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Abstract

Objective: To utilize near-infrared spectroscopy technology combined with the adaptive principal
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components analysis (PCA) algorithm to determine the mixing endpoint of calcium carbonate D3
granules with significant batch differences. Methods: The space variation of the rolling PCA module
was used to calculate the Mahalanobis distance between modules during the mixing process, re-
flecting the changing trend of the mixing process of calcium carbonate D3 granules, and a threshold
was set to guide the mixing endpoint. Results: The dimensionality reduction was carried out through
the adaptive PCA spatial structure to predict the Mahalanobis distance between the current mixing
point and the center point. By combining the conditions of mixing particles, 30 spectra were se-
lected as one block, and the two sets of Mahalanobis distance trends were simultaneously followed
up. The control threshold was clearly set at 1.73. To verify the reliability of the method, the content
of vitamin D3 was detected by HPLC. The measured uniformity results showed consistency with the
determination results of the adaptive PCA algorithm. Conclusion: The adaptive PCA algorithm can
be used to monitor the mixing process of calcium carbonate D3 granules and determine the mixing
endpoint. This method can flexibly adjust parameters according to the changes of the particle sys-
tem to quickly control the mixing endpoint, with the aim of providing a new idea for the monitoring
of the mixing uniformity of particle intermediates or final products.
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1. 5|8

FEIARAG ) T A =R AR, o6 T 38R 20X Mon MRk R & 35 &) JE SR IS IR TT, R v 3 40 iy T
BT B SRR E B, GBI AT . BHUSIBUT AL, B PR )G, ©»
I EAT HURE JF I8 28 S0 00 3 AT B A, 5 4% J5 75 AT A B R 2 AP R, IR 1 A e R s A G
MIVRBNJUEAASE, BEHE T RARSE1]-[3]. R, BS&mailiy Bore 77 AFER KA 2, ik
PRAEHL ™= i RRE, 2 Tt O AR T PEANSE — VAR (0 e R, AR A i R 2 A A T SE 4]
(5],

I AT M (Near Infrared, NIR) Y HEH A 25 W04 7= i FE AT 28 sUHI A B T i) R AR )i 7%
Lty BRARAT RO, PR ERRIRI 2, ORIE R E R —F20E[6]-[8]. R RMARR “HR407 —
—ICREME T, IS DRSS ARk, BT DL SRR A P N RS A A BN AS AR [9] [10]. HH,
A7 b Y 3 K FH A R 2 3 F R 8l H 43 Mt (Moving Block Analysis) ) Gt 2% ;S dG il 7 yk[11] [12]. 3X
PR HT TR0 AR, KSR GIEEAR 75 7 Bk — RVIELLN . KEEFEER “HdEh”
SRJERTREAN N B AT G b B, DA RS 5 BB AR BRI 13]. W A ST RAR B (1)
B bR 25 (Moving Block Standard Deviation, MBSD): & &M daE LIS E SR B HUEEE, &
MRSV B 2 [14]: () BshE P11 (Moving Block Mean, MBM): 18 BRSNS EIR OB IE (S 51
HOOALE, RN SRR T T 37K (1515 (3) #E Bl AHXT FRfEfl 2 (Moving Block Relative Standard
Deviation, MB-RSD): & i i b Py 50405 1) B S50V FE ARG T HF 297K I EL 9 R/, AR T MBSD bt
T BEANRREE, (BT AR & B A 1 LL i [ 16]

SR, IXEEGEH R SC PR i AR T, HRIRERZ#H B9. MBSD. MBM 1 MB-RSD 52 . —
gt &, A EMEDAA T Ao b 2 2 e VR A I AR o X S v ) S B B R AR B R N Bl T
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Uk, SREAABAERUE S, Bz B [17][18]. 8% HERENEALIE ZRIE A5
HRRE, XHEWE R T P LR B ATHEE O 2R, A HEUCZ IR ARORL A K 73« R 2 o0 A eIt 72
FEECRIS, AU BR & 28 mOCHE AR AR R TN F Al HE O ) A AE R i 22, I S N7 AR R P o5
FEA R K AR AR E .

PRI, ASHIT e i ST B R B 2 (S N PCA)YBRRRAE 26 I M FR A D3 R0k IR &34
SIRE, HEEARE RSN AR AR AN R SOEHE X 0 & 0 R E N PCA, #AZ2> PCA B8, Rkffiith
AU B 5 Wy 5 25 65 40 B I 1) () AR A (IR 2 TR S 38 AT 5%), T I AR PP 2 1) ) {1 B ) W VR 45 1)
g

2. MMERHE
2.1. ¥R SR

PIRLRIE : BRI ES ORL B ) (e = LRSI A IR A D), 4EAE R D3 ROk B il (4 = LR R
HIRAF, 150 H 245 Hi)

LA AMERE(L: MicroNIR-PAT-Us;

EEVIRIERIRINL: B, AL SRR

AR B L (HPLC):  HASSi#:, LC-20AT.

