [ R T~ 34
FHXTUE IR RSD . AL R SR, 8 Mk
A U P - 350 o) £R B BT[] FHSF- 35 A 06 6 A RSD
314 0.05%. 0.27%, Ui ITVE B T R T

(6) FaEPEseas: RS & a5 m 2 S4HA
W, WL 10 pL, FF4% BB EaE &40 7E 0. 2.
4. 8. 12, 24 h e, LA 2 % militarine AZ R
TH B LA UG (1) P S5 AFDGT R B B (0] RS- 35 A o) U T
T RSD 1. 45K, 8 NI UK P25 AR XHE
B ] B FOSP S5 AR TR TR RSD 235308 0.07%
0.33%, Tt B 1% 7 1) £ B AR 3 it VA VA 1 R R
(P2 26 N REBEAE 24 h WARFFFRE

(7> AHABE A3 #r: o AR AL fh i FR S0
LB 1. 2. DL 45 $bE SO Rt B2 A AR 3R 1
FEaRI A S IAR . RASEE I 55
X 134 HEFE it 1) i e 5 1y S S 1 AT AR AL RE
53T o %5 FE E militarine S & 32 BT &0 sr H A K&
HHACH RN 5 X5 SEAE DL, XA o AT IRAL,
2093 Z IR SR B A MK F militarine E N 2.5, KR
FREN 1, HAMHSER 1. 45 {LE K FRSE
TEALUEE N 0.88~0.98 (F{E N 0.931), 30 HE KKk
FRSUREFIUE v 0.20~0.34 (B1H N 0.263, P<
0.01), 30 #LEFTHIFESEIVEAHLLE N 0.10~0.20
(BME A 0.134, P<<0.01), At A MITBSIEER
LB 0.70~0.88 (35{E K 0.822, P<<0.05).
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Fig. 1 Fingerprint of some representative samples
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Fig.2 Common peak spectrum of B. striata samples

213 ZEENSR LRk, A, HUTARdE.
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B RUPTIARERD 1~45 9 K 46~T75 J9RRR 76~
105 AEAT. 106~134 AFEAEH Ko
22 HEEARER (XD BI3RE
220 FETH TR X

(1) FEamfileg: BTG, A
DIRRE R B SE B, BELAHBURE S B AE A4
E P 1

(2) MHARE 7 B FIRIFHLE S E JLor o, fF
JHERE R (R TEREGIT 5D IR 5 260
RIS, RS TRSL e 45 FUA R, (M
24 EERIENRGATRLIE, A 5 mm SR A T
TFETERT, BRI RIE G i T iE A
KAEEIE, BAFERAR AL E R 3 REIR.

(3) W% HAE B ZAFFE 134 #FE i
() i IR OISR v 85 s 'S, &0k )5 85
P SHENARUE R, BRI S 58, BEEERN
134X 85,
222 ETOEQGRX

(D) PR FRES g fefm T,
FE A AT AR 514l T A L L. AT I 5E 3 K.

(2) MATT%: BRI BE Y RSIN-
BB S, MEFLTIARN 0.711 en?, 73 {8 ]
Hunter Lab Color Quest XE Light Trap. Instrument
Standard 1 Diagnostic Tile AT, 73510 E 134
FEM sk 22 (o HIEEZE (b7 FEF
S (LD fE.

(3) B E R BT EENDHEE
134 #AESL I o BRI L73% 3 R AR, WS 54
B, BARAERE N 134 X3,

2.3 HHRERIAEN R

DLFL T IR A6 22 SOCR AR 14 134 HURE S A A5
BAENEA R X, HT 258, #hoitaue. HPLC $5
QGG A SN RIE MR E Y, FIH
Matlab %6 [ 206 25 @S Y=F(X)RAL, B43 52T
2 REREME BRI S A LB 02 (A
Koo AEE R FIUYSE (A M. KR BT, #1E
FURO HRPEAY, BRRSE R L —VEAE BRI 45
R
231 ETHTRE LE o B A g5

(1) PCA-DA HFRB X HIGUELE H: Nk
2 iR, MERSNECN 9 I, R RSB
1% 90%LA I, PR SR UG AR B OGS B FIRIE,
RIWE 3, EF EZ BEIGUEATS PCA-DA H 575
R IEHIR N 98.51%, 2 HKFEATE 4= ] ik 4
HE, BEMX S ER S, HAFIERSEHE.
Hor, 85 MBS AENEL, BT A BN
FER, HipxhErE 1 mE KRR 34 Fl1 67 5
A, SHEAREL 2 BB KA 28 Il 83 AR,
LA 3.

