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The objective of the ITER project is to demonstrate the
feasibility of commercial production of fusion energy

ITER is based on magnetic confinement of the plasma using a
“Tokamak” as opposed to inertial confinement

ITER is an international project with seven members
(China, Europe, India, Japan, Korea, Russia and USA)

ITER is based on IN-KIND procurement arrangements, where

the members mainly provide systems/components, not money
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ITER Control System Overview
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Control System Overview

ITER I&C SYSTEM

Central 1&C Systems

Central 1&C

Central Central
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Network Interfaces

D D D N N N N N

PON NETWORK PANEL

SDN
TCN
DAN
AVN

CSN

sPlan‘r Fast Slow Interlock
VR I I troll
Host controller contfroller controller

PLANT SYSTEM
I&C

Signal Signal Signal Signal
Interface Interface Interface Interface

v v v v

Plant Operation Network (PON): Industrial Ethernet

Synchronous Databus Network (SDN): UDP multicast on 10 Gb Ethernet
Time Communication Network (TCN): PTP, IEEE 1588

Audio-Video Network (AVN): 10 G6b Ethernet

Data Archiving Network (DAN): 10 Gb Ethernet

Central Interlock Network (CIN): Industrial Ethernet

Central Safety Network (CSN): Industrial Ethernet + Hard Wires
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Fast Controller Standard
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e, —————

CPU/Network chassis:
-4U PICMG 1.3

Bus Extension
PCI-Express x16, Gen 3

Optional SDN/DAN
10 Gb/s Ethernet

I/O Chassis:
S | T
B 1.:._!_‘ 4 - MTCA4
- ATCA

I/O from catalog:
- PXle

- MTCA.4

- ATCA

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e - —

~

-
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Different Grades of Fast Controllers

High Demands on Instrumentation and Controls for ITER:
1. High Performance DAQ (ADC, Camera) ~ 15.000 channels
2. Data Processing (FPGA, CPU, GPU) ~ Gigaflops

3. Data Streaming (Real-time, Archiving) ~1ms, ~ 100 GB/sec
Perf. Grade ! 1&C : DAQ ! DAQ
De m on St r ated Interconnect E PCle — PXle I/O i PCle - MTCA.4/uRTM i ATCA w/ Extns. for
industrial |y Technology ! PCle — cRIO I/O ! PCle — PXle 1/O i Physics
aVv ai | ab I e (product range cloverage)
solutions: |
PXle
MTCA .4
ATCA
Slow Controller i Fast Control i Diagnostics i Demanding
. (PLC) 1&C i I&C and i Data Acquisition E Diagnostics, 1&C and
Main application | Interlock | (ex. Magnetics) ! I(nter::lck taskcs I
: | ' (ex. Plasma Contro
Challenge: ™ | (ex1CH) ; | System)
In te ratl on eeees .C.or.ltrlglI.ogp.frgq;e?lc;,.Pr.oc.es.si%g.pgw.er. szt\:/o.rk.ca.p;ci.ty,.R.ez;I-ﬁm.e%o%s’trz;in.ts,.cbon.wp.le;it;, Price, Kv;ilz\tkty
9
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Fast Controller Boards

» Real-time (SDN)
» Archiving (DAN)

il - -1 -; Note: Integrated with CPU
P I
C | S % i :FC,; CPU chassis
|
| "Ny N N :U PICMG 1.3
e !
PCIe-IinkI T vy  1iming (TCN
Note: IEEE 1588 — 2008
P M A A A A |C |C T
S C DD B DA A C |10 chassis
| S H C |C |C |C M M N
e ] 2 3 4 | 2
+ 10 chassis (~12 slot) * CAM1 (Camera-link)
. PCle-uplink « CAM 2 (Coax-press)
«  Power supply * CAM 3 (Other)
« MCH  TCN (IEEE1588)
+ ADC 1 (32 ch.,1 MHz, 18-bit): * Other |
«  ADC 2 (16 ch., 10 MHz, 16-bit) - FMC carrier / modules
+ ADC 3 (10 ch. 100/250 MHz, 16-bit) - RTM (pre-amp, chopper,
+ ADC 4 (4 ch., 1-2 GS/s, 12/14-bit) downconverter, VM)
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Examples from Catalog (1)

