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Agenda

Architecture
Implemented OPC UA Servers and OPC UA Clients

— Current status: tested with UaExpert (screenshots)

Next actions:

— FMU model needed or some other to make predictions (Aalto researcher tests on-going)
— OPC UA Client to connect FMU Server (or other model) and Bioreactor Digital Twin server

Latest version changes:
— Added error checking/handling/messages/return codes

— Certificate: ‘v T... urn:OPCUA-BIOREACTORDIGITAL-TWIN ~ 23/05/20.. 23/05/20268.34 BIOND 4.0 RTD TAMPE.. PIRK... FI urn:OPCUA-BIOREACTORDIGITAL-TWIN  GX73364  127.00.1
— Better functionality, no hard coded variables: add/delete vendor(s) & variables, save / load address space
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Architecture — modular and scalable
Offline / online demonstrator

OPC UA Charts can be used to visualize

Forecast client OPC UA Client(s) wanted variables/predictions
can read Client(s) SUELE
historical values & “EEEE OPC UA

write predictions SEWELO Digital Twin contains address space for all
Digital Twin variables for measurements and predictions,

for Bioreactor can be used for any process

FMU model can be imported,
and simulation can be run

OPC UA
Server(s) OPC UA OPC UA OPC UA
FMI Client(s) Client(s) Server(s)
DT runner Real-Time PixAct etc.
DT runner client will read measurements OPC UA Client can read actual OPC UA Server
from the Digital Twin server and call model measurement from the vendor for Bioreactor
simulation and write predictions back to OPC UA Server like PixAct and measurements

write them to Digital Twin OPC

Digital Twin server
UA Server
Valmet >
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OPC UA Server FMI and Digital Twin client

* User can import FMU file, instantiate model and run simulation

— Digital Twin client can call methods: import, instantiate and run.
— It will synchronize needed variables from the Bioreactor DT server for simulation inputs and read model outputs and
write them back to the Bioreactor DT server as predictions

* As model can be run and fine tuned with the actual measured values so that predictions will
match this will need some additional parameters inside FMU model for this purpose

Valmet >
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OPC UA Server for Bioreactor as Digital Twin

* User can import excel file that will create all variables into the address space
— Additional own namespace variables are created at the same time for predictions

* Replay will write values from the Pandas data frame into the server
— Uses current time and writes all values into the future historical values (time delta can be modified to run faster)
» Start time can be given as parameter for the replay
* Interval can be given as parameter for the replay (faster or slower than recorded)
— This will enable that simulation can read offline values as “real-time” and execute model and server will predict values

* Model can also use historical values and re-fit model and new prediction with new model (validate and check error
before using new prediction values)

Valmet >

5 12 June 2025 © Valmet | BIOREACTOR Digital Twin / Mika Karaila



6

Screenshots from the FMU OPC UA Server

Bioreactor FMU model can be imported and then instantiate, and simulation could be run

- Unified Automation UaExpert - The OPC Unified Architecture Client - BIOREACTOR-DT*

File View Server Document Settings Help

DPBBE *=° X% D
F X

Project Data Access View History Trend View
v [ Project # Server Node Id Display Name Value Datatype Soul
v [3 Servers I
{2, OPC UA FMU Server@localhost
Q} OPC UA BIOND Digital Twin Server@localhost
Address Space F X |
% No Highlight v
2 Root
v 2 Objects
> 12 Aliases
v (3 FMU-Models
> =% Import FMU model (:fmu) M
© Model-Instances M call import FMU model (fmu) on FMU-Models ? X
> & Server
> [ Types Import FMU model (.fmu)
> Views
Name Value DataType Description
Madel filename Load file... = String :_r(r::(i:)lr:!edna m2imkz
Call Close
I
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Screenshot from the Bioreactor Digital Twin OPC UA Server
BIOREACTOR Server started — Import recorded data (Excel file format)

