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EHLOWEE L EEIRIET 720D /T %4 5L LT Quality by Design
(QbD) KO 7wt AN (process analytical technology : PAT) 23 EH &M TE
V. 245 QbD KN PAT IZT 24 A & v A CKEEMERLE (FDA) Y, RN
EIST (EMA) 239 ROVH K EU ERSRHRRFERSZ# (CH) 29 Nzky
FHEINTWD, QbD X, #E 7 n A LR NE L OBEELZA LT L, &Rtk
DB CMBEZEVIAL Z &2 L2 ATH S, QbD Ik » TH LK
HFRICEES W TEE Y 27 2845 2 L C iy 2 S E HEERS A 5 Z LY
T& %, PAT 1%, WEFMEZTEICHET H2HMTHY . QbD ZEBT H7-DIcHl
W7o ARG, b, KOWIET 2 FEBE LCRIH SN D, BEKEZEIT PAT %
ERTHZ LT, RRMEROEEDNREN ESEDZ LIS LTND 99,

PAT & L C. R4y tiE (near-infrared spectroscopy: NIRS) 23 —fRAIIZ V&
LTS, daRsh (near-infrared: NIR) fEIkIE, Al & FRAMEIICIZ S 7
12500 cm™ 7> 5 4000 cm™ O EFEM DI TH 5, NIRS TIL, kBRY > 7L 2 ¥+
5O FTALEE N AN E ] O D IEIE ORI EN FRETH 5 7=, i TR ToR
WARWLY TAZ A LOMWEEHICHE L WD, £, TORIERSIZEER. kL,
AR, IR, B OMRETRE CEMRIA< FIH SN TS, S HIZ, NIR AT RVidfk~x
7R b S OV PR R 2 ST~ B T2 6D k& 7 S R A B B 5 72 912 NIRS 73
AT g 00 BRI ORGEIZH7- 0 NIRS 2 W TEELY 2 LB EE O
LT, BRI TRICB T AER oKy ER DY BRAETRICEB T SRAY MY
B a—F 4 VI TRICBT S 7 4 VAR 1O N RO Y s U kR 7
TEEARIT O EE D T oNn 5, 72770, NIR 237 hUEZ 5 Lk 72
(B e O B YEIC BT D MDA VIR o7 b O TH S, £72. NIR A7 |
IVOEENIEMETH D, BB A2 R TR E LT, —OOFEREOEEE— NI
KU C—IZHEELD NIR WA DSFIET D 2 &L 4 NIR BRIUE )G U7z e oW X
WIHTHY | FWIRE — 7 1 TRERIR e e s Z & IREMICB W TIRENEN DL
AWK T DIRE LW — 7 BNER Y A5 2 & BT 5 BRI E R OIE
FEIZ)S CC NIR WA ONLENEE T2 2 &, RORIERROEESLER & o T
MBI E N AT MVIREEICE R 525 Z EENEIT NS, £72. Fig 111
T I, NIR AT MUIZEBIT HH—OEBOH T, BHRE 35 mEFELHEE 3
HZEFRNEETH D, T, NIR AT bAnb HEYE T 5 M EREICRET 5 15 #
ZAF DT DIZIE NIR AT FVIZBIT DB OWER & B R & OBIRZ R T
EETADMELRD,



Pe_akt Concentration
poin

NIR spectra —~ Sample 1 Sample  Chemical Chemical

= N ! substance A substance B

g 2 | 1 10% 10%

o) [0)
25 EXXE&Aﬁ?AX 2 10% 0%
£ ) Spectral intensities at the peak point (o)
Wavenumber (€m™)  are affected by both chemical substances

NIR A and B.
absorption band . :
Chemi(gl substance A = To calibrate the concentration of the

Chemical substance B== == chemical substance A, spectral intensities
at multiple wavenumber points (o and A)
are required so that the influence of the
variation in the chemical substance B
can be compensated.

Wavenumber (cm-1)

Fig. 1 An illustrative example of overlapping of NIR absorption bands.

BREETNVEEET DTEOICHODANEBRKL N ER DT —42 1y &%
YU T b—rarty MRS, ZZTANEHEIL NIR AT FLD AT [L
BRI (7272 L, $Rik 95 AT VAT A fiE L 7= % D AT MVIREZ %) T
bV, MHEBETERNET20MERE B—ELOE _EOREFIWIIETIL, K&
BFHI3EEY (LA X) &8) THDH, ZhbD ALK O AT LTl
JRaiTa TS 52 & TRETTANELND, 728, HPLC EOSMRIETHIET 5
Z L TR BRI M AR OS R, BT T VA W ERITIC E - THE S
AT SRR 2 BB O HEEE & FE5,

Fig. 2|12 RT X912, MEETNVEABET L2 FIRFILLTOEY TH D,

1) ¥x V7 L—varty NHOY T L ZEIRT 5

HIY & 32 mER M2 BRICEB SIS 7 vV BlziE, Bims &
Z 70%70°5 130%D#HiFH TEE S 5), £72. BRSO SERME (Fl 21X, EY
GEAMET OMEET VICBIT DK EE) 2 BRICEB S 7o) 7V 28
T 52 & T, O HBLSOMERMEICET 2B HmE TOMREET T /VICHAIAL, £
DEEPREET VOHEERRICE R DHBELRBSEL LN TED, 28, NIR
ARG MV BELE G2 560D 0WMERMEZIET L2 LIIRNEETH LD, 1
ZTNOH T AZITERK LR W E RO BB VIR E ENTND Z &7 D,

2) v U7 L—varty NAOY 7 L% NIRS KOFE DS MRETHIET S
NIRS I ZFERHEERIE CTH 572, Fl— D% > 7 /L% NIRS & & MRIED 5 CHIE T
HZENTES, NIRS THIET S Z & T2 NIR AT MUzxt L, Biko A7
N VHITALER J QN EORIR 2 i L 72 D AT MAVBREE 2 AN E LTHWS, &
RIETHIET S Z L TEEWEHEOEEZ B HEROBRIE L L THWS,



3) NIR A7 R JLIZ AT RVETLER A H 95

NIR A7 RJUIZ AT FMVETLEEZ i3 Z & T, MBI SNELIR 1 O R 28 4 K
B, W — 7 2B ST D 2 ENTE D, AT FVATLBEOFEMIL [1.26 A
NRT NVETLE ] 2B Z b,

4) S WA BT S

NIR A7 MUVIZIZHBY &3 2 0B R & BARA H A2 1T Tid7e <, BB &
T 5 R & BRI BT EN D, T OEBEURRE B A REET VICERHT S
&L FOWEERENMET T 256 1M ET 285505 OFEEMENH 5, HEEREEH
KT 5DIE, Z ORI ERET T WA T 5 Z & THRNNOWERED
EEPNELIE#RE L TREBET VOHEERRICHET 2556 ThH 5, HEEREN M I
T DO, Z OGRS ARAT S Z L THME T D MR & AR 2 R D
EENHEEREICH 2 2B 2 UM IETE 255 TH D (Fig. 1 5H), - T,
HEREDOBWRBEETT VAR TS LT, BIIZIG Uiy e i 2 @45 2 &
IIMETH D, AT FLVETREEHZ D NIR A7 hUIZOX | EIR L= O %
ROENFIHITHW D,

5) Bl AT & FEhi 3 %

NIR 222 kL% 12500 cm™ 725 4000 cm™ &I I 1T D3 T O HUE D A~
7 NVERFECTHERK SV D, T DRI D AT NVEREZ AIEE L L TREETT
IV RS S R, EElR \ﬁ&%%wékAﬁﬁﬁ%®m%éﬂﬁl&@of%m%
FENE LR T T 2L EILMEOMENBET D, ZOZEMLHIEICHINT D7D
R4y BN 315 (partial least squares: PLS) M AER[RIIR/oMrit s L CIh< E-H ézh
Wb,
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Fig. 2 Workflow to develop a calibration model.
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ERES, R TF—T gty MI, Sx U7 b—varvbky NEIIMNLET—4 1
v eI 5, HEERELRIET 2L, MET T VOREEL FROFIRT, N TF—
varty NHOY T %E NIRS K OFOSMETHIET 5, KIZ, 5472 NIR
ARY MUK L, MEETT LV CERA LIz A7 MUVETBL A2+ 5, DA
RVHTLERZ D NIR AT MUIZDE | METT WS TR LB DA% AT
EHELTHWD, ZOANEREBRETT VY TED B EBOREMZ5 5,
HAER O VB IREZ i35 2 & T, #EEHEEZ2KRAET 5, HEERE ORE
IR D 1125 Fx VT L—sarty NERORYF—v g0ty MIEONC
HEEREORIE] 22Dz &,

HWEREIXBRAT 22 EE&RRSIE, vV 7 v—raty NHOY T
NIR A7 VORI, ONEIZARIET D, Zhili, #EEREZ R LS 5729
io\ BERFRSIIED, ¥ VT L—va by POV T ER DD NIR
AT L ORGALER 22020 2 U TR ORI 2D N B 5 A AROBIE DS IR
i E TV Bb,

EmWHEERE A AT 2MEET VAT D LT, BB I EE R E %
B9, AT SE R & BRI, o F 0 SRR D BN 5 LAY AMEL
EENOFEEN K E VR ZIEIRT 5 & ANELEB OB L Z T THEERRENH KT 5
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EIZHESWTH A RINT 5, OEOSMAEEE2MT 256, £ OMAEEEILY
RTHDHIZH, FEFICEWVEIRRKHZET 5 (F-mROE ETHWEEHTIE,
NIR 2327 hLid 2202 SOOI THER SN D720, 22% @) oMAELd, 20
ETOMATITOVWTHREETT NV ERET D LB XZ 10 E0005), 1t-> T, OiF
FHENTH D, O NHFHHFRICIE SO TEREARINT 2 Z LIFARETH D, Lo
L. NIR A7 FMUZEBWTHFEROEREICE S BN N ERDG-oTHED, &
DI AT N OVIRE DS ERL O R RE OB R DB L T 5 L W o T BN
B DT O SERHE O E) 2 5 U T 2 W A 5 R ERR D A F DN T
FMETLHZLIERETH D, o T, MITHROFMNB LI D%, (FETHNK
TV ONE ) 22 BB D38 IR T & 2 G 3 E N DRE S CIEITKR AT T D & W o - iR
N5, FZ T, MR FIEICESO TR A BN T L Z LB EREINTE -,
R 22 SR IUE O H L, @ WHEERSE 2 15 2 B30 O GHE R TR 5 2
EThHD, FHERIEINIR A7 hOT—2 8 (AL OEEUSOR) . &t
BHEOMERE, M ONEEORIN T L3 X AIKTET D, Lo L. (RO A il to®
PIEIZB T 70T Y AAFFREAMDBIEFITRKEWTZD NIR AT MLOT—X
BlIC ko CIEE MR R BEH A W2 L CH KRR 2 45 2 & N ikE
LTSN TWD, o, HERBEZUET HBAT, WHERRT VT X a%
LETEXIRINH D,

MREET NVERE LR AIZBWTREET VDRTEOHERELZ A L T\
ELTHEEGDTA 7V A 7 NV EE L TEORERENMEFIICHERF SN &1
RO 720N, ZAUXNIR 27 MABHEERS (e.9, E) LSAOILTFWE (eg., K
) BT 2 IEH L O ERR 22 15 (e.9., HIEME DERE) # T 572D Th D,
- T, BAFELRETIE NIR Ay MVICHEE 5 2 DEEKN T2 TORAEL, HEE
KIGLAN DB R 1 DB E Z T S WEIRE R BT T LV AEET 5, Lol B3
fnAEPEIZ B W CRURRCELE 7' a & A O RE AR E T 2 fiPH & B 2 TRV 5 Al EetE
N5, BlziE, MAIOFECTHLIRMAIOHIGEEZETT D L, ZDOIRMNFIOY
B R ENEE L, 2 E O TG SN 2 -A OB IR 5255, =
D X 9 7o AVELZEEN T D NIR AT MUZEEE 5 % | 22 > TNIRS (25
SHEEFERICHEL 52 DA HEMENH D P, KBS, WiE T 0t 2 ORBENEST 5
L THREETNVOWERBENMETT 5 Z EPRETT VE AW MEE
SR A EEREL LTHRESNATWS 2, 295 LEEICHST 5700, i
FETNEASTFT AT HZ L OF D RERICHEE R 2 MGE L, SEITS L TR
BET VAR D2 & THELEEN KT DM A Bk B D v RN
HEUOLNTWS, ZOMBET VAL T T U AZRMARE LS CHEYNENT 52 &
N, REE TV OHEE R 2RI IRAET 2 ECEETH 5,



AL TlE. NIRS IZHES L BET TV OHEE R 2RI m ESE 57200
WHORIRIEZ IR T 5, £- REETT LA T 0 A2 A IS O TRIRY
MOMYNIERET 2 FIEEIRET D,

FE T ALFWEOEENEENT 5 &2 O NIR WU I3 T 2 R E DWW
=7 (AT VIR D AT MVEREE) 1B 5252 LIZERB L, #r
HDOARY N ASENECHES EEGRIUE IR T 5, 2 2 TR MV &I,
b HIEEAT HIWBE A BEWRT 5, WEROWEERIRETH D interval PLS (iPLS)
(FANRT MVRREFERO AT RVTEEIZEI L, & DAY N VREEEAL TR
EEINT D, ZHIEWRILE — 7 126G T D AT RVIEREZ BB L= TIETH D08,
MR D ALY N OVEEIE CIIHEE R E & 10 E S8 5 B CH RN E ISR T S
ZEMTERY, T T, WIRE— 7 IZHIGT 5 A7 bVl ZE L0 ERECR T
D PEERET D, W E— 7 OFERTIIARY MAREOEEB NN 70D L5 2
HILD, TERT DAY M ENETH DAY MVEE)E] (spectral fluctuation
dividing: SFD) 1%, ¥+ U 7L — gty MBI DRI ED AT R LR D
ERRFEZFEH L, A7 MVEBRELE T 5, LT, ZDOAXT MVEBRHED
R/ MEC AT M ARIREEE O AT S OVEEIRIZ /3BT %, SFD 12353 < kiR
VEIZ . SED TYESL U 7= 227 R LAEIREAT T A A DL L Ui T 50 50 %
BIRT D, ZHC k- T, HEEHELZ M X2 ECHRZRE L X0 Ey)Ici@R
X5 ERMIFESND, RET HIRERIEE AW TR T oK EEK DY (b
A X) BEEAMET L 2MEOREET NV AHE L #EERE KOG E R o85S
THER DWW HORIGE & i F Al L 7=,

i E T ALTFEME R OO RREOIREIE — NIoxh LTI D NIR I
W ZA L TRY  EEO AT MVEICET D A7 hVIREEDSALL L 7= 28 %
AT EVD NIR AT MLVOFBIZER L, A7 FVIREEOFERIM:ZFIH L7287
HO7 T A8 ) o TIZESWHORIIEZRET 5, - E TRZE L7 SFD-PLS I
BN — 712G T D AR MV A ERT 2 Z L 2BRILZLDOTH S, L
L. EDAXRT MVEIBOBII R TH Y . L0 R E W HEERE 215 58l T
WEORMNS 5, F _HETRET DLV T AKX U 715 TH % SFD-nearest correlation
spectral clustering (SFD-NCSC) (. SFD TR L 7= 2~/ FgEIRIC T B A~y
NVIREE DARBIZ FE DWW T AT MV E 7 T A& Y 7 L, AT MV v
— 7 %3 %, SFD-NCSC 123 < JEHG®RIIEIX, SFD-NCSC CTEf L 7= A~ 7
N VEEIR 7 )V — TN T A RINT 5, Zhic k> T, —OOEHEIKFICHEKT D
BE DWW & — 7 2Kk T D AT MVEEIR L — T AL TR B RIRTE 5 Z &
NS5, BRTHEERINEL W TR T OASE &L Y (bEY X)
BERAWET DMETT VAR L HEER K OFHRRFE OBLE TR O EuEIR
V5 & PR L7z,