5.1 1&C Grade PICMG 1.3 PC 4U Computer

Manufacturer’'s Reference Short Form Description ITER Reference
and Datasheets
ID0O1549-A-001/ITER PICMG 1.3 (PCle 3.0), 2x Xeon =8 cores, 8§ GB BKLTSZ
DRAM, 2xS5D{RAID-1)
ID01549-B-001/ITER Same as above but with 16 GB + NVIDIA Quatro 400
GPU + Drive bay (w/o exfra disks)

Support | SOFTWARE | SIG.IF CABLE THERM RELBTY MAGFLD | RADFLD
Availability CCS N/R N/R PLAN PCDH PLAN N/R
9.2 DAQ Grade PICMG 1.3 PC 4U Computer
Manufacturer's Reference Description ITER Reference

and Datasheets
IDO1550-A-001/ITER PICMG 1.3 (PCle 3.0), 2x Xeon =16 cores, 24 GB BNXX8V
DRAM, 2x55D(RAID-1)
ID0O1550-B-001/ITER as above but 32 GB + NVIDIA GTX680GPU(Kepler)

Support | SOFTWARE | SIG.IF CABLE THERM RELBTY MAGFLD | RADFLD

Availability CCS N/R N/R PLAN PCDH PLAN N/R
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Examples from Catalog (6)

8.4 DAQ Grade MTCA.4 I/O Boards and Bundles

#

Manufacturer’s Reference Description ITER Reference
and Datasheets
5158300 04075/ 5158900 10 x Al (16-bit) 125 MS/s CB8TB4C
w/ single-ended RTM-module
ADQ412-3G-MTCA 214 x Al (12-bit) 3.6 GS/s
2 GHz
S158300 04075/ RTM 7201 10 x Al (16-bit) 125 MS/s
10 kHz — 1 MHz Chopper Integrator
4 channels +2V/ +50V (50 ms)
1 kQ), int.eror < 200uVs /1000 s
TAMCB40-12R / FMC-200 FPGA / Image Acquisition Bundie
Camera Link (7.14 Gb/s)
85 MHz pixel clock
Support | SOFTWARE | SIG.IF CABLE THERM RELBTY MAGFLD | RADFLD
Availability ALPHA PCDH PCDH PCDH PCDH PCDH PLAN

2. MTCA Workshop for Industry and Research, Dec. 11-12, 2013, DESY, Hamburg

Page 13



Standardization of Device Support

« Nominal Device Support (NDS)

— A C++ “base class” from which

device-specific drivers are to be

derived

— Templates

* makeBaseApp.pl

« EPICS database

« Example device driver
— Documentation

« User's manual

» Test plan

 Based on the C++
asynPortDriver

2. MTCA Workshop for Industry and Research, Dec. 11-12, 2013, DESY, Hamburg

st.cmd

Operating system

st.cmd
| startup
| Channel Access | [€7 scipt [€| femplate
| __— X
|  Record Support |
I
H EPICS DB EPICS DB
Device Su_pport ——  files  |€—] template
O (Asyn Driver) L
I I
o) NDS NDS
8 (port driver) (port driver)
= | 1 :
ii [ DAQIL |[ DAQN NDS device
Driver Driver river template
|
User _
mode Legend:
library Off-the-shelf
software
Kernel Kernel B
mode mode
driver driver

Prepared by
user
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Instrumentation Needs
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Scientific computing for ITER Operation

Diagnostics | Data Acquisition | Data Rate Signal Algorithms
Type ADC / Camera for Processing
Archiving complexity /
resource
Magnetics (0.1 —=1) MS/s Moderate Moderate, FPGA, | Integrators,
CPU Magnetic
reconstruction
Neutronics 100 Ms/s Medium Medium, Pulse analysis
distributed,
FPGA, CPU
Optical 1 GS/s High (peak) |[Medium, FPGA, |Pulse analysis
CPU
Optical 1 Mpixel (50 Hz) High Medium, FPGA, |Spectral analysis
Spectrometers CPU
Microwave 1 GS/s High (peak) |High, FPGA, Complex filtering,
systems CPU, GPU Bottollier-Curtet
Imaging 1 Mpixel (1 kHz) High High, FPGA, compression,
systems CPU, GPU reflection
removal, event
detection
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Basic Diagnostic Needs for I&C

