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Abstract: To address decision-making bottlenecks caused by scarce standard reference materials
and limited sample sizes during near-infrared spectroscopy (NIRS) equipment trials in the pharmaceu-
tical industry, this study proposes a dual evaluation strategy combining “absorbance dynamic repeat-
ability” and “small-sample modeling potential” . This strategy is based on the “4S principles” for
material screening and a multicriteria decision analysis(MCDA) model. Three NIRS instruments with
different spectroscopic principles—Fourier transform (A) and grating-based (E and 1 )—were select-
ed to evaluate absorbance precision using three nonstandard materials (mannitol, stearic acid, and

polyethylene) as carriers. Simultaneously, targeting the moisture quantification of Guizhi Fuling
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Capsules soft material, small-sample partial least-squares models were constructed via leave-one-out
cross-validation to compare the application modeling potential of each instrument. The results re-
vealed significant performance disparities: Instrument A exhibited optimal absorbance precision and
modeling accuracy (RMSECV=0. 1923, R’,=0.9469), with its integrated MCDA score (92.93)
leading significantly, thereby reflecting the hardware advantages of a high signal-to-noise ratio. In-
strument E exhibited significantly inferior absorbance repeatability compared with the other devices,
with its inherent hardware instability constraining its modeling potential. Instrument I revealed signifi-
cant defects in its temperature control system during tests on a thermosensitive sample (stearic acid) ,
thus resulting in measurement failure. This strategy requires no expensive standard reference materi-
als and accurately identifies hardware risks using small sample sizes, thus providing an economical,
efficient, and metrologically credible decision-making reference for equipment selection and risk as-
sessment in pharmaceutical enterprises.

Key words: near-infrared spectroscopy; instrument evaluation and selection; absorbance repeat-

ability; partial least squares; leave-one-out cross-validation
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Table 1 ~ Specifications of three near-infrared instruments used in current study

Instrument parameter Instrument A Instrument E Instrument I
SRR, =317 8 L A 4 Y JeHIH A bl EE it
R 4000~10 000 cm™' 1 000~1 800 nm 900~1 700 nm
it P 8 cem™! 10 nm 12 nm
A5 D0 g A A HRER AR 25 HRER BRI 25 HAER AR 25
JGIESEAY eSS LTS AT
SRRER FEAR e ek FEMAR
B VPN TR U AT B Rt T RRCE R

sample cup of Instrument A: diameter approx. 60 mm, material: quartz. sample cup of Instrument I: effective width 45 mm, length ap-
prox. 120 mm, material: quartz((&# AFERARIIRST . HARZA R 60 mm, MFR: A @A IR ST: AR 45 mm, KEY
120 mm, #J5T: A%%)
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210913), HERHR % I B b A8 CIL 90 R 2 ey A PR 2 /), 415 . 240801~240807, 240809~
240810, 241001~241015, 241101~241108, 241201, 241203~241215, 250101~250106, 250201~250207 .
250301~250310, 250402~250411., 250413),

1.2 KEWHZE
1.2.1 KHSEENERZE

R B ik CHET 330 M RPN RE A K 43 ol SR TR 3 A 7 5500, TR RS R 105 °Co SRR
B2, 0 g, ¥APPREITCFRREENREMS . IR NFREHE T 105 CRSON TR
HFEES he FEIE, SIFFREME, BEETEREHEHZ0 min GRERE. FRT LARRE T T
Lh, %, HE, HEELWRKELE RO ZRABE S mg, RIEE DN ESITEAESPHE
KEN,

1.2.2 XERABAESHERE

BT A SE 56 Y 7R E i IR ST 2 v se i (LS . 20~25 °C, AHMHIREE . 35%~45%, TooupGHest), A
RS2 IR R E, 3 G IMEE SO B RS EIE T4 30 min, HAARREESHE E G
Vg AR B 7 5%

WA R ERE AT R, DS R, B/ — R 5o6E . ek
434 000~10 000 em™", 43#EER 8 em™', FAGIKEL 641K . W45 RFARIEretn i B 0t . SRS,
2 8 ¢ BT & RUEHFAE SR R AR