FEETIE, FHAETGICB T 2MBET VA VT T R HE AT DN



TEMMET A EEZRET D, RETT VAT F 0 AOEEM K OFEE QRN FE
PR L LCIEE ST b oo 303032 2 BAKEY e Mk 2 M ONE FI LI 1]
i ERII IR E THRE SR TWARY, 22T, £SO A K0 r 2R
UKEH RS (USP) 2B EITHRETET VA LT T 2 2D B A sl 2 BT L
SR LTz, OS2 HAETSICCEMAT 2 5E, JEEE, MESH, W
PRAE, K OB FESE OBEL OEE 3l U CIEEA M T 5, £z,  EREHE

(GMP) % EF4A20ENHDH, GMP EEL T Cld, FE7Ze B TNE K O E| & B e
fbL, XELT D ENRDLIND, L, HEEOEE NG 2 FH ORI
* LT, H 6L FBICKIST 2FEMREEFIR L O&E 2 T ORI 2 2 & I3
HThHDH, T, REETINA LT T REEY)OFRNERLT 5 Hikin &
LT, SHENETOHBERAT D LAERT D, 2 CHaBERAET D LI
{8 %2 O Y F DG T 2 Fik A BT, CESHERE WA OHFRIZE LD D 2
LICE ST HDP LI YEFENE 2 O LENHET LM EIEH CE HREBICTH
ETHDH, ZOMBHKAICL > T, BEOWENES T 2RO ACKH LT, b
5 D FREITKINT DM EE TR O E 2 T ORI TX 5 Z ER#IFRF SN
720 WMk AMAETHFEL LT, 2570 AT U LEHTCTH 5 0 WAL EFH
ki@ (the type zero method of the integrated definition language: IDEF0) [ OM&EI /3 HH5E
RACI Z Wz, 7z, HEMAEVDREBET VA LT F U AZERTHRIZEZD
SR A FHET 5 & & B FAAE TRBICBWTHREETT LA T ) AN HEY)ICE
Absivs Z &2 REE LT,
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The zero matrix, 41751

Interval area at the ith spectral interval in the nth sample, n & H O >~
MZET D i FH DAY N VRO SIS A

Weighting vector of y, y D EAAFIF X7 kL

The kth element in weighting vector of y, y D EEAAF1F X7 ~ L ®D k % H
DA

Regression coefficient vector, [FIJ#{#¥-~27 kL

Correlation coefficient between Xux and Xmi, Xmk & Xmi & O [ OFH BE4R %K
Changeable size moving window partial least squares

Moving window interval, & % A8

Residual matrix of X, X DF&71751

European Medicines Agency, PR [ 38 5 1

Residual vector of y, y D&%~ 7 kL

Food and Drug Administration, £ [ 38 5 J&

Genetic algorithm-partial least squares

The number of generated wavenumber groups, 1ESLd 247 1 —7 D
%

The maximal value of Ggen, Ggen P F¢ KAE

The minimal value of Ggen, Ggen D Fz/I M

Good manufacturing practice, i 1F $iE 5 %

The number of selected wavenumber groups, &R 92 57 v—7 D
The tentative value of Ggen, Ggen 70 7 i

High performance liquid chromatography, E#iEiks n~ 75 7 ¢ —
International Conference on Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use, H >k EU [ 35 51 il 38 Fn
Bl

The position of the spectral interval, A7 K /LREIRKOALE

The type zero method of the integrated definition language, 0 B AL E
F=ITE

The number of the divided spectral intervals, 53%| S AL7z 227 b~ LAEI
DI

The maximal value of lgiy, lgiv P 5 KAE

The minimal value of lgpy, lgiv D fiz/ME

Interval PLS

The number of the selected spectral intervals, &R X172 A7 ~ILiH
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PAT
Ph. Eur.
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Pmax
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QbD

Qmax

R2

Rthres

S
SCMWPLS
SEC

D%

The number of adopted latent variables, £ L 7= (EAE S D%

Loss on drying, #z /&8 &

Leave-one-out cross validation, 1 Dk & 7 0 AN F—3/ 39

The number of wavenumbers, %% D%k

The number of wavenumbers in a whole spectrum, A7 ~L2KIZE

T DD

Moving averaged spectral fluctuation dividing, F&Eh 1A ~7 K L2 )

ookl

Moving averaged spectral fluctuation dividing—partial least squares, %)

WA N VBN B S BeN Z3RiE

The number of wavenumbers in the ith spectral interval i & H DA ~7 |
VEEIIZ 31T D 5 DK

Movmg window partial least squares

Multivariable statistical process control, 2648 &t LREMRHT

The number of samples, ¥ > 7" /L D%%

Nearest correlation spectral clustering

Nonlinear iterative partial least squares, FEFRRIEIIE /0 e/ 3k

Near-infrared, i#T7R4+

Near-infrared spectroscopy, VT7R7M) 614

Loading matrix of X, X ® w2 —7 ¢ > 7 {7l

The number of initialization in k-means method, k-means (23517 % #1#

AR~

Process analytical technology, 7" & -z A fEAT £ 1it

European Pharmacopoeia, BNz

The kth loading vector of X, X ® k EBE D v —F ¢ 7 X7 h )L

Predetermined maximal value of P, T E L7z P O KA

Partial least squares, 57y fc/)» 31k

The number of assignment in k-means method, k-means {52351 % E2%4 C

a1

Quality by design, 7 4V 7 4 A FTH A >

Predetermined maximal value of Q, T ¥ &%/ E L 7= Q D KAE

Coefficient of determination, ¥ E4R %L

Threshold of correlation coefficient, #HBEf% %k o B i

Affinity matrix, JE{LLETTS

Searching combination moving window partial least squares

Standard error of calibration, ¥ ¥ U 7 L —3 3 > OEEHEA =



SECV
SEP
SFD
SFDA

SFDA-SLR

Sk, 1)
SLR
Sm
SNV
SOP

Standard error of cross validation, 7 © A/NU 57—/ 3 OFEAETALE
Standard error of prediction, T HIFEHERR =

Spectral fluctuation dividing, A2 k/LZEHE)5yE

Spectral fluctuation dividing area, A2 kL2884 5| i fH

SFD area—simple linear regression, A7 /L2855 E | fE—HE [R5y
Bri&

The (k, I) element of S, S Dk 1T 1 5l H D FE

Simple linear regression, Hi[alJf /3 4Ti4

Standard deviation of X, Xm OAE {75

Standard normal variate, &S &

Standard operating procedure, 1Z=VEEETNIEE

Latent variables' score matrix, ¥EEZLED A 27175

United States Pharmacopeia, >k [E%E 5 )7

Variable influence on projection, §152(2351) 5 A $EH E)E

VIP score at the mth wavenumber, m 2& H O #1235 11 5 VIP 1545
Weighting matrix, A ff1F175

The sum of affinities between the wavenumbers belonging to Z, and those
not belonging to Zg, Zg (283 5 & Zg 1T S 22V H & DB D
i

The sum of affinities between the wavenumbers belonging to Zg, Z4
2 AR DAL D Fn

The maximal value of Wmey, Wimov P It KAE

The minimal value of Wnoy, Wnoy ? £/ IME

Width of moving window, B EhF:DnE

Width of moving window in a spectral interval ZA-~<7 ~/LfEIkN O HE)
P g

Input variable matrix, A J)ZE¥A4751

The translated X so that x,, becomes the origin, Xm 23R & 725 K 9 I
itz X

The mth column vector of X, X ® m & H O¥|-X7 ~v

Average value of Xy, Xm O F-2IE

The Euclidean distance between Xy and zg, Xm & 24 & OO —27 U » R
EL

The kth column vector of Xy, Xn @ k& H DI~ kv

The Ith column vector of X, X D | T H DFI~X27 kv

Spectral intensity at the mth wavenumber in the nth sample, n & H ® %>
TLD mBE R ORI DAY FVIREE

BT
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—_ = <Z

Yn

Reference value vector of output variable, /1A OSE~2 h v
Estimated value vector of output variable, /1% OHEEE~2 b v
Average value of reference values of output variable in a validation set, /3
V7 —a vty MTBT L DERO S RE O FEE

Reference value of output variable in the nth sample, n & H O %> 7 /v @
N ZEE D 2 f i

Estimated value of output variable in the nth sample , n & H O %> 7 /v
B OHEEE

The gth group, g &HH D 7' —7

The mean vector of the gth wavenumber group, g %& H D7 /v —7 D
W7 kv

The mean vector of the group to which the mth wavenumber is assigned, m
ZHOEENEL ToN= I N—T DL L

Positions of the wavenumbers included in the ith spectral interval, i & H @
AN SOVEEIICE E D B ONLE
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F—E ARY MLEFSEIZE AV HERAGRBEREDORSR
1.1 Fif

NIRS IZED<KMEET NV EZMET LR, HEERKELROHEMEZ R LT 25720
WZIFHEEX R & T DM ERE OB 2 MU KM DA RS 5 2 L NEHET
05 B, 2 THEHREECRIRIENMER STV D 039 SEa e il BORIIEIC
BT D —20OFEKIL, A ORI Z SEFE & OBEMEICHE > TERLAIT L, £ DA
MOBENS DN LEHE —2>—DOBIRTHHLDOTH D, Z OWREHN TOEHGRIE
DARFERNT PLS-beta & D22 351 25 A5 B (Variable influence on projection: VIP)
TH5 P, b5 —oDHEL, AT bAEEKELEOND AR NV EIL,
B AT NVERR Z S E R & O BIEMEIZHE - TIARMAT I L, DN O EW S D7)
B AT NVEESEHANL T B A TRIRT 2 L D Th D, ZD AT MVEIZHES K
HORIREDOREBNTEIE D 227 VR Z ERIT 5 iPLS TH 5 ¥, Jok, iPLS 1%
HEERSE OB CHE /R AT VA fIH b 5 FB L U TR S hs,
EIGELE LTHHRHAINTWS, BEET 235U T 5 AT M VIREEIT5E < FHEE T
HZENEL . ENRFFED AT MVEEIBICEIT ABRINE—2 & LTRNDTZD,
AT MOVEEIIZE B LTS BORINIIA LR R TH D, S HIT iPLS 2 OfhoF
EEMAEE R RBGERENRZEIN TR, £0fl L LT moving window PLS
(MWPLS) ®"_ changeable size MWPLS (CSMWPLS) *®_ searching combination MWPLS
(SCMWPLS) %} T* genetic algorithm-PLS (GA-PLS) *¥ 05 en%, —nb
DR FHI 7 R PUE I, i 7o W BCRPGE R 215 5 7o OICHHHi 3T A — & & Fafl
THIENVETHD, ZOREIT A —F it - DICEReBEORETT
NEFHET D720, IEFICRERFRANELEL TS,

FHRAMTT, WEGERIRELZ B EIGERT 2 ETEETREBLENREETH 5,
T MEETNVEETARERTE T TREET A 70 A 7 V& U TREGERIR
EDPRIER SNGL7-0OTh D, METT VAR LIZFRERICBWW THREET
IWFTEOHERELZA L CW2E LThH, AFAEICB T 2RE s ANEH L,
FIMFRKR E > THERBEME T T 2800355, £2C, o714 7% 1470
ZHEML TREETVEZA LT T U AT HZ L, OF GRS ZF OHEE RSB 2 /GE L.
VES U THREET A EZEHT5Z LR 5T 5 DM ae ) %
YT 254, TOEHHMTIIREE T VA E T e AEBRICEHTHZEMRT
X2\, ZOHA, RETT/VEHWS NIRS DA OMREER 2 HIE HE (e.g., mdiR
kv~ K777 4— HPLC) #—WIfMICRRAT 22 L 70D, ZHUENIRS LV IE
BHREZMEZETHY  NIRS DL DI TIAE A ATHEZNET D Z & DHEARW,
Wo T, MEBET N EZEHT H72OICET HEEAM MK OHIMIL, EEMLEZLZEL T
RIE R O T 25 BB 2 520 Z L NBRE SN, RETT LV EEHT D,
MRETT VOMEFEMEZ R EIE 572012, D Tt 7l a2 @R 5 2 Enpgi L
70D 2 ENZ, WEEGERIGEOHEAM /NI T IUE, L0 O TR HGEIR & 52

12



TTHIENTED, TO/REE LT, REET NV EZEHTHT-OICET HIEEALN
KB L, ZOWMEENRTL N TE S,

ARETIE, BFHDOANRT M EREIZ IS RN EoRIEZ IR T 5,
BT HARY WZENETHS SFD X, Fv V7 b—rva by MBI &K
RDARY MGREOERERZAZZ BT L, A7 MVEBFREE T 5, 2L T, 20
ARG NVEBNREE DR ME T ALY MV EIREEED AT NIVERIC 3 EIT S,
SFD |23 < WELRPUEIL, AT MVEIICE £ 52 TOWRE W THEE L
TREET NVOHEERKENEWIEIZ ALY VIR Z 34RT 5, 82T 5 R IRE
AR OKRGEEROFEY ((LEMX) BEEZHEET 5 2 EOMREET VIBEIC
WH L. HEERE K OV AR O B CIER O J SR INE & LR Rl L 7=,