* Server supports now username & password (Sign) P e BB + - o L -

- Certificates are under certificates folder (Encrypt) s e T e T ete

* All methods are under Commands folder |tz> OEZ”@:: TR

» Add vendor will create folder under Sensors o T g "’;ww Eripoin U spcics acamest 4540, DignarTwin
[ Server Diagnostics View  Message Security Mode: Sign

UA BIONM.. WalNumerniclds

* Add vendor variable will add variable under just
created Sensors/\VVendorName folder o o righight =

= Root

* Delete vendor variable can be used to remove e s
~ | BIOREACTOR

vendor variable 5 Commands

> =% Add vendor

* Import Excel/CSV file will read dataset from the file % Deltevendor i

* Load address space will read XML format file mm

* Save address space will write XML format file S ey Datse
ome
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Screenshot from the Bioreactor Digital Twin OPC UA Server
BIOREACTOR Server: Add vendor

* Method will add folder under Sensors folder (easier to see vendor specific measurements)

Address Space
¥ Mo Highlight

8 x|

L

=) Root
~ 2 Objects
> 2 Aliases
v |3 BIOREACTOR
v I3 Commands
> =@ Add vendor
» % Add vendor variable
» =% Delete vendor variable
» % Import Excel/CSV file
» % Load address space
» % Save address space
I3 Measurements
=) Predictions
= ReplyDataset
I3 Sensors
> & Server
> 15 Types
> 12 Views

. Call Add vendor on Commands ? X
Add vendor

Name Value DataType Description

Command: Add vendor PixAct ...  Loadfile... String G iy (e, (2 e i i

address space

Call Close

Address Space

% No Highlight

§F X

v
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I Root

~ [ Objects
> I3 Aliases
~ |3 BIOREACTOR
~ [ Commands

> =% Add vendor
“w Add vendor variable

‘v Import Excel/CSV file

v Load address space
> =% Save address space
[ Measurements

[ Predictions

= ReplyDataset

= Sensors

5 PixAct

> & Server
> 3 Types
> (3 Views

@ Delete vendor variable
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Screenshot from the Bioreactor Digital Twin OPC UA Server
BIOREACTOR Server: Add vendor variable

* Method will add variable for vendor, basic OPC UA type supported

Address Space
¥ No Highlight

5 x

\/

[ Root
v 2 Objects

> 12 Aliases

v 123 BIOREACTOR

v |5 Commands
> =% Add vendor

=% Add vendor variable
=4 Delete vendor variable
% Import Excel/CSV file
% Load address space

WOW W W

> =% Save address space
[ Measurements
[ Predictions
[ ReplyDataset
v 32 Sensors
[ PixAct
> & Server
> |2 Types
> 12 Views

9

12 June 2025

. Call Add vendor variable on Commands

Add vendor variable

? X

Name Value

Vendor name  PixAct Load file... = String

Variable name Complexity Load file... = String

Variable type  Double Load file... = String

Call

DataType Description

Vendor name

Variable name

Type like Double|
String|UInt32

Address Space
% No Highlight

© Valmet | BIOREACTOR Digital Twin / Mika Karaila

I Root

~ [ Objects
> I3 Aliases
~ |3 BIOREACTOR
~ [ Commands

> =% Add vendor

% Add vendor variable
“» Delete vendor variable
‘v Import Excel/CSV file
v Load address space

WOV W

> =% Save address space
[ Measurements
[ Predictions
= ReplyDataset

~ [ Sensaors

= PixAct
> @ Complexity
> & Server
> 3 Types
U N I
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Screenshot from the Bioreactor Digital Twin OPC UA Server
BIOREACTOR Server: Delete vendor variable