22. /&

2.2.1. IELISMNE SR &

KH MicroNIR-PAT-U, TS 5, K& R FOREIR G IR FOREEEE, Jailk 908.1-1676.2
nm, FUrETE] 5.1 ms, FFEKREL 100 K, FHEIBE 2 s/1 K.

JEHE AL 38 A Unscrambler X 304, HIE R 52AE Python B4 & L 58k

2.2.2. BiERL PCA B3XEIT

JE IR A AR R A Y B T SRR AR Y, G2 IE R PCA B0 T 3028 T FR M 5 28 ASUR
WMo HAZOBOR B AL E I RSN 5 PCA R A, THE RS B AT — e s &, e 3h S fE B0 il
HAm AT SCI 20, IR IE R e 08 B A B2 A

B AkHRE:

5 FRBIE DRI LEEAT AR BRES D3 BURL IR & T2, IR A LN BRI ES Fiks - 4E4E 2 D3 Fiki =150:1,
W E PPN 150 rpm, FHURTR A I FE IR MicroNIR-PAT-U RS A6 38 H5d o K42 B 1) /7 51 1)
ARG 7 AL DG P (Block), AR P [ E BUR DG (I E R e, W T AEDOL
B Si~Sn, JUIH 1.1 B E AU Snii~Sone1), KW BN E N7 ARG, e 1 85 Si~Sh, L2 A7
So~Set 55, SEIBUHE VRSN ACFL . 0 AR B LK) e 1l B R AT FRUALFR N R o4 A, B 2 i (A
ML TTVE . FRAEIa & YME & brdEZESE, TR RTHRA R J5 — AN SR B SR Bs B & (ln
THES 1.1 B 1 5 REE B BERIAR T2 48), MR B R EIA BB B E R E, NMITREB RS .
BB V8 WY AR SR R R AR AR B R bR A e, W RIS R BT RS 3 M S IREE R <
B, BUERHR T BHA R < BURGE 10% (4 3 k/30 S5 . ik B BE s BoEbniE, W4T
P2 g HE, HEXINREGRSEA AR HRER A 1).

UEYES

1. A7 LAl B PCA Fi

WS CIEBIRIERE X e R™, n: WNEGFHEAREG p: GEERK SE(CEE4E%)
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Figure 1. Flowchart of the adaptive PCA algorithm principle
1. Bi&R PCA BiERIERIZE

) _—ln T e RP).
(1) Fofb: x—n;xi(xeR )
@) R X =X -1 %
() I AR €=

=—X!X, (CeR™);
n-1
(4) FHIED#: C=PAP" .
PeRPP: RHE ) SR RE (A ) N AL RHE 1) &) o
A=diag(A, A4, ) RHEGORFIERE(L 2 4, 22 2, 20).
(5) JEFET I HL ke
F, =[p1ap2:"‘apk]€Rpxk;
A, =diag(A, Ay, )+ BT K MFAESE
2. EMHOLTE HdE
(1) BOCREIRIELE X, e R™, m: FFEALL
@ it X=X L
X1 eR™)

new

(3) BB TR T,

new

@) BHOEHES: X =T B s K=K 417 (X

c,new

new

cRvr).
3. VRN L R R ) (E

Loy 5 ] HREA BIAG 3 16 B (T B AT
A =diag (YA, A, ) A,) + REAE RS R R

D=—3MD

1
m j=1
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Table 1. Symbol meanings

Fz1 HFIEX

e P YR s X YR
n WIGRFEA £ LA p TG K L7
m BREAEL Fri k FWorE P
X I ZREE T ik o nxp X Y ZREE I 17 & px1
Xe kI 2R3 s nxp c 7 25 pxp
P AT ) B A R pPXp A R NRERaPiREl pXp
P T ke AN ) & pxk A Bk ANRFAEAEL R £ kxk

Xew HAL O H A mxp Xenew rL Ak R mxp

Thew HEES  HE R mxk X G5 AP R A mxp

tnew, 5 jABREANAT ) 17 & I xk MD; 5 AR S IREEE L7

MD IR A bR /

2.2.3. BIERN PCA BEWIE

NBAIEEE L[ &N PCA FIEMERPE, M EEMN PCA Hik R nR A IARIZ S, SRABFEZE M
TR AR A [F] A7 B HURE 10 N RGERIZ 5 ADNURE R, E 5 AN BURE R NIRRT 1 /N IEERE 1N H
FE), {H HPLC &l E 10 NEUFE b 4242 2K D3 &, A RSD H, 4 RSD<5%H, RIEGIHE]
FEIRBIER, EIEASE R 5 i b 28 s O UERF M . HPLC RS 2644 R %2 2 fiTw

