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The roles of MODDE® , DoE-DiVa® and R

22/02/23

- MODDE® for the complete DoE-workflow of Design, 

Analysis, Prediction and Optimization, QbD, etc.

- DoE-DiVa introduces

User-factors and eXplaining-factors and designs for these

- R is used for prototyping and for validating of DoE-DiVa

calculations, and for developping DoE-DiVa Help System.
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This is how MODDE® looks. MODDE® has

many Wizards
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This is how the DoE-DiVa looks.

DoE-DiVa has a 

Conductor,

not a wizard 
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This is how the R(-Studio) looks.

In MODDE®
X-factors act as factors

User-factors become

derived responses
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DoE-DiVa‘s focus is on factors
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1. The DoE-Diva approach

2. Bioreactor at High and Low Scale

3. Preparing Scale Down using DoE-DiVa

4. Performing Scale Down using MODDE®

u: User-factor, to be set in the experiment, e.g. Temp, pressure etc.

x: eXplaining-factor, to be used in the model, e.g. a force-ratio

Tx: transformation to get from u to x, e.g. ratio, dimensionless variable 

c: coefficients or parameters in the model, f, to be determined by model FIT

z: measured response variable

y: transformed response value, e.g. ratio or product of a z and some u

Ty: transformation to get from z to y, may also just be log or neg-log

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 822/02/23

The DoE-DiVa-approach
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Design: How to get u from f and the transformation

Model Fit: how to get coefficients, c, from x and y

Optimization: how to get the u from the specification for z

model&

design

factor

transform

response

transform

The role of the Transformations
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Design: To get u from x, Tx has to be inverted

Model Fit: To get x from u for Fit, Tx need not be inverted, Tapprox is not needed. 

factor

transform

response

transform

The Approximation Trick to get Tx
-1

Inverting a non-linear Tx may be difficult or impossible, so Tx is

approximated by a linear Tapprox and when we write Tx
-1 we mean Tapprox

-1
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Different types of factor dependencies

22/02/23

- Quotients and Products of controlled (or constant) u-factors can be directly used as x-

factors, HOWEVER it may be advisable – in the following situations – to first

introduce dependent u-factors:

- Nested formulae: Oxygen transfer capacity, OTRC, depends on oxygen transfer

coefficient, kLa, which again depends on power to volume ratio, PGV, and gas flow

rate, Q.

- Non-linear formulae: Oxygen transfer capacity, OTRC, is the sum of products of kLa‘s

and concentration gradients. These will be approximated when determining Tapprox

and Tapprox
-1

- Data tables from prior experimental or simulation runs are available, but not as

forumulae, typically simulation results for the high scale and experimental results

from the low scale.
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Factor dependencies in a biorector

22/02/23

contr & 

const

u-factors

dependent u-factors

x-factors
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Design: To get u from x, Tx has to be inverted

„Simple“ Scale Up using Similarity

u1

u2

u3

x1

x2

xscup

If there are fewer x-factors than u-factors, then

there is an orthogonal xscup-“slider“-direction, along

which both x-coordinates stay the same. 

Tx
-1 (respectively Tapprox

-1) then depends on the

„sliding-direction“, „down“ or „up“. If the x‘s are

dimensionless, and if the u give a „complete“ 

description of all relevant aspects of the process, 

the Similarity Principle of Dimensionless Analysis  

permits the transfer of results from „down“ to „up“. … many ifs 
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Design: To get u from x, Tx has to be inverted

„Complex“ Scale Up using „All that one knows“

The back transform, Tx
-1 (respectively Tapprox

-1),  may be much more

different at Low Scale than at High Scale than just a different „slider

position“, particularly if there are

- differing low/high intervals for (geometrical) u-factors,

- different u-factor variables altogether (=> a different dimension(!)),

- different formulae or data relating relevant u- and x-factor variables. 

„A-t-o-k approach“

Tx
-1

at high Scale

Tx
-1

at low Scale

Challenge:

They may

be different
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1. The DoE-Diva approach