* Method will delete variable from vendor variables

=

Address Space g x Il call Delete vendor variable on Commands ? X
3 Mo Highlight v
© Root Delete vendor variable
v & Objects
> 2 Aliases Hame Value DataType Description
~ [ BIOREACTOR Vendor name  PixAct ... Load file... String Vendor name
v & Commands Variable name Complexity Load file... = String Vi e
> =% Add vendor name
> =% Add vendor variable
> =% Delete vendor variable
> =% Import Excel/CSV file
> % Load address space
> =% Save address space
2 Measurements
[ Predictions
=) ReplyDataset
v 3 Sensors
v [ PixAct
— Call Close
10 12 June 2025 © Valmet | BIOREACTOR Digital Twin / Mika Karaila

Address Space

§F X

% No Highlight

=) Root
~ [ Objects

> I3 Aliases

v |3 BIOREACTOR

~ [ Commands
> =% Add vendor

% Add vendor variable
“» Delete vendor variable
‘v Import Excel/CSV file
v Load address space

WOV W

> =% Save address space
[ Measurements
[ Predictions
= ReplyDataset
~ 2 Sensors

= PixAct
> @ Complexity
> & Server
> 3 Types
U N I
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Screenshot from the Bioreactor Digital Twin OPC UA Server
BIOREACTOR Server: Import Excel file

* Method will read file and store dataset (Pandas) into the server memory for the Replay

11
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Address Space
4 Mo Highlight

& xj . Call Import Excel/CSV file on Commands 7 X

o

= Root
~ I3 Objects

> [ Aliases
v~ [ BIOREACTOR
v [ Commands

>

WOON NN

>

% Add vendor

% Add vendor variable
% Delete vendor variable
=% Import Excel/CSV file
“» Load address space

“» Save address space

=) Measurements
= Predictions
= ReplyDataset
=) Sensors

> & Server

> I3 Types
> 3 Views

© Valmet | BIOREACTOR Digital Twin / Mika Karaila

Import Excel/CSV file

Name Value DataType Description

Give filename that will be read for offline
dataset

Command: Import Excel file ... Load file... String

Call Close
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Screenshot from the Bioreactor Digital Twin OPC UA Server
BIOREACTOR Server: Measurements & predictions variables created into the address space

12

As Excel file is read all needed variables
are created under Measurements &

Predictions folders

Variables are historized into the history.sql

(delete file to clear history)

12 June 2025
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Address Space
% Mo Highlight

=) Root
v I3 Objects
> I3 Aliases
~ |5 BIOREACTOR
> =% Import file
~ 3 Measurements
> @ Acid_total_from_pump
> @ Air_2M
> @ Air_flow
> @ Analog_in_5_2M
> @ Analog_in_6_2M
» @ Analog_in_7_2M
> @@ Analyzer_pressure_S
> @ Argon_%_S
> @@ Base_Total_from_pump
> @ CDW_manual
» @@ Carbon_Dioxide_%_5S
» @ DO-2_2M
> 4@ Dissolved_oxygen_tension
> @@ Ethanol_%_S
> @ BxhstHtr_2M
> @ Feed_vessel_weight

Address Space F X
#% Mo Highlight ~
= Root
~ [ Objects

> I Aliases

v |23 BIOREACTOR
> % Import file
> [ Measurements
~ [ Predictions
> €@ Acid_total_from_pump_prediction
> €@ Air_2M_prediction
> @ Air_flow_prediction
> €@ Analog_in_5_2M_prediction
> 4@ Analog_in_6_2M_prediction
> €@ Analog_in_7_2M_prediction
> @ Analyzer_pressure_S_prediction
> @ Argon_%_S_prediction
» @ Base_Total_from_pump_prediction
> @ CDW_manual_prediction
» 4@ Carbon_Dioxide_%_S_prediction
> @ DO-2_2M_prediction
> 4@ Dissolved_oxygen_tension_predictic
> @ Ethanol_%_S_prediction

b A FCacknrdl I4e AR A cnen AT Y
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Screenshot from the Bioreactor Digital Twin OPC UA Server
BIOREACTOR Server: Save address space (into the file)

* Import Excel to get all needed Measurements into the address space
* Then add vendors and vendor variables for the specific Reactor
* Save address space to use it later again