1.2 EERDE
1.2.1 ##

JREE (IR PEDBLR TR TERWREDILEM TH LT LEM X LT %)
Z iRl (Daiichi-Sankyo, Japan) ZHIEY 7L e LTHWEZ, ¥ U7 L—3
vy NEOANYTF =gty NHOY L e LT LR o 8hE R 7 —
JUTE R LR IZ 38T 4 kg/batch 72 5 100 kg/batch K ONEA THEIZ 350 T 0.4 kg/batch
726 500 kg/batch & L7z, 7233, batch & I3&ERidE F 7= TR G Z —[BhEER L TR L
DR AOEELE VI LB THY . 45 batch DRI —2WEFEEZET 5
EERDND, R LTI, WRBIEIERE 2 O CREE & O O BN 4 &6 L
7oo fHFH U7z kik%i% 4 kg/batch A 47— L Ci% NFLO-5 (Freund, Japan). 10 kg/batch
A /7 — L Cld Aeromatic Fielder (GEA Pharma Systems, Belgium) . 100 kg/batch & &~ —
JLCIE WSG-120 (Powrex, Japan) %7213 GPCG-120 (Glatt, German) & L7z, {E& T
BT, IBAHZ W TE DAL & IEIRAIZ IR G Lz, ] L72IRGH%1% 0.4 kg/batch
A —)LClE S-3-S  (Tsutsui Scientific Instruments, Japan). 2 kg/batch 27—/ L CiZ
TCV-10 (Tokuju, Japan) . 100 kg/batch 7> 300 kg/batch A 47—/ LCix PM-1000 (Bohle,
German) F 72(X TB-1200 (Tanico, Japan). 500 kg/batch A % — /L Ti% PM-2000

(Kotobuki, Japan) & L7z, i@k LEEH K ONES TREZEOERN 27 ) 7 LT,

1.2.2 NIRS AIE

WL TRE Tl SRS IRICRE L7 7 A "= e —T 52N L7 —U =&
#5 NIR 43 )6%% MPA  (Bruker GmbH, Germany) & 7= 1Z[A]%: @ Matrix-F  (Bruker GmbH,
Germany) % VT NIRS JIliE 2 306 L, @&k TREH 1 53 FEIC NIR 27 h L& Bifs
Lo, IRAETRETIEL, Yo7V 7 L7 RK 0.2 g ZFEHASA TVICRERL . MPA
ERHWCEDOARAL TAERMETHZ LT NIR A7 MVERS L, ESRT%
Table 1 {2779, NIR A2 h/LiX OPUS 6.5 software  (Bruker GmbH, Germany) % H
WTCRDER L7z, FR8%T 2 IER#IH 4 4000 cm™ 25 12500 cm™ & 7% E L7223, NIR 4y
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Fanm EWIIC R v UV 7 L— 3 U S IR A LT D ALEDMEDNCEE T
%, BESEONMENENCEED NIR A7 NLVEBITT 57912, OPUS 6.5
software IZHHEEXTS OB EL OFEY S &) OREETT LV THHT 5 NIR 27
RVIRTE CEEEBUSR 2 H 5 X 9 WCHNIEZ W TR O E 23881 L T\ 5, fiE-
T, ZODOHEERIZR O TEDNT NIR 227 MLOWEBSEOMN R D ORDE &
DOHEE TIE 2201 IR, T B EOHEE Tl 2202 HHUR) .

Table 1 Experimental conditions to prepare the calibration and validation sets used for constructing
and validating PLS models.

Water content Drug content
estimation estimation
NIRS measurement with the diffuse reflectance method
Wavenumber range [cm™] 12500-4000 12500-4000
Resolution [cm™] 8 8
No. of wavenumber points 2201 2202
Integration time 8 times 64 times
No. of NIR spectra
Calibration set 96 (13 batches) 64 (64 batches)
Validation set 58 (7 batches) 40 (40 batches)
Reference measurement
Measurement method LOD HPLC
Range of value [%)]
Calibration set 1.1-17.0 67.7-130.7
Validation set 1.7-15.6 73.1-124.2

1.2.3 SRAIE

R TR TIE, @R 10 0fE, A7 L—f&Rl. K ORCIRE A Bl e ki)
SR ATV T L, BT Y 7 LEEROKYE R E HRTS3
(Mettler-Toledo, Japan) ¥ 7-1%[F%5: HR83 (Mettler-Toledo, Japan) % V> CREERE
& (LOD) {EIZ X W HIE LIz, ZDKaEEEZ IS HHER KD NIR A7 |k
V& BAEAT T 72, LOD 25 O HEANEHAN . LOD ¥EDRIERS B ITIEERZE 0.2% T
L. IRAELETIEH, BABROBEAOFEY (ke X) &% Waters Alliance 2695
Separations Module (Waters Corporation, US) Z fv T HPLC &2 & 0 #llE L 7z, HPLC
EOFINNEEDFER DB . HPLC {EO R ERE I ERZZ 04% Th 5,

1.2.4 PLS
ARIETIX PLS 245195, PLS ZWHT DICH7=0 ., TOAH LKL F¥H
DME LTz, FDAFEEITH FiLER% O NIR 2227 k) XERVM RO /1285
DBIER Y M v (R OKS E 72138 E ) yeRVIZLLTO L IcafREN 5:
X=TP'+E (1)
y=Tb+f (2)
ZZTTERY® 32 ar_y pryeRY (k=1,2,...,K) &5 &3 HEAELEHD

14



Za747h), PERM M iZn—F 4 7/ ~s rrpeRM (k=1,2,...,K) Z51E4 5 X
Du—F 4 7475, EERVMIZ X 0FE#E/TH, beRM Ty OBEALLTITFRZ hL, f
eRVIZy DFEFENRT FL, NIV Aok, MIZANZEROE (EEOR) .
LT KT LEBELHOKTH D, PLS 2FEiT 257103V XL LT, R
TG 45 fe /s — i (nonlinear iterative partial least squares: NIPALS) 4% L 7= 29,
1ZBEPDK-LFBHORI TR MV&E U, b, . XDBE—T 4 7 XJ KL% py,
P2,..., Prts Y DEBSTT T MIVOMEE by, by,..., ks E 55, KFEHDOERZEATTEE
1TH) X L Ok T H OFRZEH NEEAN T SV ywWIZEL T O X o IcRBL I N 5!

X=X 1—tkPk (3)
Vit (4)

ZIZT XX EQyo=y £ %, KEHDOAIT X MU KIFLLTFTOXTH 2 b 5!
=Xk 1Wi (5)

T TWERMIKBADOELMTRZ FATHY ., Wl DT Ty & t & DD
W ERRAIET DT ML TH D!

X _1Yk-1 (6)

X s

XOKkEHOO—T 4 7 X7 ML p KO b O kFEH O bl ZLLTFORTHEOINLA:

W=

T

= (7)
pk ti-(rtk
T
Yi_1tk
b=t (8)
tk ty

FROFIEEZ K BHED RS, KR K Z—2%k&E /e AN F—va v
(leave-one-out cross validation: LOOCV) =2 L, 7 2@ AN F—3 3 > OFEAERR %=
(standard error of cross validation: SECV) ##/Mbd 2 Xk 9 ICBIREN 5, SECV I

LOOCV 2B T HHEEREDIETH Y, L FOXNTHEI I :

N

SECV= \/%Z(Vn ~yn) (9)
n=1

ZZT Wi nFRBOY T NOHNEROZREKX Dy, iEn FEHOH 7LD

NEHOHEE TH D, KNP KEL2DHI1FE SECVITNEL REN, BEET LN F

YU T b—varty MR LTAH—=R—=T 4 v T 4 7T DEHRENEL 25, K

Bt Tl Fx V7 b—varvky baDA—R—T 4 T 4 VT HERET D201,
TR 22 HERIZ FE S W T K &2 17005 20 O#iFH T&ERIN L7,
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125 Fx)IJL—avty P RUNYT— 30ty FUIZHEREDIEZ

Xy U7 b—varty REORYTF—ra ity NOMESL Table 112777,
R TR TIE. &1 v FOBRIFEFRNCIE U T4 5 12858 T 7' o 7 & e L,
BTV TRRTL OO TN LT, Ko eEaHET H2METT V&
WESTHICHIZ0  ToXy ) T L—arty NHOY I MBI DK E &
1.1%7>5 17.0%O#PH CEXMICE B S -, METT VOHEERE 23 HMEid 5125
e, TNV TF—varty NHOY T MIEBIT AKGEREEY LT%)1 D 15.6%
OFPHCTERMICAE S, BAETETIE, 2 v MIBWTRA Sz Bk &5
PV L, LoDV T NVEER LT, Y (bEMX) aRE2HET oMREE
FNEREETHICHEY  FOXx VT L—Yarty NHOY A LICEBIT Y
LB X) B&% 67.7%05 130.7% D& CERMIZEF Sz, TOREET
NOHEREZFMMT HICH-0. TR T—vartvy NHOV I MITEBIT S
WY (LAY X) 8% 73.1%0 5 1242%0O%#iH CEXMICEF Sz, $+v U7
L—yarty NEONRNY T —v gty NERT A58 7VITE WIS, S &
77,

¥ V7L —varky b2V TREETAEZHEL YV T L—va D
FEAEGA % (standard error of calibration: SEC) (2 S\ TR RS 2 510 L 7=, #EEE%
DODREETNVERHNV TN TFT—va by hOWERMYE OKDEaEEITEYE &
AHEE L. PRIEEYERASE (standard error of prediction: SEP) K ONRELREL (RY) 12K
SWTHETHSE 5 L7=, SEP & SEC L OEEIIMEETT LN Xy ) T L—1 3
vy A —R—=T 4 T 4 T L TCWD AR OFRIE L 72 D, SEC KON SEP I
FhEhxx V7L —varty NEUONYT—varty NIBTH2E2ToOY
TERWT Eq. (9) OFABUEREERICEVFHESRS, RIZUTOXRTHE S
R

3 (-9 2

R%=1_n=1 (10)

n=1

TV KRRy IR T =gty hOETOY T MIOWTHMT 5, 7.
I TF—=2a vk y MTBIT2MNEROSRIEOFEEETH 5,

1.2.6 AR ~LATLE
BHEE RGOV Tl 70 A7 MOVHTILER A2 34T 5 72012, LN O FEL
B EEA L 72,
® (EUEIFHIZ & (standard normal variate: SNV)
® Ky
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® kM

® —RiH/T+SNV

® RIIT+SNV

SNV 135 EE D AT MAGREZ R 5 2 & T, ZEBELOFEZ KT

HIENTED P, — WIS KO RIETIE NIR 227 b VICEIT % A B 0O 8
BRI ED L BT, BUNRINEY — 7 ZRT 52 LN TE S, SNV &5y
EEMAEDZ LT, MTEOMBEEMIMMEDL Z LN TE D, ARFITTIE, v
U7 L— gty MIBITARIAEEEZD NIR 227 MLOEEEZ AW THRET
TIVEAEGE L, SEP Wi/ NE 70 D AR MVHTILER 28 LTz, A7 B VRETLER X
OPUS 6.5 software # HW T L7z, 7eds, A2 NUVRTALEE CiE 3 2 — ks &
O RBAS 1E. %33R SFD-PLS (23N T AT hVEBNVER: O IMEZ KD 5 72
OFHREE LTI Ly, DI, “AX7 RVRE” (X, & CTHILEE% O NIR A~
7 MVIZBT DAY MVREZERT 5,

1.2.7 sHEBE

FHEA R OB CTHREERIEZ M T 2 72012, B RT A —X Ot & &t
BIEGRINED FIE A —[RIRATT 5 72O U 5HER 2 500 U 7=, SRR 5
Pix, =%y ) 7 b—a oty NRUEEKE AV, SHRFFRIZT Y U 7
L—yarty hoFT—48& (U7 AL ONIR A7 ML O S OE) . #HE
BEDMERE, K OVEEGEIRT VT U XA LUKFT D, FricF vy U7 L—rvarty b
TR ENRREWEE, FREFEFAIIEEEEICELS 2D, ARFTIEH. v V7L
—Yarty FOY U7 VEE 100 Kl & Uiz, 2R RN 2 B SEA0 12 e A
AIREZRHEPH (BB ~FHIER) 12D 5720 TH D, BLEMIZIEF Y ) T L—v 3
Yy FOY L TVEIE 1000 UL EE R DGERH Y . FOGEAILH BALZR D LR
NOFRFHEZET 5,

1.3 REGERE

NIRS [ZHADWTHRAME ZE BT DHICHT20 . METT /VOHEERSE K OVE
PEZ ESHDZENEETH D, NIR ALY MO E AW THREET LA
T D L B 2 HETE RS FE M OVEIEVERMSF D IR WAREE N H 5720 RET T L &1
FT D LTI T FE LVEDIEETH D,

ARRFTCIE, LT OMEERIREEZH O TRETT LV EEBE L, TOHEERKE K )
G AT & LG L 72,
PERIE:
1) PLS-beta (% HAL THEAM)
2) VIP  (JEECEAL CREAM)
3) IPLS (A~ b LAEHIEAL TRAM)
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4) SFD-PLS

5) #E)F-¥ SFD-PLS (moving averaged SFD-PLS: MASFD-PLS)

6) SFD [HfE—HL[ElF/0#T1E (SFD area—simple linear regression: SFDA-SLR)

BHEOERIUEDOS I E LT, EIRIR A FEhiE 3 NIR 2A~7 M-OREHE W5

EET /L (PLS-AN) ZRIEFHN L7z, WERIEOBMAIZIE, Y7 hov=T L L
T MATLAB® 2014a software (The MathWorks, US) } U8G5t & L T HP ProBook 4320s

(Hewlett—Packard, US. OS: Windows 7 Professional 32 bit, CPU: Intel® Core i5 2.67 GHz,
RAM: 400 GB) # 7o, 7eds, AREHARMOMERRIZ — R FEMFRETH LN D
FEEDOKUETH D, LT DM ECRINEIL MM 72 e FH a5 2 -V TSR TRE
bbHZ Lk, HERROBUS CRIET %,

ERE (AT bV TRHM)
)
)
)

1.3.1 PLS-beta
PERIETH % PLS-beta 1T PLS (2K < BT T /L DEIFAREL D HMEXHIE A3 i1 IE
S ARG S ), MAEKOHEEE Y Fv GERY) ROEIFRERY b
BrisERM) IZLLFOXTH LN S:
j=Th=XW(P W) b=X BpLs (11)
BrLs=W(P'W)™b (12)
T 2T We[wy W, wi] € RMIKII B AT ITATH, May 12 A2 b AVEIRIZEB T 5 AT
RO RBUEOH) TH b, PLS-beta DFINT A—FITM Th D,
PLS-beta (Z 55D < HOBRFINEZ UL T IR T:
) AT MOEEEEAVWTHREET VEAMHEEL, Bus ZEINT 5,
) Brs DEFRDOMEIMENRKZ WIRIZEE Z W ~EZ, M=1 55,
3) %%JJ(DM1@@fﬂzﬁsﬁéﬁﬁu\ﬁﬁi%%wﬂ%§%b SECV Z &+ 5,
) M=M+1 & L, M=My-1 &72% & & F Cstep 3 12iide (M=My TH 55A 1L PLS-
All IZFYS 35D TEIET D),
5) SECV /& 722 M AR L, Bers DEEFR DOHEXHE A K Z VWIIEIZ M I D EK
AT 5,

