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Bioreactor System Description and Visualization
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Touchscreen Display,

Factory Level (Management) Monitor, Keyboard

e (Centralized Industrial Control Architecture.

Local Monitor Console,
Web Server, DNS Server °

Plant Level (Supervision)

Master-Slave Relationships between Devices.

Raspberry Pi 3 Model B

Cell Level (Control) (Master Controller) e Pre-existing, Custom and Acquired Equipment.
Arduinos UNO (Slaves), .
Frequency Variator, e Affordable and Easy-to-use Peripherals.
Field Level (Slaves) Circulator Controller

Temperature Sensor,

Thermic Circulator. e Favorable to Scalability and Maintenance.
Peristaltic Pumps,

L =
I
Process Level / \ \

L~ " ductive Engine
(Input and eooe| [rH) Induc gine, . . . )
Output) "l%' ” EEEE !&! r Velocity Sensor, e Efficient Academic and Commercial Usage.

LEDs Matrices,
pH Sensor

/

Global Components and Diagramming




CONTROL COMPONENTS / Componentes de Control
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Research Standard

e pH Peripherals

e Acid/Base Pumps

* Process Sequencing

e Industrial Protocols

e Pulse Width Modulation

* Drops Capacities

pH-related Components and Sequencing
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Cycles Management and Pulse Width Modulation
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A — Stop Procedures F — Functioning Process
A6 A1l [
—b
System on Initial State Stop at Initial State ieeque":e' 1 ° Long Periods Of Continuous Functioning
- - quests
” F2 F3
A7 A4 . . .
_ - ' Preparation | | Termination  Running Time Occurrences (Stops, Fails)
System on Given State System Stopped
Y W TR0 1 ) sl
AS : A3 Requests 3 3 Y : | ¢ Predominant Defects: Measurement,
Preparation for | A2 Stop Requested [* F1 :
Commissioning : | Stop Requested . : . . .
: at Given State : Communication, Malfunctions
after Defect = | at End of Cycle < T :
Normal Functioning e Bidirectional Master-Slave Interactions
D2 : | D3 « :
Diagnosti : | Functioning besides Defect -
e e eeeeees TN ¥ o I i+ Unidirectional Peripherals Instructions
D1 F Production

Testing Sequence

Emergency Stop

Defects

A F — Functioning Process
etection

D - Failing Process

GEMMA Framework Adaptation for Automation
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pH Decrement on Buffered Compound Compound: Streptococcus Thermophilus; Buffer: KH,PO,
. Base Ref Start: pH 2.3; End: pH 11.2; Duration: 56.000 sec .
"N © © pasepeference D D e General Observations on
1N @ Transition Base-Buffer
B © Buffer Zone pH Increment on Buffered Compound
7- ] - 12 . .
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Zones Distinction on pH Variations
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ON-OFF Control Fuzzy Control Euzzification Neuro-Fuzzy Control
Acid/Base Qn . On n '::'" Ffectivada I 4 Very Fast Fast Exactly Slow Very Slow ( \ ( g \
Drops ' l o) g g _ oo g
L £ 255 Processing °C S
Of 1O PO Ot i = g o by Fuzzy 28g
Compound A : A Desactivado L L E= : > 2
oH | I L 0 . T g Modelling 2 oy
: 1 : : Thy2e Thye Th, Thyte Thyt2e lime - o E o e <
: | | \ ) . 2 )
Objective | Yy ) IF ... AND...THEN... i I
IF ... OR...THEN... o — — —
IF ... AND...THEN... El—— —
=l — — |H
- Rule Base ificati . . :
Time Defuzzification Previous Experiments Extra Algorithms
Traditional Procedure Trained Experience Emulation Predictive Capabilities
Sharp Transitions + Regime Oscillations Deductive Thinking + Soft Variations Historical Data + Auxiliary Heuristics