(2) PLS-DA #HiHEMEA KX HIGUES R : Wik
4 flion, WARRANEON 4 WA REA BRI, H
MEERIE 5, B L HIRUEATS PLS-DA #
BRI IE RN 97.01%, 2 FSFEALE —4k4s (8] h
WoES, SHEMXER R, HAFERS M
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%z 2 PCA-DA EENMMIEERRETRER

Table 2 Selection results and variation information of

PCA-DA main component

# 3 PCA-DA B—EXEIIFRBHIFIZER
Table 3 Discriminant results of PCA-DA leave-one-out

interactive verification model

ER RER BREE| 28S REER BRETE OMUNIE]
N . ToAE K IEHZE%
BN CV% @XN)% | N CV% X% Ak dEAK
1 0.50 32 11 0.02 94 =P 44 1 0851
)
2 0.23 56 12 0.02 95 B[S 1 88
3 0.27 72 13 0.03 96
4 004 80 14 0.02 96 Ao JLHUONTEAR R 1 FEMAECR TR 50, 51 A1 72 5
5 0.03 84 15 0.02 97 A, MEAR R 2 FIHBURIE 264 33,35 SR,
6 0.02 88 16 0.02 97 LA 4.
7 0.03 90 17 0.02 97 (3) LS-SVM HHHBEA AR HIGHIESS R 48
8003 9 18 002 98 AT A LS-SVM I B KT 25 5 K 17
9 0.02 93 19 0.03 98 WAk FEARR A EEHD T, ML RE. £
10 0.02 94 20 0.02 98 =A% 8 # (polynomial kernel function). % JZ &40
. =] 0.2 !
s . ng.z - b v28
. * -3 . . °: .
. ﬁﬂutlll o b ¢ . .,
§ 10 : : § 0.1 . R . 'l.\.o
l\% ) ﬁ "" .. . . .'
2 . K o 5 V67 y34
& 5 * . 8 0 tan .
2 ' = T
g g -. * . )
§ N ) é‘) s
3 o0 ST £ o1 . O
Bt s et -t ’
-.»5:-?\9: * 4 V§3 ‘e
=5 - i
-0.2
-10 -5 0 5 10 -0.15 -0.05 0.05 0.15

scores on PC 1-EV=31.75%

loadings on PC 1-EV=31.75%

B3 PCA-DA 55 (a) REFE (b)
Fig.3 PCA-DA core (a) and load graph (b)

4 PLS-DA EHAHEERRERER
Table 4 Selection results and variation information of

PLS-DA main component

5 PLS-DA B—EXEIEFRBHIFILESR
Table 5 Discriminant results of PLS-DA leave-one-out

interactive verification model

N CV/% X% | N CV/% X% | N CV% X%
1 0.09 24 8 0.04 9 | 15 0.05 95
2 0.03 36 9 0.04 91 | 16 0.07 96
3 0.05 61 | 10 0.04 92 | 17 0.06 96
4 0.03 72 | 11 0.03 93 | 18 0.04 96
5 0.04 83 | 12 0.04 93 | 19 0.06 97
6 0.03 8 | 13 0.04 94 | 20 0.06 97
7 0.03 88 | 14 0.04 95

Z81% PR %L (multi layer perceptron kernel function).
1# 1) HAZ i # [ (radial basis function (RBF) kernel

SEBRE
TR AE 3 IEHERY%
K P ERaeS H|H
A& 44 1
97.01
El K 3 86

function ] % R R RATIf i, BRI HRHI 45
REMPENEZRR (RS 1 E, R
ZH 2 fH); Mg (simplex). MR
(gridsearch) ZFfLfL K%L (optimization function) i
1T0I%, AR FRRATEA R R FmEs R W%
6, LB IR HRAENS LS-SVM H IR i) 11
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N °.° °° * L
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Z2f v Y ’ .
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s) {” 5
§ —4 1Edh H
Qo
2 .
—6
78 L
-
=5 0 5 10

scores on LV 1-EV=23.69%

b
0.25 V33
., .
. 8 s *
. ools s A
S . Fee
N .
S ° * L]
I .
1005 . L
L'," * . ® e
& ., * 2% 0 e
> *e
— .
g —0.05 VZZ . . . o
gb . * s v51
=
g . . e % .o V50
= -0.15 3
025 v35V20
-0.2 -0.1 0 0.1

loadings on LV 1-EV=23.69%

4 PLS-DA 1347 (a) BRETTE (b)
Fig.4 PLS-DA core (a) and load graph (b)

# 6 LS-SVM B—AX EIIFREFIRIEER
Table 6 Discriminant results of LS-SVM leave-one-out

interactive verification model

SeBRAE
F faia Kk EHEM,
BE AR
M & 31 14
89.55
FEl K 0 89
HZ K 89.55%:

(4) KNN HHEBER 2 HIGUEAE R sk 7 B
N, M KAEHA 3 I, BERERRRRAR. RIS R
8, B LA HIGUE AT S KINN A IR (1) 1 #1
FN 99.25%.
(5) JAERER R Bl T o FIRE
271 KSHMRER

Table 7 Optimization results of K parameter

Kfi CV/% | Kfi CV/% | Kfi  CV/%
1 0.03 5 0.02 9 0.02
2 0.03 6 0.02 10 0.02
3 0.01 7 0.02
4 0.03 8 0.02
#*8 KNNE— AR EWIERES IR
Table 8 Discriminant results of KNN leave-one-out

interactive verification model

1) S B oy AR R R IR AR 1 R
W, BEAYOE B R A5 R LB KNN >PCA-DA >
PLS-DA>LS-SVM, LA KNN ANl .
232 BT EEMN A R A R R g

(1) PCA-DA HFFMER AT HIGIESE R Ik
9 Flim, HERSNECN 2 B, R REEZM
15 90%LA b, PR F AT B G AME B FIL
R 10, B VLA BIGUEATS PCA-DA H| 745
R TE RN 67.16%, 2 BFREANTE 423 (0] ik 4y
HE, S X D EEIK, (EAEERD BN,
Hh, 3 MEESMEASEL B A BE AL
FER, HAohg R 1 KA 2 SRR,
YA 2 s K2 3 5 s, WA S.

#z9 PCA-DA FHPMELERRTRER

Table 9 Selection results and variation information of

PCA-DA main component

TR CV/% X1%
1 0.56 67
2 0.42 97
3 0.42 100

10 PCA-DA B—ZERX EHFREFR25
Table 10 Discriminant results of PCA-DA leave-one-out

interactive verification model

SEBRE SEBRE
T e K IEARY% TR FoF EHERY%
e A > 8 ar Ak =
H & 44 1 0 H & 13 32
99.25 67.16
Bl ik 0 89 B[S 12 77
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Fig.5 PCA-DA core (a) and load graph (b)

(2) PLS-DA HHREMA A2 HIELE R 1k
11 flioR, AR EANECN 3 WAL ik B AL, BT
1 2 N AR B ] RRE 90% L I B AR B RS B
10% A AFFREREERERE. HNSGRILE 12, &
B — L3 HLBRAIE TS PLS-DA ) BRI H15 R

F 11 PLS-DA T BMEERRTRER
Table 11 Selection results and variation information of
PLS-DA main component

ERE CVI% X%
1 0.25 62
2 0.23 95
3 0.12 100
a o IEfm 5
06| *Hék 7 L e
o daesle o
“oL o N %o
° oco %o ° g

s} 0.2 °° ° Q¥ °
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scores on PC 1-EV=61.83%

#* 12 PLS-DA B— X BEIIFREEFIFIZER
Table 12 Discriminant results of PLS-DA leave-one-out
interactive verification model
ShR{H
(SVSSE S P/3
H & 41 4 0
FEE K 13 76

e RAFFE IEHAFE%

87.31

87.31%, 2 KFEARLE e ES, 1HB4

X7 FERUG, (BATEEAR > KM, HEE PCA-DA
PRI 5 A o AP XA & 1 S22
2 SARE, XNEARE 2 MIMELKMZ 3 SRR, W
K 6.

b
0.8

0.6

33.62%

0.4

0.2

loadings on LV 2-EV

-0.4

—0.6 v2

0.6 -0.2 0.2 0.6
loadings on LV 1-EV=61.83%

El 6 PLS-DA 155 (a) REEE (b)
Fig. 6 PLS-DA core (a) and load graph (b)
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(3) LS-SVM #H MR 2 HIRIELE R A
“2.3.1 (3)7, HNEERINFE 13 i, &8 — L H
B UE TS LS-SVM H I AL Y IE 120 98.51%.

