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Talk Outline

Context (briefly)

« Many of us are working on the same problems, with variations.

« The abstractions are common, with minor vocabulary differences.
« The implementations appear to differ more than they really do.
 The meta data and reuse problems are perhaps most interesting?

JET Real-Time Central Controller

Tools and the Future

IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
and Remote Experiments in Fusion Research. Culham, 5-8 July 2021
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« The meta data and reuse problems are perhaps most interesting?

« JET Real-Time Central Controller
 Whatitis, how we use it, why we need to upgrade it.
» Constraints and opportunities.
« Design selection : MARTe2
» Proof of concept > Demonstration > Deployment (at a critical point in JET lifetime)
» Integration for the future (EPICS, SDN, MDS+, Python) over JET legacy
« Tools and the Future
» Importance of adopting modern methods.
« Evolving a platform for the era of fusion delivery is important and valuable.
» Inspiring the next generation of innovators in the field, likewise.
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RTCC in production UK Ao
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1.18 pid
Proportional-Integral-Derivative Controller
INPUTS
Label Tipe Status

Signal input Analogue | Essential

Slave input Analogue | Optional

Enable input Digital Optional

Anti-Windup input | Digital | Optional i
[ OUTPUTS ] som
[ Analogue and Digital. |

Ay,
PARAMETERS ”"W"W{Mm
Label Tipe Template

Invert enable Integer YesNo | = {D‘VJ

Invert anti-windup Integer YesNo

Proportional gain Real Real

Integration Ti Real Real

Derivative Td Real Real

Derivative range Real Real

This algorithm implements an advanced PID controller transfer function:

v .. 1 sTy
Grials) = Gain (1 + T + -~ n«"T" ) (1.6)

RTCC System Technology RTCC Operator Support

« 1996-2020 Bespoke C application * Network editor / rapid test facility
« VME/PPC single core embedded « Database of algorithms/signals

* Incremental changes/optimisations » Specialist training required

« Essential operations system « Expert with physics/control skills

4 1 IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
[ ] and Remote Experiments in Fusion Research. Culham, 5-8 July 2021
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RT G S e | ¢ Y Protection Experiments
Pl P = RTGS-P [l RTGS-E
|| RTss : B e e 2R —
Signals { : ‘::" 71‘ e 1 Signal server |- RTSP — RTSS
| | PDV+RTCC T B R )
Algorithms — ¢\~ \ Algorithms [ PDV B RTCC
Control for /) 7 — )
~|normal + off- > & f Protection - RTPP - RTEP
1996 Early RT Control
+DT1 2010 ITER-like Wall
() () ()
200x Eth/ATM 2020 DTEZ2
RTCC System Technology RTCC Operator Support

4.2

1996-2020 Bespoke C application
VME/PPC single core embedded
Incremental changes/optimisations

Network editor / rapid test facility

Database of algorithms/signals

Specialist training required

Essential operations system « Expert with physics/control skills
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J0I 1.1a Trigger DMV when

Q0: Ipla = 0.25 M&

Ql: Lioca > 2e-3 T <86306 0.0003>

Q2 Loca/Ipabs > 400e-12 T/4

Q3: VILu * VL1 > 500 vA2 «<B86306 200>

Qd: VLu*V11l/ (Ipabs+*Ipabs) > Se-11 vV2/ani

Q5: Wtot,filtered equiv ~ Z0ms asertion > 5 MJ

g (Ql or Q2 or Q3 or Q4) and Q5 and QO

Raise PPl to trigger DMV P

Input: R_DD i — —
R_DD ref = 1.8 (el6) : i i :

Output:  P_NB ‘ ) ) ) | { 1 o
Action: Feedback [ RddRaw "_, Red RddLim ] |' RddAlm } it RddLasch b RiddAsst
- 5 it L= timer i Il s B [

P 10, I 1s, D off

RTCC System Technology RTCC Operator Support
» 1996-2020 Bespoke C application » Network editor / rapid test facility

 VME/PPC single core embedded - Database of algorithms/signals
* Incremental changes/optimisations » Specialist training required
« Essential operations system « Expert with physics/control skills
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Gas modulation (M13-24, M15-16)

ICWC pressure control

Sawtooth control with ICRH

ELM frequency control with pacing pellets
Radiation fraction/seeding species concentration control

with impurity GIM

Combined H factor and radiation control * Total energy protection (JOI 1.1a)

Neutron rate monitoring  Radiation peaking monitoring using the bolometer

» BetaN control with NBI
« ELM frequency as a safety net for pellets with gas (M15-01)

PDO example control tasks

Alpha particle heating simulation

ITB controls
« ELM frequency control with gas (M15-02)
* Detachment control using Langmuir probes with N2
* He3 concentration control with gas
RTCC System Technology RTCC Operator Support

