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Abstract: Objective The purpose of this paper was to study the differences in the stability and prediction accuracy of the moisture
absorption prediction models of the contents of Guizhi Fuling Capsules (%K% k%, GFC) established by different algorithms
and choose the optimal modeling algorithm. Methods In this paper, 54 physical property parameters of the measured powder
properties were taken as input, and the hygroscopicity of the content was taken as output. The traditional modeling algorithm partial
least squares algorithm, classification and regression tree, multivariate adaptive regression splines and generalized path seeker
algorithm were used to establish the moisture absorption prediction models, and the effect of different models on the prediction
accuracy of the verification set was compared and studied. Results The best model was established by the multivariate adaptive
regression splines (MARS) algorithm among the machine learning algorithm which had the best fitting effect and the strongest
predictive ability. The calibration determination coefficient of model was 0.843, the prediction determination coefficient was 0.808,
and the correction root mean square error of calibration was 0.391. The root mean square error of prediction was 0.472, and the mean
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relative prediction error was 2.69%. Conclusion The hygroscopicity prediction model established by the MARS algorithm was
more suitable for production applications, which provided a basis for the quality control of the production process of GFC.
Key words: Guizhi Fuling Capsules; hygroscopicity; algorithm; modeling; prediction accuracy; partial least squares; classification

and regression tree; multivariate adaptive regression splines; generalized path seeker; determination coefficient; root mean square

error; online control; quality control; intelligent

FERZ R % %€ (Guizhi Fuling Capsules, GFC)
SR IRE . HPH R BRI 5 kG
B EATEML A6, THIESEThRL, HTRITRE.
T ENEEEN . GFC NAME T HZ R B,
BATRIER . 5 S5 PSR 2, 2[R FE e
BEFAREESE R ERE. TRSMIR A
B/N 3% (partial least squares, PLS) &3 GFC
P BRI P RO AR, 2% AR VA A 7 B
T FANE A &, BIRTUCE TAEER, g
R AZ X ISIE R E 5220 (determination coefficient
of cross-validation , Q%) . & IF % h E & %
(determination coefficient of calibration, R2.) ATl
4E v 7€ 8% (determination coefficient of prediction,
R%) i Bt — bR, Aseih 2l N EIE A
Perm AR RE, BF TS R B2 AR P R IR S

WRM L (classification and regression tree,
CART). %7t HI&M [FAME % B (multivariate
adaptive regression splines, MARS) #Sw] [ 5h#ik
i, MCFEFER, BRI BRI A AR,
W] R PR AR B 3 B Be At i R A
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¥, 12 MARS EERHIN L it S H0H AT ARG
PERLE, BEIEMASEIAEN EENE. 2 MY
SEAF) AR T R 733 79 0.921. 0.986. _EiRHfF 7T
B CART HEA MARS S5 mI LASRAN PLS 5iik
RIBRBE A A 2 o T LR ARIEB R 5% (generalized
pathseeker, GPS) Hik [N A WkiE, (HEthH
% H Bk AR E A, BAYERIE A frilt— 2D
WHot. ik 3 Fn] A shiiEAr & i E A E T H AT
WLAS 25 21 505, TR R P S W 14 7 THI £ B FH R
DARIE, ARSI T B HAR S A R R A,
3 H R S R I N TE LR ) R G HE T JR 4k
FEIRAIE, LU SRIRTE GFC A 77 i 75 o o 42 i) 5 g
K-

1 UEEHEEKRE
BT-1001 R tEllitie, PHR E RS

H IR /A ; Bettersize 2600 MoK /2 AL, FPHEE
A A A BR A LHS-250HC-II B IEAREAE, Fifs
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AT G A ) E i ok B T A BRI ST SRS 1)
80 fit GFC A= FEh (1) 5 R Al iR CJERIEH
MRRRL . TR BRI RL . SRBRD F1 GFC
B S, R RIRESL Y 2018 4 6 Hi &
2018 4 11 H A= iy AR RE , FE
180610~181121 3% 480 M, H VLIRS 25l
B A PR 2 F HR AR
2 FE
21 XL
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22 YIRS
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A, THHE Dio (RIPRLEL A EOE 2 10%I00 B xf B
RLAE) s HHERIAE (Dso, SR THRLEE 73 A1 HUE 2 50%
T %o 92 R 45 ) T Do C R 1-HEE 43 A7 £k £ 90%
IF BT LRI ), BARORIAR 20 A1 FE B2 (span)e
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ARVEAN DU 5 O R b AT A, i T 5 A ELAR
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P Ch) MR E AR (D), AT 3 kit .
a=arctan(h/d)

