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Based on generalized path seeker algorithm to establish near infrared universal
guantitative model of moisture content in intermediates of Guizhi Fuling
Capsules and Tianshu Capsules
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Abstract: Objective Taking Guizhi Fuling Capsules (GFC, HEAfRZ i %) and Tianshu Capsules (TC, K&F/IK%E) as research
objects, a rapid method for detecting the moisture content of two preparation intermediates was established by combining
near-infrared spectroscopy (NIRS) technology with machine learning algorithms. Methods The NIRS of GFC total mixed particles
and TC total mixed particles were collected. The effects of different preprocessing methods, variable screening methods and
algorithms on the model were investigated. The optimal modeling conditions were selected to establish a universal NIRS quantitative
model for moisture content of two intermediates. Results The generalized path seeker (GPS) algorithm was superior to the partial
least squares (PLS) algorithm in establishing quantitative models for the same intermediate. Compared with the PLS universal model,
the GPS universal model had higher predictive performance, with the relative standard errors of prediction (RSEP) decreasing from
3.17% to 3.03%, and the ratio of performance to deviation (RPD) increasing from 4.83 to 5.05. The GPS universal model could be
used to predict the moisture content of intermediates, and there was little difference in prediction accuracy between GPS and that of
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the independent models. Conclusion The universal quantitative model established by GPS algorithm combined with NIRS
technology could quickly and accurately determine the moisture content of two preparation intermediates.
Key words: Guizhi Fuling Capsules; Tianshu Capsules; intermediate; generalized path seeker; partial least square; near infrared

spectrum; machine learning algorithms; moisture; universal model; relative standard errors of prediction; ratio of performance to

deviation

K G5 A 2 )59 TR A4 5T B P ) B AR AR
rh BRI 7K 70 & S RO 22 Bl O ot = @ 1%k, 49
BN WAL R ey R 5%, B 2% 2 SR 25 )
FaE PEST. 8 K 73 R D7 iEAFAE R U I TR S L
MTRCRAR . FE R BREIR S HR A, A —FE AN BRI
Rl TR B EN i ER e

LT A6 (near infrared spectroscopy, NIRS)
FEH C-H. N-H. O-H Al S-H S5 B4R B )
fESRAE AR . ¥ NIRS H5ib2Eit8ikds, f
5 PR AL 7 B 70 2 B R B S e s, H AT E
SEHL TR TR e R AR FR 7K 23 E R AR VRl 4375 B
SRR B M Al . (E2, ZET TR
P 1 B AREEAT AT, B2 R RESEILPREA I 1
Foft o (AR (R AR DS FE AR - NIRS 388 F AR 2 F 0 14
HHIRAR . 1A NIRS B8, AT LLAHT 2 Fiak 2
FhUL ERIREA, @R, FRf@iksE s, AHELR—
FEAS NIRS B, REf8 1529 2 oA . NIRS i8 F A
RUFE B S AL sl R 2 00, A v 25 45008
REFHEUD A U B X AN R 26 g ST
TR & B O R bR A,
B AN R REAS s v ad PSR B — @ Il AT 2R
ML NIRS @A SR BON R —, ZHTAR
Y36 T8 B AR D e /) —3f¢ (partial least square, PLS)
SRR, KA AR IB B (generalized path
seeker, GPS) Hik4E A NIRS H A B FH oK WARIE .

GPS Hk R —Fhm B 2 AL IE LIRS, 2
Jerome H. Friedman T 2008 £ & BAfY, FEEH T4k
P SRE e, A T AR R B
AR, AR T 22 B Ad SR A [l A A
AW TT AFER R Z G ¥ (Guizhi Fuling Capsules,
GFC) FIR&FR#E (Tianshu Capsule, TC) NHFF
X5, il GPS 45 NIRS HiR 4546, dr—
AN PRSI 2 e (A1 4A 7K 7 B ae P A A
1 UESHR
11 X8

Antaris 11 248 B -3 20 /M o i, Bid A A
Iy ERIE SN RFERSE . Result il RS, EEH
Thermo A #]; XY-105MW FUHR K 70 24X, H

