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Overview of CODAS

*  Online system

+ Data Warehouse

« Offline

Enhancements

« Diagnostic enhancement for DT operations
* Real time enhancements
«  Tritium management

* Infrastructure

COVID mitigations

Recent Operations

« DTE2 and DTE3

« Desorption experiments
* Long pulse experiments
Beyond Operations
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JET CODAS - Overview

Hardware and data acquisition/control management
Continuous and pulse-based acquisition

Technologies
« Solaris sub-systems,
- CAMAC

« LSD - Line scan devices: bespoke hardware to
rovide control lines and monitor state signals
E)generally bit orientated)

 PC’s/Black Box protocols
+ Siemens PLC interface — hydra link

« VME
 EPICS
Infrastructure

* Solaris Servers

* Network infrastructure
* Linux Clusters
 Workstations

J. Waterhouse et al. JET CODAS -the Final Status
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Hierarchy
* Level-3 — low level direct plant interfaces etc
* Level-2 — Sub-system

* Level-1 — High level collective interface &
pulse management

« Data warehouse
« Data access, Analysis and Visualisation

Real time networks
 Traditional RTDN ATM
» |ITER SDN/Ethernet & MARTe

Control and protection
« CISS
* Plasma control
« PTN & RTPS etc
* Local Managers

Configuration

Custo
positi



JET CODAS Network Architecture

J. Waterhouse et al. JET CODAS -the Final Status

JET Ops

JET Data D
Warehouse Warehouse
NAS

Gen:Ondl] - ..Suhw,s?em%m
Core Services|| Router| * | [ gunRays'“

CONTROLnNet

sub-net for each component

W Gen-Pub ]:
JET Non Ops Development Networks

Firewall
cc ‘\] §unRays}n

( Network
\,/\\7'
’\/»f—\

N ' JET Data

b

( Centre j
Sl

NB, TB

k\/r_\
[ . N UKAEA Office \
|

-

8 Gen.NBTBTH

DATAnet & JET Ops network

large flat networks

Real-time networks
ATM and dedicated Ethernet

Timing
star network of dedicated FO

CAMAC Loops
dedicated FO

Private networks

::;i\ Sunkay 0703 .
= SunRays |

Approximately 2000
devices on the
operational networks

e.g CRYOnet, Tritium plant network & other smaller plant networks
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Pulse execution and data acquisition
* Included in JET Pulse or excluded,

Supervisor
*  Ensure things in the right state
*  Setup hardware for pulse
» Collect data after pulse

GAP — General Acquisition Program

Pulse timing system
. No actuator mode
. Central or local timing
. CAMAC timers and clocks
. Bespoke VME module
. Clock train and events
. VME reset
. PC version

Data archive
QPF, JPF, LPF

COUNTDOWN State

TRANSITION STATE

i)

J. Waterhouse et al. JET CODAS -the Final Status
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JET CODAS Sub-System Level-2

Authority

Continuous control and acquisition

Process variables
*  many formats
+ scaled and unscaled
* saved state or plant state
» transport to other sub-systems and processes (Solaris) on-line and off-line (read only)
«  Black Box and PLC interface
«  EPICS interface

Data archive
. CGRT data
. Several trend viewer on Solaris and Linux

Mimics and touch panels
*  bespoke language
« role based access control
* user action logging

Tasks and scripts
*  bespoke language

Events and Alarms
+  Conditioning

Startup and shutdown

24 sub-systems on JET
1 sub-system on Neutral Beam testbed

Process status and monitoring

1 sub-system for Network management
and monitoring

Several development sub-systems



JET CODAS - Black Box Interface o

Authority

CODAS pulse init | Diagnostic
>
data

Uniform interfacing to e.g. diagnostics via network

Implemented on Linux, Windows and Labview
» Layered on top of HTTP (widely supported)

state-vars

op status
< P

pa rameters\
~

» Diagnostic implements one or more facets:
o Pulse initialisation / data collection
o Monitoring of state-variables a—
o Monitoring of operational status D >

log

1 1 1 Level 3 System Interfaces deriving Implementations of PLC Specific Key:
= Hierarchical set of reasons why system is not ready prrer R T Homen oy ro -
[&c

o Setting of parameters "

o Error logging = cu P - | ] ED
- . . I‘ ‘BIackBoxSystem }—&——H BlackBoxProtocol ‘ } "WTQZ o
« Unlike ITER, not self-describing (so CODAS s e | |

| |
1 | ‘ BlackBoxProtocolEx k —r % BlackBoxImpl | |
[} J

and diagnostic need to agree on names used) ! e )

_ _ _ R ey e S
 Protocol adapter for interfacing with PLCs [ I

{[Schneider | | |

Siemens

M i i i i
o Hydralink Lcomeatr] | |omecr]| oy
RS < A |
i I
Externd libraries H }
|
eeeeeeeeeeeeee ‘
[ HFPIPLC | ‘ ERFAPLC ‘
Level3System abstractions to BlackBoxProtocol interface defines Implementation of the protocal PLC Specific Interfacing. PLCElackBax will call
handle proce ssi 2 Java Binding for the black box functions to handle acting on 2 PLCConnector functionality 10 handle requests ma;
dshrequests at protacol 1] specific request made by a
. corresponding levels Level3System PLCConnector: Abstraction layer 1o interface with a PLC
J. Waterhouse et al. JET CODAS - the Final Status
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JET CODAS -

Collective view of the JET Plant

. Implements the JET Operating
Instructions

. Captures and implements a great
deal Knowledge of how things
work together

Session Leader
*  Prepare details of next pulse

Engineer in Charge

. Pre-pulse checks
. Force state
> override issues

. Load plant
. Post pulse checks

Heating system pilots/operators
. Setup plant

Diagnosticians
. Setup plant

CODAS

. Setup and run special modes

Level-1

. BTG EIC Control Panel Fng [ | »

| Pent [ shits | oyRuns | Pw | ond | PostPuse| Ghecks | Utilties | Reference | +|
WebPages
Standard D (gas) | Standard D (no gas) | NoTFGC(gas) | NoTFGC(nogas) | No TFGC 3 SE (gas) |

