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Motivation:

The main topic of my research program consists in developing a new
general purpose struments to install directly on the machine.

In particular the developments of this tool will start from the managements of
the asynchronous events in a new configuration for fast ADC (work Is In

rogres) .

\/What Is an FPGA?
FPGA (Field Programmable Gate Array)

iInternal architecture by VHDL program.

N

It Is a technology which can allows parallel calculations in real time customizing the

S

Imaglne the possibility to concentrating a large number of expensive mstruments like a:

Frequency response analyzer

Oscilloscope
« Signal generator
« Spectrum analyzer
* PID controller
« LCR meter.

In a single device of a credit card dimension
based on FPGA technology

You can eliminate a large number of signal cables

from the torus to diagnostics room avoiding the
electric noise.
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Fast analog inputs___.
(2¢h. D 125 MS

Fast analog outputs .
(2ch. @ 125 MS

Digital sig. extension connector
16 EPGA GEIOg trrrerimrinranrenns
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System & FPGA image
abivee o 50 card)

Analog Sig extension connector

v speed ADCs (S o @ 100 kS/s, 12 bis)
owspead DACs (A ch § 100 kS 12 bes

Dual core ARM Cortex AS+ FPGA
(2ynq Sol)

DDR3 RAM 512MB (4Gb)

Daisy chain connector
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Once identified a suitable hardware you have to test the applicability in a remments main parameters embedde on FPGA board

fusion experiment.
my target Is capture data and manipulate them through MDSplus, with the
advantage of eliminating a lot of signal cables putting many instruments on board
the machine.
The main problem is to create a web server based on MDSPIlus running on new
hardware.

What is MDSplus?
MDSplus is a set of software tools for data acquisition and storage. In the fusion

@text, It IS used to provide data access to remote users.

e Oscilloscope
e Spectrum Analyser
e Arbitrary Waveform Generator

 Frequency Response Analyser
2 channels with 60 MHz bandwidth

2 channels @ 125 MS/s 14 bit digital with external or signal based triggering capability

2 channels with 50 MHz bandwidth signal with waterfall diagram capability

2 channels @ 125 MHz 14 bit arbitrary waveform generation with external triggering capability

* The HMI (screen) for the device can be connected to most existing devices in the field today
E.g. Laptop, Smartphone, Tablet, etc , « 2x2 MIMO PID Programmable Controller
Red Pitaya can be customised for specific applications using code (programming) above its standard

<

Ncification. It is based on GNU/Linux operating system and can be customised at different programming Ievey

ﬁoical pulse sequence manipulated by MDSPlus

@I slow

The RFX-mod experiment of plasma magnetic confinement located in the lonized Gas Institute of the National Research
Council of Padua is of impulsive nature.
The diagnostics connected to the toroidal device are involved by following the steps listed below:

 PRE (The control room terminal, running MDSplus, perform the preparation and synchronization of the all instruments.
* INI (a signal called called ARM puts the diagnostics on waiting the trigger signal)
« PON (PON is the abbreviation for Pulse ON.

It is the phase in which the trigger signal enables data acquisition.
 PRI/SEC (PRI=primary e SEC=secondary) ,
this is the stage in which the instruments return or rework data.There are two phases because the tools are of two types.

Server MDS Plus

Control room side

init ethernetiparameterS Setup} @

<

Diagnostic room side

Dispositivo acquisizione diagnostica

ethernet

darim

software Trigger

ethernet

&
5, pulse
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« external TTL trigger

«—Clock

Data reading

Temporary data Store

.

/Who developed MDSPIlus?
Developed jointly by the Massachusetts Institute of Technology, the Fusion Research Group in Padua, Italy (Istituto Gas
lonizzati and Consorzio RFX), and the Los Alamos National Lab, MDSplus is the most widely used system for data
management in the magnetic fusion energy program. It is currently installed at over 30 sites. spread over 4 continents.
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Then | can say that my FPGA board is inserted into the system

« Development of a new transient recorder based on the open source

I\/Iy first results consist of:

oscilloscope by Redpiytaya.

Insertion of a new device in the jTraverse based on FPGA board.
acquisition of data collected from transient recorder by mdstcl.

data visualization through jScope.

just like any other diagnostic.

Voltage [V ]

0.0 MMM = = .
Time [ps ]
$ mdstcl
TCL > set tree test
TCL >crea pulse 2
TCL >set tree/shot=2
TCL >do/method redpitayal init

(system setup all of the diagnostic instrumentation.)