N

1.3.2 VIP

WRETH D VIP 13l %2 DANNEENE W EBROREEICE2 5 EOKRE &
DIETH D VIP BENRKRZWVIEICEEAZZRT 2 20, mEHDOANEED VIP 15
MoV ERO LI ICERSIND:
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K

MaIIZ(WI%mbI%tIItk)
1 (13)

b2t )

X
Il

V=

t_ﬂ\x

7\_
Il

1

ZZ T Wil kFHOEASFTITZ MV (w) OmBFEHDOERTH D, VIP OFfHIX
TFA—=HIMThHD,
VIP (255 < WEGRIR FIAZ DL N IR T:
1) AT MOEEEEHNTRETT VEMEEL, VanzH T 5,
2) Va DREWNEIZERZ T ~F 2, M=1 &35,
3) %mmM@®ﬁ&%%wT@%%?w%%%b SECV #H 3 5,
4) M=M+1 & L. M=Mgy-1 & 725 & & F Tstep 3 i12tTe (M=My TH 2545 1% PLS-
All IZAYS 5D THEIKT ),
5) SECV 23/ 72 M 2R L, VMR EWIEIC MBEOREEERHT 5,

1.3.3iPLS
PERIETH D IPLS 1T AT MARRZ MR D AT MVERIBRICHEI L, A A

7 MVEIRICE ENDETORERBEANWWTHREETT VEMET H, £ LT, ZOHE

DN WIIELC 227 hoLfElR 2 R4 % %), iPLS OE&K % Fig. 3 1R,

Each spectral interval

Spectral intervals in equal width Regression A calibration model
P < analysis in a spectral interval
22 ; between ¥ =f (X, Xp, X3, Xg)
255 % 2 the spectral S
c OO0 1 . \, - o —
- 0 O intensities > ¢
s Ao/ ! (X4 %o K X) B Eﬁmn
By a ! atallthe © &
o8 0 H wavenumbers £ Z
T a =
n (my, my, my, m,) 4
[ R and Reference value
g the reference (e.g. HPLC) [%]
values (y)

Calculate the

Select spectral intervals ) B
’ . <4— estimation error (SECV)
in ascending order of the SECV in each spectral interval

Spectral intensity
after spectral
preprocessing [-]

Wavenumber [cm™]

Fig. 3 An illustrative example of iPLS. In Fig.3, it is assumed that a spectral interval is composed of
four wavenumbers. [-] : Spectral intensity after spectral processing is dimensionless.

TR ﬁbf:o N _VC |m|n))7(()\ Imax | i%ﬂ%ﬂ ldiv ODHQ/J‘{E&U\Hij(TﬁVC%E) iPLS @
FEINT A —Z 1 gy ORI T5 AT M AFEIROEL () TH D,
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IPLS (T2 < PEEORIRFINAZ LL T ITRT:
1) Idivzlmin &Téo
2) AT MVERKE gy BHOFMED AT R VEEIRIZ S EIT 5,
3) BAXZ MEEBICE ENHETOWRMEH N THREET VEZHEE L, SECV &
BT 5,
4) SECV 2V EWEIZ AT MV 2~z | =1 &9 5,
5) HWAID Il BDANRT MERICE N2 TOREEEZ AV THREETT V2R
L. SECV #H 3 5,
6) lse=lsetl & U lsg=lgiv-1 72 % & & & Tstep 5 12HTe (le=lgy TH D HA 1L PLS-
All IZFYS 425D TEMET 5),
7) lgiv=lavtl & U, lgv=lmax & 725 & & F T step 2 (2T,
8) SECV Z /& T D[l lan] DFEAT A IR L, HAID I H D AT MIVEEIRIC
BENLEBERMT D,

1.3.4 SFD-PLS (1R=E:%)

AHLE CTIIARE CTRET D FEC OV TIER D,

NIRS (2B W T E OIRENEE T 5 & OWRICEZ R T 2 FrE DYWL
B—7 (AT MVEEIZEIT 2 AT MVIRE) BNEET S, LoL, BEOWE
BRI T AN E — 7 NER VA D 72D, AL T 2 BRI 5 A~y
N JVBEIE & 4 WS 2R R D IR RS W CIEREICH ET 2 Z S IXREECTH 5, & L A
Y MV RRESWRIN E— 7 IZHIET D ALY RVEEIRIZ RIS 5 2 &R TE T,
HEMEO AT NViEIRE VS IPLS L0 & BRI E R E OB % K3 5 I S E
BIRTX A LEZZ2 0N, 22T, RIZ—2D NIR A7 MUIZEBITH ALY L
TR DORR/IME Z A7 R VEEIROEER & L CTHW=5E. Fig. 4 1233 XK 9 IZ[F—0
W B — 7 12T D MEDALE 34 NIR A7 MVZIn CTERR D, > T,
NIR A7 NVERIZHEIR D A7 MAGEOER 2352 L2 b, £, WY
E— 7 OIGRIZF N H T A WE RIS U TR Y 2O bR THSL Z &)
5. & =7 RIS LM A E L CTRIRE — 7 2385 2 L b IREECTH 5,

Local minimal point Local minimal point
in spectrum 3 in spectrum 2
Local minimal point
in spectrum 1

spectrum 1
spectrum 2
spectrum 3

Spectral intensity
after spectral
preprocessing [-]

Wavenumber [cm™]
Fig. 4 An illustrative example of local minimal point of the spectral intensities in each NIR spectrum.

[-] : Spectral intensity after spectral processing is dimensionless.
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SFD 1 ZE WX & — 7 (ks LT A7 FViE AT 52 2 L2 HIE 45,0
N E— 27 OB TIXRTLELE NIR AT R LD AT N )VIREE DB /N 72 5
EEZBND, Fig. 51T X912, SFDIZF¥ V7 L—rarvtky MIEENDH A
TPHD NIR AT MLEXGE L THEBEER DAY N VR E OREUER 7222 5HH L,
AR NVEBEEE TS, 2L T, TOAY VAR OM/IME T ALY
MR EBID AT SASEBIZ 3 EIT 5, m B H OB 5 A7 ML
(xmnERY) OEEHEREZE (sp) IZLLTFOXTHIENS:

— 1 N( 7 )2
Sm= mz Xam ~ Xm (14)

2 TXmlE N BHOY T LD mEHOWEEICBIT D AT MARE | 3, 13 Xn D
I T %o SFD 1Z AT M AEEEEDR NG % 2~ M AR OSER & LTH
W5, ZORUNETHEN ST AL M VEEIRIZ AR — 7 125635 2 & 3
S5, 7235, SFD X AT MVHILE O NIR 227 hWckt LTl % (126
A7 NOVRETLEE ),

1R T 2 SFD-PLS 138 A7 PASIRICE £ 2 2 COREME RV THREET
VAR L, FOHERENEWIEIC AL N LHERZ RIS 5, SFD-PLS O
IRT A =BT N DFHTo D, IPLS EF72 0 | SFDIZ L 5 T lgy D —EMICEE 5,

NIR spectra in a calibration set
(Its samples have variation in
lots of chemical/physical properties)

Calculate the standard deviation
(S.D.) of the spectral intensities
at each wavenumber.

A spectral fluctuation profile
(The local minimal points in the S.D. will
correspond to the peak edges of the spectral intensity)

preprocessing [-]

Spectral intensity
after spectral

Wavenumber [cm1]

Spectral interval

S.D. of
the spectral
intensity [

PP D ——H SO,

Wavenumber [cm]
Local
Divides a whole spectrum into minimal
multiple spectral intervals at point
L1 the local minimal points

Spectral intensity
after spectral
preprocessing [-]

Wavenumber [cm]

Select spectral intervals in ascending order of the
estimation error (SECV) in a similar manner to iPLS

Spectral intensity
after spectral
preprocessing [-]

Wavenumber [cm-1]
Fig. 5 An illustrative example of SFD-PLS. [-] : Spectral intensity after spectral processing is

dimensionless.
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SFD-PLS {ZH:D < WHOERIRFNEZ LA TR
1) Fx V7 Vb—valrty MIBITAEEED AT MVIRE OFEERZAZ R L.
AR MVEBFEE T 5,
2) AT MR E AT NVEBRHEORR/ N TTHEIL ., gy [HO AT R LEE
35,
3 HBANT MEBIZEENLI B TORBEHNTHREET VAHE L, SECV %
BT 5,
4) SECV M/PNEWIEIZ AR IR AZ WAL | =1 & T 5,
5) WD I DAY MAERICE TN ETOREEZ O THRETT LA HEE
L. SECV =& 7 5,
6) le=leetl & U lg=lgi-1 &7 5 & FET step 5 WZHETe (le=lgiy TH DA 1L PLS-
All IZFEYS 325D TEIET ),
7) SECV Zix/Ne T2 lsg IR L, D ls [HD AT RVEEBICE £ 5 1L
ZBRHT 5,

1.3.5 MASFD-PLS (RE%)

SFD [T AT MUVEFHORKE S EEEJET, AT MLVEIEE (Fv V7L —
varky bELTHERHTS NIR AT MIZEIT D& D AT FVIREED
PEAERZE) O TOM/NEEHWTARY MVEIESET D, Z OFF, Fig. 6 1277
TEITHE /) A XRICHET DN AR FVEEBINE LS AETH-> TH AR
7 NIVEEBNVRFEI SR N AERR D T2 ALFER TR S & X IBISR D A hILVEE
BN AR S D ATREME N B D, £ 2 THIE / A RIS AT N OVEBMREIZ S 2 2 25
BT 2R E LT, AT MVEBFHEICA L= B AT 5, —&M
IRAL—=V U THBD 1 DL LTBENEEERH D, AMGEI Tl SFD-PLS & B8
PREZ A FOWEIEIREA MASFD-PLS & 4 171F 7=, MASFD-PLS Ot <
A= E s K OBENEEETHNDBEFEDOIE (Wne) TH D, ARFTTIE. Winoy
% Wnin=3 72> 5 Wnax=9 OEiH CREIFO L HMEAWRe=2 & L TERE L7, Z Z T Wnin
S Y Winax (L ZAVE I Winoy D i/ IMEBE M Oie KE T %, MASFD-PLS | SFD-PLS X
DB gy BFEHND T2, T 2 OMEEN DR e | FHEAR K
BT LMD,
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NIR spectra in a calibration set
(Its samples have variation in
lots of chemical/physical properties)

Calculate the S.D. of the spectral
intensities at each wavenumber.

A spectral fluctuation profile
(The local minimal points in the S.D. will
correspond to the peak edges of the spectral intensity)

after spectral
preprocessing [-]

Wavenumber [cm-]
[SFD-PLS] Tiny fluctuation in the spectral

intensities will generate spectral intervals
irrelevant to chemical information.

S.D. of
the spectral
intensity [-]

Wavenumber [cm™]
Local

minimal
point
Derive moving average of

the spectral fluctuation profile

A moving averaged spectral fluctuation profile

Spectral intensity ( ) Spectral intensity

after spectral
preprocessing [-]

Wavenumber [cm]

1 1 1 | I I I | 1 1
°T I i1 P
[MASFD-PLS] The influence of the tiny 58 > P P b
fluctuation can be reduced by smoothing ogeo NN ! !
H 1 (O] 1 1 | I I |
the spectral fluctuation profile. n %’ 2 o P : i
- - 1 1 1 11 11 1 1
g2 = Wavenumber [cm™]
cw e Local
QO .= .. . e —A
289 Divides a whole spectrum into minimal
—ag multiple spectral intervals at point
goQ the local minimal points
O g 2
(o=}
D_U— pu.
n m Q

Wavenumber [cm1]

Fig. 6 An illustrative example of the moving averaged spectral fluctuation profile in MASFD-PLS.
[-] : Spectral intensity after spectral processing is dimensionless.

MASFD-PLS (T30 < IWHOEIR FNE A2 LU ISR
1) F¥x V7 lb—rarty MBI DHEEO AT MGREOERERZAZ BT L,
AT NVEEENRRE & T D,
2) Winov=Wnmin kﬁ—éo
3) W ZBENWEDOIE & L TANY MVEBRHEICBENES L2 EH T2 28T B
LAY B R A ERLT S,
4) AT MVREKREBEPEE AT NVERHE O N R THEI L, gy 8O A~
7 MVEEEE T D,
5 HAXT MEEKICEHEEN L2 TORBMEHWTHREET VEZEEE L, SECV %
BT 5,
6) SECV 2V/NEWEIZ ALY AR Z W2, =1 £ 95,
7)) EBRID Il EHDO AT NAFIRIZE N5 2 TOWREE RO TRETT LA
L. SECV z&H T 5,
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8) lemlsetl & L. lg=lgi-1 &7 & FET step 7 WZHETe (le=lgiy TH DA 1L PLS-
All IZHS T 5D TEKT S),

9)  Winov=WmovtAWmoy & L. Winoy=Wmax & 725 & £ T step 3 (2T,

10) SECV % fx/ & T % [Winoy, lse] DALAT 2RI L MO lsa D A2 BV AEIK
ICEENDBE AT D,

1.3.6 SFDA-SLR (1RZE%)

SFD 3 WIL & — 7 1Tt d D AT RVEEI A ARk T 5 2 & A B LTk
ThHbd, T TEARY MVEEICEIT 2 AT MVIREO R FiEfEiEA~<s by
TEROIEL 720155, ZOmfE% SFD g & 4fHT7z, 7235, SFD [HifEILATALEE
%D NIR A7 MIZET DAY MBEEZ W TR 5, FEHRIZBIT 5 X
R MVREORD VI, HAXT MVEEIRIZEIT S SFD mfEE A NESE LTH
W5 ZENTED, SFD HifEa AESE L THWESA, A7 MA2IRICE TN
HANNEE DN D72 72 D72 WHOEERIROFHE AR 4K T & 5, SFD mifgI i
S W HGERRE % SFDA-SLR &4 fH1F 72, SFDA-SLR OFHI/XT A — 21X I DFHT
&%, SFDA-SLR T SFD-PLS &3#7eh | £ AT MVEEHIRIZE T 5 ET VAEE
IZSLR ZH\We, ZAUEK AT MATEBICE £ D AHEH (SFD iffE) Oy 1
DTHHILOTH D,

SFDA-SLR {ZH:D < WHORIRFNEZ LL T ISR
1) Fx V7 lb—Tarty MIBITOHEERO AT MGREORERERZAZZ R L,
AT NVEEENRRE & T D,

2) AT MEKRE AT NVEBEHEOMB/ NI TOEI L, gy [HO A7 hLVEHE
e+ 5,

3) HANRT MVEHBRICE END 2 TOREERITEIT D5 AT MGREOFIZHH L,
SFD EfH & 7%,

4) HAXRT MVEEEIC-OE | SFD mfEx ANEE L L THWT SLR IZES <&
ETIVEAEE L, SECV ZH T 5,

5) SECV 23/NEWEIZ A7 RVFEIR AW~ | 1=l & T 5,

6) D I HD AT FVEEIRICE £ 5 SFD mfg s A 1484 & LCHWT PLS
IS METT VEHE L, SECV 2R HT 5,

7) Nemletl & Ul l=lgi-1 &7 & FET step 6 WZHETe (le=lgiy TH D A1 PLS-
All IZFYS 42D TERET %),

8) SECV Zi/Ne T % leo ZIBIR L | M D I Il DA~ MV AR 3% (SFD
HFEZ ANJIEEE L THWD 72D, EETIER S AT MVEIBDIRIR 72 D),
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14 HBRRUVER
1.4.1 ARY kLRTALE

BRI ORI EEROFEY ((BEWMX) GEEZHEET 2 2 BEOMRETT L&t
KT DHITH0 ., AT FVETLELZ Fifb L7z, SNV, —kBGr. R, —Ik
WAY+SNV, RIS +SNY D 5 DD A7 | LRETRLER 2 HE k5 BE D815 C i
L7z, ¥x U7 b —va sty MIBITDEILEHZ D NIR A7 RO % H
WTHEET VEME L, ZOHEREZ KT 720NV TF—vaty h&H
WT SEP A8 L7=, fEH4 Table 2 XX Table 312”7, KOG EHEDHEAIT—
Wy, Y (IbE X) &EBHEEOL ST — KRB +SNV & W 72354512 SEP 23k
INeTpoTz, BT, TNH DAY MVETLEEZ A U, LIRE O Ese ik % g
ST S EHC WS Z &k LT,

Table 2 Comparison of spectral preprocessing methods in the water content estimation.

