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Introduction

e ALBA Il demands scalable and
maintainable control system solutions.

e We need to review and enable modern
technologies for the future facility.

e OPC UA give us the opportunity to face
new challenges.

e Tango ecosystem help us to perform
this challenges.
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Introduction

e Not the first OPC UA solution.

e MAXIV, SOLARIS and SOLEIL have their own
OPC UA solutions.

e There is another solution inside Tango Clases
Catalog (NEXEYA).

e We want to explore the capabilities of
PyTango GreenModes.

e Thank you for the help and support!
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ALBA Equipment Protection System

e 6 different subsystems
e 63 PLCCPUs
e ~ 400 nodes - 1500 parameters

AlLBA

RF
7 CPUs
- Flow

- Pressure

- Temperature

- RF detectors

- RF Plant States
- Limit switches

- Water leak det.

Main Interlocks:

- Stop SR RF

Magnets-PC
2 CPUs
- Flow

- Temperature

Main Interlocks:

- Stop PC

Vacuum
16 CPUs

- Flow

- Pressure

- Temperature
- Valves

Main Interlocks:
- Close valves
- Kill beam

e Powerlink Architecture
Interlock machine in 50 ms

e 50 PLCin main Powerlink network

Vacuum Interlocks

Beamlines
13 CPUs
- Flow

- Pressure
- Temperature
- Limit switches

Main Interlocks:
- Close Shutters
- Stop Motors

Ethernet Powerlink:

Interactions between subsystems

TANGS.
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Current EPS System

. Cabling database 4mp Autogeneration
. CSV file: Modbus 4mpVariable mapping
EPS_LIBRARY: 16 bit Status Words

. Modbus TCP communication

S
#VACUUM VALVES OPEN 3
SR_VL_OPEN = Bit(DigitalsREADI[6] 1) ~LBI29/CI/EPS PICOT i ehl200 1> o
#TEMPERATURES - ABS INTERLOCK BL29/CT/EPS-PLC-01 =
SR_TEMP_ITLK = Bit(DigitalsREADI[0] 6)
SR_TEMP_WARNING = Bit(DigitalsSREAD[10] 5) sute [SY @
#SR_TEMP_ITLK = Bit(DigitalsSREAD[10],5)
Stalus | ACT | Temperatures | Fiows
#SR BEAM ORBIT INTERLOCK [ - =
SR08_ORBIT_ITLK = Bit(DigitalsSREAD[68],1) oiseT_oro1_o1_tc |EEEs < =
MIR_oHo1_01_ssLo_Tc | <
#B0 BEAM ORBIT INTERLOCK wiR_owo1_ot_ssLL_Tc s o
S08BO_ORBIT_ITLK = Bit(DigitalsREAD[67],1) WR_oHo1_o1_totr_Tc Eans o
miR_oHo1_01_ssLu_tc |EEED *c
J|FeRFS wiR_oHo1_01_pirc_Tc [0S °c
SR_DI_FS_S08_01=FS(READ and DigitalsREAD(58] or WRITE and 398, Skt =
MIR_oH1_01_pu_Tc1 | < [
ESRMNAES Device s in ON Stat -
SR_VC_SPNV_S08_01=PNV(READ and DigitalSREAD[50] or WRITE anc | warninio g is ENABLED. A
390 VALUE) Lastupdate at Thu Oct 9 16.08:57 2014
SR_VC_SPNV_S08_02=PNV(READ and DigitalsREAD[54] or WRITE anc |eps var g INTERLOC
394 VALUE) Fva
)
L]

. Integration with Tango using 2 devices:
PyPLC (generic) & AlbaPLC (specific).

AlLBA

AlbaPLC DS

AlbaPLC DS

Powerlink
Master

Fiber Optics (Powerlink)
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Modbus TCP

Open and widely adopted industrial protocol, valued for its simplicity and broad
compatibility, but limited when used at large scale or in modern demanding systems.

Strengths Weaknesses
e Simplicity: Lightweight client-server e [Limited Data Model: 16-bit
protocol. registers, no explicit data typing
e Compatibility: Open standard, or semantics.
supported by most PLCs and SCADA e No Native Security: Lacks
systems. encryption, authentication and
e fthernet Integration: Runs on TCP/IP, data address validation.
reusing existing infrastructure. e Scalability: Polling-based, limited

concurrent connections and
increasing latency at large scale.

f}@ﬂodbus
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OPC UA

A secure, event-driven standard for industrial systems that enables scalability and
advanced data modelling, but achieving performance requires careful setup and
tuning, depending on the PLC CPU model.

