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Introduction

What's a bioreactor?

“A bioreactor is a device or a system that supports a
biologically active environment.”
- Wikipedia

In our case : an aerobic biological process is
carried out which involves growing organisms.



Introduction

What's a digital twin?

contextual data and their
aggregation and abstraction

/

A Digital Twin of a system consists of

a set of models of the system an
a set of digital shadows,
— both of which are purposefully updated on a regular basis, and
provides a set of services to use both purposefully with respect to
the original system.

The digital twin interacts with the original system by
— providing useful information about the system’s context and
— sending it control commands.
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Figure 2: Envisioned impact of MBDO on system development
and CPS operation.
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What's a digital twin?




. Starting point

In(N_max)
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Starting conditions



Exponential Growth

In(N_max)
In[N(7)] = In(N,) sit< A )
=In(N,)) + p(t-A) sit>A (Eq. 1)
— ln(Nmr) siN()=N_
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Exponential Growth

With u the rate of growth (In per hour)
Latency phase (u = 0)
Acceleration phase

Exponential phase (U = J4_max)

Deceleration phase In(N_0)

IN(Nmax) | |

Stationary phase (u = 0) A



Population
- Initial & maximum
- Bactery per gram or ml

Latency (A, in hours)

Growth rate (J, In per hour)
- Optimal and/or maximal

Constant k (u_max * A)

INn(N_max)

In(N_0)

Biomass parameters O
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Biomass parameters @o
%0

For each environmental factor (acidity,
temperature, oxygen, ...) .

Q.

* Minimal value for growth
 Maximal value for growth
* Optimal value for growth



“Gamma” formulae

P pax = ﬂGPtY(DY(PH)Y(aw) (Eq 8)
(Tv) - T ) Tlm'n ’ (E 9)
= [T T ] +
opt nun
(PH E p Hm:'n)(pHmm B p H) 2, :
Y(PH) = ' (Eq. 10)

(panr g p Hn:r:'u)(pHmc:_r i p anf)

au-‘ - awmin P e
Y(@a,) = ou (Eq.11)
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“Gamma” generic formula

01 X ~ X.uu'u
X-X YX-X )
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Technological overview
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Connectivity \ - 4 Models
Services
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Bioreactor + DT : usages

* V1
- Emulation, replay (parameters tuning, diagnc:ZSR

— Monitoring (visualization, alarms, over already existing coi trdi)
e V2
— Prediction, Inference

— Mitigation (on top of monitoring;
* V3
- “Full control” ?7?7?

-
1

15



Emulation / Replay / Monitoring

Date 1TEOL - " 1AEO2 - 1 1AEOQ3 - | 1AEDS - [ 1AEQS - | 1IMTOL - 1PP23 - | IAEOL -, 1FV50 -4 15C01 -4 15C01 -4 15C01 -4 1TCOL -~ 1TCO1 -~ 1TCOL -~
06/03/2023 18:04 29,3152 85,899 6,94105 -0,2698 -109,18 400 8 0 0,49783 400 400 40 29,3152 30 13,1118
06/03/2023 18:05 29,3482 35,9656 6,96772 -0,2097 -109,18 400 8 0 0,45983 400 400 40 29,3482 30 12,8299
06/03/2023 18:05 29,1265 85,879 6,96678 -0,2698 -109,18 400 8 0 0,49986 400 400 40 29,1265 30 15,3666
06/03/2023 18:06 29,1445 35,8856 6,96304 -0,2498 -109,18 400 8 0 0,45993 400 400 40 29,1445 30 14,662
06/03/2023 18:06 29,1334 37,1385 6,96538 -0,3099 -109,18 400 8 0 0,50008 400 400 40 29,1854 30 14,3519
06/03/2023 18:07 29,2164 89,2043 6,9621 -0,2698 -109,18 400 8 0 0,49984 400 400 40 29,2164 30 14,0701
06/03/2023 18:07 29,2463 90,6238 6,97006 -0,2698 -109,18 400 8 0 0,50006 400 400 40 29,2463 30 13,8164
06/03/2023 18:08 29,3152 91,71 6,98784 -0,2498 -109,18 400 8 0 0,50019 400 400 40 29,3152 30 13,1118

06/03/]

/127.9.8.1:
://127.9.0.1:
//127.0.08.1:"
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W =- -g resources/2023-01-30-Act3-1.cs

A3 TACOT - Anti Mousse_ MV ( {18)

A3 TACOT - Anti Mousse_QUT ( (18)

A3 1ACOT - Arti Mousse_SP ((18)

08 1AC03 - Cwygene Dissous_MV (R3)
Sir 1ACD3 - Cygene Dissous_OUT (String)
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Emulation / Replay / Monitoring
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Emulation / Replay / Monitoring

o1 PANORAMA - Default - /bioMoniter/mainView - Control

File Stretch mode Window Mode  Script 7

Edition de la souche

N_0: 1 N_max: 10

Latency: 0 mu_opt: 1,5

k: 2
[pH] Min: O Max: 14 Opt: 7
[T] Min: O Max: 100  Opt: 30
[02] Min: 0 Max: 1... Opt: 600
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16:20:20 16:20:40 16:21:00 16:21:20 16:21:40 16:22:00

[pH] v: 6,882569 g: 0,999718...
[02] v: 800 g: 0,888888...
m v: 29,887218 g: 1,000002...

78
170017202 17/01/202 17/01/202 17/01/202 17/01/202 17/01/202
416:20:. 41620 41621 41621 41621 416:22: .
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Connectivity

Panorama

What's next?

Services - Emulation, replay (parameters tuning, diagnostic) “ZEPC UA

- Monitoring already existing control)

Prediction, Inference

- Mitigation (on top of monitoring)

[

- “Full contr®
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