« 1996-2020 Bespoke C application
« VME/PPC single core embedded
* Incremental changes/optimisations

Network editor / rapid test facility

Database of algorithms/signals
Specialist training required
« Essential operations system « Expert with physics/control skills

IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
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RTCC in production
14 fully qualified PDOs e

Training program
Roster
\ Performance windows

Continuous improvement cycle
Recent issues:
« Missed real-time cycles /
« Incomplete data collection Test against
refeirer(m)e Tune gains
pulse(s

Problem: CPU and RAM

Set up

\- _/
RTCC System Technology RTCC Operator Support
« 1996-2020 Bespoke C application * Network editor / rapid test facility
« VME/PPC single core embedded « Database of algorithms/signals
* Incremental changes/optimisations « Specialist training required

« Essential operations system « Expert with physics/control skills

IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
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« JET Real-Time Central Controller

« Design selection : MARTe2

Proof of concept > Demonstration > Deployment (at a critical point in JET lifetime)
Integration for the future (EPICS, SDN, MDS+, Python) over JET legacy

» Tools and the Future
» Importance of adopting modern methods.

« Evolving a platform for the era of fusion delivery is important and valuable.
Inspiring the next generation of innovators in the field, likewise.

IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
and Remote Experiments in Fusion Research. Culham, 5-8 July 2021
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CPU upgrade : from 1GHz single core PPC -> 4 Core 2.4GHz i7
Memory upgrade : from 500MB to 32GB

Connectivity : 100Mbps ethernet + 155 Mbps ATM to Dual Gbps ethernet/SDN
OS : VxWorks 5.x running in kernel mode to Linux 5.x using core isolation

RT tuning : RT PREEMPT patches within Centos or Rocky or Custom Yocto
Compiler : from gcc 3.4.3 to gcc 4.8.5 (Centos7 — possibly above TBA)
Software stack : From bespoke C to MARTe 2.0

DevOps : from none to git + Cl + unit tests + MARTe 2 QA + SonarQube

System Upgrade Requirements Operator Requirements
« Capacity++ : modern hardware « QAto modern standards/DevOps
. Multicore PC, RT Linux, C++ « Backwards compatibility

Better usability
« Better maintainability
» Lower cost/risk of new features

» Feasible implementation time/cost
» Leave future exploitation open

IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
and Remote Experiments in Fusion Research. Culham, 5-8 July 2021
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System Upgrade Requirements

» Capacity++ : modern hardware

* Multicore PC, RT Linux, C++

» Feasible implementation time/cost
» Leave future exploitation open

IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
and Remote Experiments in Fusion Research. Culham, 5-8 July 2021

5.2 |

Operator Requirements

* QA to modern standards/DevOps
» Backwards compatibility

» Better usability

« Better maintainability

* Lower cost/risk of new features



https://vcis.f4e.europa.eu/marte2-docs/master/html/index.html

RTCC++
End User Core
Tools Tools

Reusable
Modules

Small Team Ad
Hoc Solutions
Training
ExampleS

System Upgrade Requirements

» Capacity++ : modern hardware

* Multicore PC, RT Linux, C++

» Feasible implementation time/cost
« Leave future exploitation open

5 3 IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
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Operator Requirements
* QA to modern standards/DevOps
» Backwards compatibility
Better usability
« Better maintainability
* Lower cost/risk of new features



Tools : Surely just MATLAB/Simulink ? -
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Applications Provenance

Block Libraries Data/Parameters

Platform

Knowledge

Mono-culture risks

- Fully open source / Fully proprietary : all extremes have problems.

- What is capital expenditure? What is a consumable ?

- What is the total cost and risk of ownership ?

- Mitigate with good architectures and inter-operability.

- Design for high levels of parallelism and Al in the loop (Google/TAE).
- IP Management.

IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
and Remote Experiments in Fusion Research. Culham, 5-8 July 2021



Talk Outline i

U? Atomic
Energy
Authority

« JET Real-Time Central Controller

Proof of concept > Demonstration > Deployment (at a critical point in JET
lifetime)

Integration for the future (EPICS, SDN, MDS+, Python) over JET legacy
« Tools and the Future
* Importance of adopting modern methods.

« Evolving a platform for the era of fusion delivery is important and valuable.
Inspiring the next generation of innovators in the field, likewise.

IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
and Remote Experiments in Fusion Research. Culham, 5-8 July 2021
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0 & Vulnerabilities secuity ()

[ @ passed | Pipeline #59709 triggered 1 month ago by | Fox, Peter

Merge branch ‘9-add-coverage-check’ into ‘develop’

Resolve "RTCC2 QA pipeline”

See merge request !10

0 @ Security Hotspots Security Review @
@ 4 jobs for develop in 2 minutes and 35 seconds (queued for 3 seconds)

QUALITY GATE STATUS

1 9 d Debt Maintainability

Passed
(_) 580%) _ 67%) 40 All conditions passed.
Coverage on 2.5K Lines to cover Unit Tests Duplications on 5K Lines Duplicated Blocks
System Upgrade Requirements Operator Requirements
. Capacity++ : modern hardware * QA to modern standards/DevOps
. Multicore PC, RT Linux, C++ - Backwards compatibility

Better usability
« Better maintainability
» Lower cost/risk of new features

» Feasible implementation time/cost
» Leave future exploitation open

7 1 IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
[ and Remote Experiments in Fusion Research. Culham, 5-8 July 2021



Reuse : Ability to replay successful configurations from ~100k pulses

Search for a DAP for pulses from 96660 to 99141 (C38B) that match criteria x|
==

Dismiss or do something else  Seeseh pars | Pulss Sunmary | Special Functions |

Select pulse range, use calendar or a pre-defined period or...  Specify a pulse list file

| ownPeicd | Calendar | Epoch | vear | Restart | campaign

This Session From 96660 To 99141 C3I8B

You can build your criteria. Some ones are provi here at ne extra cost.

Session Session | PulseTypes| Systems | DayMonth | People | Dese | moa3 | micc | mamh |

Pre-Pulse pecc | ip | PFModes | TFModes | TFmox | TFchilers| GosGis |  owmws | Estwwmu|  Gaa |

Pratection inputs _ PTHIn | RIPSI | Outputs RTPS4st | RTPS2nd | RTPS3md | RTPS4th | RTPSsth | RTPS6th | Outeoms | SegDegC

Terminations  Pulsckuents| Disuptions| Ptnstops | Repsstops | ok | mnoe |

Select a category (above) then chaoose your criteria (below)

vou can also select criteria by pointing at a parameter, right-clicking and selecting "Criteria for searching ar listing DAPs"

RTGC Controls st | s | s | sse | e | e | wea | e | see | omer | mss | s |
meet | meez | mees | meea | mera | mesn | merc | mern | mme | wees | weac | weew |
L T O O B I T D T I |

_awp | or | wos | | 3| wecate | eracker | unoo A

SS1 orSS2 orSS3 or sS4

Match pulses | Resat

Press Search once yeu have selected some criteria. You can change search period or criteria at any time.

[“seorn T

98094 | 98096 Jotter Dashboard | Weh Summary | Chain1 Summary | Analyse Pulse (Text) Analyse Pulse (Graphic)

Dismiss or do samething else  Sessh 8APs | Pulse Summany | Special Functions:

576 pulses in C38 (out of 2481)

System Upgrade Requirements

» Capacity++ : modern hardware

* Multicore PC, RT Linux, C++

» Feasible implementation time/cost
* Leave future exploitation open

IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
and Remote Experiments in Fusion Research. Culham, 5-8 July 2021

DisplayDap : DAP to display
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Types Periods DAPS
Bpoch RN, | | 0055111
Year caoT 0099140
c39H
Restart Cc39D 0099138
Library DTR 0099137
PH casc 0099136
Search C38B 0099135
cas 0099134
C36B 0099133
ca7 0099132
Ci6r 0099131
C36i 0099130
c35 0099129
cid4 00991238
c3s 0099127
c3l 0099126
DAP Selection:

Campaign/c40/0099139

Operator Requirements

QA to modern standards/DevOps
Backwards compatibility

Better usability

Better maintainability

Lower cost/risk of new features
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New Generation Tools Python

Packages for Energy
MARTe2 @ JET Authority

Configuration
mm Data Tools
B Model
rtcc2lib -
¥ ]
- better usability
- - Applications
- maintain performance Class
rtcc2::Matrix<int> b(2, 2); I Plugable
auto ¢ = a * b; Code

rtcc2::Matrix<int> a(2, 2);
ether in C++ or configuration DSL

System Upgrade Requirements Operator Requirements
« Capacity++ : modern hardware * QA to modern standards/DevOps
. Multicore PC, RT Linux, C++ « Backwards compatibility

Better usability
« Better maintainability
» Lower cost/risk of new features

» Feasible implementation time/cost
» Leave future exploitation open
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gs/m33rf-5<6s/ (tab: 488/)

System Upgrade Requirements

Capacity++ : modern hardware
Multicore PC, RT Linux, C++
Feasible implementation time/cost
Leave future exploitation open

IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
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Operator Requirements

QA to modern standards/DevOps
Backwards compatibility

Better usability

Better maintainability

Lower cost/risk of new features
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*Value in training

*FAE/ITER *Software Quality Motivation <Value in
Long term *MARTel Modern *Language + documentation
vision Community Approaches EI=IEVi{eling