2. Bioreactor at High and Low Scale

3. Preparing Scale Down using DoE-DiVa

4. Performing Scale Down using MODDE®

Values at 

high scale

for user low

and high for

geometric

factors are

typically

different at 

low scale, 

whereas

intinsic

properties are

scale

independent

Name Abbr group Role userunit transform userlow userhigh

1 impellerDiameter D D contr m log 0,4 0,8

2 gasVolumeConcentration C_g C_g const % log 21 21

3 HenrySolubilityConstant (conc/conc) Hen Hen const [-] log 0,031 0,031

4 tip speed vTip vTip cdep m/s log 1 1

5 impellerSpeed N N contr 1/s log 1,3 2,6

6 gasFlowRate Q Q contr m^3/min log 10 20

7 PowerGVolumeRatio PGV PGV cdep W/m^3 log 1 1

8 oxygenTransferCoeffiMixedZone kLam kLam cdep 1/s log 0,0006 0,006

9 oxygenTransferCoeffiBubbleZone kLab kLab cdep 1/s log 1 1

10 total oxygen transfer capacity OTRC OTRC cdep 1/s log 1 1

11 ReynoldsNumber ReN ReN cdep [-] log 1 1

16

u-factors (at high scale)

22/02/23

At high scale, there are two zones, regions or „compartments“,

mixed zone and bubble-zone: oxygen transfer coefficient, kla, is

different in the two zones
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u-formulae (at high scale)

22/02/23

The formulae for oxygen transfer coefficients, klam/b, are

different in the two zones, mixed zone and bubble zone.

The formula for total oxygen transfer capacity, OTRC, 

combines results of the two zones.

Formulae taken from

formula

1 vTip=D*N

2 PGV=D^5*N^3*Q^(-0.5)

3 kLam=0.0323*(PGV)^0.4*((Q*0.0166666667)/3.14159*4/2.4^2)^0.5

5 kLab=0.32*((Q*0.0166666667)/3.14159*4/2.4^2)^0.7

4 OTRC=kLam*(C_g*0.01)*Hen+kLab*(C_g*0.01)*Hen

6 ReN=N*D^2/1.470588e-06

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 18

Nested u-factor

dependencies

(at high scale)

22/02/23

contr & 

const

u-factors

dependent u-factors

x-factors
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Name Abbr group Role userunit transform userlow userhigh

1 impellerDiameter D D contr m log 0,08 0,16

2 gasVolumeConcentration C_g C_g const % log 21 21

3 HenrySolubilityConstant (conc/conc) Hen Hen const [-] log 0,031 0,031

4 tip speed vTip vTip cdep m/s log 1 1

5 impellerSpeed N N contr 1/s log 6,5 15

6 gasFlowRate Q Q contr m^3/min log 1 2

7 PowerGVolumeRatio PGV PGV cdep W/m^3 log 1 1

8 oxygenTransferCoeffiMixedZone kLam kLam cdep 1/s log 1 1

9 total oxygen transfer capacity OTRC OTRC cdep 1/s log 1 1

10 ReynoldsNumber ReN ReN cdep [-] log 2 1

Values At 

low scale

for user low

and high for

geometric

factors

are typically

different at 

high scale, 

whereas

intrinsic

properties are

scale

independent

19

u-factors (at low scale)

22/02/23

At low scale, there is only one zone, region or „compartment“, 

the mixed zone and there is no bubble-zone:

oxygen transfer coefficient, klam, only exists once, there is no klab.

formula

1 vTip=D*N

2 PGV=D^5*N^3*Q^(-0.5)

3 kLam=0.0323*(PGV)^0.4*((Q*0.0166666667)/3.14159*4/2.4^2)^0.5

4 OTRC=kLam*((C_g*0.01)*Hen) 

5 ReN=N*D^2/1.470588e-06

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 20

u-dependency formulae (at low scale)

22/02/23

There is only one formula for oxygen transfer coefficient, klam, because there

is only one zone, the mixed zone.

The formula for total oxygen transfer capacity, OTRC, is simpler.
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Nested u-factor

dependencies

(at low scale)

22/02/23

contr & 

const

u-factors

dependent u-factors

x-factors

1. The DoE-Diva approach

2. Bioreactor at High and Low Scale

3. Preparing Scale Down using DoE-DiVa

4. Performing Scale Down using MODDE®
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u- and x-factors

Low Scale

High Scale

22/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 24

Step 1: u-factors (high scale first)

There are 6

dependent

u-factors

There are 3

controlled

u-factors
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Step 2: x-factors (in this case just identity)
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Step 3: u-factor dependencies (OTRC at high scale)

Approximation quality, OTRC:

R² is 0.98997

relative deviation is 0.17137 % There are 6 formulae for the

6 dependent u-factors



26/04/2023

22/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 27

4: Info, Tapprox – transformation as a matrix

Identity matrix
Containing the complete structure

u-factor dependencies have been relayed

from the contr u-factors to the x-factors

22/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 28

Step 5: choose x-factors to use
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Step 6: define z-response(s) (of no relevance today)
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Step 7: Settings: define y-response(s)  (for completeness)
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Step 7f: Settings: view Tapprox and its inverse Tapprox
-1