Table 2. HPLC conditions for the determination of vitamin D3 content

2. #4EE D3 SENE HPLC Bi%&H

itk mmmiiﬁfgﬁ”” e 1.5 mL/min o 265 nm
HEFEAAAR 100 uL FE iR 30C AT IA] 35 min
TBIAH PAK - Z.JiE(40:60) 3 30H A, LA - HEE(95:5) 87z HH B
A ] (min) A% B%
0 100 0
Beli A ’ ° 100
25 0 100
26 100 0
35 100 0

3. ER5118
3.1. KiEmALE

FLUEE 3 4L, BRIRES D3 BUKLIR & i B AR I 0 AhJF R 6 a0 1] 2(a) i, TIALFR T8 H] SNV,
PATH B b T RORL A AN S8 S B B 2R RS , TAL B S AT A 2(b) B
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Figure 2. (a) Original NIR spectrogram, and (b) NIR spectrogram after SNV prepro-
cessing

& 2. (a) JRI5 NIR FIZE]; (b) £ SNV FRALIEFAY NIR Hit[E

3.2. BN PCA BEHPESHHHE

KH EIE R PCA S5 E TRIRES D3 W& 2 iy, 2 pi P B R Al 5 IRPE L, IR oK
WEBIE N DM, ERAE & AR/ e T AP0 5 IQBE RS IR RIE DM K 280N 3 (HH T4
KA 99.7%MIMER B PCA ik, BIESHIMIMESRAE 0.3%), FXTAFRAEFREE], e A 4=
Bt oloxt R BEAT R, AHF 70 h R ER A 25 A Wk 442 &K D3 Jiki = 150:1, BAH R P 4iE R D3 Wi
R S EEN, B ENRA IS4 b, SCNAER /NS Bl A BN, K DM &E N 3 TLiEAsHE
MR A L, RIK B ESERR R EN 173, PLRGITES BB KRR . 35 5o $ i id 35 75 iR 05 B 4 2
THOTBRFE BEHE BT A0 R G s B o A L, BT AN 32 i RO AT AR 5 di 95% LA b8 5,
DR = 7 e 5 2. FEDRIREYS D3 VR G AR, SO AR SRR SR, Ul R/ doe @ ssidlE 2
b RS Yoz 185 IR RN, AR AIE AR RBUE, AW T H R/ NERE N 30 (7E PCA 215
ST, ORIEEEE e E A R e, Bkl 30 RoRE ARG ST — 0 BE & I RN AR1E), BIARIK
8 30 SR AT 0T, AR B AR B R e AT IE IR B A Hr

NTRRIRES D3 JRA L AURIHIW NG, 755 SN ARE MR B & 4 sibaitl, RS R
222 S, TR 1 S 11 ZMEEEEEN D), R 1 55 1.2 ZEEEEGD N D2), HAROR
Bl 3.

N
=
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Figure 3. Schematic diagram of adaptive PCA algorithm
& 3. Bi&R PCA BiARERE

3.3. BENEZERFIWERIH

AT BRERES D3 MRS 20250730) IR G AR AT 4%, RAME S 7% MBSD J7 ik T i
¥, AR wlE 4 fos, MBSD HITRABURLZ RBOK, TEMEMIRIER &2, TEAEH. KA
HI@E N PCA FE#HATfEL MR, SR 5 Fros, 7255 535 By D1 5 D2 BfERMEL T, it
W BOE B IRAS, M D15 D2 H<1.73 i, 5 20 ANk, H 90% M AL T RMELE T, BIAAAIE B
RS D3 BRI A & A E] o IR EE 2 b i b, K T 5 535 BR(RIE A FFUASS 15 min)i#E47HL
B, SRFTBAHIN E 2 BURE s (n = 10)FE SR 4E2E 3R D3 IS (R IE 2.2.3 TR K4 ), JFi15 RSD fEH
1.47% < 5%, UEBIARGIE AT F TR A 2 55 .

NFEGTTERENE, S R E R BRI AR S 20250617, 20250722) 405 6 i
ATIAE . SRS RN 7 FroR, $2H8 2.2.3 TURRLI A, T5E 44 3 D3 & & RSD A 73718 1.76% 1
3.24%, KT S%BIME, S5HFH, HIER PCA FFHEH TRk 2 28 KB ERES D3 BihiR A 155)
FEHI T
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Figure 4. Trend chart of hybrid termination judgment results of MBSD algorithm
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Figure 5. Trend chart of adaptive PCA hybrid endpoint judgment results
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Figure 7. Verification group adaptive PCA mixed endpoint judgment results
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