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Organization.

18™ International Conference on Accelerator and Large Experimental Physics Control Systems, 14 - 22 October 2021 | Slide 2 /19



Introduction

 EPICS is an application framework to build the applications for controllers
and servers (records databases and state machines)

 Real-Time Framework (RTF) is a middleware providing common services
and capabilities to build real-time control applications in ITER, such as the
Plasma Control System (PCS) and plasma diagnostics.

O The Plasma Control System is a dominant factor for the ITER pulsed
operation. It controls all aspects of the plasma discharge from powering the
superconducting magnets up to the plasma termination.

 Diagnostics adopted by plasma physicists for measuring plasma properties
requires a lengthy process due to complex algorithms.
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Introduction

O Approximately 190 control functions must be harmonized and coordinated as a
whole, and the control scheme can be different for each pulse depending on the goal
in a relatively short time interval.

O Thus a flexible high-performance software suite was needed to facilitate the
development and deployment of complex real-time applications. Initially aimed to the
control algorithms, the RTF can also be the basis for real-time data processing
applications in diagnostics.

O Arigorous software quality assurance process compliant with CODAC Software
Integrity Level 1[1] reinforced its reliability for building mission-critical systems.

O The architecture design fully considered the modularity and portability of the
software, and is applicable and extendable even in none-ITER environments.

[1] SEQA-45 - Software Engineering and Quality Assurance for CODAC (2NRS2K)
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Overview of Real-Time Framework
O RTF context diagram [1]

emp The Real Time Framework
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[1] Software Architecture and Design Document for the ITER real-time framework (PKT5S7)

Managers for resource, service
and factories.

Services provide site-specific
facilities orthogonal to function
blocks. Services include
mechanisms for transferring
data between nodes, logging,
archiving, monitoring and
control.

Real-time threads that
execute all processable objects

Function blocks are chained
by connecting output ports to
input ports of other function
blocks.
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Function Block

O An atomic component to build an application.

O Influenced by parameters, event triggers or event
handlers, each function block accepts inputs and
produces outputs whenever it is processed.

O Factory design pattern for configuration-driven
instantiation.

Q  Encapsulation of other function blocks giving the RT
application an apparent hierarchical structure.
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Parameters
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U Input

Input
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Supports various types of
signals e.g. scalar, none-scalar,
nested data inside framework.
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Real-Time application

L The RT application defines the processing logic that executes the desired
behaviour according to the designer’s intention.

U The framework handles the dependency-based execution of FBs in either
single-threaded or multi-threaded environments as specified in the deployment
configuration.

O Implicit insertion inserts necessary gateway function blocks to implement inter-
thread or inter-process (or node) communication

deployment Single Thread
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Processing of FB in a thread

O FBs are instantiated and serialized in the loading phase. The ordering is determined
by the relation between function blocks once the configuration is parsed.

O Executing the FBs is implemented with busy-wait rather than through interrupts or
callbacks to avoid context switching; they effectively minimize jitter and response
times.

* RT process: handles processing of the logic. All the
Reset inputs/outputs get updated in this stage.
Real-Time Thread Process events: handles processing of all the events
that have been triggered.
Process parameters: updates the mutable
parameters.
Validate: validates the execution times and/or
parameters to be validated.
k * Archive: archives signals and all archivable objects.

Event Update validate archive
p
process | mutable
parameters

s The RT process should be constant over all the cycles. The underneath rule of execution of FB is to execute
the process method periodically under rt-thread, and thus ensure predictability of the execution times.
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Framework Life Cycle Management

O Since the framework is part of a distributed control system, it needed to
centrally control multiple instances in an organized manner

O Life Cycle Management Service (LCMS) allows centrally orchestrate the state
transition in conjunction with loading configuration.

O Provision of external interface can be customized to site-specific requirements.
Two basic interfaces were supported: pvAccess protocol from EPICS v7 and
native TCP/IP.

leew diag-fcl.codac.iter.org : $ pvlist localhost
CTRL PCS:N1-LOAD-APP

CTRL PCS:N1-LOAD-SERVICE

CTRL PCS:N1-RTF-DPREQ

CTRL PCS:N1-RTF-0OPSTATE

CTRL PCS:N1-RTF-RESET

Leew2 diag-fcl.codac.iter.orqg : %

Operational PVs for interworking with central supervision system
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u
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W I leew2 @ diag-fcl.codac.iter.org : ~/rtf-workspace/m-pcs-sim-platform/src/main/rtf,