M EIZ TR &ARAF; MEL04E BT K,
MEREED-FER A (B FIRAF.
1.2 #d

63 HUAEA IR ZE IR IR IRL (GFCKL), fit5h
220801~220817.220901~220914.221001.221002.
221201~221211.230101~230108.230201~230211;
60 LR AT I FE S IRBIRL (TCKL), fit5 A 220801~
220811.220901~220908.221001~221006.221101~
221112, 230101~230110. 230201~230213, ¥Jh
TLI RS2 A R A R 4l
2 FEEH#R
2.1 NIRS &

W6 giiked, BTRATRERNE, 2%
JESE, SRR ERE A FOREE NIRS. HH#E
[~y 10 000~4000 cm™, 73##% K 8 cem™?, 2 %53
an, FRKE 64 K, LA EONT G R/ L
W FAFESEH 3K, FER T
22 KHpSEENE

RS2 FREL 2.0 g FMAE 5, 250 4l T 7K 0 5
CRER AL B, 7E 105 CRIN# 10 min, MRIEAC AR
BEIS . FEAFESIE 3R, “FHMER T
2.3 NIRS Fi& B 3%

NIRS Jii 232 B &R R 5Em, FlnEF5giE
FRRE S CHRIRAS AR B 25, & 3R13 1 NIRS
DAPIERE (G5, HRRIER IR . N T HBRTK
BE, e MR, @EEEBATNT NIRS
BT GG TALEE . W W) A A R —
ik, bR ARk (standard normal variate
transformation, SNV). £ JLEU 5 IE (multiplicative
scatter correction, MSC). S¥uk (—MkT. —
Bk ). BRI (Savitzky-Golay, S-G). 3
LR IEM L EHIETE. RER— kR =
S, R IE B OGHE BURE b B 55 3 B e i AR A
MSC 1 SNV A LV BRAS: i BORL 23 AT AN 3 7 R T
P FEOENT LIEBRIELER MG ST BT
VLR A R L B 7R 00,

2.4 GPS &M
GPS 5% LLIEZS 2 o Bl I % 2 37 i o & (1)
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SRR, BRI ) R R A ST A R 2
PEREAY, WA A TN A &, 2 fefEs—2h
WL AN RS AL RN LR, &
ST EA R B AREA, I A iRk s 2
PEREARY,  MIHRE RN 55 R 2 N5 1] S35 SR T IR AL
B, H BN — R A U B A R E T
N ER] -7 ARG 5 IR IR () R FE R, I Re AR i b
AR P FE AR D TN o AHXHRSEIE)H, GPS A
RIVERESTELF . HARE, AW RN KB = 4 s
efPkik, HEHA —EEY, ZEEARESIK
PRARZEMER R . PN PR 5~ 2 (B A2 BLAE 46

ANFETFALGE R R, GPS Sy i A a1 )
BRI HIUBAE A T R R SETtAN [F] (1) A 5 1% 46 SR I
SR 2 T RSO A EH SRR () S S Ok E . B
FILAREE N O F 2 CAHE O F 2) Z IAJ(RAT AT SR,
FEAERF o045 3] ) A0 At o 5 A A [ i 5 1)
BRGNS . ik EE ISR S PrME R 2 D,
{EATT A2 B ARk B (AL 1D se BT
EE AR, BN X AIE T BRAT W] 21k 1%
M, DLRATES R rh o] NEIR S R A 2
Ko [FIN,  HHRREESRME = A 1) 42 1T RE Hh T B8 1%
R B DL R AR R R AR PR T ok B 2 ko A
FiH GPS B[ BE 4E 1 s B0 1 B D 0.0 1.0,
1.1, 2.0, BEIERSEIRENNEREE N 1, 2]
%N 0.001, PAYY7iRZ (mean square error, MSE)
NVET R bR B )ik L R B AR AL
25 HIEAIESENSE

