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i E: B RHIEZ4M6IE (near-infrared spectroscopy, NIRS) iR, A M4 HE, LA T (Reduning
Injection, RD) &MRAMEE (&) FPUIFEFREEY S E (solid content, SC) MIELL MM, FFHET NIRS HiAR T AEHY
LR HIRIBR, D A BUS R B HIK . F3E KR NIRS $0R, 456 s/ 3l (partial least squares, PLS)
2 e HIEM RIJHA£%% (multivariate adaptive regression splines, MARS) Bk, R85 e 3l Tl 3 7 vk R4 % A RS fiE AR 2
ke, EILEfE SC HITEL IS IALAY;, RIS EFAIEANL (support vector machine, SVM) ByREE S F o Y6l AL, wid
a2 YL (moving block standard deviation, MBSD) HyEZE A HLZA s FI R . 455 PLS A1 MARS #R7 PERE
fltse, AHECT PLS #i4, MARS HRAVEREE FrfeTt, BAHXTRZ (relative standard error of prediction, RSEP) Hi 2.87%[%
K2 2.64%, PLAEMZE (ratio of performance to deviation, RPD) H 15.953 0 JF& 17.376 1, 2 FhELiEARI ) B A Hi AP A
B TROAS RS = A0 s MBSD SR T 2RI s R, WA R ZEIUE . 4518 NIRS $iR %54 PLS HiEF MARS
Bk, ¥WAHT RI&EZEDCIFE SC FEL RN, MARS HRIMEREFE££; KA MBSD /75T R SCHIWT, LR (E 5
17, ATRA R AR = S bR R o
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Abstract: Objective To adopt near-infrared spectroscopy (NIRS) technology and machine learning algorithms, the on-line
monitoring of solid content (SC) in the extraction of Jinyinhua (Lonicerae Japonicae Flos) and Qinghao (Artemisiae Annuae Herba)
(Jinging) in Reduning Injection (RI) was realized, and the extraction endpoint discrimination model based on NIRS was established to
improve the quality control level of the extraction process. Methods Using NIRS technology, combined with partial least squares
(PLS) and multiple adaptive regression spline algorithm (MARS), the optimal model for online monitoring of solid content (SC) was

developed through the selection of spectral pretreatment methods and feature variable screening. Support vector machine (SVM)
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algorithm was used to establish the abnormal spectrum discrimination model for data cleaning, and subsequently, the extraction
endpoint discrimination model was established by moving block standard deviation (MBSD) method. Results Compared with the
PLS model, the performance of the MARS model was improved, and the relative standard error of prediction (RSEP) was reduced
from 2.87% to 2.64%, ratio of performance to deviation (RPD) increased from 15.953 0 to 17.376 1. Both of the two algorithm models
have the advantages of good model performance and high prediction accuracy. The MBSD algorithm can be used to determine the
extraction end point, which can effectively improve the extraction efficiency by about 18%. Conclusion NIRS technology, when
integrated with both PLS and MARS algorithms, is effective for online monitoring of SC during the Jinqing extraction process of RI,
with the MARS model showing superior performance. The MBSD method for endpoint determination is straightforward and meets the
practical needs of production.

Key words: near-infrared spectroscopy; Reduning Injection; Lonicerae Japonicae Flos; Artemisiae Annuae Herba; machine learning;
online monitoring; endpoint determination; extraction process; solid content; partial least squares; multivariate adaptive regression

splines; support vector machine; moving block standard deviation
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SC=(X2—X0)/(X1—Xo) (1)
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SRR 7 MK 215 AMFEAR, BEATREAK
7ro $ 2230338 HEUKIK) 31 MEAAE WA ERSGIESE
RIRT 6 MALIK 184 MREA, RADGIE-FAL I
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Table 1 Description table of sample set partitioning results