Standard B (no gas) |

JET Operations
JET Countdown Process  Deal with tasks top-down (Al tasks shown) Standby

Cryo-PEMS discrepancy alann Show Me |

See close-out actions for Expired MO13s Show Me [ Checked I

EIC Reminders & Instructions Show Me [

No SL handover sent Show Me | Last handover was at  Not received ()
‘You are not using JET logging Show Me ’

SL/EIC Pages

Title
Main Page
Standard Gas

PDV

PEWS
PIW STOPS

PTN

RTPS

VM

RTPP
Signal Server

e

i H 3
EFCC
Pre-Pulse JOIs
Post-Pulse JOIs

Some pages need loading Show Me

Title Main EFCC Gas GasAdy PDF DMV PDV PEWS Piw1 Piw2 PTH RTPS VIM RTPP RTSP CTS Tums PTHadv

View | View | View | View | View | View | View | View | View | View | View | View | View | View | View | View | View | View | View
Load Load| Load| Load| Load| Load| Load| Load| Load| Load Load| Load| Load| Load| Load| Load| Load

TF, EFCC, TAE, Heating & Fuelling is OK Show Me |

i

Rarely used

RTCC Network 1
PSOE page
PIW States
CTS Timing

PTN advanced

PSOE Handover can be sent CheckPlant | Inform PSOE | SO Beaions
ERROR : SUl Load Current Limit : "73.00 k" not set in Plant & PPCC Gontrol
ERROR : SU2 Load Current Limit : "76.00 k" not set in Plant _|

v Show Al Vessel Sensor
] T Turns/Polarities |

Pre~JOI checks waiting for pages to be loac Show Me |

All Plant Operators are ready Show Me | Handling the Experts |

e JET Operating Instructions

] K o < |

| Examine Issue:
o] [oK] [oK] 0
oK (o] [ok] o] [or] foK] B

Some Key Systems are not ready Show Me [
Engineerin Charge is not ready Show Me | 6 issues unresolved (click to view)
Some Key People are not ready Show Me [

PS Limits

bottom of the EIC Control Panel

7 | J. Waterhouse et al. JET CODAS - the Final Status
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User interface — xpsedit

. on-line with read/write access to
the plant

. off-line read only
. Access controls

Imports data from Operational
tools

. Pulse, shift, programme, campaign
planning tools

Solaris application

Deamons run as processes on
one of the sub-systems

Other Tools

JETLogging

Hierarchical status display
Alarm Package

Real-time trend viewers

Real-time data viewers

* Video, key trends and real-
time equilibrium

Data viewers



Control and Protection Systems e

Authority

<
Q
5
c R a
£ The EiC et al (forms, procedures and approvals) -
-
c
2 g
o
i Trends
| /je¥/pm/level1/PulseTerminations/PTA/93212 [
B
Pulse Termination Analysis for JPN 93212 on Fri Nov 2 14:29:52 2018
Actuator local mangers
Systems
RF : 49.00 to 54.50
summary of stops
50.000 RTPS Primary Stop : BLOW
51.000 RTPS Secondary Stop : FAST
52.000 RTPS 3rd Level Stop : DHS
53.000 RTPS 4th Level Stop : MC+DHS
53.200 RTPS 5th Level Stop : MhdFst
©
Q e Plant Enable Windows
(%) c |
3 © Enable RFfast RFslow
o — Disable .0040 | RFslow
a8 Disable : 53.2040 RFfast
RF was terminated by PEWS at 53.0040
BBI Trips 1l
None detected
i Time | System | Input/output | Information
|
| 50.000 | RTPS (in ) | Rtpp : Rtpp.6 (assigned SLOW) | RTPS test 1 : IpCPS > lel2 for 0 ms (44.0 to 60.0)
| 50.000 | RTPS->PIN | RTPS-RQ6 (User) | PTN (out) = SOFT>DA + SCB>CTS + STOP>RPC + STOP>DM3
| | | | + STOP>SPI + STOP>DM2 + STOP>TAE
| | | | caused by SLOW(R)
| 50.000 | RIPS (out) | Primary stop : SLOW | Scenario = D1Z_C_SFE_LT:001 (was D1Z_C_SFE_LT:001)
|
| 51.000 | RTPS (in )} | Rtpp : Rtpp.7 (assigned FAST) | RTPS test 2 : IpCPS > lel2 for 0 ms (44.0 to 60.0)
| 51.000 | RIPS->PTN | RTPS-RQ7 (User) | PTN (out) = FAST>DA
| | | | caused by FAST(R)
| 51.000 | RTPS (out) | Secondary stop : FAST | Seenario = D1Z_C_SFE_LT:001 (was D1Z_C_SFE_LT:001)
|
| 52.000 | RTPS (in ) | Rtpp : Rtpp.8 (assigned DHS) | RTPS test 3 : IpCPS > lel2 for 0 ms (44.0 to 60.0)
| 52.000 | RTPS->PTN | RTPS-RQL0 (User) | No action (outputs already asserted)
(%] . | 52.000 | RIPS (out) | 3rd Level stop : DHS | RIPS sub-type = PTN - no change for local managers
g Drain and Refill Systems |
4
> (=) T =
< [}
= 1 OK Print | s A Hel,
E = rin ave As elp
o Access Controls and Interlocks Radiation Monitoring and Alarms Fire suppression and Alarms 8
i [a

J. Waterhouse et al. JET CODAS -the Final Status



* Network of ten JET pulse-oriented PLCs
* Monitors plant/actuator state per subsystem

 Ensures that all require plant sub-systems
are in the correct state to allow pulsing.