CTRL-PCS:N1-LOAD-APP

Q

Q

CTRL-PCS:N1-LOAD-SERVICE
CTRL-PCS:N1-RTF-0PREQ

Since the framewolcn reein nrr-operare ieeded to

CTRL-PCS:N1-RTF-RESET
Centra” Control mlCTRL-PCS:Nl-app,myTiI‘l‘ler,GlobalSignals,Master Timer.ControlStartTime

y CTRL-PCS:Nl-app.myTimer.GlobalSignals.Segment watchdog.SegList
CTRL-PCS:N1-app.myTimer.GlobalSignals.Segment watchdog.WatchdogTime
. CTRL-PCS:Nl-app.myTimer.GlobalSignals.console:elapsedTime.Topic
Llfe CyCIe Manage CTRL-PCS:Nl-app.myTimer.GlobalSignals.console:elapsedTime.Transport astrate the State
CTRL-PCS:Nl-app.myTimer.GlobalSignals.console:elapsedTime.TransportLayer

B H H CTRL-PCS:Nl-app.myTimer.GlobalSignals.segID.Init
tranSItlon In ConJunCTRL-PCS‘.Nl-app,myTimer,foset
CTRL-PCS:N1-app.myTimer.PROGRAMO1-GlobalFault.errorDetector.Depth

CTRL-PCS:Nl-app.myTimer.PROGRAM@1-GlobalFault.errorDetector.Flag changed

PrOViSion Of extern CTRL-PCS:N1-app.myTimer.PROGRAMOL1-GlobalFault.errorDetector.Flag unchanged fiC reqUirementS.

CTRL-PCS:N1-app.myTimer.PROGRAM@1-GlobalFault. faultGen.Value

. . CTRL-PCS:N1-app.myTimer.Period

Two basic interfacecr-ecs:n-zpp nyriner phaseshise 1 EPICS v7 and
CTRL-PCS:N1-app.myTimer.Repetitions

H TCP/IP CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-1-starter.MappingID
natlve . CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-1-starter.MySeglID
CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-2.MappingID
CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-2.MySegID
CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-3.MappingID
- : o : CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-3.MySegID
leew2 @ diag-fcl.codac.iter.ocTrL-pcs:N1-app.myTimer.SUPERVISIONS .SUPERVISION-

4 .MappingID
CTRL PCS5:N1-LOAD-APP CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-4.MySegID
CTRL PCS:N1-LOAD-SERVICE CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-5.MappingID

CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-5.MySegID

CTRL_PCS :N1-RTF-OPREQ CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-99-terminator.MappingID

CTRL PCS5:N1-RTF-O0PSTATE CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-99-terminator.MySeqID
CTRL PCS:N1-RTF-RESET CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-MUX.Seglist
[ 12:26:17 | CTRL-PCS:N1-app.myTimer.WFselection.console:target plasma current.Topic

i e 2 : CTRL-PCS:N1-app.myTimer.WFselection.console:target plasma current.Transport
leewz @ diag-fcl.codac.iter.ocrrL-pcs:N1-app.myTimer.WFselection.console: target plasma current.TransportLayer
. . CTRL-PCS:N1-app.myTimer.WFselection.console:temp wf.Topic
Operatlonal PVS for INterwQCTRL-PCS: N1-app.myTimer.WFselection. console: temp wf.Transport

CTRL-PCS:N1-app.myTimer.WFselection.console:temp wf.TransportLayer
CTRL-PCS:N1-app.myTimer.target current.wfbreakdown.X-vector

PVs are dynamically created after receive configuration.
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leew2 @ diag-fcl.codac.iter.org : ~/rtf-workspace/m-pcs-sim-platform/src/main/rtf,

CTRL-PCS:N1-LOAD-APP

CTRL-PCS:N1-LOAD-SERVICE
CTRL-PCS:N1-RTF-0PREQ

L Since the framewo| reaim arr-operare ieeded to

CTRL-PCS:N1-RTF-RESET
Centra” Control mlCTRL-PCS:Nl-app,myTiI‘l‘ler,GlobalSignals,Master Timer.ControlStartTime
)/ CTRL-PCS:Nl-app.myTimer.GlobalSignals.Segment watchdog.SegList

CTRL-PCS:N1-app.myTimer.GlobalSignals.Segment watchdog.WatchdogTime

. CTRL-PCS:Nl-app.myTimer.GlobalSignals.console:elapsedTime.Topic

D Llfe CyCIe Manage CTRL-PCS:Nl-app.myTimer.GlobalSignals.console:elapsedTime.Transport astrate the State
CTRL-PCS:Nl-app.myTimer.GlobalSignals.console:elapsedTime.TransportLayer

B H H CTRL-PCS:Nl-app.myTimer.GlobalSignals.segID.Init
transition in conjuNc scs:n-app myriner ot fses
CTRL-PCS:N1-app.myTimer.PROGRAMO1-GlobalFault.errorDetector.Depth
CTRL-PCS:Nl-app.myTimer.PROGRAM@1-GlobalFault.errorDetector.Flag changed

D PrOViSion Of extern CTRL-PCS:N1-app.myTimer.PROGRAMOL1-GlobalFault.errorDetector.Flag unchanged fiC reqUirementS.