K SECV[%] SEC[%] SEP[%] R

SNV 19 041 0.16 0.56 0.95
First derivative 18 0.30 0.16 0.36 0.98
Second derivative 20 0.62 0.29 0.79 0.92
First derivative + SNV 5 0.94 0.79 1.18 0.84
Second derivative + SNV 15 1.07 0.66 1.15 0.83

Table 3 Comparison of spectral preprocessing methods in the drug content estimation.

K SECV[%] SEC[%] SEP[%] &2

SNV 20 234 0.13 3.65 0.85
First derivative 20 216 0.13 3.80 0.85
Second derivative 20 3.51 0.08 3.43 0.85
First derivative + SNV 20 2.42 0.13 2.93 0.88
Second derivative + SNV 20 3.79 0.07 3.68 0.82

1.42 ARY MILEHHE

KRIETIL, FHH AT bASEEE LT SFD KO MASFD 218245, Zhb
DFERIETIX, AT NVEBEFEICE SN T AR MADEEER O AT N LVE
WA EIT 5, BRI OKRGEEKROFEY ((LEM X) GEAHET 2 2 EEOKRE
TTNVEREESTDHICHTY ., SFD KON MASFD 2%+ U 7L —3 3 v hd NIR
AT MVIZTE LTz, TS K 0SSN T AT SVEBEE & OB A~
VSR 2 Fig. 7 X OVFig. 8 IZR T, 72, ZiLH DAY FVEENRHE N O
B AT NOVEEENVREEIZ T DA/ N R D% % Table 4 X O Table 5 (1273, 24D
DFERN S, MASFD [T AT MVEBEOBEIE A E T2 2 & T, gy 2K
T&E 5 Z EPMAES Lz, MASFD-PLS (33Fl 9~ 2 I EckH A1 O %508 SFD-PLS LV
Vil e bled, HRAMEZIKTE S LI ND,
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Fig. 7 The spectral fluctuation profiles in the water content estimation. Vertical lines indicate the local
minimal points. (Left-Top) the spectral fluctuation profile in SFD, (Left-Bottom) the moving
averaged spectral fluctuation profile in MASFD, (Right-Top) enlarged view of the spectral fluctuation
profile in SFD, and (Right-Bottom) enlarged view of the moving averaged spectral fluctuation profile
in MASFD. [-] : Spectral intensity after spectral processing is dimensionless.
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Fig. 8 The spectral fluctuation profiles in the drug content estimation. Vertical lines indicate the local
minimal points. (Top) the spectral fluctuation profile in SFD and (Bottom) the moving averaged
spectral fluctuation profile in MASFD. [-] : Spectral intensity after spectral processing is
dimensionless.
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Table 4 The numbers of local minimal points (#LocalMin), divided spectral intervals (lgy), and the
number of evaluated combinations of input variables (#eval) in SFD-PLS and MASFD-PLS with
different moving window sizes (W) in the water content estimation.

#lLocalMin gy, #eval

SFD (Wpov=1) 206 207 206
MASFD (Wyno,=3) 167 168 167
MASFD (Wino,=5)? 129 130 129
MASFD (Wyno,=7) 115 116 115
MASFD (W, =9) 108 109 108

a: adopted in the result of MASFD-PLS

Table 5 The numbers of local minimal points (#LocalMin), divided spectral intervals (lgy), and the
number of evaluated combinations of input variables (#eval) in SFD-PLS and MASFD-PLS with
different moving window sizes (W) in the drug content estimation.

#lLocalMin gy #eval

SFD (Wpor=1) 155 156 155
MASFD (Wpo=3) 125 126 125
MASFD (Wpo=5) 106 107 106
MASFD (Wpo=7) 96 97 9%
MASFD (W0, =9)" 88 89 88

a: adopted in the result of MASFD-PLS

143 BEERRUREETILIEE

AIECIE, 1.3 WEGRINGE ) HIZR LT 6 D OWREIRINGE A2 Mk 0Ky & &K
VY (kA X) GEEZHETI2RBET VOMEICEA L, T b ORI
ZHEE RS OB T 5,

1.43.1 KR ESEHT

B SRR N T A — & L OHEERGE % Table 6 (275 L, @RS /=8 % Fig.
9 IC®RT %, /AK4yi% 11800 cm™, 10200 cm™, 8600 cm™, 7000 cm™*, 5600 cm*, X
115200 cm ™ AHEIC NIR B 2 A5 9, Fig.9 (b,¢) ITRT L HIC, Zhbo
D 5 % 7000 cm ™t T8 5200 cm L ORI E L. F v U T L— gty MO
7% 7150 cm ™t 2105300 em AT O EE AW E — 2 L —FH LT\ D, #Eo T, Th
SOEBERNINE— 27 TABKICHEK T EELZ LN, ¥ VT L—vaky b
([ZB1F % 5000 em™ AT O MM v — 2 bk y BT A Z ENTESN, ZOX
etk & — 271X A K OFETI T TR <RI OKF<h 2bEm X) I8 T 586
KOFEZ HZ T TV D, —MIZ, KRITBEET 2 I 361 2 AT RV
XK E BT T < s B0 O M BRI S O K Sy LI IEBIR 2R R O 5
BT D, Koy L EER R B E O BB HEER I 5 2 5B & Ro/MET 572012,
IR B 2 I B E I 72 T e < UKy & B BIAR 2R S BRI A IR D = & 3Ky
GREMETOIMEETBEICENTH S P,

PLS-beta 1%, 2201 ¥ 9 5 308 WHUR AR L7z, VIP (X 2201 RO 5
108 I EE 218 IR L7, iPLS IZ NIR 27 hLA{K%E 38 (H D A7 kLFEIKIZ 4y
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L, 2095 5 DAY NViEELZ RN L7=, SFD-PLS IZ NIR A7 KLk
207 DAY MAFEIRIZEIL, 2D 55 57 HD ALY hViEIRZ IR L7z,
MASFD-PLS (% NIR A2 hL4fk% 130 fHD A7 FEEICHEIL, 20955
A4 B D ALT kVEEI A2 3R U7-, SFDA-SLR IZ NIR A7 K L4{k% 207 {H D A
A7 RVEEIRIZEIL, 2D 9B 96 HD ALY FLVEER A IR LT,

2T OWRFCERIEITB O T, BN S U253 7150 cm ™ %7213 5300 em x>
KACHAS L FHEARE— 7 I Z G A TWET20, K EaROEE) A2 K4 % R EE
WAEBRH LT-EEZX DN, 72, & TORBGRIIEIZB VT, SRS ETIK
57 & BERMR OB EGEI A b3 ATV,

PLS-beta & X VIP (23 T @8R SN 7= 3 U BEE 72 I E / A X% <9 4000 cm™
FHE OB A & ATz, 6o T, REET /VOHEREITE ) A XD EE%
ZFeTWnWEEZLND, —J7, iPLS, SFD-PLS., MASFD-PLS, K 0" SFDA-SLR (Z
BT, BIRS U2 IEK0E 4000 em™ £ 3T O E RS &2 B4k L T2z, EET
IVOHEEREEEIIHE /) A Rkt L CL s 25 Z EnHfr S5,

A TOWBRIREOT T, L+ 5 SFD-PLS K& X MASFD-PLS % SEP &% (X SEP
& SEC L L R/ME LTz, Z OFEHRIE, SFD-PLS K (X MASFD-PLS [t E K FE
PibhabESErL LB, ¥V T L—varky MIA—R—=T 4 v T 477
HfatE i IR L7 2 & 2R LT\ D, 24X SFD-PLS 2 O MASFD-PLS 237k
oy & BEET 2 i ik K OVK 4y & BERELR T H D M HEE RS FE D 1h) A 72 B
DWW % e b UNRIN LR b S D, — 5T, SFDA-SLR (% SFD-PLS &
D HREVSEP (RWHEERSEEE) 2 LTc, ZORKIZLLTO L 9 IZEE 2 b5, Fig.

4ITRT LI, W — 7 OBRFAHEICI T 5 A7 VBRI, BT oI e
—yw @%xié P T, Al—DOWINE — 7 IZ8BTF 5 AT NVEREE & HEE XS
T D MEREDEE) & OMBIRRIZ. EDO AT NVEEIRN OB EALE IS K o> TR
2%, T AN D72, WEHN CHURREICE A 2T 5 2 &L P
To 5, SFD-PLS IIEPEED AT MVREEZ A SIS E L THWTE Y, HEGH
N CEIFAREIC B A& AT D, —J7. SFDA-SLR 134 A~ M VI BT 285D
AT NVIREOFITH 5 SFD mfExE AN E$E L THWTE Y, 4 SFD gl H
RO ELZ TS, DF V. SFDA-SLR 138 A7 FLVEEEIC BT 52T O
DALY "MIVREEICE UWELZ T TS Z LI LY, ZOEWHFRKRE 2D
SFDA-SLR [Z SFD-PLS LV H KREWSEP /R L7 B X BN D,

28



Table 6 Comparison of wavenumber selection methods in the water content estimation (spectral
preprocessing method: first derivative).

M K  #eval® Computation SECV SEC SEP R°
(Isei/1giv) time [h] [%] [%]  [%]
PLS-AIl 2201 18 1 P 0.30 0.16 0.36 0.98
PLS-beta 308 20 2200 26.78 0.24 0.16 0.39 0.98
VIP 108 20 2200 26.92 0.27 0.18 0.33 0.98
iPLS 285 4 4949 56.13 0.24 0.22 032 0.99
(5/38)
SFD-PLS 978 6 206 1.24 0.25 0.19 0.29 0.99
(57/207)
MASFD-PLS 998 6 519 7.40 0.25 0.19 0.29 0.99
(44/130) (Wmov=3,5,7,9)
W=5°¢
SFDA-SLR 96° 9 206 0.07 0.24 0.18 0.36 0.98
(96/207)

a: the number of evaluated combinations of input variables. b: wavenumber selection was not
performed. c: adopted as the final model. d: four Wy,,, were evaluated. e: SFD areas were used as
input variables.
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Fig. 9 Wavenumber selection results in the water content estimation (spectral preprocessing method:
first derivative). (a) the preprocessed NIR spectra of the calibration set. (b) enlarged view of the
preprocessed NIR spectra in the calibration set. (c) the selected wavenumbers (shaded regions). [-] :
Spectral intensity after spectral processing is dimensionless.

1432 EYESHT
BIRSNT-HWET /N T A —2 K OHETE RS % Table 7 127~ L, IR S L2 5% Fig.
10 ([ZRT %, Fig. 10 (b) IR T X9, i (k&% X) 136500 cm™, 5150 cm™
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', 4800 cm™, 4500 cm ', K (X 4100 cm T IZ RV T EEARWIN Y — 7 787, Fig. 10
(a,b) ITFTEIIC, ZhboHEY (LEWm X) ORI —2 D9 5, 6500 cm* &
5150 em MHEDOWIR E— 271X, ¥ U T b— gty MBS D EEARRIE
— 7 L —FH LT3, 7150cm ™, 5300 cm ', (X 5000 cm AT O EFEIIC I T
B2 B E % R NIR A7 FLIX, mWKSEEEZATHFY ) 7L—ra Ao
YU FIVICHY T 5, o T, 11431 KoGEHEE) HEICTH#HO®Y . 7150 cm’
J V5300 em AT AL hOVIREE L H /K 2 B L, 5000 cm AT A8 oL
BREEILH KR OEY) ((BEMX) (BT DHaKERKML TS EEZLND, K
DEBEOEE T T OMEET WITHRIAI, K EEDEBPHEEREIZ G 2 5 5
PR ESESHIT, ZOEKSEGEOY I ZERICxF Yy T L—arty
NAOY T e LT L, Koaa0E LRI, Y ((bEWw X) (2R
T OWBBEUZ I T D AT MAGREITEY) (k& X) GEIZ T TR ASEER
TERL OB ZEOEY) (LAY X) L IXERRAEEORBELZ T 5, Y (b
Al X) &R IR E Y E OB S HE SRS FEIC B 2 D B A i/ MET B 7212 ) (b
E X) ICBET DI T TR Y (kA X)L BERER 7R R B A IEk A 8RR
THZENEY (bEWMX) BERAMET HIMEBET MVBEICEHTHL EEX DN
77,