« Site on top of Personal Safety & Access
Control System (key exchange & two
complementary hard-wired interlocks)

CODAS

‘ CODAS CODAS CODAS
AEIEE
o) [ae]ae]als] CISS CS DPIS DPIS NISS
OH|0D|EE|EE S . D1 D2 TB
E[ElElE upervisor
BN BB |8 A8 f 1 i
OE|En|oE|Em Plant Plant Plant

-
-
-
A

CISS CISS CISS CISS CISS

PF TF GS YC LH
£ | 3 i

3 3

CISS CISS CISS
SS AH RF

£ T 3

J. Waterhouse et al. JET CODAS -the Final Status
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Central Interlock and Safety System Fe

Authority

FD Fulldown main state

FS Full Shutdown transitional state

SD Shutdown main state

ES Emergency Shutdown transitional state

PI Pulse Inhibited main state

P Inhibit Pulse transitional state

NL Normal main state

PO Pulse On main state
Least
Sate

Heavy circles represent the main states, lighter
('f‘l'{'l’("\' ."(f,ﬂf'(’.!'(’”f [J"(H?.\‘l‘.”‘()l](ll' states, crnd fi?[’
arrows the transitions between states.

On the overhead displays in the J2 Control
Room, IP is indicated by a flashing PI lamp, ES
is indicated by a flashing SD lamp, and FS by a
Hfashing FD lamp.

Built as a finite state machine with
combinatorial input logic.

Strong administrative controls for overrides.
Sub-systems can be in or out of the overall
CISS systems
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Pulse Termination Network

Authority

File [Plant shifts DryRuns PIW Grid PostPulse Checks Utilities [Settings Reference WebPages Pages Help
[[*asin ] [Gaw ][] [iet] [Pre] w [iren] [Bi] [vws] [vim] [y [vews] (wisv | (bmv]  Basic Machine Protection (PTN)

Global Soft Stop. Good chance of soft landing

Input Trigger  Time Aot  InOwr PTN Output StopType

Shape Gontrol [ PTN_| fo ] - [F=3axaia-a--3a--313 aa-aa-------- i3 [ Siow |

Low Fallure | IR | | F~iizi-i--3--313 ai-1a-------- i |[_siow ]

Medium Failure [ PTN | fo ] - EEa3xa-a--a--31 aai-aa-------— 11 |[ siow |

High Fallure | | - F-2izi-i--3--33 ai-3a-------- ESE | |

NBLM Failure [ OVR_| Yes Heating System Excluded or Override selected by user

RFLM Fallure [ OVR_| Yes Heating System Excluded or Override selected by user

LHLM Failure [ oVR ] Yes Heating System Excluded or Gverride selected by user

fomeen  TRRIE] - i : i : PLASMA PROTECTION SYSTEM

" | | - F—iizai-i--31--31 figgers - 7 -

e B B ReiAnT ) JPN: 93212

POF Fault | I | .| w F-3iii-i--3--33 5

PFPS Ipmax L | . F-izzi-i--i--3i1 IpMax  BEOM | A Set suggested PFPS settings |

oF| perror STN | fo - [F-azza-a--a--aa axDift [ <

Bt ' =a ol E LN P INPUT TRIP TIMES PTN OUTPUT TRIP TIMES

Global Fast Stop. Some damage possible. PFPS/PTN Trips RTPS Trips Ext. Systems Trips Output Bank 1 Output Bank 2

input Thager Twmo Ac wmow  pTnoutut  stopType

Shape coneral [FTN 1B o e i = PFP-DSRPT RTPS-ROL 0.000 | CIS-ES 0.000 | HARD:=DA 0.000 | STOP-DM3

erFa2 Tip BTN 1R ] - FEizsissa-an--u3 e PFP-IPERR RTPS-RO2 0.000 | DMS-FAST 0.000 J FAST=DA STOP>PRC

omsS I | Eizzizsi-aia--a: ][ Fast | PFP-IPMAX RTPS-RO3 0.000 T | soFT-DA TRIG=SPT

CISS-ES [CPTn_Jk ] — [Faaaizaa-ai--a1 1_Fast ] 5
PFP-MLOCK RTPS-RO4 0.000 ) 0.000 J| 5CB=CTS STOP=KZ3

nrssisls sl N ot ey PFP-MHDN2 RTPS-ROS O/R  0.000 N | GIM=FPDF | 54.5130 B

End TF i | [ R e £ SR SR i [ Enarr | PFP-NSE o/ IEEFEEE) 0.000 || SLOW=PDF FAST=NE

sl LB B Jivee] - foct-d-t-ca-od3 ai-da--ccoo-- £aJlped | BUT-COPL o/r IEEEEE) | HIGH-FAIL 0.000 | FAST=PEW 0.000 | SLOW=NE

PEPS BUT-COP2 ! 1% 0/R  0.000 | MED-FAIL 0.000 || SLOW-PEW FAST=LH

i Tage Tine T ac e PTN Output StanType

Disrupton  [PTN1E ] 2 e e o T3 J[Bspt ] Mmp [Bo000K]A Oetalp [Go00K]A ODetar [asomls [DwV Trggers] BUT-5L2 0.000 ] 0/R  0.000 | BUT-SL 0.000 | HARD=S5C FAST=RF

NsB i | | e ii |[ nsb ] minip [50000K|A Tstat [z s LOW-FATL 0.000 o/r IBEEEE | BUT-EIC 0.000 | FAST=SC 0 SLOW=RF

ot =R] =2 Svemde selecied by user NELM-FATL 0.000 o/rR BEEEEEE) | cPs5-SOFT 0.000 [ SLOWsSC STOP=PEL
RFLM-FATL 0.000 R IEEWEE | CPS-FAST 0.000 | STOP=HY SLOWs=LH
LHLM-FATL O/R  0.000 | R 1120/R  0.000 | RFA-SNGL 0.000 | TRIG:DMZ TRIG=DM2Z
PTN-TEST O/R 0.000 | RTPS-RO140/R  0.000 | RFA-TRIP 0.000 || SLOW=TF STOP=DM2
WTN-ETF 60.001] 5 -R0; R 0.000 | PDF-FAIL 0.000 || STOP=RPC STOP=TAE

R 0.000

Simple mapping from inputs to outputs.
Mapping set when pulse is loaded and remains constant throughout the pulse.
Hardwired inputs and outputs implemented using pulse trains over fibre optics.
Output enable/disable timers & time stamping.