Use case: Different Reactors with same Sensors (reuse address space)

Address Space 8 X || [l call Save address space on Commands
“

X

3 No Highlight
& Root Save address space
v (3 Objects
> 3 Aliases Name Value DataType Description
v ) BIOREACTOR Command: Save address space into the file Reactorl.xml ...  Load file... String g;:izlsgf:ss;;:tcrgm)used i [
~ [ Comman ds I

» % Add vendor

‘% Add vendor variable
‘@ Delete vendor variable
‘@ Import Excel/CSV file
‘% Load address space

||

R R R

» =% Save address space

v [ Measurements
» 4@ Acid_total_from_pump
> @ Air_2M
> @ Air_flow
> 4@ Analog_in_5_2M
> 4@ Analog_in_6_2M el o=
> 4@ Analog_in_7_2M
> @ Analyzer_pressure_S
> 4@ Aroon % S
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Screenshot from the Bioreactor Digital Twin OPC UA Server
BIOREACTOR Server: Load address space (from the file)

* You must start server and then load needed file (XML format)

* This will load for example all Measurements, Predictions and
vendors under Sensors folder with vendor specific variables into the
address space (no need to Import Excel / Add vendor variables)

Use case: Different Reactors with same Sensors (reuse address space)

Address Space g x M Call Load address space on Commands

| - NOTE: Y d to Reb folder t labl
5 1o Hghight 3 . YOU heed 10 Reprowse 1older 1o see varianles
© Root Load address space K 3 e
v © Objects [put Arguweres | | Adress Space 8 x ress Space
i L e, N #3 MNo Highlight ~
> 15 Aliases Name Value DataType Description 4+ No Highlight “
I Root
v 3 BIOREACTOR Command: Load address space from the file Reactorl.xml ... Load file... String B filarns o e eiifess 5 Root )
L space (.xml) + & Objects v 3 Objects
~ I3 Comman ds ¢ i
) s > © s
» =% Add vendor
: Sweeeted v @ BOREACTOR v @ BIOREACTOR
» % Add vendor variable v 2 Comman ds v I3 Comman ds
» =% Delete vendor variable > % Add vendor > % Add vendor
> % Import Excel/CSV file > % Add vendor variable > % Add vendor variable
5> @ Load address space > % Delete vendor variable » <% Delete vendor variable
» =% Save address space

> % Import Excel/CSV file > % Import Excel/CSV file
I Measurements > % Load address space
£ Predictions

> % Load address space
> % Save address space

= > =@ Save address space
> |2 ReplyDataset Iﬁ % | Peeares J v ) Measurements
> |2 Sensars 7> @ Acid_total_from_pump
> [ ReplyDataset s @ Air 2M
> & Server call Close > [ Sensors - A!Lﬂ
> D Types > & Server ’ Ir_flow
> L Views > & Types > 4@ Analog_in_5_2M
> 2 Views > @ Analog_in_6_2M
> @ Analog_in_7_2M

> 4@ Analyzer_pressure_S
> @ Argon % S
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Screenshot from the Bioreactor Digital Twin OPC UA Server
BIOREACTOR Server: Replay — load values to variables

- Unified Automation UaExpert - The OPC Unified Architecture Client - BIOREACTOR-DT*

* Replay will store values into the
history, so trends are available o AT
° C I i e nt(S) Can u Sed read_raw_h iStO ry A ? ;Oj;::wers # Server Node Id Display Name Value Datatype source Timestamp Server Timestamg Stat

2 OPC UA FMU Server@localhost

to retrieve values for the forecast % OPC UA BIOND Digital Twin Servereloca

v [ Documents

model fit s
« Forecast client(s) can write values B s
under variables under Predictions

fOIder Variable Address Space 5 x

ver Document Settings

DePBE =0 x428 & x0O

43 Mo Highlight ~ . Call Replay on Test_datasetxisx ? x
 Prediction variables are in the own o et .
. . > I3 Aliases —!J —
namespace index and each variable ~ @ BoREACToR tame Ve Daaype Descpin