PLS-beta I, 2202 EH D 9 5 601 MHUR 2R Lz, VIP 1% 2202 HHRD 5
B 343 IHUE A BN L7, iPLS 12 NIR 222 FLA K% 38 fHD 227 ~LAEIRIT Y
L, 2025 27T HD A7 FVHEIKZ R L7z, SFD-PLS IE NIR A7 R LA R
% 156 fH D AT MFEIRIZEIL, 2D 95 28 D A7 FVEEIRZ IR LTz,
MASFD-PLS X NIR A7 h LK% 89 Hl D A7 FVEEEIC/HEIL, £ 95 26
H D A7 o LfE 23R L7-, SFDA-SLR X NIR A2 kLK% 156 fH D AL
7 MVEEIRIZEIL, FD DB I5HO ALY hOVEER AR LT,

AT OWEORREIZ BT, BN S 7= %0 % 6500 cm* % 721 5150 cm A3 D
Y (ke X) ICERSS FER =BG T ATWED, Y (ke X) &
BEOEE T KT D EEGER AR LI B b D,

PLS-beta, VIP, }&TF SFDA-SLR (23T, SRS N2 IEEITRIE 2 A XD FH*E
AIIZ R & U 12000 e (T DI EGE 2 & A TV 2, 8- T, BoNABEET LD
HEEREEITIE ) A ADEBLZ T0T VW eEE 2 bbb, —J, iPLS, SFD-PLS, K&
Y MASFD-PLS 128\ T, J3IR S 7= 3803 12000 em™ {5 3T o0 i B fE ik & 4k L T
7l BoNDMETT VOREERBEITHE ) A4 Rk L TRV BEEE 725 Z &N
MrEsL b,

K EBOHEEIZBIT DR EFEIC, 2 TORBRIEDO T CHRET 5 SFD-
PLS i% SEP X TN SEP & SEC & k=% m/IMb LT-, F7-. MASFD-PLS |% SFD-PLS
& [FIFREE D SEP )t Y SEP & SEC & Ok E% 15T, Z DOfEFIL, SFD-PLS & ) MASFD-
PLS I3t ks E A b LSEA L2 b, ¥V T L—Tavty MIA—R—7
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4T AT THEREERBIEB L2 2R LTWD, Tk SFD-PLS KW
MASFD-PLS 2334 ({b&#) X) & BHi3 2 WM L O (k& X) & HERETR
T D PHEERE O W RIS A M 72 B EI O 5 % e b i DT IR U 72 # R & HEL2
SNb, £7-, SFDA-SLR | SFD-PLS L Y K&\ SEP (R HEEREE) &2 /R L72bd,
ZORER LK EEHETEIZBIT AR E L TV 5,

KOGEGEKROEY ((LEWM X) GEOHEEIZBWTHRLNTE IS DOFEENG,
#2245 SFD-PLS KUY MASFD-PLS IZZ DO FIEL D b HEERKER Vv U 7 L
—varbty MZA—NRN—=T 4T 4 7T HERMEOE T OB R TENLTND Z
LRSI,

Table 7 Comparison of wavenumber selection methods in the drug content estimation (spectral
preprocessing method: first derivative + SNV).

M K #eval® Computation SECV SEC SEP R2
(Isel/ Idlv) time [h] [%] [%] [%]
PLS-AIll 2202 20 1 -0 2.42 0.13 293 0.88
PLS-beta 601 20 2201 17.24 0.94 0.08 313 0.87
VIP 343 14 2201 17.08 1.56 1.00 246 0.92
iPLS 1575 20 4949 37.61 1.45 025 253 0.92
(27/38)
SFD-PLS 649 13 155 1.46 1.57 1.03 181 0.96
(28/156)
MASFD-PLS 756 13 415 3.62 1.52 101 181 0.96
(26/89) (Wmov=3,5,7,9)
W=9°
SFDA-SLR 75° 20 155 0.03 1.68 0.60 251 0.92
(75/156)

a: the number of evaluated combinations of input variables. b: wavenumber selection was not
performed. c: adopted as the final model. d: four Wy,,, were evaluated. e: SFD areas were used as
input variables.
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Fig. 10 Wavenumber selection results in the drug content estimation (spectral preprocessing method:
first derivative + SNV). (a) the preprocessed NIR spectra of the calibration set. (b) the preprocessed
NIR spectrum of the drug substance. (c) the selected wavenumbers (shaded regions). [-] : Spectral
intensity after spectral processing is dimensionless.
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FAWT AR MLVEEE NV —7 DF 0 7 Vv — 7 % Efl4 %, Interval-NCSC-PLS
IFWB TN —TIZEENDLETOEKEHNTHREET L EMHEE L, LD SECV
INSWIEIZIR BT NV—T %8R9 5, Interval-NCSC-PLS (21T 20/ X7 A —# %
livs Rinress Ggens X TN Ggol T D, ZALH DFAET /YT A — %X NCSC-PLS & W interval-
k-means-PLS & [R5k & CThcidifl L 72, [ldiv, Ritres; Ggen, Gsel] ARG 1% SECV 23w/
LD X IR LT,
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2.3.8 SFD—k-means—PLS
ARFTIX, SFD—k-means—PLS ZH2ZEICXI T D higkige & L THW S,
SFD-k-means #£1d. SFD & O k-means £%4 W T AT MVEIKZ V—7" 0 D&
DWE T N—T 2 ET %, SFD TERLL 7 A7 FMVEEIIZ DWW T Eq. (15) %
MW mfE % A9 5, £ OB mEIC k-means JEZEH 35 2 & T, A7 b
VA 2 — 27 Uy REEBEIC RS AR MBI V—T 127 FAZ Y o TT 5,
SFD—k-means-PLS [I& 87 N —T & EN D2 TOREEH O TREETT V2
L., TD SECV M/ WIHIZHE 7 V— T % %INT %, SFD-k-means-PLS (23517
LMET/NT A —F 1% Ggen K Gt TH D, ZILHDFHET /N T A — Z 1T DR HGRR
B L RO #IH TRl b L7, [Ggen, Gsel] DFLA L SECV D3/ & 72 % K 9 IZ5EIN
L7,

2.3.9 SFD-NCSC-PLS (1B=Ei%)

AETIE SFD-NCSC-PLS # il Fik & L TIRET 5,

Fig. 11 (&7~ & 912, #2295 SFD-NCSC %1% SFD 2 (X NCSC % VT A~
NVEEIR 7V — 7 2 AR 5, SFD X &AW B — 7 \ZHRHG T 5 A7 bV aElsk % (R
THZEERBELTWS, 20 SFD ([ZHS< AT b ViEk % & OfE i fE O FHES
BIRRICHASNWT I TRAZ Y 7T 52 LT, bHEEKNICHET H2E O E—
JNZHIET D AT MGER S V— T FII & 5 LB bivd, EIkimfEIL SFD-
k-means 7% & [AlERIZ SFD 2 W TH I35, NCSC Z W T, AT L % fEi
HFEDFABNCFE DS AT MR I NV —TNC s T AR ) v 7T 5, AT NIV
W N—TICEENDETOWRBMEWE T N—T L ERT D,
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NIR spectra in a calibration set

(Its samples have variation in lots ~SFD _ _

of chemical/physical properties) Derive spectral intervals using the same
procedure as SFD-PLS

:"’ﬁ"<[ Spectral interval ]

Spectral intensity
after spectral
preprocessing [-]

1

1

1
Wavenumber [cm 1] NCSC
up Group Group Group Cluster the spectral intervals into spectral interval groups
2 3 4 according to the correlation of the interval area, which is

(0)
G
= O

Spectral intensity
after spectral
preprocessing [-]

Wavenumber [cm1]

Group Group

1 3 estimation error (SECV) in a similar manner to iPLS

PLS
Select spectral interval groups in ascending order of the

preprocessing [-]

Spectral intensity
after spectral

Wavenumber [cm-1]
Fig. 11 An illustrative example of SFD-NCSC-PLS. [-] : Spectral intensity after spectral processing

is dimensionless.

SFD-NCSC-PLS (%, K I/ N—TIZEENDHETORBEH N THREET L
EREEE L. £ O SECV DN/ NS WIIEIZH M7 Vv — 7 % 3R ¥ 5, SFD-NCSC-PLS |21
DM NT A =213 Rivess Ggenv MU G T Do TS DFFI /T A —X1F,
O FCRYE & AR O#H Choi{b L7z, SFD-NCSC-PLS |25 < I HGRIN FIA %
PLUFICRT:

(SFD D#R4Y)

1) ®x V7L —rarty MIBITDIKEEBDOANEE (AT MVIREE) ORENE
mWEZH ML, A7 MEERMEE T 5,

2) AT MABRIRE AT NVEBFEOMN R THEIL, gy [BO AT N VEE

T 5,

(NCSC D4y)

3) SFD TYE#Y L 7= 27 FAGEIRIZOWT Eq. (15) Z AW CHalkmfE 4 &+
50 Rthres:Rthresl &U\ Gt:Gmin CE ‘é—éo ZZ7T Gt ﬁi Ggen @ﬁaﬁﬁﬂ_gfgb 60

4) FHIEABICNCIEZHEHT A2 TS EREMT S,

5) SIZSCEZWHMT 2 Z & TG HOWEE I N—T 2T ERIIERST 2, BERR
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W N —T 13 G E R VAREER S S 720, Dl L 1 2O E S THEE

(7o N —T % Goen DM I 7 N—T L BT D, ZORFETIZEH L Gyen [HDOBE

BTN —TDBEECAERL S TV, step 10 1I2ETe,

(PLS D#ERSY)

6) HFEHIN—TIZEENLIETORBEHNTHREET LV EZMHEE L, SECV 2 &
32,

7)) WET—T% SECV D/INSWEICHE D, Ge=1 &7 5,

8) WAID G EDWE I N—TIZEENHETOREHNTREET VEHBE L,
SECV ZH T %,

9) Gg=Gge+1l & L. Gselngen"‘l LB lExFET step 8 T e, (GseI:Ggen ThHGHE
1% PLS-AIl IZHHYS 95 D THMET %)

10) G=Gi+1l & L, G=Gmax & 725 & & F Tstep 5 (ZitTe,

11) % L Rinres=Ritrest THAUE. Rinres=Rinres2 X X Gi=Gpin & L. step 4 (ZiLe,

12) SECV 723/IN & 72 % [Rinres, Ggen, Gset] D1 72 AL A 2 18I L, H A1 D Gsel 1 DL
BIN—TICEENDIETOWRBERHAT D,

24 HERRUEBE
241 BHMBERRUBREETILEE

ARIETIE, 12.3 WEGRINE] IR Lz 9 DOWBGERIEZ R O K5 a8 L
V) (ke X) GRAMHET2HMEETAVOBIICHET L, Zh 6 Ok ik
ZHEE RS OB T 5,

2431 KNEEHTE

B SRR N T A — & L OMEERGE % Table 8 (278 L., @RS /=¥ % Fig.
12 IZKRT 5, Fx U7 Lb—varty ML QT 11431 KOoEERHE] IZF0
OB THDHA, LTSS TR T 5., K5r1E 11800 cm™, 10200 cm™*, 8600 cm™
1. 7000 cm™, 5600 cm . } T} 5200 cm ™ AFITIC NIR ey 244 % 9, Fig. 12 (b, c)
IRT LT, 2D OWIE D 5 5 7000 cm ™t & TN 5200 cm AT ORI AL, ¥ v
U7 L—g 2ty MMIEBIT A 7150 cm ™ 185300 cm MO EE AL B — 7 L —
BELTW5, -oT, INHOFEERWINE — 7 IFHBKICHEKT D B 6NT,
Xy U7 —aty MOEBITDH 5000 ecm™ {57365 DRI v — 27 & K4y & BT
HTENTEDLDN, ZOMEEY — 27 1 XH HKOZEZ T TR Ji3E Okfim<h
HIEEW) X) (28T HREEKOEELE L2 IT TV D, — RIS, KBS 5 EGE
WIZRT DAY MVIEE K E R T TREY (bEWM X) & &R 0P
HORFESE DK Gy & I ERAGR AR Bt & DR 52T 5, K5y & BERAFR 72 etk D ZZE) 3
HEEREEIZ 5 2 DB % /M T 2 72912, KO IZ B 2 S5 eIk 721 CTle < K5
EERIR DWW IR 2 IR T A Z N KB BEHEET DMETT VIEEIZHEHT
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b5,

iPLS 13 NIR 22 hL2fk% 38 fHD A~ FFEIRIZHEIL, D5 H 5ED
ALY R OVEE A2 3R L7, SCMWPLS 1% NIR A7 kLK% 19 fHD A~ kL
RIS EI L, D DAY MVEEIICE ENHWBURD H B 308 HHUR 2R L
72o SFD-PLS X NIR A7 hL2fR% 207 D A7 FVGEEICDEI L, £DHH
57 D AT FVEE A %R L=, k-means-PLS 1% 2201 A D% (NIR A2 b
NEIR) & ABEOREITN—TIC7 TAZ YT L, O 2HOBHIN—T%
B L7-, NCSC-PLS 1% 2201 fH DA (NIR A7 RLAAK) % 6 EOH 7 v
— AT TGARBEV T L, ZDHH 2MEOWEE T V— 7 %I L7z, interval-k-means—
PLS IZ. £ 9 NIR A7 hL2K%E T{HDO A7 FVEEEICEIL, RIZENSH D A
7 NViEIRE 5 EDO AT NAGER T NV—FIC 7 T ARV 7L, ZFLTEDI L
3D ALY FLFEIE 7 L — 7 28R L7z, interval-NCSC-PLS 1%, F£9° NIR 2~
MVAERE 17 B AT FOVEEIIZE L, RICEIND DAY RV E 3 H o
AR MR T N—T1C 7 FAZ YT L, ZLTED I B LAD AT b Vg
TN—"T %8R LT, SFD-k-means-PLS |%. F7 NIR A7 ~L4{K% 207 & A
A7 MVEEEIZEI L, RIZEND DAY RVEIE 5B O AT N VR 7 L —
TN TAZV T L, ZELTEDI B 1 EO AT MAGE T V— 7 28R LT,
SFD-NCSC-PLS IZ. 9 NIR 27 hLA{K%E 207 HD 227 kVEEEIZEI L .
WIZFENS DAY "R Z 7 MO AT NASER I N—T 17 T AZ ) 7 1L,
ZLTEDIH 2D AT MR V— T IR LT,

AT N VEEIERIZ EE D < W HGEIRVE TH 5 iPLS, SCMWPLS, & TY SFD-PLS I,
7150 cm ™t K& 85300 em AT Ok 4y BRI 2 A de AL B LRI A ERL L 72 2 & e
5. ZNLOFEIIKDEBEOLEE 2 KM L- i) /e A7 hViEk 2 (Rl c& /- &
BEZOND, SHIT, 6O FETKBEEEE ST T < K4y & BEE L 72w iEiK
8RN L7z, SFD-PLS K& TY SCMWPLS [ iPLS £V & SEP Z{K L7=25, Ziudk
% 5 < SFD-PLS & U SCMWPLS 737K 77 BEE sE I ) OVK 43 & B L 2225 A 70 SR
ZiPLS X0 L EUNRIN L7270 Th b,