224 IAZEERE (D) #%950.09 (FiEid A m)
FRIBURL 22 NN 2] 100 mL £, BREHET
M, SEBARER AR (Va), AT 3 k5.

Da=m/Va
225 RSCEE (Do) W BREA RO I &
AT [ 7 AE PR S 6 BE A b, e A 70 Hz, #k3) 1250
O BRI RRL )RR (Vo) s AT 3 IRk .
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RO MRLT, B IEBTGI R Bk ar s F e 2% (R?)
A8 XBGUES 7 AR 1% 2 (root mean square errors of
cross validation, RMSECV). Tiill¥4 5 iR %% (root
mean square errors of prediction, RMSEP) #4174
fPERE, R2#K, RMSECV fil RMSEP #i/h, 7
(1 14 RE R o
2.5.2 WLEEEIEBRVHY  DLR2, B IRIRZE
(root mean square error, RMSE). “F3146%F i 43t
%7 (mean absolute percent arror, MAPE) Z545¥5
RPN R IR RE, R2BERIT 1, MAPE Bk 0,
FWIRAY (P GRS ; RMSE BT 0, FRWIREAY
(TR 14 Rk i 8-
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t=1
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i=1 i=1

n
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i=1

N ARIEESIIEERRE AL, te[1, n), y ASHE(HE, v
ATRIE, Y AT RS AT 1l

2.5.3 FRAVKEEE LR PLS FOAL 382 ST IR ER AR
P 55 UE AR v R R TN 2% 22 SR VP AN A B TN A 2 )
AR

3 #RES

31 BHEARBMENL

3.1.1 PLS sk DL HE N SR E (YD)
N R, 54 MIMESHCNAEE (X, #ALH
PLS T[] Q2 4 0.399, R £l R2, 73 7 A 0.216
0.656. A&/ NN 8 I, Q1A% A{H 0.549, R%
A R% N 0.616. 0.602. fifik i FI4 14 = £ B35
Rc-Dlo\ Rc-Dso\ Rc—span\ Rc-a\ Rc-%Pf\ ZH-DC\

SKL-Dav SKL-D¢o Z:iill A8 & #5524 (variable
importance in the projection, VIP) i 1 i,
AR IR EWE 2 . T ZRKEF
(variance inflation factor, VIF) 3F4rLL E 8 ANtk
S FLVEREREE, Re-%Pf. Re-a.w Re-Dio~ Re-Dsos
Rc-span. ZH-D¢. SKL-Da. SKL-D¢ #7112 ¥t 2k
PEA 5645 R VIF {653 704 25.839. 1.303. 7.181.,
21.223. 2.461. 1.259. 7.054. 7.109. HI[& 1. 2 Al
VIF (%84 1040, VIP>1. [0 &%>0.2.
VIF<10 38 &4 Re-oiw Re-Dio~ Re-span. SKL-Dc.
ZH-De, IE MBI R E . DL 5 N ERE
SEFEERIVEREFEAR Q2 v 0.531, R% Al R%, 433l
0.616. 0.615.
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Fig. 1 VIP indexes for independent variables of PLS model
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Fig. 2 Regression coefficients of PLS model
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Fig. 3 Comparison between target and predicted
hygroscopicity
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M 54 NMIPTESHERL, FHLER: 20%1IREA1E R
IrE, S EEEEME 4 iR, AFRAEEAN
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* 1 ARITLENMENR CART EEF M REFITN 4 B8
Eeig
Table 1 Comparison of CART model performance and
prediction performance established with different numbers
of variables