Build on CAMAC CAC technology

J. Waterhouse et al. JET CODAS -the Final Status
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Pulse Enable Window System

Authority

. . File Plant shifts DryRuns PIW Grid PostPulse Checks Utilities SQt’Emgs Reference WebPages Pages Help
PrOVIdeS enable WIndOWS (pUIse @ [Tran| [pT] [RTPS] [vim| [R7pP] [PEWs] [rTsP| [omv]  Plant Enable Window System (PEWS)
tral ns over FO I | N ks) to h eatl N g [PFPS Signals| [RTPP Signals| [PEWS Signais]
- Algorithm Parameter Value Algorithm Parameter Yalue Output Signal Override
systems plant based on time and T T | | —— S——

NBE Slow:

bas | C p I as m a CO N d |t| O N S Radio Frequency: Notch Min [Ip| 500.00 k Enable tangential beams

> >

Radio Freguency: Notch Tstart 5 Enable hormal beams
limh Enabled Max limb/|Ip|E0.002 Radio Frequency: Notch Width B Enable beams (slow stop)
I I WS Min limb/|1p| -0.004 Lower Hyhrid: Min |Ip| 50000k |A Enahle RF (fast stop)
Isha Disabled Lower Hybrid: Min Ne E18/M2  |enanie RF (slow stop)
A

« CAMAC CAC based control (o] A
PEWS2 | |

Enahle LH (fast stop)

=

Enable LH {slow stop)

T

Enable pellet gun

|Ip| Limits: Hysteresis 0.00 k Enable Pellet PLC

= S 3] [B] 5] [ =1 =1 =1 & ] X [&
o al = o
= =1
=

: A
NEATabom: Sl ranges? Bl % Ne Limits: Hysteresis E1s/m2 |Enable SPI
Notch duration S n
« VME/PowerPC based control N Targentt i o mEmR s [l st pews signai
Min Ne E18/m?2 limbi|lp| Limits: Hysteresis 0.0003 o
. Natch Min Ne E18/m2  ||Ishapeflp| Limits: Hysteresis 0.001 Iipfx/ip| with limits [1shp/ip] with limits
° En han Ced neutral beam Sh|ne- KBt E__ s e Hodoreds o Iimb/||p| with limits idivAp| with limits
h h I I . NBierngi Min [1p| fFen00k |A limb 1shp 1pfx IpKC1 IpCPS
through calculations e e re G
Notch Min Ne E1s/ma  |LH BOLO E1e+06 | [s50000 | 100000 | f0000 | |BOLO with limits Fe23 with limits
° P I N I by P I N I NBtEH T stat l:l . LH Fe23 Eoe+06 | [ise+07 | [Fe+os | Booooo | Beam Alignment (Plant)
NB Shine-through:Max energy density Jim2 LRHFEL i.5e+07 | [7ev0s | [200000 | fan excluded
 Warns neutral beams local PEWS2 Warring Fracton U
manager ]
Pews2 BOLO {10000 | | View LHCD weights |
L=t I H

J. Waterhouse et al. JET CODAS -the Final Status



Protection of the ITER like

VME/Power PC
ATM networks
Data logging — XG
Data viewer

Data replay through

individual components PROTECTION
DIAGNOSTICS
PLANT
X| RtpsPlotStops | WALLS
93212 Hide Analysis | Reference J Hide measured signals. 2 HideRTPS RePlot| | HideWindows | HideKey || Hep |+ _ ¥
SHlspuapE oy Stiny Rem] _stow | "gast | seip || w2 | mchs | ots | mac-ons| wnoket | °
Seot controls.. active | Rem| _1p Rig | Rog | venst | 61| 62| 63| ca| 66| 68| o1 68| 68| sto 61| oz sas ve | ve| vaof vas] vas| | mE| | w
RTGS(P
o PEWS2
CONDITION
EVALUATION NBELM
RFLM
PDV
RTPP
, o= TR RTSS(P)
RTGS(E)
EXPERIMENTAL
Ou 5 RTSS(E) DIAGNOSTICS
| SOFT PROTECTION ‘

Density L1 {

I b [ (1] |

W B |

MG | e (]|

Cntrl M Sy

UK Atomic
Energy
Authority

| PROTECTIVE CONTROL ‘

| EXPERIMENTAL CONTROL ‘

| J. Waterhouse et al. JET CODAS - the Final Status

DIAGNOSTICS|
VTM
VESSEL
THERMAL
MAP THERMAL

MODELS




Real-time Protection Sequencer

Authority

File Plant sShifts DryRuns PIH Grid PostPulse Checks Utilities Settings Reference HWebPages Pages Help
| ] [rree] [pEws] [rrse] [owv]  ITER-like Wall Protection (RTPS)

Minlp Trip Window Assert Time 1

« Aware of plant inputs to PTN
° Can drlve plant Stops through nnsevaneswn:l:::z:iiuf‘:ru;xupRespunsepagea [smnz:;pel floom |A Boooon|TiA to Booom s

onse varies with Phase (click for Stop Resy page) [MC+DHS| floom |A [s8 v to B00.00m |s
P I N onse varies with Phase (click for Stop Response page) |MC+DHS
onse varies with Phase (click for Stop Response page) |MC+DHS

onse varies with Phase (click for Stop Response page) |MC+DHS

 Real time network connections to v O]

RTPS only Trigger Time  Act  InOwr StopType
PEWS Brems D - Res & page)
other event detectors, RTGS,

. Walls2011 Blind [ PTN 1B | w [Fraza-a--1--311 1a-21-------- 1) Siow_|
P P C C an d h e atl n g Syste m S | O Cal Walls Lower X El - Response varies with Phase (click for Stop Response page)

] Walls Upper X Yes Override selected by user
Walls Gaps E] -~ Response varies with Phase (click for Stop Response page)

m an ag e rS Walls Upper D Yes Override selected by user
Walls Inner W EI -~ Response varies with Phase (click for Stop Response page)

o Ca n i n itiate ‘J u m to Te rm i n ati O n ’ Walls Outer W EI -~ Response varies with Phase (click for Stop Response page)
p ‘Walls Divertor EI -~ Response varies with Phase (click for Stop Response page)