CTRL-PCS:N1-app.myTimer.PROGRAM@1-GlobalFault. faultGen.Value
. . CTRL-PCS:N1-app.myTimer.Period
Two basic interfacecr-ecs:n-zpp nyriner phaseshise 1 EPICS v7 and
CTRL-PCS:N1-app.myTimer.Repetitions
H TCP/IP CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-1-starter.MappingID
natlve . CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-1-starter.MySeglID
CTRL-PCS:N1-app.myTimer.SUPERVISIONS .SUPERVISION-2.MappingT™

CTRL-PCS:N1l-app.myTimer.SUPERVISIONS.SUPERVISION-2.MySegID iLeew2 diag-fcl.codac.iter.org : $ pvxinfo CTRL PCS:N1-RTF-OPSTATE
CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-3.Mappingl CTRL _PCS:N1-RTF-OPSTATE from 10.1360.2.19:5075

int32 t status
string message"
} alarm

: B ke g CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-3.MySegID | struct “epics:nt/NTScalar:1.0" {
leew2 @ diag-fcl.codac.iter.ocTrL-pcs:N1-app.myTimer.SUPERVISIONS . SUPERVISION-4.Mapping] string value"

CTRL PCS:N1-LOAD-APP CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-4.MySegID struct "alarm_t" {

CTRL PCS:N1-LOAD-SERVICE CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-5.Mapping] int32_t severity

CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-5.MySegID

CTRL_PCS:N1-RTF-OPREQ CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-99-terming

CTRL PC5:N1-RTF-0PSTATE CTRL-PCS:N1-app.myTimer.SUPERVISIONS.SUPERVISION-99-terming struct "time t* {

CTRL PCS:N1-RTF-RESET CTRL-PCS:N1-app.myTimer.SUPERVISIONS .SUPERVISION-MUX.Seqlit int64 t secondsPastEpoch
T CTRL-PCS:N1-app.myTimer.WFselection.console:target plasma ¢ int32 t nanoseconds

[ 12:26:17 ] ; ; il !

g i e S : CTRL-PCS:N1-app.myTimer.WFselection.console:target plasma ¢ int32 t userTag

leew2 @ diag-fcl.codac.iter.ocrri-pcs:N1-app.myTimer.WFselection. console: target plasma ( } timeStamp

. . CTRL-PCS:Nl-app.myTimer.WFselection.console:temp wf.Topic }

Operatlonal PVS for INtEeTWQCTRL-PCS:N1-app.myTimer.WFselection.console:temp wf.Transpc [ 12:11:08  Normative type for client interface
CTRL-PCS:N1-app.myTimer.WFselection.console:temp wf.Transpe '©ew? dia

CTRL-PCS:N1-app.myTimer.target current.wfbreakdown.X-vector

PVs are dynamically created after receive configuration.
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Interface support

O Foundational networking infrastructure is implemented as a transport layer
service, and supports communication on all levels of RTF
» Synchronous Data-bus Network (SDN) for feedback control
» Data Archiving Network (DAN) for experimental data archiving
» Plant Operation Network (PON) in EPICS pvAccess protocol
>

Nominal Device Support (NDS) for physical hardware interfacing is under
development

» Any necessary in the future
A Simulink interface uses generated code from Simulink Coder™

» The wrapper FB loads the compiled library, and RTF performs a validation process to
verify the interface data structure.
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Introduction of a use case study
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PCS Prototyping : Basic sketch of the PCS architecture

Reference
Processed Data Controller ! P
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[1] PCS FDR presentation: PCS architecture design (3BXSLU) statuis
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PCS Prototyping : Basic sketch of the PCS architecture
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PCS Prototyping : Basic sketch of the PCS architecture
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PCS Prototyping : Basic sketch of the PCS architecture
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PCS Prototyping : Basic sketch of the PCS architecture
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PCS Prototyping : Controller model from the generated code

O Controller model from the Simulink platform can be converted to the code under
Simulink constraints.

L A designer can devise a desired function only by changing parameters, while
maintaining the same external interface to the other FB.

L Need an appropriate granularity in the controller model for conversion.