ERS BIE4E SMIES SRS AR T
#=# R2% RMSE MAPE R?% RMSE MAPE i%%/%

14 0.662 0.576 0.039 0.712 0.579 0.037 5.67
13 0.542 0.260 0.018 0.034 0.391 0.023 5.72
4 0.704 0.539 0.036 0.766 0.522 0.029 6.56
3 0.759 0.486 0.030 0.845 0.425 0.024 7.47

PEREAN A& B U (R TN A R, AR B H b, Tl
DAAXHRZERS R, mIRedisk T —LEEHPE R

3.1.3 MARSEIEEIBAEA Bk $m) MG &
TR e, ATH GCV PERE LR 13 2 it 3
BRI, DRI A5 B s AR AR AR RS 20-230, fy [] 5 1] 1 GCV
{EL it J25 PR B AR AL A, GCV A H /NI 5o o fr 3 Ry
BN 7, AR 2 AR R BN O GOV RiEUE
AR IER B IR TR € R B R? FIEYT7 %% (mean
square errors, MSE) [F1520, J0LE 2 AN bl & bR L
MR, NABE TSRS R EH, BAk

Ve PR L PR, ST R AR,
151

1.0

GCV

0.51

o 3 6 9 12 15
HEft B BB

B 5 7A[E GCV EXT R E R B

Table 5 Different GCV values correspond to number of

basis functions

MARS Sk REALIESE 20% 1IFE ARSI S IE
£, 54 MIMES LK MARS FEAIEF] 8 A
AR E : SKL-D¢ ZH-Dav RC-0t+ GZ-Day GZ-Dygo~
SKL-Dav GZ-Diov GZ-a, RIEZEM] R% N 0.843,
RMSE 4 0.391, MAPE & 0.025, Tiill£Ef R% A
0.808, RMSE 4 0.031, MAPE Jy 0.031.

FHL 20 HERE KT MARS RS R BEAT AN SR I0AIE,
S SR 3 B, AR PEF 35 AR XS T
WRFEN 2.69%, TINS5 A TR o
314 GPS FIR@EBELER MSE FoRll s
MITERE, HIoR BT 52 A4 P 2 45 R s it R4
HE . E 6 Bon T BB R —Fh i NI &
1) MSE MR, W5 ELBRIIESE, A% 2RI
5, XN REON 26, ASFEAR RSB
GPS MRS REFI TN RE L s ik 4 s, A 20
HERF S X B AT MR IR AIE 1R 45 SR 43R 4 s o

HH 3 4 7] 5 54 NMIE S B LR A
FERERK, i%0 5l b AR B o B /N A o T
TR, Brig AR s 3 i, ALY AR e AR
JE R dhf, X 3 MEE N SKL-Dew RC-aiv ZH-De.
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Table 2 GCV function value and variations of measuring indexes with basis function number

HEEBH M WMATENM A% GCV GCVR? M IESE MSE HiE%E MSE MIE4E R%  WiF%ER%

15 9 340 0.916 05 0.100 49 0.13355 0.402 36 0.863 96 0.654 22
14 9 31.8 0.752 44 0.261 14 0.13388 0.377 89 0.863 62 0.675 25
13 9 29.6 0.63526 0.37621 0.135 49 0.339 47 0.861 99 0.708 27
12 9 27.4 0.54552 0.464 33 0.137 37 0.290 57 0.860 07 0.750 30
11 9 25.2 0.47675 0.53186 0.139 96 0.250 33 0.857 43 0.784 88
10 9 23.0 0.42390 0.58376 0.143 49 0.267 82 0.853 83 0.769 84
9 8 20.8 0.396 80 0.610 37 0.153 42 0.223 10 0.843 71 0.808 27
8 8 18.6 0.37799 0.628 83 0.165 56 0.348 94 0.831 35 0.700 13
7 7 16.4 0.36997 0.636 71 0.182 23 0.376 79 0.814 37 0.676 20
6 6 14.2 0.42422 0.583 43 0.233 45 0.394 83 0.762 20 0.660 69
5 5 12.0 0.44433 0.563 69 0.27159 0.445 18 0.723 34 0.617 42
4 4 9.8 0.47574 0.53285 0.32131 0.31971 0.672 70 0.725 25
3 3 7.6 0.45537 0.55285 0.338 22 0.262 40 0.655 47 0.774 50
2 2 5.4 0.55681 0.45324 0.452 84 0.37571 0.538 71 0.677 12
1 1 3.2 0.58288 0.427 64 0.517 03 0.676 59 0.473 33 0.418 56