(4) KNN HHiHBR LR HIELE R : Wk 14
B, 24 KER 3 0, BRRZE 2R k. H5)
SERWNEK 15, B EZHIUEFTA KNN F 5
R IEHI N 99.25%.

# 13 LS-SVM B—AX HINFEEFFILER
Table 13 Discriminant results of LS-SVM leave-one-out

interactive verification model

SEBRAE
A FAF A%
e Y
M & 43 2
98.51
EIH=P5e 0 89

T 14 KEBRER

Table 14 Optimization results of K parameter

K CV/% | K& CV/% | K14 CV/%
1 0.016 7 5 0.011 4 9 0.016 9
2 0.016 7 6 0.011 4 10 0.0169
3 0.005 5 7 0.011 4
4 0.005 5 8 0.011 4

#F 15 KNN B— £ HINEERHRILER
Table 15

interactive verification model

Discriminant results of KNN leave-one-out

*® 16 ET 2 XFHEURKAHNBAREMNS LPHRARE
IEFRER

Table 16 Positive rate results of B. striata authenticity
four-classification identification models of two types of

intelligent vision technologies

o EHI/%
WA

PCA-DA PLS-DA LS-SVM KNN

R 96.27 96.67 97.01 96.27

AN 76.12 97.67 90.23 89.55

234 BT 2 RS 2 E BRE EARK B
NMEAHRRBAEE R SRR 17 s, ¥ 2 K%
BEAL I F2 AR P A3 AR ATHE B X AT 8 R & )5,

FIAS B S AR o R R ) 1 A 3 45 R LR
PCA-DA=KNN>PLS-DA>LS-SVM, L\ PCA-DA
AT KNN SRR, Sy I AR TR A
BIA BT BB S s DY 4 R R AL ) I
HIRGE BN LS-SVM >PLS-DA >PCA-DA >
KNN, PLLS-SVM AUy, sl ik ZeAH
BT RERA & . AT R A A A A DY 4y
% PLS-DA #E8Y, R 2RpEA B Bl

Fz 17 ET 2 XEMR S REEMERANAREHR
FHOURB FH|ZRER

Table 17 Positive rate results of B. striata authenticity

identification model based on two types of intelligent vision

and multi-source information fusion technology

SEFRE 1EFIZR /%
il kil KA FHEY% ]
A& FEl K PCA-DA  PLS-DA  LS-SVM  KNN
P 45 0 0025 S 98.51 97.01 87.31 98.51
[P 1 88 ' DY 432 97.01 97.56 97.76 96.27
(5) FAEAIERPREE R ET OGSy 3 78

NS PSRt 31y BB b N B £ N N A
W, REAOE B R AL R N KNN > LS-SVM >
PLS-DA>PCA-DA, DL KNN #ER AL

233 T 2 KRR BRI B K F Y o K
PRI 2/ A HRAEE, BT HRFRE
LI R B DY 4 SRR R I 1E A e 4 R
LS-SVM>PLS-DA>KNN=PCA-DA, Ll LS-SVM
PR AR He T 22 OGN 1 R A DY 2K %
PSR I P 45 IR LA PLS-DA>LS-SVM >
KNN>PCA-DA, Ll PLS-DA BB AL, 3=
mE 16 frac. He, @HE KI5 PLS-DA
PERIAFAER S FNH L

3.1 ARFERRE BRI AT
(FREZH) 2 E K2 hniE O A 4
WL PR, &8 AN SN
DUEAEREL . 25 BRI 7 V2l e YA E B
X2 AR BT RAE,  REREAR I ) S T R
2, LB KT s R A R . R MR
ZFRPERE A R BRI A LS A KA S
X, NS g B A B A R, B
T HPLC fRgU it %k, Aok, fEfaguint g s
R, ARWFFLE T A G AR RELE 220, 230,
270- 280 nm KN K AR IS, KILHAE 280
nm KT RSN ISE L B o [FIINE S T AN
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AR E AR 0O, {H A% G R 4 Tl 1 Bl B
B, sz B EAIIbRAE, TESERRBH e 2 2R
FRO7, B E N T8 A8 JE  (artificial intelligence
sense, AIS) HIARISIILIE, HFFLE I EA W2k
KBTI, BT 8. BrEEE AR R 2
P IRFFEREAT 2 AL Rk . IS [ O AR
FIAAER I RAAR, WA IR R
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