« Data Acquisition
« 1 MS/s ADCs (16+ bit resolution, 10 ch.)
* 10 MS/s ADCs (16+ bit resolution, 10 ch.)
« 100 MS/s ADCs (14+ bit resolution, 10 ch.)
* 1 GS/s (12 bit resolution, 4 ch.)
« (Digital) Frame Grabber for Cameras (full CameraLink)
« Signal Processing
s FPGA
 DSP
 CPU
 GPU
« Communication Links
* PCI express (PCle)
 Gigabit Ethernet (GbE)
Note: Covers most diagnostics fast controller needs
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Summary of ITER Fast Controller Needs

« ~15000 fast ADC (1 MS/s — 1 GS/s) channels

« ~ 300 camera interfaces

« ~ 10000 digital 10

« ~ 500 timing receivers

« ~ 250 real-time network interfaces
« ~ 250 archiving network interfaces

« FPGA, GPU and CPU processing of data

« ~500 IO chassis with PCle uplink to external CPU
 Formfactor PXle, ATCA, MTCA .4

 Installed in ~ 350 racks in diagnostics building

Note: For slow IO ( < 100 Hz) needs ITER will use Siemens S7
PLCs. However some channels will be implemented in fast
controller for cost optimisation
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Diagnostic Use Case Examples
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Background of Diagnostics 1&C Use Case Example

Why Diagnostic 1&C Use Case Examples: Benefits:
1. Produced on demand by DAs for examples 1. The diagnostics use case examples

2. Provide incentives to follow PCDH by provide a framework in which domestic
simplifying work from design to agencies can immediately start deploying
commissioning i.e. reduce cost). their applications

3. Verify I&C can be be implemented in PCDH 2. Examples cover basic functions of many
standards. plant systems.

3. Demonstrate usage of components from

Note: Basic functionality represents only a fast controller catalog using supporting

fraction of each diagnostics 1&C. software.

4. Documentation templates provided. .

Products:
Documentation Products: HW and SW Products:
« System Requirement Specification (SRS) « Complete working example system with
« System Design Specification (SDS) basic functions.
« System Manufacturing Specification (SMS) +« HW in fast controller catalog
» System Test Plan/Reports (STP) « SW in SVN: Linux Driver and EPICS device
« System Operation / Maintenance Manual support
(OMM) « Automation (PSOS, COS)
« Diagrams in DB based repository * Network Interfaces (TCN, DAN, SDN...)
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. Design Deliverables for Plant |&C