Wk 7 A% ) o 72 HED < PEGERIRGETH D k-means—PLS 2 TN NCSC-PLS (3,
12500 cm 926 4200 cm™t D 1 S DOIRIEUV A7~ VAR & TF 4000 cm L {3 D 4o 7>
DAY NIVFEIRN O IR DT NV —T AR LTz, T OMRIEV AT VIR AN A
A S AT JRIK T, 4000 em ! AT O EREIR 3 D BEE A TIE /A KICHkT B,
Fig. 12 (@) (ZRT LI, ZOMRIE /A R XY 4000 cm™ 10 DA e 36 1)
B A RVIREERRREEIC KX K 20 . AT X o T 12500 cm 5 4200 cm Tt D
BAEIRI SIS T D AT MVBREE D FIR I /NS < T o T, T ORI/ NS WA
MUBEX P afroIiRE —EE L AT I ENTE L0, IGT DR BIT2TH
—DWHIN—TNC T TAZY T E Tz, ZORERE LT, TBEWVARY ML
DAL STz,
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ZDOBEINNARY MVEEIR A A SN RIN 2 Z R 572012, ke | XOm D
3ODWMEEEZ L L LT D, 22Tk KO % 12500 cm ™t 725 4200 cm™ D A2
7 NVEEIRIC T DAL, m & 4000 cmt (IO EEMEE TS, Tk
E 0 IXdI<<Xmll” B OV [IxifI<< Xl T & Do k-means 15 TIEL XXl < [ Xl << Xl | = [IX1—
Xn| CH DT, KEHDOWE L | FHHOWHE DDA MVREDZ—27 Y v R
FEEIKEH EIT NI BHOWT OO E mBEH ORI L OO AT N ViR
D2—7 Uy FHEHEL D $F L/, - T, kK FH LD | FH OEEILFICF
U T N—T12 7 T AZY 7S5, NCSC Tl [Xmk Xm]=[XeXms Xi—Xm] = [-Xm, —
Xn] THDTZO, HWIT|Chil-1 720, kFER KON FEHOWEMOELETH L S (K
D BDREL 2D, > T, KEALONFEHOEEBILFICFR CER s Vv—712 7 7 2
ZU U TEND, K% e LT, k-means K& TN NCSC D ;71230 T 12500 cm™ 7> 5
4200 cm™ OFEKIZIT D ETOWKIIFE —DOWHK I/ V—F s T AZ Y v 7S,
Fig. 12 (d) [ZRT L 21T, Wy T A X U o 72 HS< 2 DO HGRNEIT PLS-Al
ENRIFFEBEDOW A BN L7z, £7-. Table8 (23 XK o2, HETHE L PLS-AIl &t
L CiEE SN o 7272 k-means—PLS } U8 NCSC-PLS X EE I i@t 72 i Sk &
BT 5 Z KR o T, ZNHEDOWE T T ALZ Y 713D WL Z TR
T 27201203, KTBEIET 2 R mEE & UK B U722 A3 A H 72 R A i ek 2
WHNRIRTE L L9 FAZ Y DT LT Y X LORTAERE 2t 5 B
N5,

fEi 7 7 AZ Y TN IS S RBGRINTETH 5 interval-k-means—PLS., interval—
NCSC-PLS, SFD-k-means-PLS, & T SFD-NCSC-PLS (28T, A7 hLHEIERIZ
Hs < WBORINVE & RBEIC AR S 417 7150 cm ! J TV 5300 em AT IC 31T B ALy
RVEEIR 7 LV — TR e EAE KM L TV, AKE TG L2 TCOFEDO T T,
SFD-NCSC-PLS (% SEP /x (XSEP & SEC & k=% i/ IMb L=, ZHidks % 5 < SFD-
NCSC-PLS 23 7K43 12 B9~ % e FefiEn Mo QK43 12 B L 7 WS HERERG BE 1) 12
7R R A B I UNCEIR L7272 CTh D, L EdS, SFD-NCSC-PLS [IH#EER
EirxkbmbESEr2LebicxFvy V7T b—arvky MoA—R"—T 4 v T 47
T LR R BIRBS YT, 2D DOREN S, SFD-NCSC-PLS (3 SFD (ZH:-5<
AR MVEEEREHEERE O EICHERHR AT MASER I V=717 F A8 v
T TEI=Z EDNRBEINT,
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Table 8 Comparison of wavenumber selection methods in the water content estimation  (spectral
preprocessing method: first derivative).
Ries  Gsel Ggenlaiv M K SECV  SEC  SEP R
[%] [%] %]

PLS-AIl - - 2201 18 0.30 016 036 0.98
iPLS - 5/38/38 285 4 0.24 022 032 099
SCMWPLS - -/-119 308 6 0.24 019 029 0.99
SFD-PLS - 57/207/207 978 6 0.25 019 029 0.99
k-means—PLS - 2/4]- 2168 13 0.27 0.17 037 0.98
NCSC-PLS 0.99 2/61- 2168 13 0.27 0.17 037 0.98
interval-k-means—PLS - 3/517 1570 4 0.24 0.19 033 0.98
interval-NCSC-PLS 0.90 1/3/17 258 9 0.24 0.17 038 0.98
SFD—k-means-PLS - 1/5/207 79 4 0.26 024 039 0.98
SFD-NCSC-PLS 0.90 2171207 623 5 0.26 0.18 0.28 0.99
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Fig. 12 Wavenumber clustering and selection results in the water content estimation (spectral
preprocessing method: first derivative). (a) the preprocessed NIR spectra in the calibration set. (b)
enlarged view of the preprocessed NIR spectra in the calibration set. (c) absorption bands of water and
the generated spectral intervals and wavenumber groups; the same color means the same group in
each method. In iPLS (l4,=38) and SFD-PLS (l4,=207), the verticle lines represent boundaries of
spectral intervals. In SCMWPLS (l4,=19), the shaded regions represent spectral intervals. In
k-means—PLS (Ggen=4), NCSC-PLS (Ggen=6), interval-k-means—PLS (Gg,=5), interval-NCSC-
PLS(Ggen=3), SFD—k-means—PLS (Ggen=5), and SFD-NCSC-PLS (Gge=7), the shaded regions
represent wavenumber groups. (d) the selected wavenumbers (shaded regions). [-] : Spectral intensity
after spectral processing is dimensionless.

2432 EYEEWTE

BRI NTZGRET X T A — & R OHEE R % Table 9 (278 L, @IS 728 % Fig.
13 IR T %, F¥ V7 b—rarty MZBELTIE 11432 EYEEfiE) 12
OB THHA, LLTIZEO TlERLT %, Fig. 13 (b) (TR T X912, #E Y (bE
B X) 1% 6500 cmt, 5150 cm™, 4800 cm*, 4500 cm™t, % Y4100 cm ™ AHEICIBWT
FHERWINE — 2 277, Fig. 13 (a, b) IZRT X212, Znb0¥EY (BEaW X)
DRI E— 2 D 5 5 6500 cm ™t J 5150 cm A OWRIN E — 71X F v U 7 L—3 5
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Yy MBI EEARWINE —27 L —E L TW\5, 7150 cm . 5300 cm*, % U 5000
em T DR ER I C BV THHE AR LB AR NIR 227 huid, EVWksa &%y
HI5%x )T L—2 3 VOV TV YST 5, 565 T, 12431 Ko aEHEE)
I ZFR# @ Y . 7150 cm ™t KT 5300 cm AT D ALY S OVEREE I H K & R L
5000 cm *fFT D AL ROVEREE X H KK OERY) (kA X) I2BT BFEAKE K
L TWDEEZBND, KEGEOEE Z TOMETT WA, KiEED
EEPHEEREIC 5 2 D B2 RS E 5 BT, ZOEKSEEOT T EK
HIZF v U7 L—v g STEM LI, KOoGEOLE LRERC, ) (ke X) 12
BEEL T~ 5 I BRI Z d5 1T D AT MOVEREEIIEY) (LA X) G&IST TRKTE
RO WERIREEE OIY) ((bEW X) L IXEER 2RO BE S T 5, Y
bE® X) & MR REE D E BN HEEREEIC 5 2 2B % /M3 572012, 3K
¥ (LAWY X) (CBEE 3 2R 721 T < Y ((LEW X) & BERIR 72 e SR pE
EERT HZ DY (bEWMX) BREZHET I2MEET VEEICEH TS &5
Z bz,

iPLS IZ NIR 2~X2 R LA K% 38 {H D A7 FLFEIICAEIL. ZD 5 H 27 @D
ALY R OVEE A2 3R L7, SCMWPLS X NIR A7 hV4 K% 17 D A7 kL
PEIRICYEI L, TN DA FMVEEIRICE £ DS D 9 5 186 IR EUR A38IR L
72o SFD-PLS % NIR A7 hL2{K% 156 fHD A7 FVEEIRICHEI L, D95 b
28 D A7 N VAR A 3R L7, k-means—PLS 1% 2202 fH D% (NIR A7 |
NER) Z 6 DB N—TIZI TAZY T L, 2095 AEOBE T N—"T%
IR L 72, NCSC-PLS I 2202 fE DR (NIR AT FVER) % 4 OB 7 Vv
— N TAEZ YT L, EDHL LEORE T V— 7 %3] LT, interval-k-means—
PLS X, £ NIR A7 hL 2% 15 HD A7 hVEEICHEI L, WICENLS D
ARY NVEEIRE T O AT NAFER I V=127 FAZ ) 7L, ZLTED D
B 2{EHD AR VEEEK 7V — 7 %8RI LT, interval-NCSC-PLS (%, F 3 NIR A~
7 MVAERZ BLHD AT RVEEEIZEI L, RIZEND DAY MV Z 7 14
DALY NVAE I N—T1C 0 T AZ ) 7L, T LTCED I B 2D AT R LVEE
W7 — 7" %3N L=, SFD—k-means-PLS %, F 9 NIR A~ hL2{k% 156 f#§ D
AT NVEEIRIZ 3 L, IRIZEN S DALY N VIR A 5 HO AT N VR 7 v
— NI TAZY T L ELTEDD L2ED AT MV N— T %3 IR LT,
SFD-NCSC-PLS IZ. 7 NIR 227 hLA{k% 156 fHD 227 kLFEEIZ A EI L .
WIZZFILD DAY RV Z 6 HD AT NIVER T V—1 7 T AKX ) T L,
ZLTEDD L IFEDANRY NIVHEIK Y V— T @I LT,

AT NOVREIRIZ 3D < AL TH S IPLS, SCMWPLS, &% U SFD-PLS 1%
6500 cm ' % O 5150 cm (TR T 2 EY (AW X) O EFE AW E— 2 28T A
AR MV A ERL LT, o C. 2RO DOFEITEY (LAY X) E'DOEE % X
Bed= 25 ) 72 AT AR EERI LT LB 2 Db, AT hVEEIRIC IS < I
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BIRVED T, SFD-PLS 1% SEP % fix/IMb & ¥ 7=, & 512 SFD-PLS 137Kk 5) & DA H)
(ZRF B EEENE A 1 B X912 7150 cm ™, 5300 cm . K TUF 5000 cm AT oD E K
T OB /K DN BE 9 2 I A0 sEIE 2 BRAh L7z, 2D OFE RS, SFD-PLS 1% iPLS
NSCMWPLS X 0 & IEREIZHRY) (LAY X) 12 BEE 9 2 50 s & Oy (kA4 X)
& MERIR T o D D HEEREE O f) I H AR EEIR O 5 238 IR L7z L= s b,
Wty T A8 ) 72 HAS S HEEGRINIETH 5 k-means-PLS & T8 NCSC-PLS (Z
BT, A7 RVEEIRICEES < JEHGRIE & FERIC, 6500 cm ' & 1) 5150 cm * f+450T
THARSINIZWE I V—T 1338y ((bAE X) GEOEBHEZ N LB b5,
NCSC-PLS % 6500 cm™* & T} 5150 cm  AH T D34 (kA% X) (ZBEE 4 % il 5 feint 4
G N —7 L 7150 em™t O 5300 ecm AT D B K B A i RAE IR A
ToRIDOWE T N—T % AR LT, 6> T, NCSC-PLS IZ##¥ (k& X) ([2BhET %
W B e & B KIS BT D I B & Bl 2 AT S R v — T R AR LT,
B N— 7 mBRT HEE. NCSC-PLS % SFD-PLS & [FIBEIC B HK M O & 7K 12 B
4 25 A iENL 2 B4k L=, NCSC-PLS 1% k-means—PLS £ ¥V ¥ SEP Z{KH S B 7-28,
ZhEIEZE 5 < NCSC-PLS 7% k-means—PLS LV & IEMEIZHEY) (k& X) a&EICH
HT AP HAEIE N O (LA X) & BEBIR T o 2 BHEEREE Om) EICH H 722
IO 2 RIR L7272 Th 5,
fEi 7 T AZ Y TN HAS S RBGRINIETH % interval-k-means—PLS., interval—
NCSC-PLS, SFD—k-means—PLS, &% U* SFD-NCSC-PLS {23\ T, 6500 cm* }2 T} 5150
em PE TR SN AT RVEEIR 7 L — 133 ((bAY X) &8O 4 Kk
L7zt B2 N5, ZOFRRIZART MVEEIRICFE D < HHCRIUE R O T T A X
U > I FS  PWHOEIRIE & Rk C©H D, SFD-NCSC-PLS %, NCSC-PLS & [HIERIC,
Y (LA X) KOE HKIZBEE T 2 AR A Bl &2 IS5 2 DD AT kL
T NV—T B R LT, AT RVEEIZ )V — 7 2 IR H R, SFD-NCSC-PLS
13 E KK O A /KIS B9~ % 7150 emt, 5300 cm . & U} 5000 cm ™ 4 T oD 7 B RE Ia;
AN LT-28, T OfEFIE SFD-PLS X TXNCSC-PLS & [FHETH %,
KOGEEHEICBIT MR L B LT, KAETIHM L2 TOFEDH T, SFD-
NCSC-PLS |Z SEP & (N SEP & SEC & D5 ZED ) )7 % e/ IMb L 72, i€ > T, SFD-NCSC-—
PLS I33Y) (k& X) (BT 2 BEE & O3 (ke X) EEER TH 20
HEEREE O RIS H IR O 5 2 i b IEREICEIR L7 B2 bhvh, 2D
DFEERA S . SFD-NCSC-PLS 1% SFD 12 H:5< A2y MVEEI A HEE RS o) BICA
AR NAGEIR I NV—T 7 TARZ ) T TERZENRBIND,
KOGEBLOFHEY (LG X) GREHET 5 2 SOEFIZEBIT HHERIT, #7F
9% SFD-NCSC-PLS BH#EERE DM EEXORF ¥y V7 L—ra by MZA——7
AT AT T HEREORBENORBEN TS Z EEZRL TS,
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Table 9 Comparison of wavenumber selection methods in the drug content estimation (spectral
preprocessing method: first derivative + SNV).