SC/%
= = ¥ YAN J: /
B Y B T R T
FR fik
K IE4E 147 0.3445 0.7307 1.6750 2.4134 1.230 8

IOEEE 37
SNEIGIESE 31

0.3498 0.4901 0.770 2 2.123 4 0.670 5
0.4050 0.5850 1.5690 2.404 0 1.118 0
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WA EAR, 5 RKH PLS HLA MARS Hiki
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error of calibration, RMSEC). 313477 H#2 % % (root
mean square errors of prediction, RMSEP). A2 X JiE
Y77 R 1% % (root mean square error of cross validation,
RMSECV). PEfEfw % L (ratio of performance to
deviation, RPD). TRMIAHXI%Z% (relative standard
error of prediction, RSEP) NFEARPEAN AL, —f%
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B (S-GH1D. EHfEB. EARIE,
94k, SNV, MA-SNV £ Z Fhifiab# J7vk, 2
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THRMIASERL, AN [F]F Acb B 7 3250 RS 1A s Py 52 e 4
2. 3 ffi7R. LA RPD 1 RSEP N F:ZE T4 f8kR, 456
Pl RPEARLE A VAR AL o 25 SR, 15T PLS R4,
2L MA T B TTVEIR , AR T JE LA B AR,
AL B () R A Rp? YA FIT§TE, RMSEC A
RMSEP BU/h HiZiE, ¥/hT 0.025%, BEHF, RPD
N 14.295 3, RSEP 4 3.21%, MHAIMERERE LT
EIST MARS #5574, L) MA R TALEE 7L, HRE
T AT B, % TRAL B A () R F Rp? H4
i Ft, RMSEC Fl RMSEP #/1N, #5/NF 0.035%,
Uk RPD 4y 17.4155, RSEP A 2.63%, fHAIPERE R
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R2 AEFLERFEXT PLS A RERISZ 0
Table 2 Effects of different pretreatment methods on the performance of PLS model

oAb B 75 1% RS Ry? RMSEC/%  RMSEP/%  RMSEP/RMSEC RPD RSEP/%  LVs
Jo AL EE 09924  0.9882 0.049 5 0.038 8 0.78 7.924 8 5.78 18
MA 0.9980  0.9972 0.024 9 0.0215 0.86 142953 3.21 20
S-G i 09922  0.9884 0.050 1 0.040 1 0.80 7.830 8 5.85 16
S-G+ 1% 0.9966  0.9880 0.0329 0.036 4 1.11 8.4372 5.43 20
H—1bi% 09930  0.9864 0.047 6 0.038 5 0.81 7.9919 5.74 18
FELRRZIE 09938  0.9860 0.044 6 0.040 5 0.91 7.589 9 6.04 20
i 09938  0.9855 0.044 6 0.040 1 0.90 7.663 1 5.98 19
SNV 09914  0.9837 0.052 8 0.044 5 0.84 6.908 4 6.64 17
MA-SNV 09976  0.9956 0.028 0 0.0225 0.80 13.667 4 3.35 19

x3 TREITARLIEF AT MARS 1REM GERIS N
Table 3 Effects of different pretreatment methods on performance of MARS model

ToAb B 75 1% RZ Ry? RMSEC/%  RMSEP/%  RMSEP/RMSEC RPD RSEP/%  NBF
T AL PR 0.9965  0.9817 0.033 7 0.041 0 1.22 7.4917 6.12 18
MA 09969  0.99 6 0.0319 0.017 7 0.55 174155 2.63 22
S-G i 09969  0.9933 0.0316 0.024 8 0.78 12.409 5 3.69 10
S-G+ 1% 09978  0.994 1 0.026 7 0.023 2 0.87 13.249 3 3.46 20
H—1kik 09955  0.9886 0.038 3 0.032 4 0.85 9.493 0 4.83 10
BLERIE 09981  0.9939 0.025 1 0.023 7 0.94 12.991 7 3.53 13
Fita 0.9987  0.9958 0.020 3 0.0196 0.97 15.666 8 2.93 23
SNV 09782  0.9707 0.084 0 0.0519 0.62 5.9203 7.74 26
MA-SNV 09997  0.9951 0.009 6 0.0219 2.28 14.048 6 3.26 29

2.7.3 FHEAEARMTE NIRS HisEEsHHT
MBI R A AR B S H bRy
G, PR, TREMGEESGIE S, AIFRITTRIEEL,
18 H HAE AR M I B R K, DA o 7Y fif R
P, TS IR S B 2R B FOORG BEU) . AHH FTAE
IR I H I B A TA B T VA AL |, XS EeA
W, ZH& RS PLS (synergy interval PLS, siPLS).
BB 5 (successive projections algorithm ,
SPA) FISE 4+ H 1&E N B MUK AL (competitive
adapative reweighted sampling, CARS) # AR
Ah, MARS A a4 AR 8 H Z M (variable
importance in the projection, VIP) HEfy, @id#
HZh A bR A HE AR, JEERTEe.
siPLSPOLE I Xt A F 7 X (A #EATAE R 4L 5, &
SEFTETIRERT 24 3 B 4 ANIXTAIH PLS [A] KR,
AW TR SR X 35558 20 ASFIXE],  BLF X JH]
HAHCN 3 @B, Ll RMSECV 1ERIFN AR,
15 14 3¢ P SR AL Y E o SPA & —F Al [ AR &R Vs,