5

9- Cubicle Layout

8- |1&C interface to Central system

10- State Machine

Operation Procedure . e as . HW Architecture
Functional Specification ( = Software Architecture)
HMI ‘ Cubicle 1 | | Cubicle 2 ‘
Level 1 1000 2000 3000 e 9000
| | | ——
[ | | ‘ PSH ‘ |COTS|| SCL H FCL ‘
Use Functions Level 2 2 . & \
- eve 3100 3200 SEN Conceptual Désign I ' !
_________________________________ .,’; —== 1
~~~~~~ . \
R ey I | I Detailed Design BCMCLS 101 || 102
levels |~310 | | s120 | | 3100 foeo - =
I et | I | v
I | | ‘ CPU ‘ ‘ DAN ‘ ‘ SDN ‘ ‘ DAQ | | TCN ‘
Level 4 3 | 3131 | ‘ 3132 ‘ ‘ 3133 4,{’ Allocation -  —
T d | [ |
Viewsusedfor S 4 YT ADCt---<»FPGA | | IPMI
f”""t:‘;;‘:i' Snpe"'ﬁ"at"’” Function ID Function ID A Config param. g ]
Opergtion Function Name Function Name Variable itr Variable out g T T T d
Maintenance Description Description Vi \\ ,' ||
Allocationin Architecture Rationale - — —s Vo_1 J : '
Reference to Requirements Actor 3456 i : 2
q Vin —» Vo_n | @
Reguirements (UC, UR, SR) Precondition ; ! i
Interfaces (int., ext. HMI) Alternatives / : 6 ':
Performance Requirements Exceptions k4 Cal. coeff. y '.
| TTrYTe Ct_)nstraint_ / PON a
Validation / Testing ’ DAN g
~Variabl \
- Variables Plant ol CODAC 5
I e — lac el cIs '
. AVN .
Variable Name: CBS-1-2-3 — FBS -1-2-3-4- Attributes 1-2-....n Lariates SN CSS |
L ; CIN 1
State 2 State n f’ . |
Variable Attribute / Qualifier / Property Inte rfa C|ng to Co DAC H
PON archive RMS conventional warning condition 8
DAN unit peak-peak safety alarm event
SDN linkto CBS mean interlock time event
TCN sigma
Automation (PSOS) AVN
1- Operation Philosophy 3- Functional breakdown to level 4 5- 1&C Controller Specification 7- Variable Naming
2- Functional Breakdown to level 2 | 4- Hardware Architecture 6- 1&C Signal details
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Selection of Use Cases

100 MHz ADC

Mpixel / kHz framerate
1-2 GS/s ADC
Signal Conditioning

« Neutronics Diagnostics (MFC)
« Image acquisition (VIS/IR)
« Microwave Reflectometry
« Magnetics Integrator

Estimate of ADC channels and Data
Bit 4 ENop:Bis.15Fs XX D # channelsfquired
18 ,

Boloeters i Langmuir i i
Engifeering | Microwave | '
16 £5000 -~ ~3000 -

<1 ;B/S (raw) 60 GB/S (FBW, pe:ak,OD)

2,GB/s (measured)

Estimate of Cameras and Data

Camera resolution : 8-16 bit # channels required

---------- e Tl iy il st 1
| ! 1 1

0 GB/s (rawlr peak, on d:emand)

i 20 GB/s (corhpressed) !
1 1

14 At S .
! ! Dosimetry Mictowave 0.1
! : Fusion Products Thomson » !
PR — — i G2005---+-€D AL AN
I i R B
I : : 10 GB/s (avera Ie : : Sum ~ 4D (80 O-D.) !GB/S : VISIIR alt.
10 - oo -mm-o--- RRDREEEREb bbb <T GBfs (Measured) : s (rawh : <1GB i
Sum=46(1000.0.) 6B/s | 5 0.001] :’Bolometers 5 Gammali
i . i ' > 1 10 10 1k 10k frames/sec
0.1 1 10 100 1000 MS/s
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MFC — SRS Example

SRS
FBS: 1 +2

SDS

FBS 3+4+5

<Functonal Breskiowns
Details:ALCATER T02-SR802

Functional Breakdown Level 1

A 4
Gictz! Vachine Frotection Ocoupational Safety
FB 1000 FBEDOD FB3000
H v et Inerfscing Audlary Sysem Control
‘ eam Ei?:@%gre' | | FBBODO | ‘ FBAOOD |
Automation
" T000
Meonitor
[]"”_“5”“'1_9 Sipal Condianng | Gonditoned Signabs
FB2000

jaled

Dat Procsssing

Interaction with other plant systems

InTformation Tor Functions:

nteraction with other

plant systems

\ctor

System

>re-conditions

None

description

1. Carry out global measurements

2. Carry out global control functions

3. Carry out global automation func

Use Cases

Alternatives

OperWe mode for testing without plasma

xceptions /m of error inform operator
Jon-Functig Any constants in the system (fixed gains etc.) shall be available §s read-only PVs
Requ nts

>ost-conditions

N/A The system normally runs continuously

dperation Scenarios

This use case is active during plasma operation

Table - Interactions with