(the system is waiting for the trigger)

On the control room, the scientific leader launch the pulse!f

TCL
TCL

> do /method \store
> close

The data were stored in the traverser:Its will be available to every research groups

™\ Edge

Trigger

Source External

Mode Normal

Level 0,559631

Range
Measure
Gain settings

Signal generator
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What Is the next step?

I'm creating a library compiled for ARM in order to import MDSplus kernel inside the
FPGA devices to be installed on the torus near the sensors.

The work is in progress but the partial results are promising.
Possible applications, local drive of saddle coils on torus power supply

parameters
setting

acquisition

sequence

Data access

= |Traverse

«= Mdstcl

= jScope

-~ Wh
0 can get an advantage from my research?
Each research group connected to the MDSplus servers, as listed in the table below.
# |Location Machine/Code First Used ||Server Plaforms ‘
1 |[MIT, Cambridge, MA C-Mod 1991 Linux ‘
2 PTF 1995 Linux |
3 LDF 2001 Linux |
4 |ICNR, Padova, Italy RFX 1991 Linux ‘
5 |[EPFL, Lausanne, Switzerland TCV 1992 OVMS and Linux ‘
6 Torpex 2001
7 GTS170
8 |Taejeon, South Korea KSTAR 1996 OVMS,Solaris ‘
9 ||General Atomics, San Diego, CA DIII-D 1997 Linux ‘
10 |[PPPL, Princeton, NJ NSTX-U 1997 OVMS and Linux ‘
11 |U of Washington, Seattle, WA ZaP 1998 Linux and OVMS ‘
12 HIT-SI 1998 |
B jTraverser - Tree: TEST Shot: - BER t3 RPPL
File Edit Data Customize 14 TP 19598
[4] TOP 15||/ANU, Canberra, Australia H1i 1999 OVMS and Linux ‘
v 8 ﬂm_l 16 |[Frascati, Italy FTU 1999 Tru64 |
_E_ CHANNEL_2 17 |[EFDA JET 2000 Linux (mdsip gateway) ‘
|# FULL_SCALE 1 18 |[Tianjin University of China, PRC HT-7U 2000 WNT ‘
%ﬁﬁgﬁfj 19 |NIFS, Tajimi, Japan CHS 2000 OVMS and Tru64 \
i [P_.ADDR 20 ||[UCSD, San Diego, CA PISCES 2000 WNT ‘
%f_ﬁfﬁg“m 21 [SAIC, San Diego, CA NIMROD 2000 Linux, SGI Irix, Cray Unicos \
# TRIG_SOURCE 22 |Columbia U, NY, NY HBT-EP 2000 Linux ‘
L# TRIG.TIME 23 [Columbia U, NY, NY CTX 2001 " ‘
24 |[Kurcatov Institute, Moscow, Russia T-10 2001 Linux ‘
25|LANL, Los Alamos, NM FRX-L 2001 Linux ‘
26 ||U of Washington, Redmond, WA TCS 2001 ovMSs ‘
27 |LBL, Cakland, CA NIMROD 2001 Cray T3E ‘
28 ||U of Wisconsin, Madison, WI MST 2001 Linux ‘
29 Pegasus Toroidal Exp 2006
30 Rotating wall experiment 2006 Linux ‘
R e m——r———re Max-Planck-Institute for Plasma Physics, Garching, Germany ASDEX Upgrade 2002 Solaris ‘
ion Edit View Bookmarks Vsemngs Help Institute for Plasma Research,India ADITYA 2004 Linux ‘
[gottardo sz mastcl] Nasa, Huntsville,AL Marshal Space Flight Center 2005 WinXP ‘
Ad Astra Rocket, Houston, TX VASIMR 2005 Linux ‘
VX-200 2007
San Leandro,CA 2 2006 Linux |
Ad Astra Rocket Company Costa Rica (Liberia, Costa Rica) VX-CR VASIMR engine experiment 2007 Linux ‘
University of Sao Paulo, Brazil TCABR 2010 Linux ‘
Chinese Academy of Sciences. Hefei China EAST 2010 Linux ‘
Tri Alpha Energy c2 2007
Berndorf Band, Austria BRM7L 2006
Culham Center for Fusion Energy, UK ITPA
Anonymous 2004
Commissariat A I'Energie Atomique - France 2000
Tsinghua University, Beijing, CHINA SUNIST 2009
Max-Planck-Institute for Plasma Physics, Greifswald, Germany Wendelstein 7-X diagnostics 2015 Linux