Different proposals for pH control




TRADITIONAL ON-OFF CONTROL FOR pH CONTROL

pH

Error Deadband

UNIVERSIDAD ORT

Drops Decision

LN T RTETY

Objective

Error, Al rops A
| - | Drops,q4 .
ﬁ | ‘ﬂ ‘ _
- E—— _> - )
I Sensiivity
error . | .
frrofe, 'A Drops A °
[ ——
I — , : _— DropsBase
/ - P » [}
\ S/
A [ J
PHueasured | ioreactor Actuators '
— fe—
Compound Acid / Base e g o

Time Deadband

Facultad de
Ingenieria

Input: pH Objective, pH Measured
Decisions over pH Sensibilities and Error
pH Deadband fixed at 0.05 difference
Time Deadband per 6-10 seconds cycles
Similar Procedures for Acid and Base

Output: Drops Amount to Expulse

Specification of Sensibility-based ON-OFF Control
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pHObjective

error,, Fuzzy

e Input: pH Objective, Measured

sensibility,y

pH

Fuzzification Defuzzification

Inference Rules ] .
e Memberships: pH Sensibilities, Error

Knowledge
Database

Rule Base * Globally Softer System Response

e Time Deadband per 6-10 sec cycles

Measured | Bijoreactor Actuators

le— ¢ Similar Procedures for Acid and Base

- ——— . - -

Compound Acid / Base

I
. Time
I

e Qutput: Drops Amount to Expulse
Time Deadband

Specification of Proposed Fuzzy-based Control




FUZZY MEMBERSHIP CLASSES FOR pH CONTROL
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Output Membership Functions:
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The conditional rule base is described as follows:

IF[(IE =Ipr NIp = IBQ)] = 0g1 = Og_ﬁid \V Oglfe
IF[(IE - IEl A IB = 131)] = OQQ - O%CQM \V; OZ?aQSe
IF[(Ig =Ipao ANlp = Ip2)] = Og1 = Og}clid v Oggalse
IF[(IE =Ips NIpg = IBI)] = OQ2 — Oécgd \V/ 0220;238
IF[(IE =IpsANlp = IB?)] = OQQ — O%C‘.Q’id V O%QQSQ
IF[(IE =IpsNlp = IBl)] = OQS = O%C;d V Ofgga?)se

Fuzzy Membership Functions and Rules Base
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Historical Data

Customizable

ei_ 1 eg_ 1 eg_ 1
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Genetic Algorithm (p . e; €5 eq)=\ar «qrr Qg e e e
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l €1 €2 €3
Inputs Linear g zzification Logic Fuzzy Inference I
Tranformation Operators (Rules) Defuzzification
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(Ie)
+ errorpH
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e Customization Attributes:
H i .
PAMeasured | Bioreactor Actuators | le * Proportional Parameters ({a;, £}, Yk })
pHObjective Compound Acid / Base - et auved
: . t-n pt-m t-p
Time Deadband * Parenting Selection ({e; ™", b; ™, q;, "}

Specification of Customizable Neuro-Fuzzy Control
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 Multiple Repetitions
e All controls: Less than

pH 0.1 stationary error

Precision at Regime

* Transition Time

* Noisy Data Robustness
e Adaptability Changes

e Objective Divergences

System Response to pH Controls at Different Setpoints
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Actuator Selection

o
© 00

e Standard Solutions (70%):
e HCl (Acid) — pH 1.8

e NaOH (Base) — pH 11.6

Testing with Different Actuators
(Concentration and Composition)

Buffer Usage

A

e Usual Buffer Solutions:

e KH,PO, * C,H,0,

* C,H;NaOo, * Cay(BO;),

Microorganisms Definition

W&

e Traditional in Biotechnology:

e Streptococcus Thermophilus
e Escherichia Coli

e Myxococcus Xanthus

Testing with Different Buffers
(Concentration and Composition)

Application to Different
Microorganisms (Composition)

Related Future Research Possibilities and Opportunities
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