¥ Unscrambler 11.0 (Camo Analytics AS,
Norway) #4347 3 5353 #r (principal component
analysis, PCA). NIRS Fiisb# & PLS A4S, K
F SPM 8.3 (Salford Systems, USA) #ff4 37 GPS
B AHIE T AREAC K 23 PR AR B, DAXS R NIRS
HNEAE, 2RI PLS Hik5 GPS Hikir
W EEGER ., DR IESEAM K R4 (correction set
correlation coefficient, Rea ) 36 iIF 5 A % & 3L
(verification set correlation coefficient, Rpe), #ZIE
Y77 % 2 (root mean square errors of calibration,
RMSEC). % X577 1% % (root mean square
errors of cross validation, RMSECV), I&iF#) /7R
1% % (root mean square errors of prediction ,
RMSEP). IGiESEMI w2 (relative standard errors
of prediction, RSEP) F1 14 fig fli Z [t (ratio of
performance to deviation, RPD) JyF&AriFAHE AL 1

fito Rean Rpre B, HBIAUHICHEMS, RMSEC Hl
RMSECV /N HE 2 i, A IE R 4 i bl sy
RMSEP /v, RPD BOKH, BEAS TN 1 Re 4 s s
1 RPD>3 i, FRonALTRINE B mltd. AR
B — 2 X EYE, CAER AR 7 Z VRN $8 br i 2
PLS A5 ) 32 5l 43 130, A 72 DASE XIGAE ) MSE
FVE TR bR B LR AT 1Y) GPS #5 AL,
26 NIRS ZR M9

XA 111 /N FE A ) NIRS 3347 PCA,  Hif
2 N T LARERE 90% G S R, ERM R
BT 1o 2 P (Al o AR AR, 1 B W SR AR A
2 2%, $ROR 2 Fhehial ki NIRS AR &, HEM
X NIRS AHALBER i i) [ 44 g a7 1 38 FH e s
BB — WA AT 1.
2.7 PLS B REHE
271 MEARI OWSelER) 111 MR, B 57
fIt GFCKL #1154 it TCKL, RAIBENLIIREE, $%1E
4 LRI IEE SRS, RIaERIE 1. Bk
EHSEEBEAOS TRIESETY, RITZRSEN
A,
2.7.2 OJGIEHUCERTTVERERE  HR IR RIS NIRS
LK 2. ] 2-B AT%, 2 b (AR NIRS £A4H

40

PC2 (24%)
[ ]

—80 B GFCKL
A TCKL

-80 -40 0 40 80
PC1 (66%)

1 111 #HERNERSSSE
Fig.1 PCAscores of samples in 111 batches

x1 HRREESHEIESKISEEEE
Table 1 Moisture reference values of sample calibration
and validation set

" RIEE IAE4E

i FEASL 25(H% TIE% A 5% THHEY%
GFCKL 46 435~7.28 58 11 470~6.68 580
TCKL 43 337~7.14 525 11 391~658 5.18
SFER 89 3.37~7.28 558 22 391~714 541
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L, £ 5000 cm™t A1 7000 cm L Jf L ¥ BRI E 5
WU, 5 O-H M 4aIRaIH R4S, [ 2-C AN
IKAFEAT) NIRS AL, Bl Ko R n,
W't B 7E 5000~7000 cmt 5L H KR 34

AW AL T LR AL 77 SNV, MSC.
BELREIE. H—1th. B, —RSES

BB

—— TCKL

SG F

---- GFCKL

W% (S-G 1), SNV+S-G 15t, MSC+S-G 15t fillH
—AL+S-G 1, AN[E]FRALER J7 v AR R R 5
W 2. LA RPD 5 RSEP AWM hriE, 274 HAtf
AR AL T 759 . GFCKL #Airr, RHIH
— GG —MoR T SG A T AN 75 v R 4, RPD
4 3.83, RSEP A 3.14%; TCKL fifdrf, SRAHFHEZL

--- 4.60%
5.22%

- 5.76%
— 6.50%
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A-raw NIRS of 111 samples B-average spectra of two intermediates C-spectra of samples with different moisture contents
2 hEREIRYE NIRS
Fig. 2 Raw NIRS of intermediates
&2 RIS EXS PLS RENF/ L
Table 2 Effects of different pretreatment methods on PLS model
i BULHT  EROH Ferk AR

Real RMSEC/% RMSECV/%  Rpre RMSEP/% RSEP/% RPD

GFCKL #&%!  Joiikb# 3 0.954 0.254 0.280 0.963 0.205 351 3.42
SNV 3 0.966 0.219 0.250 0.961 0.188 3.23 3.73