. H Walls EFCC Yes Override selected by user
[ ] I nte n d ed for p rotectl O n b ut VS5 Slow E] - Response varies with Phase (click for Stop Response page) = ' T I I‘I R . 1 = .
t_ ‘ N d y VS5 Fast El -~ Response varies with Phase (click for Stop Response page) E P E P:I an:
- DMWY 2 Fault Yes DMV not being used or Override selected by user 15[ -
SO m e I m e m ISS u Se a S DMV 3 Fault Yes DMV not being used or Override selected by user E E E Steady_ Sta te
H Trigger InOvr = 1o -
experimental feature o e e N | 52.5-57.4
- - = - PETRA alarms Trigger Time  Act  InOwr RTPS/PTN Output StopType 03 ; 7: . .
° Hlerarchlcal appllcatlon Of Stops Mitigate 1 Yes Override selected by user U.DM ‘ . J Termlnatlon:
Mitigate 2 Yes Override selected by user ann - = .
Ay oid 1 Yes Override selected by user F E 5’7 R 4— 62 R 0
« Can take over control of pdim wE N, o | ]
Dud 1 Yes Override selected by user 2 200 i_ A o ) _i If eve nt OCCU rs
and n bl m etC Dud 2 Yes Override selected by user e ’,,4 '\ 1a ny time in
Alternate 1 Yes Override selected by user E / Y 7
Alternate 2 Yes Override selected by user ton = - “\‘“‘mﬁ__‘ — SteadY'state
PETRA blinds Tigger  Time At inowr RTPS/PTN Output StopT e T e ] i
Blind Mmglar:es‘l Yes Override selecte:bl;uuser e 5 j i . 7_ p h ase J um p to
Ollim b gisi | it L L G.Dj P ] W.4
- L Gas \ 1
A \\ J In case RTCC
; . 5 - R 1 control: jum
Jump to Termination P A AN N 4 outof Rice
Need d lan A e = time window
eed good language - -
52 &4 5B =8 BD

Otherwise gets confusing

J. Waterhouse et al. JET CODAS - the Final Status



Other Protection Systems o

Authority

Vessel Thermal Map T —— ;3,, —

« Takes thermal diagnostics (cameras and
bolometers) as inputs.

* Implements thermal models b satdmine :

* Protection against NBl and RF induced hot spots WALLS

is done by setting a lower temperature limit in o] L = Inputs from _
VTM for Regions of Interest where these may | il el " Magnetics diagnostics
. l plus Plasma Load I «  Plasma control system
occur. If this is '_‘eaChed_ o «  Heating system local managers
« the offending heating systems (individual - PDV
PINI, RF antenna etc is stopped by the local * Bolometry
*  Thermocouples
manager _ _ B Model based algorithm computing
« If temperature in the Region of Interest continues : gg; wm plasma wall loading
to rise a global stop is requested when the next i B e «  The position of the strike points of the
higher temperature limit is reach: g [ plasma in tiles
. *  The penetration of the plasma between
* Main changer hot spot tiles
« Divertor hot stop APODIS & RAPTOR «  The angle of incidence of power on
* Both -  Disruption predictor tiles
* The plasma power load on tiles
_ _ PETRA ] *  The bulk and surface temperature of
Protection aspects of Real-time networks *  Dud detection tiles due to plasma power loads
. RTPP *  Disruption avoidance WALLS alarms go to RTPS to be
. PDV «  Disruption mitigation actioned
- RTSS(P) Alarms go to Rea!time Networks This provides a backup when
& RTPS to be actioned cameras in VTM are blind
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JET Data Warehouse

Energy
Authority

Oracle Solaris based system using T s
ZFS = 8| e e
Several upgrades | b -+ :

* Hardware 2 "

» Operating system - B S | b 2 <
40 years of data can still read X2 = i Py g g Oy
the early data with the standard tools = *=° — & = & = = = = & — =
Keep all data on-line and 3 copies of =« =2 L : -
data offline inc. cloud storage - TS
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JET Data Automated Analysis
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JET CODAS Enhancements .

Authority

EUROfusion enhancements for DT — CODAS integration

Gamma ray camera Gamma ray spectrometer

Virtualisation of Solaris sub-systems & split Vertical compact neutron Vertical compact neutron
CAMAC access layer spectrometer NE213 spectrometer CVD
Adoption of ITER relevant technologies

- EPICS, SDN, MARTe V2 Correlation reflectometer Charge Exchange diagnostic
DT enhancements upgrade

« Tritium introduction

* Tritium tracking Time of Flight upgrade Neutron camera upgrade

« PSACS Key monitoring and interlocks
Disruption Mitigation

« DMV’s & SPI Single diamond spectrometer Viewing systems upgrades
Real-time Control
Covid driven enhancement

Driven by technology obsolescence/refresh and new requirements/enhancements

// N
J. Waterhouse et al. JET CODAS - the Final Status \“/ \)) EUROfUSIon
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Adoption of ITER relevant technologies

Authority

EPICS

Introduce EPICS to augment our traditional
System over network

« Access to a vast body of well supported
(open source) software

standalone
daemon
ca-bridge

- I 10C
 Cross platform support (Windows and Linux) — '|. | ll
° ITER Compa.tlble Expsedit page (Ri‘—:’l’_"_"‘_n_““n_\l Diagnostic Host

ey agpe . T‘I’I‘t’;’; rP:;rZ ’m | Componem? :
* Introduce some compatibility with MAST { ch_valuerorpics
« Contribute back to the community

Target applications

Hardware

« Filter wheel controller for One of my software/control engineers said
cameras/spectroscopy “its great, | have integrated this device into
CODAS without writing a single line of

* Turbopump controllers

.. . . code”
 Radiation Protection Instrumentation

| J. Waterhouse et al. JET CODAS -the Final Status



Adoption of ITER relevant technologies
DN

JET real-time network/ATM — ITER CODAC
Ethernet/SDN bridge

MARTe application
Initially unidirectional

 Real-time Flux surface reconstruction and real-time
display based on Mantid

Extended to bidirectional
« Loopback through the existing real time signal server