Rthres Gsel/ Ggen/]div M K SECV SEC SEP Iz
[%] [%]  [%]

PLS-AIll - - 2202 20 2.42 013 293 0.88
iPLS - 27/38/38 1575 20 1.45 025 253 0.92
SCMWPLS - -/-117 186 8 2.54 168 218 094
SFD-PLS - 28/156/156 649 13 1.57 1.03 181 0.96
k-means—PLS - 4/6/- 459 13 1.62 1.06 225 093
NCSC-PLS 0.90 1/4/- 303 13 1.58 1.07 200 0.95
interval-k-means—PLS - 2/7/15 742 19 1.31 037 243 092
interval-NCSC-PLS 0.90 2/7/51 817 20 1.37 017 294 0.90
SFD—k-means—PLS - 2/5/156 298 20 1.71 055 334 0.86
SFD-NCSC-PLS 0.99 3/6/156 857 13 1.52 099 169 0.96
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Fig. 13 Wavenumber clustering and selection results in the drug content estimation (spectral
preprocessing method: first derivative + SNV). (a) the preprocessed NIR spectra in the calibration set.
(b) the preprocessed NIR spectrum of the drug substance. (c) the generated spectral intervals and
wavenumber groups; the same color means the same group in each method. In iPLS (l4,=38) and
SFD-PLS (l4y=156), the verticle lines represent boundaries of spectral intervals. In SCMWPLS
(Isv=17), the shaded regions represent spectral intervals. In k-means—PLS (Gg,=6), NCSC-PLS
(Ggen=4), interval-k-means—PLS (Ggen=7), interval-NCSC-PLS (Ggen=7), SFD-k-means—PLS
(Ggen=5), and SFD-NCSC-PLS (Gge,=6), the shaded regions represent wavenumber groups. (d) the
selected wavenumbers (shaded regions). [-] : Spectral intensity after spectral processing is
dimensionless.

2.4.2 ETERFME
Table 10 & O} Table 11 |Z/r9 & 91T, FHREFFMIIK D EELOEY (L& X)

EEAHEET DM FEFNOWTREROMM 2R Lz, MEHERRIX, A7 FUER
OVERLZ T U 7= RER k-means EFETIINCSCIZHESL 7 T AX ) o FI 8 LT,
J OV PLS BT /MO K UIZE LRI ETE 5, FHlT 2 oA+
DN %L 72 DHIEE, %L“C PLS %?/v%—lﬁlﬁﬁf’éﬂ“éf:w:%iﬁ“é?rﬁﬁ#ﬁa%i‘k
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MR B R 72 5,
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fEIK 7 T ALY N EED  WEGRIRVETIX, PLS 7 /UEOE D IKLICE LT
IRFFET SR FHRLIRER D 99% L, 2 (T Y | ALy MLEEIER O ERL L O k-means 75 £
72IENCSC 1TSS 7 T AKX Y U I HE LT-FRIT <) THh > 72, SFD-NCSC-
PLS I SFD-PLS &£ 0 D7D OMAEE 27l L7272, PLS E7 /LD Y
W UNTHES HRF A2 20 U IR L7z, & 512, SFD-NCSC-PLS % NCSC-PLS &
LT 7 AZ Y o T T HEBOBZRAD ZFT72d, NCSCIZHSL 7T AFY
VNCE AR 2 1/15 LU IR S, SR L LT, SFD-NCSC-PLS I PLS &
FIALDORE D K LT NCSC (23K 7 T A X U v Z\ B et E AT & KgAK
W L7

UbkzF &b E, SFD-NCSC-PLS (Fi U BEIk 28N 5 Z & TR b &
WHEERSEE 2 ik 5 & [FIRFIC . BHRAM K S ¥ 72, 1€-> T, SFD-NCSC-PLS
[IHE RS B ) OGRS O BLE D O ARRET TRl L 72 I BeRINEO R TR EOF
ETH D,
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Table 10 Computation time, the number of wavenumbers used in each PLS modeling (M/PLS), and
the number of evalutated combinations of wavenumbers (#eval) in the water content estimation.

Computation time [h] M/PLS

irl:{(lgrlf/iglga k-means NCSC PLS Total [I\sl'?‘r:/ emgi]) freval
iPLS <0.01 i . 5613 5613 [22110281479] 4949
SCMWPLS <0.01 i i 092 092 [1,73208] 88406
SFD-PLS <0.01 - : 124 124 [631,3201292] 206
k-means—PLS ; 0.01 i 072 073 [215221,722193] 20
NCSC-PLS ; ; 048 084 132 [2,22135] 27
intervalk-means-PLS ~ <0.01  0.01 . 4008 40.09 [251,4241058] 1910
interval-NCSC-PLS <0.01 i 004 4562 4586 |, 41’1291570] 3164
SFD-k-means-PLS <001 <001 - 062 062 [791,8241592] 20
SFD-NCSC-PLS <0.01 ~ <001 059 059 [831,3261027] 34

a : Computaion time to build PLS models was excluded.

Table 11 Computation time, the number of wavenumbers used in each PLS modeling (M/PLS), and
the number of evalutated combinations of wavenumbers (#eval) in the drug content estimation.

Computation time [h] M/PLS

MaKING kmeans NCSC  PLS  Tota [,\m ox) #eval
iPLS <0.01 i . 3761 3761 [221,1211380] 4949
SCMWPLS <0.01 i : 050  0.50 [1,61686] 80621
SFD-PLS <0.01 i : 146 146 [261,2271798] 155
k-means—PLS ; <0.01 : 020 0.0 [131’23‘:_’05] 20
NCSC-PLS i i 047 057 104 [181?3285] 40
interval-k-means PLS ~ <0.01 0.1 . 2143 2144 [371,4211179] 1910
interval-NCSC—PLS <0.01 i 005 2069 2974 |, 41,1261050] 3549
SFD—k-means-PLS <001 <001 : 027 027 [21‘11’4%(1’ o 0
SFD-NCSC-PLS <0.01 i <001 039 039 [18;2‘2’896] 40

a : Computaion time to build PLS models was excluded.

2.5 IME

AKETIE, NIRS IZEASLMEET VAR T HHEMTE LT SFD KO
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Fig. 14 Example of an IDEFO model
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Fig. 16 The established framework of calibration model maintenance
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Table 12 Methods to judge maintenance necessity according to regulatory requirements

Check Detection target Regulatory requirement of model  Reference
method maintenance timing
Daily check  Sudden variation in query data When outlier is detected 32), 33)
(outlier caused by unexpected
check) problems such as human error

in operation measurements or

equipment failure
Daily check  Gradual variation in query During routine manufacturing. 7)
(trend data caused by environmental ~ Use monitoring such as trend
check) change such as aging, analysis

deterioration of equipment, or

seasonal variation of humidity
Periodic Deterioration in estimation Periodic maintenance 7)
check accuracy, which is

undetectable using only query

data
Event check Anticipated risk of When at least one of the 32), 33)

deterioration of estimation
accuracy by environmental
changes such as equipment

following items has changed:

- spectral library

- equipment consumables with
similar including lamps, sampling
devices, location and software
upgrades

- physical properties of the
material

- source of material supply

- critical attribute(s) of material(s)
- composition of the test sample
or finished product

- manufacturing process

- sources or grades of raw
materials

- reference analytical method

- instrument hardware

3312 AVTFUREN

AT AEMOEET, T UVRGE, FRIKBZE, KOS VERICKR S
%o FTETMMGEICE WV THEE T L OREEREE 2 REET 2, MREERTRAITIE DKL
WA T LIS BIEZ DAL T F Y AERE T D, —75, BEERERIFTE D HEHE %
NIEBHAIEE ORIREBIET 5, FIRIBIEO R 5> bR EE 7 /1 0 F#T AR LK
SNIUE, EDALTF U AERT S L, — 05, RINBRORERP LRETT VOE
HHSLE L S T, £ OHEERSE & ) L SE S 0ICREE T LV E TR T 5,

EFVRFECON T, EMA HA KA 2 FLF O X 51k~ T %: INIRS &
OBEE O TR U > 7B IE LR A i35 2 LY (FTREChiud)
NIRS DIRFED—H & 725 1, £iz, MEET /L OR b BEARVEREREIIHEEHE CH
Do B0 Ty BT MRAE CITIEERIE & AR5 & L7z, HEERE O T, NIRS
BB RBECHRBY » T LA BE L, 8D HEE R OB Bl & i 5, HE

64



EREEE A SEP CREAMiT % %, SEP MATEDEYUEMLINTH - =86, Z OHEE R
IR WS HIE SN D, —TJ7. SEP NZF DRYEE 2B 2 -85, F OHEERE LK
TLEZEHESI, ZORREMNEBI SN D, SEP OIEMEEZ R ET HERIL, WAIO 5
EE BRI I Z RS W TR FRE R HEER EE BB T 5, Bl 21X, EREOHEEREN MK
Y GFARATRE R HEERRZZ DR KIE) 125 LWEA TH ka2 8 g 2 fRAE T X
52 ENRARRME K HE L Z 2 HiD,

JRRBZEIZ DOV T, USP XL T DO X 9 IZ R TV 5 THERENTFA TX WAL
EIEHENVLETH D, TOB, HRENEL LT FRNZ R ET 5720 OFHE % Ehiti 3
5o TOFEF, NIRS ki L CHEHT 2 Z EXRNEY & ShaAabh o], 2O
FHATHE, BT VRBEEDORE RARE & 72 o T2 A R, HETHTEDME T LR K 2878
T 5,

JRENBZE T, MEREE, WEEIE, KOWEREZ ZRICHET 5, KRB
FEDWEI % Fig. 17 (23,

HIEZEE ORETIX, ZORETITERZ KT 5, #HEEREMET LR A
W EZEE OHFRIZIRAE TE 2501, WEEEZEH L, o TET /UREEL
Do BT MRGREDFER DG & 72 D% H1E, BT VEHNARE L {5, 7 VR
AEDFE RN & 72 DAL, PIEEE OREALIC T e 2 M LS 5729
[ZETIOVHEPINLEE LW 2, HEE RS MK T U 72 JRUIA 2 8 2 & o #e s | 2 )it ¢
TRWEEIT, WEREEZMET 5,

HEBEORETIX, WEF~OMEIWHELEMT 2 & L& bic, HE SOP
EIEAT D, HEERENMET LR K 2 R EBIEICIRGS TE 25 81%, Rko:g %
M IR Z 720K D IZHIE SOP #ekET L, B CE T AMGELY Efid 5, £ 7 /VIRGE
DOFERNEE LR DAL, TET NAVEFINAE LW 5, 7 VIRGEORE L0 A
&2 DA ONTHEERE EE DM T U 72 AL & ) 2518 K ONAE B F IRk T& 220
S, WEY IO E R 2 THE T S,

WERHEORETIE, UV A7 5HMliZ £ L CWERMEDO U A7 N2 5EL, <
DY A7 KFPHEEREEIC G R DB LG D, HEERE MR T U2 5UIN 4 98 Fr
PEIZIRAE C& D561, £ OMEREOEB N UAINEIC G 2 2 B2 RGEET 5, £
DOWEREO LB N ST B E B 2720 2 E AR TE AR, T DA HE
(kP 2 a2 A L S D7D T OVEFINLE AT S,

65



Model verification
is failed

Investigation of

equipment
Is equipment Yii Equipment repair _ Does results- YeS/” Model update
assignable cause? | /model verification meet criteria? is not necessar
v No No

Investigation of Model update
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assignable cause? /model verification meet criteria? is not necessar

v No |No

Investigation of |
material attributes |

Are-material attributes__Y€S =< Model update >
assignable cause? IS necessar

| INo

Fig. 17 The workflow of cause investigation
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Fig. 18 The IDEFO model of calibration model maintenance. (a) Top activity (A0), (b) Subactivities

(Al to A5). The bold arrows represent elements that are commonly used in the top activity and the

subactivities. Each kind of dashed line represents the corresponding items being updated in model

maintenance
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Al | A2 | A3 | AL |AS
R: Responsible (to perform) c|S
. 28
S: Supportive (to support R) 5 % g
. Q
A: Accountable (to sign as approver) é = % v
° 5|5 |38
V: Verifier (to sign as verifier) 3|2 |23 |5
2 (=125 1|8
S (2232
C: Consulted (during the process) | @ g 112
5|22 |22
= =
I: Infformed (after the process) 2|~ & 3 =
Maintenance staff R I | R [R/A?|R/AD
Manufacturing control manager V|| \%
Quality control manager VIA]|I S
Quality control operator R I
Quality assurance manager A A
Manufacturing technology staff C c|C

Fig. 19 The RACI matrix of model maintenance. Roles were assigned to the subactivities (Al to Ab)
of the IDEFO model. a: The member doubles as R and A and approves the process without a signature
because the process produces no document
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Fig. 20 Increased amount of information in model maintenance SOP after knowledge integration (KI).
Left: the amount of information before and after KI. Right: classification of the increased amount of

Overview (4%)
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Procedures

Maintenance (Gl
record
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information according to its content

Table 13 List of changes in content of model maintenance SOP through knowledge integration

Added content

Example

Procedure
Trigger and output items

Documentation

Maintenance record
Section of maintenance
record
Maintenance record form

Roles
Additional roles
Detailed responsibilities

A RACI matrix
Overview

Model maintenance

framework
References

Related SOPs

At the start of model maintenance, a direction document for
maintenance is issued. Prepare a maintenance protocol.

When the model is updated, prepare the change control protocol
and report in accordance with a change control SOP

When model maintenance is finished, update the model
maintenance record.
Maintenance periods and cause of maintenance

Quality control manager

The person who is required to direct the quality control operator
conducting a verification test, and who approves the verification
test results

Fig. 19

Fig. 16

A change control SOP
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Fig. 21 Changes in person-hours of model maintenance by knowledge integration (KI) and the
breakdown. The checkered columns represent decreased person-hours. The striped column represents

increased person-hours. Left: Person-hours of model verification. Right: Person-hours of model
update
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Fig. 22 Estimation of accumulated reduced person-hours of model maintenance. In the period from -1
year to 0 years, person-hours were dedicated to develop the business process model and to update the
maintenance SOP. At the time point of 0 years, the updated SOP was enacted. After the time point of 0
years, person-hours will be reduced by the updated SOP. The estimation assumed that the model
update is to be conducted 0, 1, or 2 times/year
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