W E: SR BB & GIETEE 1 000~1 800 nm, YGiEFIREL30K, EEEEE K
EA . BAEETEZ 20 ¢, Bk BMGAE SR EL T RAE

WAL R RE SRS B TR, SGIETEE 900~1 700 nm, SRERIIRE N “—BLRE”, BlEH
H— IR S G B8 2 A RE S, BRI 20 o B TIERESART, GBI E o0k, FFEEL
WA 3,

WENERE: . HEERE . RO MELRESOHOGIE, HLLEMRRE ER M, BURE B 40y
SRAE 35K, BUHCPRERE T a8k 4 AT A R S PERE TR

AWRTEARRT 3 G BAT 1) RESHL HIIREO BEATHURALSE —, TR ) R B 25 Ty AR A
IS HE . 2 S AR TR 5. B Pl e R S P A e e 240 FIERs vk RE . 1t
Ah, BB IO B g i B R ) 22 g T RSB E N E R, R T R ERERE MR
WLIZ% R G SRR B H PR RE R RR .

1.2.3 FHFREXRIRFESRHiE

TENGRE S R B R rh, SZERBENE R B S BIRS S R 2 A N g, e Bdis 5= A+
P TERE M 2 SAEAS . AP R M , AN R H SRR I s /N 3R 1% (MCPLS) #4715 4
BRI o %7 10 00 JEH R I SRR IS A IR IEAA B R B REAL TR I RN ARTE T R
WA TR AR 2500 AT o RHE R 220 A B B S b 25, WA ALK 43 I [ R0 SR R AR 2 DA



559 1 5k R SETARPRIEY) BB INMEAS BT LA B A e R TR 1977

R FETGRIE 22 15 25 Jo 4k R i 4R IR EG0 T HRFIE S 1), A FE4r 2 E TN IR 25 ¥ S5 bk 25 2 W) (0 b 7
FELER) RGN, ARSI NI R SV ik . 7 Z4ERRIE S ), BB R LA
HOU A L LB o3 A S 53 O ) S P B R R S . kA R E A SR B, AR
FABR R (99% . 97.5%. 95%) %42 T EAG /Ko ¥ T B G R S AE A4 2 0] ok V8 4 4 S
AR B3 AR R S 2 S R G PR BE S 1 JEON) o 3 3 o b SR G R AR 5 50 Ik S L AR PN S A S IE
Yy MR 22 AR R U E SR T 2, TR SIBR A E A BB A RS I F B, A EAE AL
FpE

1.2.4 FiEFAIE SIS EFIE

FERARZS B AR 1 Py B P CNBORE R/ L oA TR HERRE SR ) & S B0 RE ) L 2 F5 Al
BN, XIS =B, s W R (PR R TS B o A 1 I BR k854 Bh T4 3
2B IRE GG AS S, DT i 5 1900 B o AH S AL A5 827, SO et F LU D i 6 JEOIG i 1384 7 70
AR, A4k BEBh I . Savitzky—Golay “Fili% . Savitzky—Golay S8 . HHEAPIIEE ., £
TCRUHZ IE R (MSC) | AR IE AL (SNV) | FELACIEE .

e A R EIUARRTEHABE, A ERER: K6 ik ig it — e s A fa fu i
SHERITE . AR A SIS R AR, ARSI AR Y e R A T R ki A
R LLUE 5 PR AS Sk £ 7 iR AT AR Bk T2 4 B Y E IBCRAE (CARS) | #E4L  H ik
(SPA) . RInj X [alffidie /N —F(BiPLS) . 1EIn] X [u) fhasie /N 3R (FiPLS) . #EVA NI fhidseh — 3 (xPLS) ™,

JIT A PAL R AR AR 507 08 7 e D 355808 “s/NRMSECV S5k R, TR, B1EHR 3 6 AH
LT AN RS H SR A
1.2.5 [EBEIEMIERR
1.2.5.1 BAEREEITFNEL NBERAERAEELSISTT T AE S M B % A, X
M. HERE. BB HESRE SOKEIE G, MH—FEESE MRS L, RIEAXD) IR TR 6
skIERE . BT 109KEHE . A 25 sk L RIS EEA FEE K N RbRHEZE(STD) .