These tables can be used later, if it becomes necessary

to adapt low/high settings of u-factors at low scale. 
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Step 7ff: Settings: view and edit x-settings to use
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Step 7fff: Settings: x-settings

Here inner limits and 

outer limits are different

User limits can always be chosen

inbetween the two.
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Step 8: Select the design variation

… for the x-factors:

vTip_x, PGV_x, OTRC_x
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Step 8f: Look at the design (uu-design)

… and export it to MODDE®

(note: what is exported

(to a .csv-file) is the x-design and 

the u-formulae for Tapprox
-1
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x-Design and u-Formulae for MODDE®
vTip_x PGV_x OTRC_x bMa bMa__y

R0 0,01704 -1,019 -3,553 0 0

R1 -0,01642 -1,12091 -3,6902 0 0

R2 0,05049 -1,12091 -3,6902 0 0

R3 -0,01642 -0,91708 -3,6902 0 0

R4 0,05049 -0,91708 -3,6902 0 0

R5 -0,01642 -1,12091 -3,4158 0 0

R6 0,05049 -1,12091 -3,4158 0 0

R7 -0,01642 -0,91708 -3,4158 0 0

R8 0,05049 -0,91708 -3,4158 0 0

D_C (10^( - 1.5*v1+0.492178*v2+0.365707*v3+1.5790139870066067))

N_C (10^(2.5*v1 - 0.492178*v2 - 0.365707*v3 - 3.357165289403276))/0.016666667

Q_C (10^(7.31414E-8*v1 - 0.0312879*v2+1.46283*v3+4.537904938837788))/0.0166666666667

bMa_C (10^(v6))/0.01

bMa__y_C Log10(v4*0.01)
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Step 8ff: ok-plot for u-design          (not orthogonal)

strong negative correlation
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Step 8fff: ok-plot for x-design          (orthogonal)
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Save As „...High“ then again, this time as „…Low“
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Step 1: u-factors (now at low scale)

No bubble zone => no factor kLab
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Step 1f: stop and think (… and grumble)

Isn‘t the aim of scale

down to find the

right settings to use

at the low scale?

Then why do we have

to enter these values

before we start?
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Step 1ff: don‘t worry, (don‘t grumble) … be happy

The „All that one knows“, 

A-t-o-k, approach requires

you to use A-t-y-k .

The Limits are only

important to define the

scope of validity of the

formulae (slide after next

slide).
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Step 2: x-factors (in this case, as before, just identity)
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Step 3: u-factor dependencies (example OTRC)

Formulae at low scale will 

typically be different from

those at high scale.

OTRC dependency at high scale

OTRC dependency at low scale
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Steps 4, 5 & 6: are the same as at high Scale
(Vmatrix-Info, Keep Columns and Responses)
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Step 7: x-settings should be comparable …

High scale Low scale

Inner Low for PGV at high scale is below  Inner High at low scale

and also

Inner Low for OTRC at high scale is above  Inner High at low scale
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Step 7f: … otherwise check x-settings / VRES

If they are „too different“, 

use infos in VRES (Tapprox) 

and WRES (Tapprox
-1) to get

indications on which u-

factor limits or depend-

ency formulae should be

changed

Low scale

Use VRES (i.e. Tapprox)  Information  to lift PGV and OTRC at low scale
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Step 7ff: Use VRES to lift PGV and OTRC 

D , N , Q to improve PGV, 

D , N , Q      to improve OTRC

try this
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Step 7fff: x-settings should not be too different

High scale Adapted Low scale

PGV is better, vTip may just be good enough, OTRC is definitely not 
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Step 7ffff: Use Oxygen instead of air to lift OTRC 
High scale

Re-Adapted Low scale

PGV and vTip are unchanged, OTRC is now 1/2 and not 1/10  of high scale
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Next Step: Future DoE-DiVa Functionality

Take over existing x-design

u-design … from the high scale

… for the x-factors:

vTip_x, PGV_x, OTRC_x
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Step 8: Current DoE-DiVa Functionality

1. Generate new x-design at low scale

for vTip_x, PGV_x, OTRC_x

2. Export x-design and 

u-formulae to .csv

for usage in MODDE®

D_C (10^( - 1.5*v1+0.3*v2+0.5*v3+2.09750160048793))

N_C (10^(2.5*v1 - 0.3*v2 - 0.5*v3 - 3.875652761201205))/0.016666667

Q_C (10^( - 0.8*v2+2*v3+6.611854831785227))/0.0166666666667

bMa_C (10^(v6))/0.01

bMa__y_C Log10(v4*0.01)