FBS 1 upieR 1] User and System Requirements User and System Requ irements
FB4000
bJ Name Text £B HMI
Control ‘
R-FBS1000-01 | Measurement | Provide Global Measurement Functions 1100 N/A
\ Functional R-FBS1000-02 | Control Provide Global Control Functions 1200 N/A
B reakd own R-FBS1000-02 | Automation Provide Global Automation Functions \ 1300 N/A
Level 1 +2 R-FBS1000-01 | Global Data Provide EPICS Channel Access interface \ 1000 N/A
~Fipctional Brechdonrs Table — User and System Requirements Table
Data Processing FB400p - Level 2
atar - il =[] Interfaces - External Software (SW), Hardware (HW), GUI
Monitor
)/ Ref Function Interface 1/0 (Widget) Note
data onirol . ety Name
LI 3265 e 1 —
I-FBS1000-01 Provide Interface to data in other CA
conter plant systems via channel access. In te[’f nces
P
I-FBS1000-01 PON 110 Interface to PON network
F BS 2 iU-FBS1000-01 Measurement PON Binary indicator Show Health of
Measurement function
iU-FBS1000-02 Control PON Binary indicator Show Health of Control
Function
iU-FBS1000-03 Automation PON Binary indicator Show health of Automation
function
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MFC — SDS Example

FBS: 1 +2

SRS ] sps
FBS 3+4+5

Measure

FB4100 - Level 3 v
Manitoring
>[ |
data [ f—— Count Mode { | data
€ FB41 '.:\D’\"mjE
e
. Optimum /
F B S 3 Health
Chntral \_/
I i
Functional
Breakdown
Campbeling Mode2 Leve' 3+4

FB4120 - Level 4

FB4121

L

jiibrated data

Events (EV) FBS-4123 Information for Functions:

This function provides:
1. Arrays of 1000 values each of which represents the count of events over 1ms

2. The count of events every ms for transmission on SDN to the PCS.

Timing Constraints

Ref FBS ‘ Constraint Description

TC4.5.1221.1 4123 | Data arrives under interrupt The reading of event counting is linked to the
pulse — they arrive every ms during a pulse.
For EPICS the array of events arrive every 1S

(Include sequence charts where apprggfiate)

Design Rationale

Design Decisions

Decision

Use FPGA, Linux Drivej, EPICS Driver, FPGA needed due to fast datarate.
and EPICS.

Runs on PCF

‘ Rational
DD4.5.1.2.2.2.1 4123

Where time-critical functions run

DD4.5.1.2.2.2.2 4123

DD4.5.1.2.2.2.3 4123 Data is sent to SDNjat 1ms rate by a To achieve the 1ms rate
interrupt driven progless that receives
data from the Linuy driver

PV List

Process Variable

Ref FBS ‘ PV Description

PV45.1.2.231 4123 D1-13-B3A0:DP1-ME1-CO1-EV1R Read Events/sec MFC ADC for detector 1 (A) Count

mode
Read Events/sec MFC ADC for detector 2 (B) Count

PV4.5.1.2.2.3.2 4123 D1-13-B3AQ0:

mode

PV4.5.1.2.2.3.3 4123 D1-13-B3A0:DP7-ME1-CO1-EVIR  Read Events/sec MFC ADC for detector 3 (C) Count
mode

Ref FBS PV Description

PV4.5.1.2.2.3.4 4123 D1-13-B3A0:DP1-ME1-CO1-EV1IA  Read Events array MFC ADC for detector 1 (A)
Count mode

PV4.5.1.2.2.34 4123 D1-13-B3A0:DP4-MH1-CO1-EV1IA  Read Events array MFC ADC for detector 2 (B)
Count mode

PV45.1.2.235 4123 D1-13-B3A0:DP7-ME}-CO1-EV1A Read Events array MFC ADC for detector 3 (C)

Count mode

Validation Validation
Ref ‘ FBS ‘Validatio Bescription
VA4.5.1.2.2.4.1 |4123 Test value above low limit Generate alarm if 0

2. MTCA Workshop for muaustry anu resedrcn, vec. 11-12, ZUl5, UEDY, AdITIDUIg Page 24



Implementation

—
«Hardware Breakdownx Exteral: User ‘ O n text
Diagnostic Details::Owverview Details:Hardware Breakdown
ArC h Ite Ctu re Hardware Breakdown Level 1 Cubicle
External: Vacuum
MFC I1&C Cubicle MFC Amplifier Cubicle MFC Test Cubicle
Metwork Switch e — Amplifier 1
i : External: Scientific Exomal CF S
" Oscilloscope A% System Central Interlock
Amplifier 2 HWA000 System
Amplifier 2 Ethemet Connection
Functicn Generator —— Between Cubicles
HwW2000 Amplifier & ==
= Ai“;ﬁcaﬁufs'cs External: Monitoring
= Amplifier 5
Mini-Codac £ Heslth Management
HW32000 £ Amplifier & e
External: CWS Plasma Control
Amplifier 7 System
oo || uard vac