ﬂm:/z”u“_m) (1)

n -1
STDM8=5;§55TDA (2)
A=1

Horpr, STD, ATERE 4 B L B BROGEEbRIEZE s n WM EAREZ R SRS A, iZdK
RS SR I B G BE(EL s A, CAEE K R n SR B OGP E . FEERIEAN(2), THE2RBEm
WA S FIIPRUEZZ (STD, ), AE I BRI B 38 B K P IR DR bR
1.2.5.2 MEARRBFNES AU EIE RS0, s R A FEAME B E W
TR, SR — A8 UL AL K 3 E AR, JERE I LA T HEbRi BV RE -

A X BUERI TR R 22 (RMSECY )« S MRASERIR AR KA PR o) E W e . HAB BN HL S5 AR 8R4 7
MR (RMSEC) BT, RN IZALRE Jrbian, I ulE XUEBRAC.

= :
RM%EV=/n2_ix—ﬁﬁ) (3)
A, n ABESREAREL, y 5 AR SENE (K &5y, B M EAEA S IAFEAHY
A8 B IER R p ) TN
X BMEE R (R ) - W AR B O WL (B A S ) AR R BE . BRI 1, RWIBERINS T
Koy BRI BB, ARG B
PO k2 42) "
EL 1(3’:‘ - 3_’)
A, TR R ME B GRIE TR, 53 BE g SR B 22 1T A
AFRREE R (W) T PR EDE I I Ve ) MOR BAR R AR . 16 2 ) DR B R REAE SR TUAR A




1978 TR AR (http://www.fxesxb.com) 545 %

DS 2 355 i = I <0 i 570 R R 5 4 e o 11 = i o R/ v (1l
/F%X 100% (5)

Aob, wABRREER, TR (R ASHEE RN, o oG2S SR B

PL B3RP AU T e FE TAL PR T i AR AE AR &, IR IENT 3 B B A 7R 52 bm B 557 T PR
ZE S B 2R
1.2.5.3  ZENZE&F N AEbdafreae 5 M NS G 25, At —80 20T
VS, LR AN (S ) TSR B (S0,) 5/ MREARRE 153 (S, IV PSR

Siow = Wi Sy + Wor Sy (6)

K, W, 5 W, 505 A RS 25 B 5 /M AR BT A R A (BB TR 0~ 1), AR50 53 70 HUAE g
0.450.6, FEETLTHR: WOREREELRGEIEITHN a7, SREEiiyuEIh
WSS RENE, HIGLLatTial SEMR T ORRE s @G IR R0 HRT, BRI 7R a X
B AR 7K AL RE ) S HRE ) 5 kG

Horpr Sqy, A KFMAERRHE) AR O B 3 A8 F A I U R ) 2 B 15 43 MK

1 &
Semp = ?ESmm,k (7)

iz
Smal,k = % z f(STDn—avg.k) (8)

n e (6,10,25.50)
Sy ZEE GG T PR B S5 AH G
Syoan = wyf (RMSECV) + w,+f (R%,) (9)
KB CRTNRS BV A E AR, AR w, 5w, 350 0.750. 3,
KBRS AR, SINE A () BREL, IZRECR A MRS R T i
BT EUNEEET febreR A(10), AHENER A1),

fx) =m0 % 100 (10)
Xmax — Xmin
f(x,,)=x’“‘"%xloo (11)

Horbw Y HT B RAE, v, Fa,, 2003 é&%ﬂlﬂiﬁ%ﬁﬁ’ﬂf‘zﬂﬁ%%dxﬁo RPN SRS b i
AR AR (SOP) [N 1 B

Hardware
stability
assessment
(absorbance
repeatability)
Conditioning 1D (r=6,10.29.50) Multi—criteria Selection
& sample RMSECV, R’ performance decision-
preparation Application- integration making
oriented
predictive
modeling
(LOOCY)
Outlier Characteristic
identification Preprocessing wavelength
and removal selection