MSC 3 0.966 0.219 0.251 0.962 0.188 3.23 3.73

FELERZIE 2 0.951 0.262 0.280 0.956 0.224 3.83 3.13

H—4k 2 0.954 0.252 0.269 0.963 0.215 3.69 3.26

P e 4 0.966 0.220 0.257 0.960 0.194 3.33 3.61

S-G 1% 2 0.956 0.247 0.264 0.949 0.224 3.84 3.13

SNV +S-G 1% 4 0.984 0.148 0.207 0.959 0.191 3.27 3.67

MSC—+S-G 1% 4 0.985 0.148 0.208 0.959 0.191 3.27 3.67

H—4k+S-G 1% 2 0.963 0.229 0.249 0.975 0.183 3.14 3.83

TCKL B ToHikbs 5 0.967 0.212 0.246 0.971 0.174 3.33 4.29
SNV 3 0.960 0.232 0.264 0.954 0.214 4.10 3.49

MSC 3 0.960 0.232 0.264 0.954 0.214 4.10 3.49

FELERZIE 5 0.966 0.216 0.253 0.971 0.174 3.33 4.30

H—4 5 0.972 0.195 0.229 0.959 0.205 3.92 3.65

KiaH 3 0.964 0.221 0.252 0.965 0.193 3.69 3.87

S-G 1% 5 0.978 0.170 0.223 0.971 0.182 3.49 4.10

SNV +S-G 1% 4 0.976 0.180 0.229 0.962 0.199 3.81 3.76

MSC—+S-G 1% 4 0.976 0.180 0.229 0.962 0.199 3.80 3.77

JH—4b+S-G 1 4 0.974 0.189 0.235 0.961 0.201 3.85 3.72
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5iH Wm T RN Rk gl

R RMSEC/% RMSECV/% Rwe RMSEP/% RSEP/% RPD

A TETiAb 6 0.960 0.242 0.263 0.979 0.194 3.54 4.32

SNV 4 0.960 0.242 0.264 0.982 0.173 3.17 4.83

MSC 5 0.967 0.220 0.249 0.978 0.187 3.42 4.48

FELR R IE 7 0.968 0.216 0.255 0.975 0.196 3.58 4.28

17—k 6 0.966 0.223 0.252 0.979 0.185 3.38 453

s 5 0.966 0.221 0.247 0.980 0.187 3.41 4.48

S-G 1% 5 0.969 0.213 0.242 0.981 0.200 3.66 4.18

SNV+S-G 1¢t 5 0.974 0.195 0.228 0.983 0.183 3.34 458

MSC+S-G 1¢t 5 0.974 0.194 0.228 0.983 0.183 3.34 458

H—4b+S-G 1% 4 0.968 0.217 0.248 0.981 0.186 3.40 4.50

RIETRAL B 5 vt Re e f, RPD & 4.30, RSEP
4 3.33%; A, SRA SNV FHALBE 5 BOR 4
A&, RPD N 4.83, RSEP K 3.17%.
2.7.3 FHEAZREE TGRS &R DI BRI R
G, PEEERYERE. AW ALE LR IR IE A
TRAL BT LR bt — D TRERE A R, FEE
TR AR GRE Tk (AR /> — 3% Cinterval
PLS, iPLS), 4G [H k& f /N — 3% (synergy
interval PLS, siPLS) FIF 3 & 11 {7 — Ffevd:
(moving window PLS, mwPLS),

iPLSMOLR K4 il k) o Bt 47 X |, 2R 5
FERFAS T IX A AT B . ACHIE F /2 615Kl 40 B 20
ANXE, BL RMSECV AP 4EFs, ik HREAaiE

XA SiPLSILE N 4 i kil o il 4T IX Al &,
B F X WME R GHAT @ . AR A
XI5 20 AN IXTE], AHEECH 4, DL RMSECV
PR FERR, B R X 1] . mwPLSIEE A
FEREEE 1 AN K ST E S, WAL T A
W% e 1 58 B IXDR), S — R PLS B,
AT LA K 10% (155 MNEHD N,
LA RMSECV JMiFtidets, ik il X H .
AR IR VARG AL B )5 A, S50
#* 3. GFCKL &, KH mwPLS ik &5
BRI T iR %, IAEEARIX A 4 157.77~
5230.00 cmt, 7£ 5170 cm 4b i SRR IS UG /2 7K 23 T
YGRS AN RS AHEH, A8 IR XA

