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DSC data = —
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TGA Data
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TMA data
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Stress—strain experiment

Stress (KPa)
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Stress—strain data
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Data Structure Modulus 200%
110°C

Elongation @ Break 125°C
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Models structure

e 3x7 data blocks = 21 models

e each model depends on m parameters
f(t,T|aga,.....a,) M=’

e 3x7/xm =~ 150 parameters to estimate

e SOMe are common, e.g. Arrhenius’ parameters:
a=kexp(E/R/T)

e finally:
/ models, 8 partial and 4 common parameters
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OLS & SBE for two blocks
OLS

y=Y,®Y, f(a) =1, (a) ®f,(a)

S@) =y —f@)] =S,(2)+S,(a) =[y, ~F, @] +]y, @)’

a5 5 =argminS(a)
a

SBE
a, =arg m{jn SHEY S,(a) ~ $,(8,) + (a—a,;) A(a-a,) = B(a)
S(a) ~Q(a) =S,(a)+B(a)

agge =argminQ(a)
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Likelihood approach

L(a,o°) =Const g "*N2) exp(— Sy (a)2+ 252 (a)j
O

Si(a) =lyi -fi@)|, i=12

L(a, o°) = Const g (NN272) exp(— Bl(a)2+ 252 (a)j
O

B,(a) =N, s? +(a—2a,)'A(a-4a,)

L(a,6°) =Consto N2 exp(_iez‘)j o\ exp(— Sz(g)j _
20 20

= Lprior (@, 02) X Lpata (a, 02)
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SBE procedure

Data block 1
Yi| X3

f1(Xq,a0,a1)

1)

2)

3)

4)

5)

6)

Process first
block alone

Make posterior
iInformation

Convert it to
prior information

Use it for the
next block

Repeat this for
all blocks

Last result is the
solution
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Data block 2
Y2 | X

fo2(X2,80,a7)

Post || Prior || Post

do, a1 do do, &

532 Ny || s1®Np || 22 N2
Solution
aO! al -----

2 N
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Data block k
Yk | Xk

fi (Xi,80,8k)

Prior

Sk°Ni

Post

aO! a~k
k2 N




Posterior & Prior Information

Block 1. Posterior Information

B, (@) =N; s +(a-2a) Ala-a)

Rebuilding (common & partial parameters)

A(tJO Aoy H = Aoo—AmAIllA& 0
Ay Ay 0 0

~ | ag | ag
LS

Block 2. Prior Information
B,(a) =N, s; +(a—b;)'H(a-b,)

>
]
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SBE Main Theorem

Different order of blocks processing

152 2 —->1

12 _
SBE

argmin[S,(a) +By(a)]  a%*. =argmin[S,(a)+B,(a)]

SB

a

Theorem (1995)

1)Linear regression 2)Nonlinearregression

A A A =12 A =21

a’ =3 =a a‘ —>a_ <«a~ atNow
SBE SBE OLS SBE OLS SBE
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Example: a hard MCR
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Example: a hard MCR
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Case study: Pellets’ release

Sugar +API

Coating: Acryl EZE
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Experiment

NIR Spectra

t =105

Wavelength,nm
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Dissolution Profiles

Dissolution

Dissolution time, min

180 240 300 360
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Dissolution data

Batch W1

Batch W2

Batch W3

Batch W4

Batch W5

Batch W6

Batch W7
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White dyer

WSC-8

Batch Y1

Batch Y2

Batch Y3

Batch Y4

Batch Y5

Batch Y6

Yellow dyer
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Autocatalysis

o(t,m, k) =100k

A+B—" 2B

A—K.B

Al+[B] =100

BJ0)=0
¢ =B]

(7+6)*9 K’s + (7/+6)*9 m’s =
234 unknown parameters
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exp|(m +Kk)t]-1

m +k exp|(m + K)t]

WSC-8
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Parameter m is common within a batch

Release Batch Y1 . Batch Y1

- C
U —
A
[i£]
1. Data

2.Data =—2.Fit
3.Data 3.Fit
4.Data =——4.Fit
5.Data =———5.Fit
©  6.Data 6. Fit
7.Data 7.Fit
o 8.Data 8. Fit
A 9.Data =9 Fit

Dissolution time, min

(7+6)*9 k’s + (7+6) m’s = 130 unknown parameters
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Parameter m and the layer grade

W hite m Yellow
wes lean White  ==Mean Yellow

- Estimates

(7+6)*9 k’s + (1+1) m’s = 119 unknown parameters
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White dyer batches

Batch W1

Batch W2

Batch W3

Batch W4

Batch W5

Batch W6

Batch W7
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o(t,m, k) =100k

exp|(m +k)t]-1

m -+ k exp[(m + k)t]
Kigo Kigoeos Kygy | M
Kop Kogeewos Kogy | M
Kaps Kooy Ko | M
Kaps Kggoeos Kggs | M
Ksgs Kepy-oy Koo | M
Kegs Kogs-s Ko | M
K71 K7gses Kags | M
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Yellow dyer batches

Batch Y1

Batch Y2

Batch Y3

Batch Y4

Batch Y5

Batch Y6
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o(t,m, k) =100k

WSC-8

exp|(m +k)t]-1

m +k exp[(m + Kk)t]
Kygs Kygoons Kyg;
Kops Kogs-es Kpg;
K31 Kaprens Kgg
Kaps Kygreenr Kyg
K51 Kegrens Ksg
Kg1» Kegre-nr Keg
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Forward SBE procedure

Batch Y6

P (Xy,m k) ¢ X,,m k)
Post Prior Post
m, k; m m, K,
sZ Ny || SNy [| 85 N
Solution
m
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(P (Xﬁim 1k6)
Prior Post

m m, Kg
s N5 sé Ng
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successive estimates of m
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Y5
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Backward SBE procedure

W uo uolyew.Jojul Jold
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Parameter k and the layer thickness

Sprayed mass, kg ' Sprayed mass, kg

2

Layer thickness
—
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NIR prediction of k: White subset
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y =0.95x + 0.31
R2=0.93

Measured
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NIR prediction of k: Yellow subset
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y=0.97% +0.17
RZ= .07

Measured
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Conclusions

White models: formal kinetics, mechanism, rate constants, etc

Semen Spivak

Grey models: curve resolution, pure components, etc

Cyril Ruckebusch & Veli-Mattli Taavitsainen

Black models: features extraction, ‘pre-processing’ for MVA

me
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