Strengths Weaknesses

e [nteroperability: Connects devices e /mplementation Complexity: Careful
from different vendors, simplifying setup and specialized knowledge.
integration. e (Concurrency Challenges:

e Robust Security: Built-in encryption, Asynchronous operation may lead

authentication, authorization, and

. . to race conditions.
digital signatures.

e Self-Descriptive & Scalable: Exports * zubscr/dgt/on L/m/ts:dHard “mlts.
PLC data structures directly and epending on vendor, constraints

supports client-server and PubSub on update rates and number of
models for flexible deployments. nodes.

UA TANGE

AlLBA
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MODBUS

Simple & Traditional

! Master / Slave

Flat data
(coils, registers)

No security
by standard

Vendor specific
implementations

Limited
- . (small systems)
AN AN
Legacy systems
Simple devices
Cost-sensitive

Read / Write
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(encryption, auth,
authorization)
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(large, complex systems)
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Events & Alarms Historical Data Subscriptions Discovery

= 2N, Modern systems
I % ¢ ‘ lloT & Industry 4.0
m = Integration & digitalization

Good for simple
communication needs

O

Ready for the future
of industrial communication
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Asynchronous programming

Threading vs Coroutines on blocking I/O tasks

Synchronous / Single-threaded
e (Code waits for each task to finish: easy to
debug, inefficient for I/0-bound tasks
e When using multiple threads or processes,
increasing complexity and resources.
Asynchronous / Coroutine-based
e Allows multiple tasks (coroutines) to
progress concurrently without blocking
e Lightweight frameworks
e Useful for certain applications:

Networking, High-latency, Event-driven.

AlLBA

N
T

Time

Thread-based Programming

I Thread 1
B Thread 2
B Thread 3

Coroutine-based Programming

Time

0

4--

000
==
[CENCING
0O w >

T%Pead 1

Thread 2

Thread 3

Corlooutine A

Coroutine B Coroutine C
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SYNCHRONOUS vs ASYNCHRONOUS

One task at a time. Tasks start and make progress without waiting for others.
Next task starts only after previous one completes. Multiple I1/O operations can be in flight at the same time.
O e > (O e —>
é ) e _ ‘ Task 1 A Request == == — == o mmmmmm @ Response
Task 1 ﬂ Request g Waiting (blocking) Response
‘ ] oy [ Task 2 A Request F-——-— - - - @ Response
E
A e T L e S o T o SR T PR ; Task 3 <4 Response ~===========—————— @ Response
Task 2 Request Waiting (blocking) Response
4 | X /\ EVENT LOOP
E The event loop schedules coroutines and handles /O readiness.
_______________________________ - While some coroutines wait for I/O,
¢ the loop can run other tasks.
Task 3 R Waiting (blocki R ‘ + *
e ¢ e g aiting (blocking) e Response Response Response
(e.g. Task 2) (e.g. Task I) (e.g. Task 3)
¢ Sequential execution ¢ Non-blocking I/O
¢ Blocking waits ¢ Coroutines scheduled by an event loop
e Next task starts after previous completion e Multiple I/O operations in flight
e Simple model, but limited scalability for I/O-bound workloads ¢ Efficient and scalable for 1/O-bound workloads

Asynchronous execution can be achieved using threads or using coroutines with an event loop.

Both approaches are valid and well-suited for 1/O-bound problems.

At large scale, event loops with coroutines are often the better choice due to lower overhead and higher scalability.
In our case, we use asyncio (event loop + coroutines) inside Tango Green Modes.

ALB.A TANGﬁ.



asyncio & asyncua

asyncio asyncua

Python native library for asynchronous Open-source Python library for implementing

programming. OPC UA clients and servers.

Pros Features

e [Lfficiency: Reduces idle time in e Support for core OPC UA functionalities.
I/0-bound. e Asynchronous design ideal for large

e Scalability: Thousands of concurrent subscriptions and high-frequency updates.
connections with low overhead. e Seamless integration with modern Python

Cons applications.

e Complexity: Learning async/await
patterns and event loop concepts.
e Debugging: Concurrency issues (race FreeOpcUA Project:
conditions, deadlocks) are hard to trace. https://github.com/FreeOpcUa/opcua-asyncio

ALB.A TANG,£.§’;




TANGO, PyTango and Green Modes

PyTango Green Modes

e Tango Python binding to enable e This enables asynchronous Python
rapid development of device frameworks in Tango (asyncio, gevent).
servers and client applications. e Avoids explicit thread management:

e Widely adopted across the Tango o Lower overhead
community. o Simpler code

e www.tango-controls.org o Improved scalability

e Effective for I/O-bound operations and client

applications refresh.
PyTan :
s y1ango asyncio

ALB.A TANG,ﬁ;
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PyPLCua- Generic OPC UA Comms. Layer

e Python Tango Device Server for -
vendor-independent PLC integration. i SRO4/VC/EPS-PLC-01 =
e We use client-server approach. TANGE, PyPLCJ 11 o
e Exploits OPC UA's self-descriptive I -
model. Dynamically discovers nodes @ asyncua e, E—
at startup and creates attributes. l so0:0/57451%5 I :
e Uses regular expression filters stored A A
in Tango DB to select which nodes are | | SRS
read or subscribed. . -

e Uses fandango.DynamicDS to provide
flexibility to customize attribute values
with Python expressions.