,,,,,,,,
rrrrrrrr

KKKKKKK

mmmmmmm

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ |,

Sy PIDI

geowon errorsignal NG

Coil Current Controller (KCURR)

Unified Magnetic Controller (UMC) from PCS Simulation Platform
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PCS Prototyping : Controller model from the generated code
d How to interface in between Simulink and RTF

Mame="KCURR" Type="Simulink

{
real T V_FF[11];
real T I_CSPF_ref[11];
real T I_CSPF[11];
int8 T F1 m;

Name="LibraryPath” Value="KCURRs /build/1ibKCURRs

Name="BlockName" Value="K

int8 T
Nam

Name=

real T u[11];
real T PIDinternalSignals[33];

Example for
converting to RTF
configuration

% Header file generated from KCURR model that « Simulink wrapper FB loads the compiled library.
defines the data structure for the interface to < Interface with structured data e.g., matrix and
RTF array is supported in the parameter attribute from

the release of v2.2.4.
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Plasma diagnostics: Edge Thomson Scattering diagnostics

O The Thomson Scattering diagnostics gives a reliable electron temperature and density profiles
in magnetically confined plasma.

KSTAR tokamak Avalanche photodiodes (APDs)

algorithms —» SDN

B dup . N Real-Time Framework (RTF)
eam cum Collection lens \\ ) Trigger
& ~» Polychromator box v Fast Controller Function Blocks
) : 2 » Data CAEN_DT5742 | CAEN_DT5742_sim |
C \ 3 > 511029 | processing DAN
4 < ADC >

L

h
Optical fibre bundle 1

Laser beam (Nd:YAG 1064 nm,
50 Hz, 10 ns pulse width, 3J)
Laser

% The customized DAQ FB archives raw data through RTF transport layer
< The output links to the fitting FB to eliminate back scattered signal. o il

P { Ass1s
gty

CAENDigitizer Lib.

TCN

PCle

X/

+ Electron temperature is measured using lookup table where calibrated

data is stored as per the wavelength from the polychromator signal. oreree
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Plasma diagnostics: Edge Thomson Scattering diagnostics

O The Thomson Scattering diagnostics gives a reliable electron temperature and density profiles
in magnetically confined plasma.

KSTAR tokamak Avalanche photodiodes (APDs)

Services Thread
e ™
Beam dump i ( )
Collection lens \\D‘ Trigg cenice
s’
W ) ~» Polychromator box v

»
>
. Thread 0 Pulse fitting Pulse generation
l (calculating parameters) and integration
> AD:
> Thread 4
»
Ll
N | Pulse fitting Pulse generation
Optical fibre bundle [ (calculating parameters) and integration DAN
Archiver (RTF)
FITTED PULSES
Laser beam (Nd:YAG 1064 nm, Thread 3
50 Hz, 10 ns pulse width, 3J)
Laser Pulse fitting Pulse generation
(calculating parameters) and integration
Plasma temperature

Thread 2 calculation

+» The customized DAQ FB archives raw da

X/

% The output links to the fitting FB to elimine i et presr e eeaion
RAW DATA
/7 Thread 1

% Electron temperature is measured using ¢
data is stored as per the wavelength from

Pulse fitting Pulse generation
(calculating parameters) and integration
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Plasma diagnostics: Edge Thomson Scattering diagnostics

KSTAR:ETS/30399

Execution sequence of RTF Function Blocks for event #285

ets-kstar-tests-sdn-topic-Te/P_L_ch3

TeCalculator 1 T 600 | — ets-kstar-tests-sdn-topic-Te/P_L_ch0
PulsefitGen4 : - ~——— ets-kstar-tests-sdn-topic-Te/P_L_chl
CurveFitting4 - | _ = — e(s-kstar-tests-sdn-(op!c-Te/P_L_chZ
PulsefitGen3 4 . g 400 4 —— ets-kstar-tests-sdn-topic-Te/P_L_ch3
o
CurveFitting3 _ - :
PulsefitGen2 + . 2 200 4
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Actuator control : poloidal Field coil control

O ITER started implementing a real-life controller in order to evaluate both
functional and non-functional behaviour of the PCS.

0 11 PF controllers were devised by complying with KSTAR native function
model. Verified 20kHz control cycle in consecutive process pipeline such as
exception handler, waveform generator, and PID function.

P
g =
z &
2 3 20KHz
g = PF Event
o Handler
> I<
s 3
1 l 5KHz About 700Hz
EPICS PV to WE
WF I0C RTF signal PF PID PF Voltage
> > > -
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(waveform (KepicsReader)
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(Configuration)
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Snapshot LCMS DAN
(E:t‘; N g Archiving
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Conclusions

The RTF is a flexible high-performance software platform that facilitates the
development and deployment of complex real-time applications.

It was designed to be portable and modular, enabling high reusability and
maintainability of components constituting the real-time applications.

Factory design pattern and rich function for multi-threaded program enables
building application through configuration-driven process.

Prototyping activities on some of the operating Tokamaks have
demonstrated its applicability for the implementation of ITER real-time
control systems.
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Thank you for your attention!
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