MIE—P KT, RIEERFIGER I — AN AL
&, HEnTEHLF|EEME. SPA RIS LETT I
HERTRE BB EHA RN, HRIEMRA R
RS2 o, B ORPR B RS B, IR
P8 e FERY, CARS s —Fh4h & Z 05 R I8RAE
55 PLS #5 A [0l ) RE R AR S £ 0702, g 3k
#3 RMSECV /MW 18 ) i B R R £ 2,
AW FERFEIERRECE S 50 K, FERA 10 2 X
BoE . RHEAR BSR4 Fros.
MRIRRHIE A R 45 R, 25T PLS fl MARS 5
%, DL RPD Fl RSEP NEEIFN IR, S5AFIRTE
FREFEVENBLAYL, i & A HUS 2 SC Al
BEAY, A [RIRFAIE 57 30 5 S0 RS AL VE RE 1) #2000 W13 4
5 Fine BIOL, EFXF PLS AL, AT oAb B A
R, 2 siPLS HIETHIE RS B RO e i, RHIE
A EHH B 2074 ANBEN 310 A4, FEARL R2 A R2 AR
bR K, RMSEC F1 RMSEP #i/h Hizir, ¥/t
0.020%, UEES, RPD & 159530, RSEP A4 2.87%,
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Fig. 4 siPLS (a), SPA (b), and CARS (c¢) algorithm feature variable screening results
R4 TRHFHET SRR EX PLS REHIS0
Table 4 Influences of different feature variable screening methods on PLS model
FAEASRE  RPIEAR , ) RMSEC/  RMSEP/  RMSEP/ RSEP/ v
c R S
ik RS ! % % RMSEC %
Johb 2074 0.998 0 0.9972 0.024 9 0.0215 0.86 14.295 3 321 20
siPLS 310 0.999 2 0.9972 0.017 4 0.0193 1.11 15.953 0 2.87 16
SPA 42 0.997 2 0.997 0 0.030 6 0.0197 0.64 15.623 6 2.93 17
CARS 104 0.997 4 0.996 6 0.029 4 0.0211 0.72 14.569 7 3.15 14
&5 TRFHEZEEZIHIESEXN MARS {REHFT
Table 5 Influences of different feature variable screening methods on MARS model
FAEASRE R RMSEC/  RMSEP/  RMSEP/ RSEP/
R o RZ Ry RPD NBF
kT RHH % % RMSEC %
Joab 2074 0.996 9 0.996 6 0.0319 0.0177 0.55 174155 2.63 22
VIP 8 0.995 1 0.984 6 0.039 7 0.037 6 0.95 7.394 4 5.61 15
siPLS 310 0.995 1 0.984 6 0.039 7 0.037 6 0.95 7.394 4 5.61 19
SPA 42 0.996 2 0.9915 0.0349 0.028 0 0.80 10.989 8 4.17 25
CARS 104 0.999 1 0.996 6 0.016 9 0.0177 1.05 17.376 1 2.64 14

PR E PEFIAS BE A BT HE T £FX MARS #5281, AH
BT IAC R, 2 CARS HETik A &
ROR B, R EEHH 2 074 NMEN 104 4,

B R2 A BT T, RMSEC 1 RMSEP %5/ HA%T,
$I/NF 0.020%, LS, RPD A 17.376 1, RSEP Ny
2.64%, BLAVEREA FTIRT .

2.7.4 HFAEBAREST  FET PLS Il MARS #y2,
B T R FRA B 7 V2 )G B AR R A R R 7 02 )

PRIk B R SC FINBLRY, MR ZE Rk 6

Fii e XTI SC e A% T AR B fr Tt 04 55 S AR 1)
FFMER R WA 5 Fin. 455 %W, PLS fl MARS
BT R R =, L R? KT 0,99, H
RMSEC f1 RMSECV ¥J/hF 0.020%, RPD 73514
15.9530 11 17.376 1, RSEP 437N 2.87%F1 2.64%,
BINT 3%, Z2a 0, MARS AP REGE T PLS
B, HIFReWE 2 SLhrE =R, nUHTE&EFX
UL FE SC 7ELR A . NE6IIE PLS A1 MARS 557 i
MEE R AT 5, X SC B KIEE 5%

#* 6 PLS/MARS S{ERAIMEEXEL
Table 6 Performance comparison of the best PLS/MARS models

) TAbEE  FHEARE RRIEAR RMSEC/ RMSEP/ RMSEP/ RSEP/
Bk N s o 2 Ry? RPD
Tk fEiETE BB % % RMSEC %
PLS MA siPLS 310 0.9992 09972  0.0174 0.0193 1.11 159530  2.87
MARS MA CARS 104 0.9991 09966  0.0169 0.017 7 1.05 17.376 1 2.64
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Fig. 6 Results of external validation of model
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