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Near infrared prediction model for hardness of Rhodiola grandiflora Tablets
based on partial least square method
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Abstract: Objective To establish a rapid method for predicting the hardness of Rhodiola grandiflora Tablets (RGT) based on near
infrared spectroscopy (NIRS). Methods The NIRS of 600 production samples and self-made samples were collected. The partial
least square (PLS) algorithm model was established by comparing the advantages and disadvantages of the models under different
spectral pretreatment methods and different characteristic variable screening conditions. The NIRS of 120 samples were collected for
external verification of the model to predict the hardness of RGT. Results Among the PLS models for plain tablet hardness, the full
band model was the best for the spectrum without pretreatment. The correlation coefficient of training set (Rcal) and the correlation
coefficient of verification set (Rpre) Of the prediction model were 0.971 9 and 0.988 7, respectively. The root mean square error of
prediction (RMSEP) is 2.03 N, the ratio of performance to deviation (RPD) is 6.68, and the relative standard to deviation (RSEP) is
4.24%. The average relative prediction error of the internal validation of the model is 2.82%, and the average relative prediction error
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of the external validation is 4.59%, both of which are less than 5%. The detection rate of unqualified tablets is as high as 97.33%.
Conclusion The hardness prediction model of RGT established by near-infrared spectroscopy combined with partial least squares
algorithm has good model performance and prediction ability. This study provides a new method for nondestructive testing of the

hardness of RGT.

Key words: near-infrared spectroscopy; partial least square method; Rhodiola grandiflora tablets; hardness; plain tablets; non

destructive testing

KERZI 5K F (Rhodiola grandiflora Tablets,
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Fig. 1 NIRS of 600 plain film samples
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Table 1 Distribution of hardness data between qualified
and unqualified samples
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AW FE LA PLS STy 3 35 M e A, il
AR R T AL DL S B ik 55 T 3K
WAL R, DA IE4EHH 5 &% (correlation
coefficient of training set, Rea). HIFEEMH % R %L
(correlation coefficient of verification set, Rpe). 1%
IE¥) MW 2 (root mean square error of correction,
RMSEC). i3 /7R fZ% (root mean square error
of prediction, RMSEP). & X 36 F ¥4 /5 MR 1% % (root
mean square error of validation, RMSECV). 1% &¢
Z e (ratio of performance deviation, RPD). il
FIXHRZ (relative standard to deviation, RSEP) &y
TR TR AL 55

FidsEbRF, LA Rea 5 Rpre FIBTE A 40
AR, XWAMEREREET 1, SRS

R . RMSEC, RMSECV. RMSEP & RSEP
T R AR ) PR 22, 3K 4 AN FabRbk/ M
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Rea=[1—3(Ci—Ci)¥3(Ci—Cn)]*2
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RMSEC=[}Y(Ci—Ci)¥n]¥2
RMSEP=[Y(Ci—Cj’)¥m]2
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Ci fll Cir43 319 € 1) 22 (A NIRS FUAE , Cn A1 Cm 73511
NIER IR A S HE I IME, n Al m 23 AR IE
SN AUE SR A A4
242 ¥4 KH UnscrambleX 10.4 (Camo
software AS, @) K AF#EAT 2 m 743 Hr (principal
component analysis, PCA) 5l fiikb#E, K H
Matlab 2020 (MathWorks A ], 35 [ED #4#k47 PLS
BRI IRE AR SRR 4 ARSIk BRI, KA
Origin 8 (OriginLab A ], £[E) 2] NIRS &,
X:F GraphPad Prism 8 (GraphPad Software 23],
EED BAehlk EE SRUFEL R RE.
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(K-S) SRR AL . K-S Bkt i K
A BT IR AR PR A28 e S A 1 () 2 (] R KR PG B gt
ITFEARSER 7y, Ulgi— 7 B 5 2 4675 8. %%,
TR AR R BREE RS, B s KRR Y
2 MERIEANRIES, FHERSM A — IOk,
AW TS T R AR A SR IE AR AR A 2 18] 1 B/ )s
WREE S, a4 2 A f /IR IR B8 d K
AIIANALIESR, B EFEAREIL | EOE N H .
PCA 2R FHE PR I 4Er SEAR, e R B D Hdn
FEIRTIR T, B2 MERE DA G
PRI 22 J0 0 AT 5150, AR 5T 2 T IR AR 6 1E XA A%
FER S5 AEIEFEARIAT PCA, 1ENEIRE 2 AR
A L5 R fa AR B e B REAR BT B XY
EHFEAR G AN EIFEARSAT PCA, BT5 1 F 0
(83%) 555 2 EMsr (13%) I PCA 7343 EwiE 2
Frs, 8 2 NERRE T 96% LI EE, H 2
KRR AIRIE), THEZESR, PCA TiE/EAMEA
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Fig. 2 PCAscores of qualified and unqualified samples
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R — P I MR ECAES, TTHER
BOREE, IUCAHT A fG k3 Fr i PLS & =R ALY
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KA K-S 876 600 AMFEATE 4 0 1 LR BIR)
438 480 MR IESERN 120 NGRS,  FEAHE B Hdis
AL 2 Fi7w