1 RGN BRI R (S0P
Fig. 1 Standard operating procedure(SOP) diagram of the proposed evaluation strategy
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Table 2 Comparison of PLS models before and after singular sample elimination using MCPLS method

Instrument Selected sample RMSEC RMSECV R, R LV
A Raw 0.226 8 0.278 3 0.9398 0.9116 7
241209 0.2230 0.276 1 0.9267 0.890 5 7

E Raw 0.358 6 0.4365 0.849 4 0.7826 9
241014 0.355 1 0.4336 0.853 1 0.786 6 9

240807 0.340 0 0.404 8 0.8655 0.8142 9

241014, 240807 0.3380 0.4045 0.867 8 0.8155 9

1 Raw 0.4265 0.4977 0.787 1 0.717 4 5
241209 0.4022 0. 4672 0.7614 0. 686 2 5

241101 0.4279 0.501 8 0.7877 0.7146 5

241014 0.4009 0.470 1 0.8053 0.749 1 5

241204 0.4169 0.4917 0.7797 0.7014 5

241209, 241014, 241204 0.376 7 0.436 6 0. 766 9 0.695 1 5

2.2 =B EEL
2.2.1 FRiEmAE

BEXHERAT ARy S 2 WG BT 5, AR ST EL T JEAA G0 S 40 9 Fh UL FR B A FR S ) PLSR A%
TIVERE, Z5RULER3. SRR I, AR B A TR R R R AR . AR
HIH—biE G, BRIPEREIR T o B3, H RMSECV [£20.236 5, H R, IR I R 7
o XFIH—ALEARIERR T FT-NIR EF 0 BRI RTINSl , TR bR AR i 5 e i) e i 25
SRR B . W T RS E, BAERCE RSP T, X P A B T A R
TEBRAEA T AR IAE R B i AR L 75, SR EDGIEE S I PR . TR, RSk R IR
e, BT R TR A SIRE RTINSk B8 RO 1E 97 52 B AR AR JURL ) B 5 5 5 B 95 53 5 30
B ARLRIEFLLRERL Y, I Rk 1 38 SURIE S O B e PE RN TS
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3 AEE A EDG S AR K5 & R PLS BRIERERS L
Table 3 Comparison of PLS model performance for moisture-content prediction using different spectral preprocessing methods

across various instruments

Instrument Preprocessing method RMSEC RMSECV ch RZCV LV
A None 0.2230 0.276 1 0.9267 0.890 5 7
Moving average smoothing 0.2233 0.276 0 0.926 4 0.890 5 7

Savitzky=Golay smoothing 0.2235 0.2758 0.9263 0.890 6 7

Savitzky—Golay derivative 0.1931 0.260 0 0.9450 0.902 8 5

Normalization 0.1888 0.2365 0.947 4 0.9196 8

Baseline 0.2311 0.2750 0.9212 0.8913 5

SNV 0.1983 0.2420 0.9420 0.9158 6

De-trend 0.2562 0.2877 0.903 2 0.8810 3

MSC 0.259 8 0.292 4 0.900 5 0.8771 4

E None 0.3380 0.404 5 0.867 8 0.8155 9
Moving average smoothing 0.3391 0.4037 0.866 8 0.8162 9

Savitzky—Golay smoothing 0.3386 0.4045 0.867 3 0.8155 9

Savitzky—Golay derivative 0.2717 0.4112 0.9146 0. 809 4 4

Normalization 0.3372 0.4399 0.868 3 0.7818 10

Baseline 0.3475 0.4124 0. 860 2 0. 808 2 8

SNV 0.3893 0.4599 0.8246 0.7615 7

De-trend 0.3635 0.4206 0.847 1 0. 8005 6

MSC 0.3380 0.404 5 0.867 8 0.8155 9

I None 0.376 7 0.436 6 0.766 9 0.695 1 5
Moving average smoothing 0.378 3 0.438 1 0.764 9 0.6930 5