*3 TRITEFFEFTEX PLS REEF N
Table 3 Effects of different variable screening methods on PLS model

" o i RIESE ATl
TiH Jii: JeiEXal/em™  FR

R  RMSEC/% RMSECV/% Rpe RMSEP/% RSEP/% RPD
GFCKL 158! 4% 3 999.64~10001.03 2 0.963 0.229 0.249 0.975 0.183 314  3.83
iPLS 4 601.32~4 898.31 5 0.983 0.155 0.196 0.947 0.215 3.69 3.26
SiPLS 4 300.48~4 597.46 4 0.983 0.155 0.205 0.963 0.182 312  3.86

5203.00~5 800.83

9 113.93~9 407.06
mwPLS 4 157.77~5 230.00 4 0.982 0.158 0.199 0.975 0.150 2.57 468
TCKL #5784  3999.64~10 001.03 5 0.966 0.216 0.253 0.971 0.174 333 430
iPLS 4902.16~5199.15 2 0.924 0.308 0.328 0.935 0.255 488 293
SiPLS 6 707.21~7 004.19 7 0.976 0.174 0.277 0.985 0.126 240 595

7 308.89~7 605.87
8 211.41~8508.39
9410.92~9 704.04
mwPLS 4 007.35~4 979.30 6 0.968 0.201 0.258 0.968 0.188 359 398
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. N RIS ISF 4

i H J7i: N X Efem™  ERE
Rca RMSEC/% RMSECV/% Rpe RMSEP/% RSEP/% RPD
AR 4kiE 3999.64~10001.03 4 0.960 0.242 0.264 0.982 0.173 3.17 4.83
iPLS 4902.16~5199.15 3 0.954 0.259 0.279 0.970 0.232 4.23 3.61
siPLS 4 300.48~4 597.46 5 0.962 0.234 0.256 0.976 0.204 3.72 411

8211.41~9110.08

mwPLS 4 126.92~4 805.74 5 0.959 0.243 0.263 0.970 0.214 3.90 3.92

W TCKL BEAYFIE A, 24N [R5 VL0 18720 &
JG, RSEP 22K, RPD ¥JAB/IN, AT RER)
BAAR, B FEERARIX )24 3 999.64~10 001.03 cm™L,
2.8 GPS B LEiR

2.8.1 FEAK  PVERIZERIF “2.7.17 T,

2.8.2 JLIETALIE A NIESE BB RI AL 3
JRERR R RER, BT 7VAR “2.7.27 T, 55
W 4. GFCKL #7Ih, MSC 454 kS SG 7
TV TAL B v 43, RPD oA 6.69, RSEP A 1.80%);
TCKL #ERIr, S LA R E TAL BB 5 £, RPD
N 4.84, RSEP N 2.96%; @AY, KA SNV

b ek T SG P AT fe i, RPD A
5.05, RSEP & 3.03%.

2.8.3 FHEAREFE  FET LRI I R T
ik, Wi & . iR Y,
A E SR R AR, HEREE. DL
T XK UE T MSE Al s E R 2 coefficient of
determination, R?) APENFEAR UL AR, Tk
A FE UL 3. GFCKL A A, [ifi 5 A% & AN 0k
>, R2 RIS, MSE SIS, YA
N> 2 11 B, R?IAFH KM 0.983, MSE /)
79 0.012, YONIGE AL AL TCKL A, 4

x4 TEITRAIEFEIT GPS HERIFMN
Table 4 Effects of different pretreatment methods on GPS model

. RIE4E Uoani S
TiH TRALEE 5 1%

Real RMSEC/%  RMSECV/% Rpre RMSEP/%  RSEP/%  RPD

GFCKL #A!  Tofikb# 0.969 0.208 0.248 0.961 0.203 3.48 3.45
SNV 0.985 0.143 0.199 0.978 0.139 2.39 5.04