Start time (YYYY-MM-DD mm:hh:ss),

> =% Import file Start time ...  Loadfile... = String Ty ==

1 > I Measurements i ==
h aS S u ﬁl X Interval ...| Loadfile... | String Dataset interval (float mins), empty

> I3 Predictions default 2.5min

. : P v ©3 ReplyDataset
ns=3;s=VariableName_prediction B

~ 3 Test_datasetxlsx

> =% Replay
> D Sensors
> &% Server
> 12 Types
> 3 Views
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Screenshot from the Bioreactor Digital Twin OPC UA Server
BIOREACTOR Server: Values loaded from the current time to the end of recorded time

. Unified Automation UaExpert - The OPC Unified Architecture Client - BIOREACTOR-DT*

File View 5e Help
0@ Xy 2 B
Project g x Data Access View History Trend View Server Diagnostics View
hd u Project # Server Node Id Display Name Value Datatype source Timestamg Server Timestamp Statuscode
v [ Servers 1 OPC UA BION... NS2[Stringl..  15tartTime 2025-04-15 14:59:25.481729 String 15.02 1502 Good
£ OPC UA FMU Server@localhost 2 OPCUABION.. NS2Stringl..  2.EndTime 2025-04-18 22:18:25.481729 String 15.02 15.02 Good
% OPC UA BIOND Digital Twin Server@local |, OPC UABION... NS2|Stringl..  3LloadingTime  0:02:46.200067 String 15.02 15.02 Good
v B g’c;';:"icess View 4 OPCUABION.. NS2/Stringl..  4Variables 48 Int32 118 1502 Good
S OPCUABION.. NS2[Stringl..  5Values 4758 Int32 118 1502 Good

{3 History Trend View
f3 Server Diagnostics View

Address Space 5 X
4% No Highlight M
I3 Root
v |3 Objects

> 3 Aliases

v ) BIOREACTOR

> =% Import file
2 Measurements
[ Predictions
[ ReplyDataset

< v v

v |Ei| Test2_datasetxlsx

@ 1.5tartTime
@ 2EndTime
@ 3.loadingTime
@ 4Variables
@ 5Values
> =@ Replay
> [ Sensors
> % Server
> 12 Types
> 2 Views
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Screenshot from the Bioreactor Digital Twin OPC UA Server
BIOREACTOR Server: Data can be studied with History Trend view

. Unified Automation Uakxpert - The OPC Unified Architecture Client - BIOREACTOR-DT*

e View Server Document Settings Help

Project 7 X Data AccessView  History Trend View Server Diagnostics View Q
v u Project Configuration A
v [3 Servers
. OPC UA FMU Server@localhost Server DisplayName Node Id Color © single Update O cyclic Update
{2, OPC UA BIOND Digital Twin Server@locall |OPC UA BIOND ... Base_Total_fro.. NS2|String|Base... blue Stariilime: Timespan:
v 3 Documents OPC UA BIOND ... Dissolved_oxyg... NS2|String|Diss... green 14.04.25 09:24:00.000 v 00:30:00 =
. OPC UA BIOND ... Redox_2M NS2|String|Red... green _— .
Data A i End Time: Update Interval:
o ata Access View OPC UA BIOND ... Stir_speed NS2|String|Stir_... red ? )
{3 History Trend View OPC UA BIOND ... Trap_Current.S  NS2JString|Trap... bilue 14.04.25 10:43:00.000 ~ 00:00:01 =
{3 Server Diagnostics View )
Get Start Time Update Start

History Data A

Numeric Values . NS2|String|Base_Total_from_pump . NS2|String| Dissolved_oxygen_tension . NS2|String| Redox_2M . NS2|String| Stir_speed . NS2|String| Trap_Current_S