X IEEEFE AR S IAIFERE AT PCA, 351K
Wi 3 frw, 2 BRSNS, HEIESEER T
ISUFERVE R, AR EE S I ER AR TS
L, AR TR A
244 FRAOBRIESE KT PLS @ RERAL,
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Table 2 Distribution of sample hardness data in calibration
set and verification set
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Fig. 3 PCA scores of calibration set samples and validation

set samples

Z SRR REE RSB IE AR E EE,
R ER LD, 2FRBEERNAEARS, &
SIS EEAE R FEN L%, Wh]
fe tH L LA I GO s s A 45 5L . AR SRR
— X XEGAIEEE, BL RMSECV Ny FE bRt B £
TR, EHRNE 3.

245 JGIETIALIE  CREDGIER, BT 2R ER
MBRE . AUERIRAS DL AL AR 55 25 Fh R 52
NIRS <= /EME {5 5 R IRRE S0, 7 75
BT AT AL B, DAVHRRTHR, $RTHEAY R f
PEo LGS T AL B D7 00, R IR — ik
(vector normalize) FJ3& LIS 2E R, £ THUNKRIE
(multiplicative scatter correction, MSC) Fl#x 1 [ 11
A5 4 (standard normal variate transformation, SNV)
ALV BRAEA I A AT R BP0, FHOE AT RR
M, M-A P8 (moving average smoothing) Al

A " y . . . . N
1 N HUN HUN N S-G “F (Svaitzky-Golay smoothing) 7 JE R 5
KZIESE 480 7624 54.00 16.37 0.15 KRR LB T LR O Rk 35 . FELR RS 1F .
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3 TEITRCIRFEST PLS A AR R
Table 3 Effect of different pretreatment methods on PLS model performance
. KIS DRNiES
ToAb 3 7% -
S0 Real RMSEC/N  RMSECVIN Rpre RMSEP/N RPD  RSEP/%
JCTAL 17 0.9719 4.78 5.29 0.988 7 2.03 6.68 4.24
FLRIE 17 0.9728 471 5.33 0.9871 2.17 6.26 453
M-A P 18 09719 4.78 5.19 0.9878 2.12 6.40 4.43
MSC 16 0.968 4 5.06 5.59 0.9876 2.12 6.38 4.44
RKEIH—ik 17 0.969 1 5.01 5.53 0.9880 2.09 6.50 437
—kre¥ 11 0.9720 478 5.84 0.969 6 3.41 3.98 7.13
S-G *FiF 17 0.9710 4.86 5.29 0.988 7 2.07 6.56 433
S-G iy +—Mr 34 11 0.9725 4.73 5.85 0.9776 2.85 4.75 5.97
S-G P+ k3L 12 0.9746 4,55 6.36 0.949 3 4.30 3.16 8.99
SNV 16 0.968 4 5.06 5.58 0.987 6 2.12 6.38 4.44
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RMSECV. RMSEP. RPD V) 2 RSEP R 41, AN[ETi
AbFE T PTEBER BRI AR, RAFEARE IR
E, THETIRIREE . FELRITAE S A RN o
To AL BRI 1 BT 22 PLS FE AL /) RMSEP 4 2.03 N,
RPD 4 6.68, RSEP 4 4.24%, EAIMERERLT .
246 FEAREILE BT NIRS HEH &
RIAR R, A IR EN U X AT % LAIREUOC
BEREE . H LI AR B 77 1A DO (8] R i £ /)
— 3k Cinterval prtial least squares, iPLS). 414
K I B /N — 3¢ ¥ (synergy interval partial least
squares, siPLS) FI#23)) & I/ —3fei% (moving
window partial least squares, mwPLS). & & 175 &
i1 A R NIRS HskEUR A AKER, &
FAADBEREE, BTG .

iPLS ¥4 ik Bl o it 4N X Ja), AEREAN K
Sr I IX ] BN PLS BEAL, HRERRANIXIE] PLS
AR IVERE, R RBIAY, IR A A AT B ) X
() R A s R R AR X (] o ARBHF T 8 1 4 A0il 40
Ji 20 AN IXTA], i s A XA

SIPLS 5 iPLS #HfLL, AEIM)E, BRH 4 X
ST RIS, HAERI S A TATIX AR RS
RN PLS HEAY, G HUI RE i A IR, B4 1%
ARG B (1) 1% X [B] 245 3t S PR AR IX ) o
HF T 8 AR 438 20 AN X JR], F-20 51 Bl A ik
02, 3. 4 AT X BENLL A J5 871 PLS A
fig, TG G XIE.

