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DSC dataDSC data
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TGA DataTGA Data
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TMA dataTMA data
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StressStress––strain experimentstrain experiment
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StressStress––strain datastrain data
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Data StructureData Structure
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Models structureModels structure

• 3×7 data blocks = 21 models

• each model depends on m parameters     
f (t,T | a1,a2....,am)     m≈7

• 3×7×m ≈ 150 parameters to estimate

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

• finally:
7 models, 8 partial and 4 common parameters
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OLS & SBE for two blocksOLS & SBE for two blocks
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Likelihood approachLikelihood approach
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SBE procedureSBE procedure

1) Process first 
block alone

y 1 X 1

f 1 (X 1 ,a 0 ,a 1 )

Data block 1

2) Make posterior           
information Post

a0, a1
s1

2 N13) Convert it to 
prior information

Prior
a0

s1
2N1

4) Use it for the 
next block

y 2 X 2

f 2 (X 2 ,a 0 ,a 2 )

Data block 2

5) Repeat this for 
all blocks

Post
a0, a2
s2

2 N2

y k X k

f k (X k , a 0 ,a k )

Data block k

. . .

. . .

. . .
Prior

a0
sk

2Nk

Post
a0, ak
sk

2 Nk

6) Last result is the 
solution

Solution
a0, a1,…,ak

s2  N



12WSC-828.02.12

Posterior & Prior InformationPosterior & Prior Information
Block 1. Posterior Information

Rebuilding (common & partial parameters)

Block 2. Prior Information
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SBE Main TheoremSBE Main Theorem

Different order of blocks processing

Theorem (1995)
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Example: a hard MCR       AExample: a hard MCR       A→→BB→→C C 
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Example: a hard MCR       AExample: a hard MCR       A→→BB→→C C 
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Case study: PelletsCase study: Pellets’’ releaserelease
Sugar +API

Coating: Acryl EZE
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ExperimentExperiment

NIR Spectra Dissolution Profiles

t = 0t = 30t = 42t = 50t = 105
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Dissolution dataDissolution data

Batch W7

Batch Y1

Batch Y2

Batch Y3

Batch Y4

Batch Y5

Batch Y6

Batch W1

Batch W2

Batch W3

Batch W4

Batch W5

Batch W6

White dyer Yellow dyer
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AutocatalysisAutocatalysis
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Parameter Parameter mm is common within a batchis common within a batch

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

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

Batch W7

Batch W1

Batch W2

Batch W3

Batch W4

Batch W5

Batch W6
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k11, k12,..., k19;       m

k21, k22,..., k29;       m

k31, k32,..., k39;       m

k41, k42,..., k49;       m

k71, k72,..., k79;       m

k51, k52,..., k59;       m

k61, k62,..., k69;       m
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Yellow dyer batchesYellow dyer batches
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k11, k12,..., k19;       m

k21, k22,..., k29;       m

k31, k32,..., k39;       m

k41, k42,..., k49;       m

k51, k52,..., k59;       m

k61, k62,..., k69;       m

Batch Y1
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Batch Y4

Batch Y5

Batch Y6
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Forward SBE procedureForward SBE procedure

ϕ (X 1 , m , k1 )

Batch Y1

Post
m , k1

s1
2 N 1

Prior
m

s1
2 N1

(X 2 , m , k2 )

Batch Y2

Post
m , k2

s2
2 N 2

(X 6 , m , k 6 )

Batch Y6

. . .

. . .

. . .
Prior

m
s5

2 N 5

Post
m , k6

s6
2 N 6

Solution
m

ϕ ϕ
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Successive estimates of Successive estimates of mm



26WSC-828.02.12

Backward SBE procedureBackward SBE procedure

ϕ (X 1 , m , k1 )

(X 2 , m , k2 )ϕ

(X 6 , m , k 6 )ϕ

. . . . . . . . .

Batch Y1

Batch Y2

Batch Y6

k11, k12,..., k19

k21, k22,..., k29

k61, k62,..., k69

prior inform
ation on m
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Parameter Parameter k k and the layer thickness and the layer thickness 

Layer thickness
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NIR prediction of NIR prediction of kk: White subset: White subset
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NIR prediction of NIR prediction of kk: Yellow subset: Yellow subset
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ConclusionsConclusions

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

Grey models: curve resolution, pure components, etc

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

Semen Spivak

Cyril Ruckebusch & Veli-Matti Taavitsainen

me