HW5000 Ampliend MFC guard vacuum pressure
Amplifier 9 e
- s =1 Vacuum
HWED00 Ethemet So000s 4
’ ]
Connection Eﬂm 1
Ethernet Connection EE“‘_’E'E"
Between Cubicles TR NG
1]
2012-11-30 2012-11-30 2012-11-30 2012-11-30
. FBS4_154 . . 08:22.07.678 08:2220.000 08:22:30,000 0822 38,893
Optimum Mode In-Situ Calibration (1S} TIME
|—-— C-4 —MFC-B MFC- |
Read Total Meutrons Set Coefficient
ME1-OP1IS1R ME1-OP1IS1C
MFC Data Process. Measune, Optimum Maode, In-Situ 0 e
D1-13-B3AD:DPA. k ONJOFF mdﬁ
MFC Data Process, Measurs, Optimum Mods, In-Situ 0 D1-13-B3A0:DPA-ME1-OP1-ISIR.VAL 1 -

D1-13-B3A0:DPB-

Read (In-Situ)/sec MFC ADC for detector 1 (A) Optimum mode|

MFC Data Process. Measure, Optimum Mode, In-Situ O 0 0
D1-13-B3A0:DPC- :

i Temperat e;’f

—_—
2012/11/30 10:40:25.434621376 0O 0K, 0K ' BU 1

rature
=
L

Read In-Situ Calibration Optimum mode

ET-E|'|'|£E-

1 -
G.B; 1 ) .'_ -
» In-situ calibration 1/ = _
g - : : |
0 3 012130 20121130
oLonco000 om0 (82924070 (82330000
TIME
[=—MFC-A —=—MFC-B ——MFC-O TIME
== MFC-A —MFC-B —MFC-D

Conect data using in-situ calibration coefficient
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Cubicles in Technical Room
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Imaging Diagnostics UC

Legend
Thr hput required
QUG foqu » 7.14 Gbits
»(7.14 Gb)
Throughput available
A4
NAT-MCH
Yoo - ) a
: ' PCle switch >
— = | (11
[:tos(xsn ___| Famegrabber }—X External (0 Oo)
CPU Blade
$ [ P
OPALE4402E
(333550 7y PICMG1.3
= — =
[ T (1 Gb) ? Gows
’ {10 Gb)
uTCA Chassis
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Imaging Diagnostics

UC

480

400

300
200

100 |

0 100 200

Temperature: 39 °C

Voltage: 12.212V

Current: 0.271 A
Define Image
Parameters

400 500 600 640

Camera cables status
Region of interest settings
Frame rate setting
Shutter time setting

Black level setting

Image source setting

DMCS TAMC641 Module

Width: Height:

640 px 480 px

X Origin: Y Origin:

0 px 0 px
Frame rate: Shutter Time:
256 Hz 3200 us
Black level: Image source:
128 CAM_TEST
Camera command:

START 8
Response:

START RESULT=0K
Camera state: BUSY
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Neutronic Diagnostics UC

Connection box

Feedthrough

Port cell ‘

|

Diagnostic building

Amplifier

Cables and optical fibers
to diagnostic room

(Diagnostic room)

Amplifier,

| upper detectors (Port 2and 12) |

Data processing
system,

Power supply

| Lower detectors (Port 2 and 12) |

Tri-axial Ml cable ($6.6mm) Feedthrough
CODAC CIS CSS PCS
NBoumam/pipe Guard vacuum
= —l—l—f—l—l—
Plasma Neutron Flux / ]
Insitu Neutron Generator .
Switch
g —
bre- A Counting PSH
re- Amp X
‘ Detector , System R
Signal Fast
P S I — Digitizati H
Power Supply ower wey Conditioning Digitization -’Controller
l T T T T Power Supply
Temperature SVS Boundary fl‘:;trot'."c . g
Monitor/ Control System alibration egen
System
A A 7'y <> Signal
I I I <> cControl
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Neutronic Diagnostics UC

rme-m ‘ Device Model

FPGA HW Revision YYMMDDHH:12030919 ‘ Hardware revision ID
r‘lm:mw. FAMSN:0x-1241448448 ’ Device Senal Number
[w.x Firmware version number
lsvw-m'on: 10 Software version number

%|+| &

w4k =A@l | @) &

8191

P'iﬂlyg‘f Axis él)

2000

56

Raw data acquired

1 U !
0O 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800
Primary X Axis (0)
A — Al] —— Al2
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NDS RIO device function implementation

Get device state getState

Read FlexRIO temperat

ure sensor

Read serial number getSerial

Read Hardware Revision getHardwareRevision
Read Software verison getSoftwareVersion

Read input coupling setCoupling

setChannelState
setClockFrequency
setFilter

getBuffer

BufferSize
setDecimationFactor

Yes

Yes

Yes

Yes

Yes

Yes

No
Yes
No
No
No
Yes
No
No
Yes

Function Description | NDM Function

Board temperature in Celsius Deg