« Real time High Resolution Thomson scattering

(HRTS) reconstruction (KE11), a MARTe V2
application

* Real time ECE Michelson interferometer (KK1)
« RTCC2

* Release spares for real-time protection system

Were JET to have run for a few more years

* Move local actuator managers & other
control/protection systems to Ethernet/SDN

J. Waterhouse et al. JET CODAS -the Final Status

ATM system (€~

ATM system |«

[ ]
. N ATM
. switch

ATM system [&

MantidPlot - untitled - [RTDN-DATA-VIZ]

File Edit Help

x* rA
s

UK Atomic
Energy
Authority

Mantid
SDN Bridge RT display
application tool
Ethernet
ATM SON 1| switch HRTS e ARTS
interface interface @ control PC Acquisition
Ethernet I KK1
switch 4-|_’ Diagnostic
PC

Workspaces @®

= W)X (=

1.5

ooooooo

Workspaces

» B RTDN_SDN_Felix

» B RTDN_SDN_KB5

» BB RTDN_SDN_kc1dPkt
» B RTDN_SDN_syncCtts

Algorithms @®
Execute

Algorithms

» Arithmetic

» CorrectionFunctions
» Crystal

» DataHandling

» Diagnostics

» Diffraction

» Events

r T T
2.5e+07  3e+07  3.5e+07

T T
4e+07 4.5e+07 Se+

1 >
07  5.5e+07 Examples
» Inelastic

Live Data 265
3.71511,2.04571  Pulse 93380 52508000 - Status : RECEIVING - PRE|sJP [N | 0% Details




Neutron Tolerance

Pellet injector camera on Authority
top of the machine

shieled with 20
mm

Bit errors, noise, latch-up, FO darkening
Some viewing systems moved out of Torus Hall and some left in

Heated jackets on fibre optics for several diagnostics polyethylene —
Remote controllable power switches to mitigate for thyristor latch- Eirrdm‘;[;rs
up _ _ changed every
Rad-hardened passive vacuum gauges, RGA electronics on extra 2 years

long cables, turbomolecular pumps adapted for high radiation
environments & shieled
Si diode detectors lost sensitivity, higher leakage current with hall
effect characteristic.

« neutron rate of order 3 x 10! /cm2/s in DTE2 pulses
Digitiser issues on top of the machine

« able to reset whilst network connection remained live

« then network connection died
1 n/cm2/s limit for modern high-density electronics and people

#101644 KL12-P1WA 53.48154 s

- 1100

Mid-plane protection camera removed _|
for DTE2 so run ‘blind’ replaced
after DTEZ2 but 1 year on residual _
Tritium 0.3% 30 x 10 n in a pulse ->
J. Waterhouse et al. JET CODAS - the Final Status 1.6 x 109 n/cm?/s and still nOiSy
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DT enhancements

Authority

Neutron and gamma diagnostics

Two groups of 20 single .
board TSB7053 PCs il

Most cases support four PCs o

Not standard CODAS

PCs so custom Embedded Windows = | e PR i 2R
OS support to include device drivers - o o = =

| e + - DALt i Dt
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DT enhancements Viewing systems

and Protection

Relocation of camera systems outside the Torus
Hall

Cameras named "KLDT-xxxx" installed for DTE2/3
as part of CDT2 project.

All other cameras were removed.

New high resolution operational camera, KLDT-
O5WB.

Using a cooled ZWQO astronomy imaging camera.
An IR protection camera with the same view
Protection and Scientific IR cameras: Divertor

. #93435 KLDT-ESWC 52.15322 5
m =
e
\

100 120
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Biological shield
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' camera

Detection
System

IR camera

" New mirrors
- based optical
relay to take
the images
and cameras
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DT enhancements - Spectroscopy

Energy
Authority

Development of real-time software for H/D/T ratio measurement for use in
experiment.

Fit four or six Gaussian functions to the data.
4 if only D and H present
6 if T also present.

The relationship between some of the parameters of the fit are constrained.

A Levenberg-Marquadt solution is carried out to evaluate the free parameters defining
the Gaussian functions. At each stage of the iteration the full set of Gaussian

parameters are calculated based on the current best fit of the free parameters. These

parameters are used to generate an estimate of the source spectra, and the derivatives
with respect to intensity, position and width in order to guide the solution.

Running at reliable 40ms cycle time

| J. Waterhouse et al. JET CODAS -the Final Status
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DT enhancements Real time systems

Authority

KE11RT is a MARTe V2 application running on

lin-ke11-rt

« Reads in data from KE11DAQ each time
the HRTS laser fires

* Produces real-time estimates of the Te and
ne profiles.

 The laser <~20Hz

+ The KE11RT output package is sent on the g\

SDN/Ethernet at 2ms cycle with the data in
the body of the packet only updating after sty
each new laser pulse has been processed
« The temperatures and densities are used
by PETRA, which tries to fill in any gaps
where certain groups weren't available or
had bad data.
« This is currently then stored as XG data
points

J. Waterhouse et al. JET CODAS -the Final Status



DT enhancements oo
Tritium Management, Introduction and Tracking

Authority
5 neW TIMS In addltlon to the 12 eXIStIng GIMS > gen-pub-a2 (jwater) xmimic[10656] 1.62 oms (vC/inviinventory)
Neutral Beam PINI grld gaS D2 or T2 :L_‘_”;”:'H']rlerlr_ GAS & CRYO INVENTORY MIMIC ML MESEEFACRLE

ocountdown @pa

PDLM duplicated for the TIMS G sorce ___comorans St _wlse_protin sestriue_Tricie Lo Gies e Goees
» Density feedback control
 Valve opening oo
* Flow control

Gas inventory and tritium tracking e e

Level-1 controls [~ 5o
e  Communication with Tritium Plant o 1
« Configuration e Subs tat

n-pub-42 (jwater) xmimic[10656;
Info

A os oL
] 162 oms (vc/gis/trittrack) EEE

Gas tracking

pswitch to g

TIM Level 2 Tracked gas: Tritium Ref temp: 20.0 C
° BUdget management Total available tritium quantity: 149.00 gar.L [ePgnied b e st o the day
TIM Level 2 controls and communication N7 w TN L s TINI0, s THNIL.
:‘::_:;:'? nryn:n:r: Grid msz-‘ M- u:;:t:;m:r::-s Rafarenca WabPages ne“ Halp X gen-pub-42 (jwater) xmimic[10656] 1.62 oms (VC/gis/tim7) =l B x ) w E\ L;”;l |;|: |;|\;\ L:‘ 00 |Z‘\, Cn;\

Index TIN 7
TN 9 TIM 10 Al
T s, " — NBI Octant 8

et o - - (Bar.L) T2 . Q¢ 0.01

d transfers since last full regeneration (Bar.L)

0.00 AGHS T2 0.00 Unknown T2 0.00

ur o 3 Gen13 KYTD Inner Obvertoe vaive V31

G4 K70 Guter Gvartor Vaive V30,

d MB reservairs.