Savitzky—Golay smoothing 0.376 9 0.4367 0.766 7 0.6950 5

Savitzky—Golay derivative 0.3979 0.4473 0.7399 0.6799 2

Normalization 0.3930 0.4474 0.746 3 0.679 7 4

Baseline 0.3901 0.4400 0.750 1 0. 690 2 5

SNV 0.390 6 0.428 3 0.749 4 0.706 6 3

De-trend 0.3509 0.408 5 0.797 8 0.7330 5

MSC 0.396 5 0.4320 0.7418 0.7015 3

2.2.2 KHHFETERFiE

FENERE AL ERAIEAE b, R0 b T 3 ZRRRIE AR S e SRy AT PR R (R s, S5 DL 4, 452
FEWH, FRAEAS S0 R PR TSR T, SIBR T KRB SRS RNINUAGEE .. M T EaPeRN ks
A, CARSTIEFRI MM AL B IR R SEIEREIE TR, AR s A S SN 2 ik Be i i 22 30
A, HRMSECVEZ] T HARM, X R IZE LIRS J2 00 iy 4504 i HAT S A0SR IE SR BLEE 11 A1
W2, Befs TAER H FiPLS Hik JE A58 RMSECV BEARS R S sk i, (Rt Hopg AR |42
F2 7, XT HA 8O MEAN INHHEE, AR BEOE SRR BUPUR T S SR RRE, iRk
Sy G R . XA S EAERETIN R FIRESA, RS R EW R, WA R A ) R BIRE A
HIEFE I [ 3 B R T 4% SR I 8 R AE DR AR IS G e L o3 A o K AEIE LT AMX A i 32
O—H #—ZR A543 (1 440~1 550 nm) 5445 (1 800~2 100 nm) F5 . &5 A WL, L E 2 T X ikt
SRR s A EN R, SZIKTEEFREI (1 000~1 800 nm 5 900~1 700 nm) EIER G E 51, HS
T 126 77 5 IR — BOBE 1 440~1 550 nm B N AUHFET , XIEIE 7RO STEHERR SR
B AR 7K 3 W A 55 v B P

Fd ARG ARG AR S5 7 A Tk & 20 PLS B RERT E

Table 4 Comparison of PLS model performance for moisture-content prediction using different variable selection methods across

various instruments

Instrument Wavelength selec- RMSEC RMSECY R R LV Number of select- Variable reten-
tion method ¢ v ed variables tion rate/%
A None 0.1888 0.2365 0.947 4 0.9196 8 1556
FiPLS 0.203 6 0.2551 0.938 8 0.906 5 8 604 38.82
BiPLS 0.1865 0.2303 0.9487 0.9238 10 228 14. 65
rPLS 0.1793 0.2072 0.9526 0.9383 7 12 0.77
CARS 0.1659 0.1923 0.959 4 0.946 9 6 30 0.39
SPA 0.1921 0.2449 0.9456 0.9138 8 76 4.88
E None 0.3391 0.403 7 0. 866 8 0.8162 9 800
FiPLS 0.349 8 0. 406 8 0.858 4 0.813 4 8 126 15.75
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(8:34)
Inst . Wavelength selec- RMSEC RMSECY R R LV Number of select- Variable reten-
nstrumen
SHume tion method ¢ v ed variables tion rate/%
BiPLS 0.3322 0.3917 0.8722 0.8270 9 382 47.75
rPLS 0.3494 0.3999 0.8587 0.8196 7 9 1.13
CARS 0.3328 0.3843 0.871 8 0.8335 8 16 2.00
SPA 0.3404 0.4059 0.8659 0.8142 9 71 8. 86
I None 0.3509 0.408 5 0.797 8 0.7330 5 801
FiPLS 0.3262 0.374 4 0.8253 0.775 8 7 140 17.48
BiPLS 0.360 6 0.4113 0.786 4 0.7293 4 577 72.03
rPLS 0.35528 0.3938 0.7927 0.7520 4 69 8.61
CARS 0.3514 0.3922 0.797 2 0.7598 4 89 11.11
SPA 0.3625 0.4111 0.784 1 0.729 6 4 64 7.99
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Fig. 3 Distribution of characteristic variables selected using different variable selection methods on raw spectra of different instruments