0 0 1.0 1.018 38 0.981 69 1.221 69

3 MERIIEMEASEERTUNMELSR
Table 3 Experimental values and predicted values for external validation samples
Mk s ERE OO | g s w0 | m swm maeE

WRZEI% R ZEI% WRIEI%

181030 13.6782 13.7053 0.20 181102 12.0377 12.0891 0.43 181112 12.3583 12.0463 2.52
181031 12.7167 12.6318 0.67 181103 12.7526 13.0115 2.03 181113 12.6559 12.3782 2.19
181033 12.6918 12.4798 1.67 181104 12.3941 12.8259 3.48 181114 12.3157 11.6329 5.54
181035 12.0700 11.3003 6.38 181105 12.106 6 10.9407 9.63 181117 12.6419 12.6481 0.05
181036 119162 12.2104 2.47 181108 12.2894 12.4786 1.54 181118 12.6672 12.2478 3.31
181038 12.0004 12.386 2 3.21 181109 12.2286 11.9203 2.52 181121 12.6273 12.7165 0.71
181101 124969 12.6215 1.00 181111 12.2423 11.7239 4.23

11 #z 4 FRZENHEIR GPS A AN TN gEEL 55
0.9 Table 4 Comparison of GPS model performance and
07 prediction performance established with different numbers
' best elasticity (T) i
7 of variables
S 05 N\
03 Sk RIESE bR S SIAH T T3
best elasticity (L) % R% RMSE MAPE R%, RMSE MAPE llit%/%
0.1
54 0.738 0.486 0.030 0.611 0.675 0.040 4.63
1 6 11 16 21 26
AR EENL 4 0.566 0.633 0.004 0.599 0.745 0.045 4.07
B 6 MSE Bt Ra sy e 3 0.514 0.622 0.042 0.596 0.748 0.046 3.05
Table 6 MSE changes with elasticity coefficient 2 0402 0.297 0.018 0.196 0.345 0.021 182

3.2 A REERBIMREMTUNAEE EEIRER RAn 5 Fw, ATLURIL MARS Sk 3 57 (1 T 452
LREREE AT DLEAN R SRS e O S RIAEROE SRR SR 3RS 7R s g AR UL




-3222. $8 % 20268 $52% B11H Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 11
*x5 AREIBEEREME RTINS E LR
Table 5 Comparison of performance and prediction accuracy of different algorithm models
s 4725 RIS Tl IR
Tk L s
= R% RMSE MAPE R% RMSE MAPE TR % 22 /%
PLS 5 0.616 0.678 - 0.615 0.408 - 3.69
CART 14 0.662 0.576 0.039 0.712 0.579 0.037 5.67
MARS 8 0.843 0.391 0.025 0.808 0.472 0.031 2.69
GPS 3 0.514 0.297 0.018 0.196 0.345 0.021 3.05
INE TR, BAERGE EMTIAE R L. K —PIRERS 2T,

TE AR AT A () e B E05r v 0.843. 0.808,
RMSE 7374 0.391. 0.472, MAPE 43%4 0.025.
0.031, ISUEAEAR)F-3 T R 2 2.69%.
4 TIig

AR FIE A RSN GFC N &Y it
TR, 45K MARS Sk 2 T B A fe i, A
RSP S A TR 228 2.69% . £ 440 M Al 40,
MARS HEAAL T PLS BE T T8 iz o8 A8 & 11
B, EE TEELE MR IR T PLS HER
CART ByEA TR 172 & BN DTk [ 5048 & 2 1] 1)
AH A F 25 50422280, gRabh T GPS A i) Ab#E AR
LR I R BRI

AHFFEIE FH I 4 FhEEA LARRIR I 5 SOk TH
R EEE, PLS BIEARYER 2 5 Mt R /Mb ik
AR EPY, CART BIEMAE(E B a ik PRI &,
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