12 Jun 11:45 ©Objects:33 Bad:0 194 changes since 11:45:03
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Real-time Control Enhancements

Authority

File View Schedule Pulsetype Plant Pages Reference RTCC Networks Copy Swap Help

e L B = RTCC — VME/Power PC running

Output iz on s51 make sure to remove the ssl
Delayed DMV triggering lines 101-143

Title: [EFCC compensatio and delayed DY trig

Link to, 58 [_Enabled pp:[_Enabled nE: [ Disabled RF: [ Disabled gk&é;ugnge;ig13:?;;§:1b;oartnk;eaggepaxt: gstgggk . -
LH: [ Disabled | TaE:[ Disabled | POF: [ Disabled | GIm:[ Disanled JTT [ Disabled Delayed IpSpike/RR voltages only lines 145-1) Or S WI Over ul OI l
This one only uses the VLRRLAVLERU and same
Contralier4 [ _toad || ‘| Load Status: [ oK |[Eait Settings | [

i | [view subnets] [Clear subnet](|| reduced levels, delayed by 4ms and put on pp
Move to Network 1 Network 2 Nebwark 3
ET

I Bl
1 mectong@non_ofenony  |fm . . .
e I Level-1 configuration editor
3 [timeGtrOn(40 00)_ofi(70.00) |8
4 [unused/unused 1
5 [unused/unused |finPuTs
6 [signalrsigLaca)_simJPn(0) | fLoca: Measured Locked Mode Signal
7 [signaliSigtkC 11SAL)_SimJPN(D) |[pal: Measured EFCC currert A
8 [unused/unused 1E . -
RTCC2 — Linux PC with

10 [unused/unused File Network S

11 [signaVSigikC11SBL)_SimJPN(D) | New import Open Save Export Exit | Clear Cleandiagram Test k rtc1  Upload to Plant Reset Plant Display Plant Comme View Toggle Graphs [J Show Key Parameters v

12 [func/Sig(sal)_En(0)_ImvEn(Na)_F unc(power)_A(2)_Gain(1)_Offset 0y I T E R/S N D Ove r Et h e rn et
rtect functions

13 [Une/Sig(sbl)_En(0)_InvEN(Ha)_Func(power)_A(2)_Gain(1)_Offset )

14 [sumAp1 (sal2)_Gamn | (1)_Ip2(shi2)_Gain2(1)_Ip3(0)_Gan3(0)_IpA(0)_Gard(0) .

15 [funcrSig(si2)_En(0)_mvEn(Na)_Func(power)_A(0.5)_Gamn(1)_orfset() B u I |t O n M ARTe V2

19 [gain/Sig(LocaE)_Gain(3.12e-06) ) ' N eW g rap h I Cal u Se r

20 [sumApT(Lota)_Gain(1)_Ip2(LocaP)_Gain2(-1)_p3(0)_Gaina(0)_Ip4(0)_Gain4(0) rfimFreq  rflmMis: 7 )

21 [ss/Siglax(1)_Sig(LocaC)_Status(0) rips A, axed: pron I n te rface

16 [fF1/Sig(s1)_En(Ton)_InvEn(No)_bo(0)_b1(32)_a1(32)
sigGen

17 [unused/unused

18 [unusediunused

prod

22 |unused/unused
testsel

23 |unused/unused
timectrl

24 |unused/unused

vartimit

25 |unused/unused

26 |unused/unused

rtec2 function:

27 [unusediunused
gnal st slice

E mbine findpeak

e

Actively used during Would like to have implemented
Detachment Control and - statistical selection and
Disruption Avoidance derivation of control signals
- X-point radiator « plasma density in PDV
for gas feedback control
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Disruption Mitigation Systems - DMV

Authority
. - R . viif.eil’%int sh:.!tsv ani Plj G:id:os:?urls: Checks Utilities Settings Reference WebPages Pages Help
Disruption Mitigation Valve e L o
8P s R T [__Show Anatysis R [ Hep |
* Originally an ITER related experiment i —_ s e
«  Later mandatory protection for high current/energy pulses el =
Diag KV delay (ms) | T [ e |

* Posesrisks to plasma facing systems
* Neutral beam interactions catastrophic

«  Timing/Trigger system using PTN with fail-safe interlocks
to additional heating systems

oM [_Show anatgsis__| — Hep _||[Show OV analyss] [ o Staggered Firng |
«  Automation of routine operation bl e d o o

Inhibits

* Level-1 interface e =
«  Expert user required for special cases

iag H detay (ms) B

 PLC data extracted over ethernet for logging and display in
JET control room

 Integrated into Gas Inventory :

renmzT

Each DMV system is controlled by its PLC to mix the
appropriate gas species and pressurise the injection volume.
The trigger originates from the Pulse Termination Network,
either in response to a disruption, or predicted disruption, or as
part of an experiment. A large volume of gas is injected when
triggered

Wed 07 Nov 08:52 Objects:64 Bad:0 0 changes since 08:51:40
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Disruption Mitigation Systems - SPI

Authority

Shattered Pellet Injector
. Shared gas supply with DMVs
. Integrated into DMS interlocks

. Gas species frozen to form pellets .