He»

A~
=L

mwWPLS J& M A5 1 MK s T aa R 30,
TR T T AEDOE 2 1SR PR IX (], T
— ZFI PLS #i71, NIRS $£45 1557 AN #s, A
WEFLA M55 T Ak S g 5% (R 77D 10%
(B 155) 5 15% C(HP 233) W& H%E, LL1 5
KHEAT RN, T A A AR B

AN AR Y B Ok 7 RS R R s i 2k 4 B
N, SRA HUBUR F AR B R Ok 7 VR TS AR AL I
RMSEC. RMSECV. RMSEP. RPD LA RSEP 7]
0, 225 YR BRI S AR MR RE IS 5 T A A,
JRFFTREZ NIRS HEE S HERZE R, k)5
BER T #r 525 B AEAREELTZ. KA
S KRR RY, RMSEP /), RPD #¢ Kk, RSEP
/N, BORIPERRAR T H AR, SOk H AT
A, AR 3 999.640~10 001.030 cm L,
247 FEBEGAUE  AHIT TR H N BRI S AR ESIE
FHEE A AL IR AIE J732% o X iT i PLS AR HEAT P38
BGAUE , B PRSP XA TR 25 2.82%, /N T 3%,
Horb 17 MEFEA G 3 R FEARY AT Y, U P
TR N 2R R R () T R G . EL PN R IE
FEARHRA G R R, N T BRI A A
BREREAR RS B 7T, AHEFURIY 120 ANFEAREAT
HMERIGAE, Hoh 75 NN E B S RSEEA, SMETE
R P S AR TR 228 4.59%, 5 P4 ERIRIEAH LE,
RO 25—, (HATSTE B%LAP, FRUIEIA HAE
UFHITRIRCR, Horp 75 MBS REAT 73 4
Bk, 2 AN ARMEAS H IRIREARTE 34.3 N R4 il PR P
VT, 2 P50 B (R B0 IF 25 R 405K 5 FR .

R IEAE 5 BOIEER (FAH O R 05 51 9 0.971 9
H10.9887, MHRMERLF, ZMEXRWE 4 PR,

R4 TEERHES R PLS BRI

Table 4 Impact of different variable screening methods on PLS model
15 196 77 92 A5 5 X [|) flem ™ Rea RMSEC/N RMSECV/N Rpe RMSEP/N RPD RSEP/%
P 3999.640~10 001.030 09719 478 5.29 09887 2.03 6.68 4.24
iPLS 3999.640~4 296.624 0.9523 6.20 6.66 0.9546 433 313 9.05
SiPLS 20-2 3 999.640~4 296.624. 5203.003~5499.987 0.9666 5.21 5.90 09686 339 400 7.10
SiPLS 20-3 3 999.640~4 296.624. 5203.003~5499.987. 0.9703 4.91 5.46 09772 291 466 6.09
6 406.366~6 703.351
SiPLS 20-4 3 999.640~4 296.624. 5203.003~5499.987. 0.9727 4.71 5.28 09786 284 477 594
5804.685~6 101.669. 6 406.366~6 703.351
mwPLS 5% 4 177.059~4 474.043 09116 8.36 8.79 08542 7.28 186 15.22
mwPLS 10% 4 258.055~4 855.879 09253 7.71 8.15 0.9205 546 248 1143
mwPLS 15% 4 362.191~5 260.857 0.9530 6.16 6.89 09457 454 298 951
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Table5 \Verification results of PLS model for 120 validation

set samples
) PRI A ketE)
WAl gk RAM L
"ZEI% FEA %
WEBIIE 120 2.82 17 100.00
SMEREEAIE 120 459 75 97.33
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£ 40+
204 0%Sheg —— R =09719
—— Rpe=0.9887
0 - T T L] ] L] L] L L}
0 20 40 60 80
SEM{E/N
B4 REESHIESEZEXER
Fig. 4 Linear relationship between correction set and
verification set
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