String with FlexRIO card SN and and FAM SN
FlexRIO Firmware identification label

Mayor and minor number version of LabVIEW
VI for programming the FPGA

String with mayor and minor identificatio of NDS Rl
0 (1.0)

NI 5761 could be AC or DC coupled. Products
with different part numbers, software cannot det
ect this.

Same rate for 4 Al channels
Digital trigger (start trigger)
3 dB point, lowpass filter only

Waveforms PVs for 4 analog inputs channels

Set the NELM field. Now, constant to 4096
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NDS RIO device function implementation

Function Description
Read events/s

Read events/s array N/A

S~

sls
Read calibrated count /A
s/s array

Read (electronic) cali
brated counts/s

Read (electronic) cali
brated counts/s array
Read (energy) calibrat @\ZA
ed counts/s

Read (energy) calibrat g\Za
ed counts/s array

Provide calibration co /A

N/A

N/A

nstants to FPGA

NDM Function
N/A

Read calibrated count Ee[=IAVZUIE][g[ey

Every 1 ms — Various counting mod
es

1000 values every 1 s - Various cou
nting modes

Pulses detected in 1 ms

1000 values every 1 s - Various cou
nting modes

Every 1 ms — Various counting mod
es

1000 values every 1 s - Various cou
nting modes

Every 1 ms — Various counting mod
es

1000 values every 1 s - Various cou
nting modes

Various counting modes
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Using NDS in Neutronic Diagnhostics Use Case

* NI FPGA design v1.0
« Starting NDS RIO:
— EPICS st.cmd:
» ndsCreateDevice "ndsRIO", "RIOQ",

"N_AlI=4,N_AO=0,N_DI=0,N_DO=0,N_DIO=0,N_auxDI=3, N_auxDO=3,
N_auxAl=1, N_auxAO=2, RIOMODEL=PXle-7966R, RIOSERIAL=0177A2AD,
RIOVI=TESTCOUNTMFCV2*

» Test signal applied to AIO (NI5761)

— Generated with NI PXle 5442 (62.5MS/s)

emote Front Panel [E=IE
5 [ )
|| |[Puuconel focko Digtal Togger Hotental Meanure | Waveform |
v, - 00s  100.08/ Auto £ A44p
|

5] g %+ 00s 10007/ Auto 444

21
pulses/1
ms

o 4l
EHIA(1 £ *):No signal A(1 £-2 £):No signal Ampl(1): 231TmV Avg(1): 333.26mV

Undo 42 Channels Acq Mode
Undo +3 Channels Acq Mode ] J -
Al J Al Normal ] P | Autoscale All Normal

R3] al
M A(1 £-° ):No signal A(1 £-2 £):No signal Ampl(1): 233mV Avg(1): 380 24mV

1US | Tms
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What Industry must provide

Commercially available hardware

Linux Driver (with function required by diagnostics)
EPICS Device support (according to NDS)

Help Desk (all IO countries, all languages)
Marketing in domestic agencies

Alternative solutions

Good documentation

Compliance with standards

Ablility to deliver integrated systems with CODAC Core
System and use case examples installed and tested
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Summary

ITER’s instrumentation needs are identified

« Data acquisition

« Data Processing

* Real time control

« Data Streaming

Most fast controllers are required by diagnostics
PXle, ATCA, MTCA.4 platform technically adequate for
these needs

Diagnostics use case implementation help to promote
the standards

Commercial availability of MTCA.4 still limited

Only minimal software support
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Back-up Slides
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Fast Controller Catalog — New items needed

mcs

Linux Drv l

PCDH |
Catalogues HW/SW

>  Prototyping

New solution required ? ‘
Yes

Expert . Market
™~ Ssolution
Proposal
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Fast Controller Catalog — Total Cost of Ownership

Y |

PCDH
Industrialization » Fast Controller
v/> Linux Drv I 4 I Catalog
i Software Hardware
> ] Support Support
~— SDD 1 Cubicle
Integration
— Tests Hardware and
Software - Procurement ——
Documents integiation l

Lifecycle ITER part
J Management numbers

Software maintenance T

Ex. new CODAC versions Obsolescence

management
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