*Value in reuse

*Wide user base *Relevant

System Upgrade Requirements Operator Requirements
« Capacity++ : modern hardware * QA to modern standards/DevOps
. Multicore PC, RT Linux, C++ « Backwards compatibility

» Better usability
- Better maintainability
 Lower cost/risk of new features

» Feasible implementation time/cost
* Leave future exploitation open

IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
and Remote Experiments in Fusion Research. Culham, 5-8 July 2021
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Virtuous Spiral : once bootstrapped UK Ao
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More Trust I ’

Better Tools

Lower Cost - _
Lower Risk It%?alt(t:io%rs A
3
\ Increased /
Satisfaction

System Upgrade Requirements Operator Requirements
. Capacity++ : modern hardware * QA to modern standards/DevOps
. Multicore PC, RT Linux, C++ « Backwards compatibility

Better usability
- Better maintainability
» Lower cost/risk of new features

» Feasible implementation time/cost
» Leave future exploitation open

9 IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
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Integration for the future (EPICS, SDN, MDS+, Python) over JET legacy
« Tools and the Future

» Importance of adopting modern methods.

« Evolving a platform for the era of fusion delivery is important and valuable.
Inspiring the next generation ot iInnovators in the field, likewise.

‘ “ IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
: and Remote Experiments in Fusion Research. Culham, 5-8 July 2021
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Supervised by Prof. Hong Zhu

School of Engineering, Computing and Mathematics
Oxford Brookes University

Phase 1: Feasibility : (a) Proof Of Concept (b) Prototype

Phase 2: Deploy dual servers operating parasitically but not controlling
Phase 3: Switch to RTCC2 for routine operations (increased capacity)
Phase 4: Iteratively add more functionality, staged on the live test server.

1 o 1 IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
[ and Remote Experiments in Fusion Research. Culham, 5-8 July 2021
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R RealTimeEngine &
Project ID: 5337

RTCC2-lib © H
Project ID: 5000 | a

RTCC2 Configuration Manager U
Project ID: 5333

D datagramtest U
Project ID: 4384

Phase 1: Feasibility : (a) Proof Of Concept (b) Prototype

Phase 2: Deploy dual servers operating parasitically but not controlling
Phase 3: Switch to RTCC2 for routine operations (increased capacity)
Phase 4: Iteratively add more functionality, staged on the live test server.

1 o 2 IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
[ | and Remote Experiments in Fusion Research. Culham, 5-8 July 2021
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{JET PCS} { RTCC } : NBI
\§
4
‘ JET Data Center]

c .
4{ RTCC2 | ‘f

RTCC2 cluster : live / live test

Phase 1: Feasibility : (a) Proof Of Concept (b) Prototype

Phase 2: Deploy dual servers operating parasitically but not controlling
Phase 3: Switch to RTCC2 for routine operations (increased capacity)
Phase 4: Iteratively add more functionality, staged on the live test server.

1 o 3 IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
[ | and Remote Experiments in Fusion Research. Culham, 5-8 July 2021
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w,
soLari S
EPICS

EPICS
ENLAN

MATLAB 4\
SIMULINK'

octo X PROXMOX

PROJECT

% CentOS @\ Rocky Linux”

Phase 1: Feasibility : (a) Proof Of Concept (b) Prototype

Phase 2: Deploy dual servers operating parasitically but not controlling
Phase 3: Switch to RTCC2 for routine operations (increased capacity)
Phase 4: Iteratively add more functionality, staged on the live test server.

1 o 4 IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
and Remote Experiments in Fusion Research. Culham, 5-8 July 2021
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STEP (Spherical Tokamak for Energy Production):
Designing the future of sustainable power

Phase 1: Feasibility : (a) Proof Of Concept (b) Prototype
Phase 2: Deploy dual servers operating parasitically but not controlling
Phase 3: Switch to RTCC2 for routine operations (increased capacity)

Phase 4. Iteratively add more functionality, staged on the live test
server.

1 o 5 IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
[ and Remote Experiments in Fusion Research. Culham, 5-8 July 2021
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We are upgrading a core JET PCS tool

4 Phases (like all successful projects)
Using latest methods
Aligning with community standard technologies.

Optimistic of collectively removing barriers to better science in this area.

Hoping to work more closely with old friends and new partners as the era of
fusion delivery progresses.

IAEA 13th Technical Meeting on Plasma Control Systems, Data Management
and Remote Experiments in Fusion Research. Culham, 5-8 July 2021
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Thanks for Listening. Questions? Discussion (now and after please?)

The views and opinions expressed do not necessarily reflect those of UKAEA and Fusion for Energy which are not liable for
any use that may be made of the information contained herein.
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