« Cold head cooledto 10Kk | [ -

*  Propellent gas typically D at 60bar | " G TB . — _
i i ‘ ""‘i Gas Handling

Pellet Injector Subsystem

. Partial automation to support export R : s | Tepretre SRR ot Subsystem
users —E e

W

|

|

| — — —Exhaust Propellant _ _ _ =
! =

|

. An ITER related experiment . |
. NOT a protection system [ omioheciod e % ETST.ZZL
. but also used for runaway experiments R j B —
. Elgss%tge damage to inner wall if no < | N ...
< Temperature Readings e . .

. Integrated into Gas Inventory

i i ith i ou ApplyHeat ___ subimatedpelltGas___~_| Secondary Vacuum
«  Trigger via PTN with interlocks [T o[> Coltend S8 7| s
I

.

\ i

. Failure modes: no fire, premature ) oo testio !
injection [ e ottt k |

:

)

e =
= A e
- Aol RERS w1 | The pellet shards penetrate the plasma more
I 3 N 3 rapidly than a DMV gas puff, and SPI
Bl = technology will be used on ITER.
r - 1 i | _u- ety |
Tl | s TS
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Developments to mitigate for COVID

Authority

Web browser access to JET Mimics
Improved remote access to operational systems
Video stream intercept and serve in real time through the web

* Colour Operations Cameras only
e Re-use control room live software, running on a dedicated PC, to
generate the live/rolling replay views for remote users

* The Staging PC grabs the monitor output and presents it to a WebRTC
Video distribution network server

lGigE

Live Display
PC

Staging PC = e 5 -

WebRTC client WebRTC

Dedicated ———) ¢
hardware link WebRTC client Server
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Deuterium Tritium Results
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 T-rich hybrid scenario experiments revisited:

Fusion Power (MW)

Authority

repeat the highest performance pulse

with improved resilience to high-Z impurity
accumulation, achieved via higher P,z

Higher power, optimised gas

..................... .
16 | -
1a | 3
B Hybrid H-mode 1
12 |- I DTES3 2023 h
o | -
10 |- / .
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r DTEZ2 2021 1
6 0 DTE1 .
1997 ITER Baseline
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Very long heated pulse

A CODAS challenge -

Traditional JET pulse 0.5

Plasma current 1.4 MA

. 80sof TF o.0

. 40 s of plasma g

. 10 s NBI heating 30 MW 4

.. =

Plant limits =2
. Central solenoid Vs é‘

[

Tdtal heatin wer 6 MJ

*  Power supply limits
*  Thermal limits

CODAS Limits:

. Explicit timing settings

Density 4e19/m3

. Plant enable windows
. Protection limits
. Implicit assumptions
. Timeouts
. Sampling rates/number of samples

emperature 3.5 keV

Long Pulse
. 110s TF
* 60sof plasmaat 1.4 MA
* 60 s of NBI heating at 4 - 6 MW

-y

Zeff

* 40 s of RF power at 2 MW

el T Ll S e B L Rl T
- - R~ - = - - == L= = = =

ernal onarmvs 1 R I\Il]
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LID-QMS

Laser Induced Desorption Quadrupole Mass Spectrometry nergy

Authority
i

Usual key exchange and primary safety circuit
 To ensure no one is in controlled areas — Torus Hall

Special CODAS Pulse Mode:
* No checks on Central Interlock and Safety System
« Limited subsystems enabled to speed up readout

Enhancements required:
* Repurposing Cameras to view tile being used

« Laser control/triggering system : [ES

« Articulated mirrors to steer incident point e ek L.
* High level (Level-1) controls

 Mode setup and return to normal scripts in Level-1 Bl analysis

Operating mode
« Initially in pauses in operations — meal breaks -
« Later whole shifts inc. Saturdays

J. Waterhouse et al. JET CODAS - the Final Status Laser scan on tlle



Last Ever JET Pulse....105929 i

UK Atomic

LID-QMS pulse with JET pulse announcement message Ao

Attention, please.
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JET Data Centre

Politics
« BREXIT
*  Who owns the JET Data _
« Are we a member of (170 .
* Who has access to the data \{\‘E’//}}) EUROfusion

Who is funding

Proposal to lift and shift the JET Data Centre
Separation of operational systems from the data warehouse

* Local caching for data new data and visualisation/analysis
and local resilience

* Very high bandwidth connection
% Failed - so stays local

Future access to JET data by others (DTT, CFS and other)?
« Data mining
* IMAS interface

* Virtual-JET — to develop and test future control and
protection systems

J. Waterhouse et al. JET CODAS - the Final Status
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Beyond Operations

Plasma operations ceased at the end of 2023

Much of the plant is still running:
« Vacuum pumping and plant monitoring
*  Environment monitoring
« Radiation protection instrumentation
* Access Controls

Forthcoming activities:
« Power down to reduce electricity bill
« Diagnostic calibrations
* In-vessel sample retrieval
*  Detritiation
« Decommissioning and repurposing

CODAS Sub-systems powered down when associated
plant it turned off

» Greyed out and marked Decom

Parts of CODAS will have to remain operational for
several years until functionality replaced

Maintain Configuration Control & Documentation
« Decommissioning
« De-planting

J. Waterhouse et al. JET CODAS -the Final Status
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Conclusions

Energy
Authority

JET Control and Data Acquisition has stood the test of time and supported a very successful
programmes on JET.

* Much of the architecture from 40 years ago still in use
« Evolution to meet experimental needs and changing technology

* Much technology development in the early period as components were not commercially
available and continues at a diminishing rate right through to the end

* High standard, administrative controls, documentation JET is 3 research machine
« Adoption of new technologies as appropriate

* Very flexible
« Maintenance of old technologies where appropriate (&> : : :
Data to Solaris computers) Future large machines will be different

. Supply in-kind and interfacing to CODAS — some intere © €0mmissioning will be more like a research machine
Aspects of JET CODAS live on Then repetition of pulses to build up statistic

: . Reliability & Maintainability
él;;l{;l Data Centre continues to provide access to all ( >« Technology refresh

« Support for diagnostic calibration

« Support for plant & environment monitoring, radiation protection instrumentation and access
controls

« Possible support for detritiation
« CODAS plant facing system are being shut down when no longer required
« De-planting and Repurposing to follow
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