ALB.A TANG,CS:



AlbaPLC - EPS-Specific Implementation

Hardware:
PLC + OPC UA Server

e Subclass of PyPLC tailored to ALBA's l
Equipment Protection System (EPS). PyPLC
: e Generic OPC UAdiscovery
e Parses PLC EPS Library structgres - Node filtering
(timestamps, alarms, status bits, ranges). l
e Transforms raw OPC UA data into Tango AlbaPLC
attributes with full quality and diagnostics. il i
e Groups multi-sensor/actuator devices (valves, l )
shutters, masks) into Tango attributes. " Tango Control System
& Clients

~ (GUI, HDB++, Panic, Taurus)

ALB.A TANGﬁ.
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Data / Communication (OPC UA)

Control / Orchestration (Tango)

UNIFIED ARCHITECTURE Secure Reliable Vendor
Interoperable
= N ico cucrs
ey
OPC UA e\
SERVER ——m [ g,! E || Control Room
(Tcp) 0 TANGO DEVICE SERVERS — S| Anpliesions
N
(G 2\
OPC UA PyPLCUA
SERVER ——@ = ! : : > Taurus
(TCP) 4. » Generic OPC UA integration (Graphic Client)
“ * Device discovery N %
4 * Data acquisition
OPCUA ] » * Subscription handlin P
SERVER \&: P 9 > Q Alarms &
(TCP) P N v Interlocks
< AlbaPLC
OPC UA :
e \ « Built on PyPLCUA ) g Archives &
. Logging
(TCP) Parses PLC data (alarms, status, ranges) =]
" + Converts to Tango attributes
( + Groups multi-sensor/actuator ( \ -
(S)::VLEJ: - :' devices into attributes \ > lll\lli Momtormg &
Dashboards
(TCP) G = { )
e .
S A
TANGO GREEN MODES
Asynchronous execution with PyTango + asyncio
Yy Asyncio ——  Non-blocking Reduced << ’>> Scalable
U Event Loop —o— 1/0 Threading Subscriptions
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Benchmark comparison

e Benchmark tests using B&R X20CP1584 CPU

e Subscription update period of 50 ms

e Modbus registers are read in bunches of 112 with
20 ms wait time

o e ocin e

Read 1 node 4.14 ms 60 ms
Read all nodes 1194 11562 ms 24720 ms
Values batch reading 206 18 ms 342 ms
Setting batch reading 782 325 ms 626 ms
Values subscription 412 74 ms -
Cache refresh period 412 112 ms 342 ms

AlLBA
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Benchmark comparison

Tests of full movement cycle of a valve:

Send Command — Initiate movement — Movement finished— Client update

Protocol min-max refresh time average

OPC UA 90-270 ms 168 ms
Modbus TCP 170 - 1000 ms 499 ms

e OPCUA reacted at 168 ms on average, although with
certain variability in response times .

e Modbus exhibited generally higher and more irregular
response times, 499 ms on average.

e Modbus performance would be still significantly better
for a number of registers below 100.

AlLBA




Concurrency vs Serialization

e Asynchronous execution of commands does not guarantee the order at which they are
completed.

e Under certain race conditions, when writing a setting value prior to an Apply() command,
command may be executed against the previous setting value!

e AlbaPLC manages ongoing operations by using the MOVING state bit and the CHANGING
quality, ensuring proper control and coordination of active processes.

Apply()
Write Setting command sent

Output Value
\ ___— eventreceived

=
1.0F

0.8} /
Setting

0.6 :
applied ———— Setting event Output Value
0.4} received updated

Signal Level

0.2

0.0}

[ ]
-0.2— : : : : - - - :
0 20 40 60 80 100 120 140 160
A l— E A Time (ms) TANG,Q.
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Production PyPLCua Instance

G 2

Jive 7.25 [tlavcO1.cells.es:10000] <@tlavc01>

File Edit Tools Filter

Gt

vie

Device Panel [heplant/ct/hepurifier-01] <@tlavc01> v A Xl

kI3

@ Server:/PyPLCuathepurifier/PyPLCuastheplant/ct/hepurifier-0l1

Argin value

( Commands | Attributes | Pipe | Admin |

Server | Device | Class | Alias | Att. Alias | Property |

-Device Info

TEIT YT Y Y

¢ &l

¢ <& heplant/ct/hepurifier-01

% Serial

%% Starter

% TangoAccessControl
% TangoRestServer
% TangoTest

% WacuumController

% AlbaEpsOpcUa

% BakeOutControlDS
% DataBaseds

% hdb++cm-srv

% hdb++es-srv

% ProcessProfiler

A Pyalarm

% PyAttributeProcessor
% PyHdbppPeriodicArchiver
% PyPLCua

¢ % hepurifier

| bevice Info

‘|| |pevice:

A [type_id:
“||{iiop_version:
i lhost:

| lport:

i |Server:

‘|| |Server PID:

“| |Exported:

¢/ last_exported:

PyPLCua

o- lig] Properties
& Polling
B Event
£y Attribute config
# Pipe config
o~ % Attribute properties

Polling Status

Logging

heplant/ct/hepurifier-0l
IDL:Tango/Device_6:1.0

12

84.89.244,107 (84.89,244,107)
40729

PyPLCua/hepurifier

1826

true

9th June 2026 at 12:38:39

last_unexported: Sth June 2026 at 12:38:32

‘| IPolled command name = ProcessEvents
:|Polling period {(mS) = 200

“|||lPolling ring buffer depth = 10

A||Time needed for the last command execution (mS) = 0.797
‘|| IData not updated since 41 mS

:|||Delta between last records {in mS} = 189, 200, 199, 200

to_Alba_PI5711

to_Alba_Mode_Reg_Startj+| [Name
to_Alba_Mode_Standby
to_Alba_Mode_Warmup

to_&lba_PI5753
Label to_alba _PIS5753
Desc Read a PLC value, hono
Writable READ

Refresh

AlLBA

— [Data format Scalar
to_Alba_PI15751 — [pata type  DevDouble —|
to_Alba_PI5753 May Dim Y 1 Pl
to Alba PIS777 | [« Il [ [»]
M v | ’ Read H ifrite H Plot
Attribute: heplant/ct/hepurifier-01/to_alba_PIS753
Duration: 2 msec
measure date: 09/06/2026 12:56:53 + 583ms
quality: WaLID
Read: 2.,401620388031006
Attribute: heplant/ct/hepurifier-Gl/to_aAlba_PIS753
Duration: 2 msec
measure date: 09/06/2026 12:56:54 + 593ms
quality: WALID
Read: 2,372685194015503
l Clear history || Dismiss I

TANGSL.



www.cells.es

Production PyPLCua Instance

Helium Purifier - Analyzer Helium Purifier - Modes

. ' //—‘ s 7T /| o
2500 P - . gL ’ E 0o
/ = A P 4
v e g 0.4
-5000 2 o A ) /
7 1 A S/ 0.2
-7500 // //"’ | 3 ‘ /// 0 & -
A P 4 v 05  13/0s  15/05 17/05 19/05  21/05  23/05  25/05  27/05
-10000 L i v

== tango://tlavc01.cells.es:10000/heplant/ct/hepurifier-01/to_alba_mode_break_vacuum

11/05 13/05 15/05 17/05 19/05 21/05 23/05  25/05 27/05 29/05 31/05 02/06 04/06 06/06 08/06 == tango://tlavcO1.cells.es:10000/heplant/ct/hepurifier-01/to_alba_mode_cooldown

= tango://tlavcOl.cells.es:10000/heplant/ct/hepurifier-01/to_alba_analysis_n2 == tango://tlavc01.cells.es:10000/heplant/ct/hepurifier-01/to_alba_mode_discharge

Helium Purifier - Input and warehouse Pressures

180
160
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80
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40

—_——— . AV o

20 o = 77 T T e h 5%

0 / / -] —
1/05 13/05 15/05 17/05 19/05 21/05 23/05 25/05 27105 29/05 31/05 02/06 04/06 06/06 08/06

== tango://tlavc01.cells.es:10000/heplant/ct/hepurifier-01/to_alba_pi5753 == tango://tlavcOl.cells.es:10000/heplant/ct/hepurifier-01/to_alba_pi5781
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Testing Outside ALBA

e Tested by SOLARIS with Siemens PLCs.
« We discuss about their experience.
e Tested at SOLEIL with Siemens PLCs.
« They face some problems that are under
investigation.
« Next week we will meet with Patrick and
Jade to clarify issues and requests.
e Thank you for your time and feedback!

AlLBA




Conclusions

e We have benchmarked our Modbus and OPC UA implementations
« OPC UA shows better performance.

« OPC UA self-descriptive nature eliminates the need for intermediate
configuration files.

« For small setups, Modbus is still a performant solution.

e We have developed a Python Tango device class to integrate OPC UA
hardware.

+ Uses asynchronous programming.

e We have tested with B&R PLC, let us know if you test it with another vendors!

ALB.A TANGﬁ.
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ALBA Controls and PLC Automation

Zbigniew Reszela Sergi Rubio Emilio José Morales
Controls Section Head Controls Group Head  Controls, SW developer Controls, SW developer

Jose Ramos
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