A. Instrument A; B. Instrument E; C. Instrument I
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Fig. 4 Repeatability test results of polyethylene absorbance
A, C, E: raw absorbance spectra; B, D, F: full-spectrum standard deviation(STD) curves; A, B correspond to Instrument A; C, D to In-
strument E; and E, Fto Instrument I(A, C. E: JEIEWOGEGEE; B, D, F: 2IREASTDHIZ; X#5A: A, B, IX&FE: C. D, X%
I: E. F)
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Fig. 5 Repeatability test results of stearic acid absorbance

A-=F are the same as those in Fig. 4
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Fig. 6 Repeatability test results of mannitol absorbance

A-F are the same as those in Fig. 4
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Yreket, HSTD # ZeaG& RRERAR AT (< 1x107) HFER KA P, X R HE A i T
Begigmnp el i e t:, Rensietiik s i G, 2 et FatEoh . WM, 5
X3 GG SEI EA—SEITEN (A h 64, ER30, 15490), HIiE FREYLE S SHEE B 0 i3
TP 0 AR, SR 5B B, BEAT AWK EEbRIE 2200 25 Bl i 5 1 IR B S0 R 3
fio BIANTER ZIREIMIRH, B8 A STD,,, (6. 75x107) LR IR &4 D B 5 B 1 STD, (2. 14X
L0 R AN ER SR . X R A AWROGEERE % B ) O AR IR T AR S A ) o7 i i D) 2 (e L oA
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10 B IO, T3 B YOS '
2.3.1.2 HOE T RE TSR T EFSREE
PRI, B R B ™ A P il 7 7T 0,
S UCEMI E 4539 3K, B TR BRI A R F s
ELBORE AR, S B A 1 R RS TR I DU AL LS
KB B H  T TEAA W I 1) 2 A A 4 B
RPN (HLFE 5C), i STD {28 5B 2 1T, %%k
BUEW T fERK REG BT, WA NGRS
EUSE T IR A B TS B
2.3.1.3 WEHSHESLETENREYY EHEN | N
SR CHERD , B E 5 1 a0 STD
B MBS, KRB TR R T e 7 NI BRI 5,
[, SERALIGI IR AR (AR, W o Mo phenomenon of stearic acidob-
R ) STD EIF W% 5 AFE LB 4B, F), {0
255 HOE A B Y5 ] (900~1 700 nm) /XA vl 1, ZZHAE 1 680~1 750 nm X8, (C—H F 45 IR 1) —
ALK ) BV O 125 D e A (O R RN SR T X 63 TV A TE I I 1 LS00,
A L T AR A RTIN , WAJUAE AR I B 5 B A R R AT L B B, AT
PR (5 BT R R S B A P S R

#5 CPFHUOCERRMEES TSR

Table 5  Statistical results of mean absorbance standard deviation

served in sample cell of Instrument [

Material Instrument Spectra 1-6 Spectra 1-10 Spectra 1-25 All spectra
Mannitol A 9.67x10™ 9.51x10™ 1.00x107° 9. 46x10™
E 1.01x107° 1.07x107° 1.28x107° 1.65x107°

I 9. 14x10™ 8.38x10™ 6.10x10™ 4.60x10™*

Polyethylene A 7.33%x107 6. 84x107 7.20x107 6.75%107
E 1.17x107? 1.32x107? 1.38x107° 2.14x107