3. In MODDE® use the

x-design from high scale, 

u-formulae from low scale
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D_C (10^( - 1.5*v1+0.3*v2+0.5*v3+1.7586825108558148))

N_C (10^(2.5*v1 - 0.3*v2 - 0.5*v3 - 3.5368338238484998))/0.016666667

Q_C (10^( - 0.8*v2+2*v3+5.256579707449209))/0.0166666666667

bMa_C (10^(v6))/0.01

bMa__y_C Log10(v4*0.01)

D_C (10^( - 1.5*v1+0.492178*v2+0.365707*v3+1.5790139870066067))

N_C (10^(2.5*v1 - 0.492178*v2 - 0.365707*v3 - 3.357165289403276))/0.016666667

Q_C (10^(7.31414E-8*v1 - 0.0312879*v2+1.46283*v3+4.537904938837788))/0.0166666666667

bMa_C (10^(v6))/0.01

bMa__y_C Log10(v4*0.01)
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Step 8f: u-Formulae at the two Scales  for MODDE®

Tapprox
-1

at high Scale

Tapprox
-1

at low Scale

Ty and Ty
-1

Ty and Ty
-1

Please note: they are different!

High

scale

Low

scale

1. The DoE-Diva approach

2. Bioreactor at High and Low Scale

3. Preparing Scale Down using DoE-DiVa

4. Performing Scale Down using MODDE®
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Step 9: Import High Scale x-design into MODDE®

In MODDE® both high and low scale designs

can be handled in one investigation, …
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… because the x-design for

low and high scale are the

same.

Step 9f: Import High Scale x-design, set z-response

Don‘t forget: For

each z-response 

(i.e. measured

response) we need

an uncontrolled

factor (here bio-

Mass, bMa_obs)
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Step 10: Copy Low Scale formulae to MODDE®

Note: The formulae for the u-factor settings are different at low and high scales!

D_C (10^( - 1.5*v1+0.3*v2+0.5*v3+1.7586825108558148))

N_C (10^(2.5*v1 - 0.3*v2 - 0.5*v3 - 3.5368338238484998))/0.016666667

Q_C (10^( - 0.8*v2+2*v3+5.256579707449209))/0.0166666666667
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Step 10f: Copy High Scale formulae to MODDE®
D_C (10^( - 1.5*v1+0.492178*v2+0.365707*v3+1.5790139870066067))

N_C (10^(2.5*v1 - 0.492178*v2 - 0.365707*v3 - 3.357165289403276))/0.016666667

Q_C (10^(7.31414E-8*v1 - 0.0312879*v2+1.46283*v3+4.537904938837788))/0.0166666666667

bMa_C (10^(v6))/0.01

bMa__y_C Log10(v4*0.01)
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Step 10ff: MODDE® automatically does Scale Down
Design to perform 

at low scale

Disappointing?

Scale down factor < 1.5

Well, PGV ~ d5  and 1,55= 7.6

HighLow

Equivalent Design 

at high scale
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Step 11: Analysis in MODDE® for x-factor model
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Aim at D = 0.1 

at low scale,

and D = 0,5

at high scale

Step 12: Optimization in MODDE®

22/02/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 62

Step 12f: Optimization in MODDE®

ok

far away
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Aim at D = 0.1 

at low scale,

(and D = 0,5

at high scale)

remove requirement

for D_C_high

Step 12ff: Change specification – desirabilities
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Step 12fff: 2nd Optimization in MODDE®

No improvement

Maybe widen

factor intervals
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Changed factor intervals

Step 12ffff: Widen factor intervals

Re-Adapted Low scale from slide 50
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Step 12fffff: 3rd Optimization in MODDE®

D_C_Low is now better

but

Scale-up factor is only 1,4
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Step 13: Design validation in MODDE®

Copy the Low-Scale x-design into the MODDE® prediction sheet to

confirm that impeller diameter is now low for both scales .

A-t-w-k (All that we knew and put into the u-formulae) was not good enough.
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Summary of our Results

+ Scale Down by a factor if 1,4 (for impeller diameter) is possible

– Scale Down for a factor of 5 is not possible

(vTip ~ D, PGV ~ D5 and OTRC ~ D2 cannot be controlled simultaneously) 

+ An orthogonal design for presumed causal drivers can be set up

+ Dependencies of other relevant variables are made transparent

– In the procedure described above, D is varied at the low scale:

Hold D constant, this reduces dimension from 23 to 22 for N and Q
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Thank you!

and special thanks to:

Chhawang Lama

Anthony Orth
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