MSC 0.987 0.137 0.194 0.978 0.142 2.43 4.94

BLERIE 0.974 0.191 0.248 0.972 0.178 3.04 3.95

H—1k 0.986 0.143 0.197 0.974 0.155 2.66 452

PR 0.994 0.096 0.163 0.985 0.115 1.96 6.13

S-G 1t 0.990 0.119 0.184 0.987 0.119 2.04 5.89

SNV+S-G 1%t 0.995 0.084 0.152 0.985 0.116 1.99 6.03

MSC+S-G 1%t 0.990 0.119 0.158 0.988 0.105 1.80 6.69
JH—1L+S-G1%  0.995 0.083 0.118 0.987 0.110 1.88 6.40

TCKL %7 TCTRAL 2 0.974 0.183 0.249 0.971 0.172 3.30 4.34
SNV 0.981 0.155 0.212 0.976 0.161 3.08 4.65

MSC 0.981 0.158 0.211 0.976 0.162 3.10 4.62

BLERIE 0.975 0.180 0.233 0.977 0.155 2.96 4.84

=1k 0.964 0.214 0.272 0.958 0.225 4.30 3.33

Fita 0.979 0.164 0.215 0.976 0.163 3.11 4.60

S-G 1t 0.982 0.151 0.225 0.969 0.179 3.42 4.19

SNV+5-G 1% 0.976 0.175 0.221 0.968 0.184 353 4.06

MSC+S-G 1%t 0.981 0.156 0.223 0.976 0.171 3.27 4.38
H—tb+s-G1t  0.979 0.164 0.253 0.968 0.188 3.59 3.99
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Sk 4
. B IE& IGIE4E
i H AL 5%
Real RMSEC/% RMSECV/% Rpre RMSEP/% RSEP/% RPD
WA G 0.968 0.215 0.249 0.981 0.179 3.27 4.68
SNV 0.975 0.192 0.227 0.979 0.182 3.33 4,59
MSC 0.972 0.202 0.232 0.978 0.185 3.38 4,53
FELLFZIE 0.965 0.225 0.257 0.983 0.169 3.09 4.96
H—1k 0.972 0.203 0.246 0.979 0.183 3.35 457
s 0.976 0.188 0.230 0.980 0.180 3.28 4.66
S-G 1% 0.983 0.158 0.245 0.989 0.136 2.49 6.13
SNV+S-G 1% 0.980 0.169 0.215 0.982 0.166 3.03 5.05
MSCHS-G 1% 0.987 0.139 0.239 0.989 0.141 2.58 5.92
JT—4L+S-G 1% 0.982 0.164 0.237 0.991 0.129 2.36 6.49
1.00 GFCKL A 0.10 B EANYURD A 6 I, RZIAFIHAME 0.949, MSE
’ 0.08 /NN 0.033; AR, AR EAN RS 2 22
0.90 | — R? I}, R2IEFNH A 0.971, MSE Jyi/Mi 0.021.
N o . f7 5 &I, GFCKL 7R RIS Fi AR 225 B
- 0.04 P J5, RSEP 28k, RPD A8/, HRIF5M M e A,
________________________________ - B R X 7] 1) 3 999.64~10 001.03 cm; TCKL
E WAIAAS Rk G, BRMERESR T, Rk, HefEg
070 o poss poramll M BN 5129.72. 5546.27. 8161.27. 8450.54.
A 8 469.83. 9 403.20 cm™*, £ 5170. 5350 cm™ &b (1)
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Fig. 3 Trend of model performance during variable FEUWEER 12 #ERE S E RSN A 3N

screening
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Fx5 TRITEMESGEX GPS {REHIFZMN
Table 5 Effects of different variable screening methods on GPS model