1 8.05x10™ 8. 46x10™ 8.75x10™ 8.51x10™

Stearic A 5.84x107 4.94x10™* 4.66x10™ 4.96x10™*

E 5.36x107° 4.68x107° 6.44x107° 6.48x107°

I 1.95x107? 4.98x107? 3.72x107 7.46x107

2.3.2 HREEZTKEDRMAMKSEELERILE

RS I SR ARy /K 43 8 BB P TR A SRR A 6 7 . TS SRR, s A ZFLH
RS ITERE, HRMSECV S0.1923, BEFRTRFESL, HREHE 10.9469, FRIHHICIESS
R5KGSHE B BRSO N:. FEBRIE BT H , A A A /D %/ B (LVs=
6) B TEUL N RIGRE] 1 e g R, RBL T HRA B0 aaid i . — okt BB, ik Botl 2 g
FHAAR, EIEFT-NIR {270 R A pe e o i 25 01 . BAMEHE A E 5 11 RMSECYV B i
F A, (Hilid CARSIiiE )G, AR RIER 10% 24 (WE4), XIEW T et &
FRAE 8 /K SRR AR S ) 1) RGO S LA S Aok o HCPERERN S, WTREVAIE T X 2RI A 2L &0
PER BT TREIR IR, EASREEERHE D TRGAMKSE, HAERETRE
W, e R A BN T RS A R A I T AT SO BUSON S5 R, TS Cris-
tina 5O HIIRSY, AR TEGR o AESE O A ORFE N B R, 45 HAARBVNG L AR AR
DR, Ao T 24 2 1) ) B ARG, B et e W v Je B S 3 A P I bl Pl 9
2.3.3 WAEDHEEEUSBERHNEN TN

I “1.2.5.37 M@ MCDA, 3 GEANSTIERES 5 KL LEEIEA LU 3 &R & HERERHIE
% (FILE) 5 MCDA ZEA5 1R FRRED Ik 7. B8 FrR.
2.3.3.1 BAEHAEE MG (Sy) o K& AERZKE SISk, %
B IEHER SR MNP AR &5 5, 2B T A0 SO R b, TR0y 2 AU FE
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HAFNGIR B 53 77 AR BRI AR, , I HAZ TR 038 5 T30 Ao B B ) TR RRE RN 7 K
PG, AR 3 TR I T 45
F6  HRURE B RGO AR 7K 53 8 B0 N RS XIS

Table 6 Internal cross-validation results for moisture quantification in soft material powder of Guizhi Fuling capsules

Instrument Model RMSEC RMSECV R, R LV
A None-PLS 0.2230 0.276 1 0.9267 0.8905 7
Normalization+CARS+PLS 0.1659 0.1923 0.959 4 0.9469 6

E None-PLS 0.3380 0.404 8 0. 8678 0.8155 9
Moving Average Smoothing+ CARS+PLS 0.3328 0.3843 0.8718 0.8335 8

| None-PLS 0.3767 0.4366 0.768 8 0.695 1 5
De-trend4-CARS+-PLS 0.3514 0.3922 0.7972 0.759 8 4

2.3.3.2 INHREEBAFEL (S0 ENHZH, i AR g ESeE e,
FILR A SRS . BT IEOMAE R R THI I —fkik, REE. T#ES A &R o,
ZIR TR M2, YT AR o X R B IS 2 WS 28 B o 34 & B e Ak o 7 ) )2 1 (1 731
T

2.3.3.3 FA®ARK(S,,) LZEWBENSERME40%) 5 /NEAR BT 17(60%) W24EFE AT
B, 3R SIRLIRTIES . T A92.93) > &£ 1(28.91) > K E(14. 83), Z55REH, TEAMF
TEE AT AR AR B B A ARy K A WIS 5 T, (L AR A R A (28 A) A PR RE SR e e RS 5
& MR & L BARTER & Wkt a8, (B HHER E PRSI RR 1) 1 HC AR i 48 e A s AT 55 v
AT SEE

#7 3BT 0 R AL ARy

Table 7 Performance scores and final composite scores of three instruments

S (W,=0. 4) Sy W,=0.6) S
Instrument tal
S pannitol Spolyethylene S earic SCRMSECV) (wR=O. 7 fR) <wD=O' 3) ol
A 47.00 100 100 100 100 92.93
E 0 0 45.58 3.95 39.39 14. 83
I 100 99. 01 17. 84 0 0 28.91
100 Polyethylene Radar(Scale 0~100) MCDA r(j,sults
\ I ‘ ‘SSTn
30 " nstrument A .
\ Instrument E - St
Stearic 60 Instroment;I Sl
40 100.00
100 92.93
2 82.33
80 728
Mannitol
@« 607
£
g
* 40
28.91
RMSECV 20 15.1914.5814.83
: | :
R, Instrument A Instrument E Instrument |