Address Space 7 x 300

3 No Highlight ~ p_
© Root 1 ﬁw:/\. o A LW N LR S W ’Mw

v |5 Objects ]
> 2 Aliases

v I3 BIOREACTOR

v =& Import file 200

@ InputArguments 1

=) Measurements 1

[ Predictions i
[ ReplyDataset

v [ Test_datasetxlsx

W

<

100 ~ wwert Ymet = faho

> =% Replay |
> 3 Sensors
> & Server 1
> 12 Types ]
> D Views i
0 T T T ‘ T T T ‘ T T T T ‘ T T T ‘ T T T T ‘ T T T T ‘ T T T ]
& & & & & & &
] N v N W N N
s e % S S 5 o
o N o & & 3 K
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Next steps — actions & vision

* Vision:
— Federated learning as one solution to tune actual model

19

FMI server connected with OPC UA client to rerun offline demo with forecasts
— Wiaiting for feedback and results from Aalto

Another forecast model / algorithm to rerun demo
— AutoTS / Prophet not giving good / exact results
— TimesNet or N-BEATS with some time series tuning next candidate

More data to rerun tests and find better Digital Twin model for forecasting
Proto-typing web server Ul (Streamlit based)

12 June 2025
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Web server Ul — OPC UA Server parameters
Streamlit based proto-type

20
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m O 4l BIOND Digital Twin Ul x B
G ] @ localhost:8501

sl BIOND Digital Twin Ul

¥ OPC UA Server Reader

Connection Settings

OPC UA Server URL

opc.tcp://localhost:4840

Username (optional)

Connect to Server @ Browse Nodes

[l Not connected to OPC UA server

Manual Node Input

Enter Node IDs manually

© Valmet | BIOREACTOR Digital Twin / Mika Karaila

() Password (optional)

(@ Connection Timeout (seconds)

10

X Disconnect

A

w

{:3 = 9 .

Deploy $
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Web server Ul — Connected to OPC UA Server

21

.1l BIOND Digital Twin Ul

¥ OPC UA Server Reader

Connection Settings
OPC UA Server URL

opc.tcp://localhost: 4840

Username (optional)

Connect to Server @, Browse Nodes

4 Successfully connected to OPC UA server!

¥ Connected to OPC UA server

Manual Node Input

Enter Node 1Ds manually

© Valmet | BIOREACTOR Digital Twin / Mika Karaila

(3) Password [optional)

(3) Connection Timeout (seconds)

10

¥ Disconnect
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Web server Ul — Browsing variables under ns=2;s=BIOREACTOR

22
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‘sl BIOND Digital Twin Ul

¥ OPC UA Server Reader

Connection Settings
QPCUA Server URL

opc.tep://localhost:4840

Username (optional)

Connect to Server @, Browse Nodes

() Password (optional)

(3 Connection Timeout (seconds)

10

¥ Disconnect

B4 Found 96 variable nodes

4 Connected to OPC UA server

Available Nodes

Select nodes to read/monitor:

Choose an option

Manual Node Input

Enter Node 1Ds manually

© Valmet | BIOREACTOR Digital Twin / Mika Karaila
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Web server Ul — Selecting variable(s)

23
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{1l BIOND Digital Twin Ul

¥ OPC UA Server Reader

Connection Settings
OPC UA Server URL

opc.tcp://localhost:4840

Username (optional)

Connect to Server @ Browse Nodes

(@ Password (optional)

@ Connection Timeout [seconds)

10

X Disconnect

[ Found 96 variable nodes

4 Connected to OPC UA server

Available Nodes

Select nodes to read/monitor:

‘ Choose an option

Acid_total_from_pump (ns=2;5=Acid_total_from_pump)
Air_flow (ns=2;s=Air_flow)

Base_Total_from_pump (ns=2;5=Base_Total_from_pump)
Dissolved_oxygen_tension (ns=2;s=Dissolved_oxygen_tension)
Feed_vessel_weight (ns=2;s=Feed_vessel_weight)

pH (ns=2;5=pH)