. BIE4E IAFSE
=] ik A AU
Ra  RMSEC/% RMSECV/% Rpe RMSEP/% RSEP/% RPD
GFCKL #i/ 4 1557 0.990 0.119 0.158 0.988 0.105 1.80 6.69
Ap i B BRI 11 0.995 0.085 0.109 0.986 0.116 1.99 6.05
TCKL R Ak 1557 0.975 0.180 0.233 0.977 0.155 2.96 4.84
AP EME 6 0.979 0.163 0.182 0.985 0.128 2.44 5.86
JH A A A Eovin 1557 0.980 0.169 0.215 0.982 0.166 3.03 5.05
AP EEME 22 0.992 0.108 0.145 0.982 0.183 3.34 4,58
6 2 MEGRERILLE
Table 6 Comparison of two algorithm models
KRIESE IIESE
IiH S
Real RMSEC/% RMSECV/% Rpre RMSEP/% RSEP/% RPD
GFCKL 7 PLS 0.982 0.158 0.199 0.975 0.150 2.57 4.68
GPS 0.990 0.119 0.158 0.988 0.105 1.80 6.69
TCKL A&7 PLS 0.966 0.216 0.253 0.971 0.174 3.33 4.30
GPS 0.979 0.163 0.182 0.985 0.128 2.44 5.86
I A PLS 0.960 0.242 0.264 0.982 0.173 3.17 4.83
GPS 0.980 0.169 0.215 0.982 0.166 3.03 5.05
=7 =iE GPS H#EHERIENSH
Table 7 Evaluation parameters of best GPS model
o ReIF4E IAF4E
g WA IRk RN
R RMSEC/% RMSECV/% Rpe RMSEP/% RSEP/% RPD
GFCKL ## MSCHSG 1% 1557 0.990 0.119 0.158 0.988 0.105 1.80 6.69
TCKL 8 FELRRIIE 6 0.979 0.163 0.182 0.985 0.128 2.44 5.86
I8 AR SNV+SG 1t 1557 0.980 0.169 0.215 0.982 0.166 3.03 5.05
N 8 8
.= ELE:%OQQO o MIER o ReiEk
v KT © 7| — Ra=0.979 7 { — Ra=0.980
— R.—0.988 o + BOiEsE + BOFME
B e & & | Roe=0.985 S
a 6 9 = =
= o = =
= o = B S
5
4 o 4
GFCKL #71 TCKL % i P
3 . . . . . . . . 3
44 5 6 7 4 5 6 7 3 4 5 6 7 8
ZBHEAI% SHAI% BHAEI%

B4 SEESTMMERNEXME

Fig. 4 Correlation between reference value and predicted value
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(average relative prediction error, ARPE)3/NF 5%,
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A SRS [F] — (Al ) ARPE Z1{E/NT 2%,

Pt B 2 MR SR e AR ZE B0, AR AT AR

B ST AR AL HOE T 2 e A K 43
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NIRS @A EEAR ., 4R K. (1) GPS Hiklt
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#*x8 MMIRB5BAKRE ARPE L
Table 8 Comparison of APRE between independent model
and universal model

‘ ARPE/%
FE . E——— S
I A7 AR pliiLaEE it 1l
GFCKL 4.18 2.38 1.80
TCKL 351 3.80 0.29

PLS SRR I AL, XA A [ AR g S AR R, GPS
SOER WL RE B s (2) SRA] GPS Bk oL
T PR ST AR, 2 PR AL TN A AH 2 A
s, ST T TR 2 A (R A R 7K 5 o

X AN [ it o o ) 0 p D A NE AR,
WA CURERE: (1 AHFFE 2 Ff il 751 o 18] 44 1
NIRS AHALARZH s, X AT AE A E 738 A AR f i 2
FA NN E Z B P AR R, REE AT
EHRRR. (2) 2SR RE LR, &K
WEFC R 2 PhEERRY, B R A AR
. PITAAEGEERTE, ASERRE
BEK, WReEM T EABEMRET. (3) NIRS
XF K G IR SCBC W , —fAE 5000 cmt Al
7000 cm™* I AFERR IR, 1306 B E
TRZHKMER, Bk, NIRS 57K5 1 OCHE
Bom, AT RAF S KEREAE LA, A
Wyt GPS FIAMIAIIL T PLS FkpiRd, wIRg
FeRN GPS Hikfe s A s 2 MR, HE
ENCIE e AR, 8 B X e 24 P PR D' 1 el
BT A AR D, RSN TEZREA 2
FhEFRIRIE S HL . A O SIARY, 3l R AT A
L EiEEE AVANREL S AN (B TR IR S sE R 5E 5% NS
HAl, fEfIZ540e, e shm AR b, @
FIRIRZ L BIE 75 25— PR R . ARWFTE B IR
B GPS 555 NIRS BOREE &, MIEAL | P
LI 2 ANAS [ it b e B AR 7K 40 PR PR, ABE7RY [
AERRPEAL T 0 FH I PLS B27Y,  $RoRAE BB 7T,
LR 2 R s B B e, 9 NIRS
BORTE € BT 7077 P B %
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