8 3 HREMEREFFEER (LK) 5 MCDA Z55PF43 (CHRIRIED) X b
Fig. 8 Comparison of performance profiles(radar chart) and multicriteria decision analysis(MCDA ) composite scores(bar chart)

for three instruments
2.4 #FEEITFMERBEORZMS SN EERTT
2.4.1 AREFNREHOFZSE
LT AN EA S RO B B A P PR R SR BB bR —, 5 R SR R HE R P 25 DA
K ARWFFEN A B PR R A B S A R R T, M RGEE L, @ A4S R (1) #
EFE 1 (Stability) . TEZEIG FHERUREE , BIORINATEHRE 3 (2) MGG (Spectrum) ¢ B
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MBUESCHER . BTERFE , SRM2035b, ZRARMMENE | 1F B S5 R ) o0 1 U UL AR it 2,
Pt o B 25 R 5 A B (6 8) 0 AT vl A, e B i AU B A AR AN AR 55 . i Jo
WK Gyl #/ S R 2 A R S5 SEAR M . AR TS B Rl , AR T BRI A” HiE i s
P, HHOG RGN B2 AE B8 325 25 52z 55 o

F 8 UTLAME AW EE E AL IR BT FIARIE B2 22 o i) R W) 5 9 A5 5

Table 8 Procurement and traceability information for standard and reference materials used in near-infrared instrument absor-

bance repeatability testing

Testing material Price Material supplier
R IRWIE Y 900/ [ AR B IR R S
SRM2035 ¥ 25 005/ iz
IEBEbE Y 119/100 mLL [EEE ]

As of September 2025, NIST SRM 2035b was out of stock, and its price was not available ™ (# 25 2025 4F 9 H 25 [ [ 52 b5 1 4 S5 24 7
SRM2035h i/ DBLSE , IR AR AS )

TEE AR AT (FEAR SR8 n<100) , ZRAINGERIEEL D 5 S BRI EEAE . AR5
SRR EEE:, mARRERH T8 MEARNFHMEG B, S0 T AU 5 i i LA XU
T ETE R R A R, BEER = 1 RMSECV 25438k, I AEs = AHEL T. 250 1%
AL Bt T —E R i S E IR PR
2.4.2 5EGRBFENIERERBR

Bar TEERF AT B IR, DU AFE/MEAS i SR B PR R A 3, N4 e 15
5T PN GERE , ENIE T ABRRE SR Y 4S JEIN 5 MCDA BRI W S . AR TR ST, D
TMEAE P A e BRI ) B BT PE IR O FrvR o (RIS AS SRS 5 IN Y 22 W 25 5 VRN B B AT e
R RIEE . AF(6) I IACE W, 5 W, IrER E S50, Pl M6 S8 bn B2 1 3 e st i . i,
A e TR SE 0 5 ) SR B AT, v AR WL, X — RGO IR R R REE AN
H RSB

F9 ARG SIESIERITREE AT

Table 9  Comparison between proposed strategy and conventional selection strategy

. . . . Conventional large-sample modeling The proposed supplementary evaluation
Dimension Conventional reference material method
method strategy
PN TR BN EN S EO AN 2 SINARIE et A U PR
R A =1 [ {(iS
RS P31 LU AR KUK P17 AL “OBIORET” BRI
i BB AREETHEROHE . A R A7 R R 4 I Ptk
LY
3 & it

ZN DR P U EST IS URAN ] 3% 4c: oi-Eit s U v V1IN Y] VTV NN £ 7S = L R 7
SeIHIIE T —& “WOCESN S EE M+ MEARRETE 7 BBEANTTIE O RS . i AT 48
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