Pressure (ns=2;s=Pressure)

Bafrnrtamntnr Driv (nr—3:r—Dnfrartamntar Brivl

BIOREACTOR Digital Twin / Mika Karaila
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Web server Ul — Single Read variable(s)

sl BIOND Digital Twin Ul

¥ OPC UA Server Reader

Connection Settings

OPC UA Server URL (@ Password (optional) @
opc.tep://localhost:4840 Lod
Username (optional) (@ Connection Timeout (seconds)
10 -+
Connect to Server & Browse Nodes K Disconnect

4 Connected to OPC UA server

Available Nodes

Select nodes to read/manitor: @
Acid_total_fro X Qv
Reading Mode: Read count (interval 1s)
Continuous Read &7 10 -+
L Read Values Start Continuous Reading
[ Read 1 values from OPC UA server Continuous reading would start here. For a full

implementation, consider using Streamlit's
session state with threading or implement a
proper real-time dashboard.

¥ Read 10 values from OPC UA server
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Web server Ul — Continuous Read variable(s)

25
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s} BIOND Digital Twin Ul

¥ OPC UA Server Reader

Connection Settings
QPC UA Server URL

opc.tep://localhost:4840

Username (optional)

Connect to Server

4 Connected to OPC UA server

Available Nodes

Select nodes to read/menitor:

Acid_total_fr x

Reading Mode:

Continuous Read

L Read Values

[ Read 1 values from OPC UA server

BIOREACTOR Digital Twin / Mika Karaila

(@ Password (optional)

(@ Connection Timeout (seconds)

10

& Browse Nodes K Disconnect

Read count (interval 1s)

B 10

Start Continuous Reading

Continuous reading would start here. For a full
implementation, consider using Streamlit's
session state with threading or implement a
proper real-time dashboard.

¥ Read 10 values from OPC UA server
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Web server Ul — Monitor variable(s)

{1l BIOND Digital Twin Ul

¥ OPC UA Server Reader

Connection Settings

OPC UA Server URL (@ Password (optional) @
ope.tcp://localhost:4840 @
Username (optional) () Connection Timeout (seconds)
10 -+
¥ Connect to Server @ Browse Nodes ¥ Disconnect

4 Connected to OPC UA server

Available Nodes

Select nodes to read/monitor: @
o
Reading Mode: Monitoring Interval (ms)
2| 1800
‘ Monitor 7 —_—
7 1ee 5000
LI Read Values 3 start Monitoring [ stop Monitoring
26 12 June 2025 © Valmet | BIOREACTOR Digital Twin / Mika Karaila
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Web server Ul — OPC UA Data and Real-time Trends

27

Manual Node Input

Enter Node IDs manually

1al OPCUAData

Lal OPC UA Server Data

Rows

1

6

timestamp

1 2025-05-27 15:36:47

2025-05-27 15:36:48

I8}

3 2025-05-27 15:36:49

4 2025-05-27 15:36:50

5 2025-05-27 15:36:51

2025-05-27 15:36:52

2025-05-27 15:36:53

2025-05-27 15:36:54

@

9 2025-05-27 15:36:55

10 2025-05-27 15:36:56

[=] Data Summary

M Export Data

e

il Clear Data

12 June 2025

Columns

5

node_id

ns=2;5=Acid_total_from_pump
ns=2;s=Acid_total_from_pump
ns=2;s=Acid_total_from_pump
ns=2;5=Acid_total_from_pump
ns=2;5=Acid_total_from_pump
ns=2;5=Acid_total_from_pump
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Summary
OPC UA standard as key enabler

* Enables interoperability between different vendors and actors

Tests can be rerun with different simulation/prediction models

Real-time data can be used with historical data

Different user interfaces for needed use case:
— Monitor values
— Compare model and prediction values to validate model

Vision:
— Control actual Bioreactor with model predictions, write setpoints to actual controller
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