FALL 2014 EPICS Collaboration Meeting

METHODOLOGY FOR THE DEVELOPMENT OF
INTELLIGENT DATA AND IMAGE ACQUISITION SYSTEMS
USING EPICS AND FLEXRIO TECHNOLOGY

D. Sanz!, M. Ruiz!, A. Bustos?, S. Esquembril, E. Barreral, E. Bernall,R. Castro?, J. Vega?

1UPM, Universidad Politécnica de Madrid, Madrid, Spain; Grupo de investigacion en
Instrumentacion y Acustica Aplicada
2Asociacion EURATOM/CIEMAT, Madrid, Spain

/.} GRUPO DE INVESTIGACION EN Cs &
o0 = B 3 GOBIERNO  MINISTERIO lemo
“': j"/ I N S-TR U M E N TACI 0 N Y -1 DE ESPANA  DE EDUCACION Centro de Investigaciones
AC U STI CA A P L I CA DA Y CIENCIA Energéticas, Medioambientales
& T Ogicas

POLITECNICA



| Universidad Politécnica de Madrid

Outline

* |ntroduction

* RIO & FlexRIO Devices

— Reconfigurable hardware based on FPGA
— Interchangeable physical front ends for FlexRIO devices

* NIRIO-EPICS Device Support
— |-RIO Driver
— EPICS Device support for every RIO/FlexRIO configuration

« Design Methodology
— Procedure
— Example of FPGA implementation

* Applications
— ITER
— ESS Bilbao

« Conclusions
 Future works
» References

:\\(LI:ZL & GRUPO DE INVESTIGACION EN
(. INSTRUMENTACION Y :gggmg MINSTERO.
ACUSTICA APLICADA Y CIENCIA
N3




'l niversidad Politécnica de Madid

Introduction

« Nowadays large scale experiments require EPICS and
reconfigurable DAQ devices based on FPGA.

« EPICS provides a powerful software framework.

 FPGAs provide reconfigurable hardware with deterministic
data preprocessing capabilities.
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Distributed control and ; ;
monitoring systems Logic gates, fI|p-f_Iops, RAM
memory, I/O registers etc..

>L INSTRUMENTACION Y ' o O B
ACUSTICA APLICADA - !

Dﬂ
%

4
o



| Universidad Politécnica de Madrid

Introduction

 We propose a design methodology for RIO/FlexRIO devices, to be
supported by a NIRIO EPICS Device Support (NIRIO-EDS) based on

asynDriver.

CPU with  or derived from
@redhat.  RHLE

WML LN U X

FlexRIO

* NIRIO-EDS will support every
RIO/FlexRIO configuration.
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NIRIO-EDS based on asynDriver
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Design Methodology for RIO/FlexRI10
devices

« Records database file is generated automatically using FPGA mapped
resources. Including all files in EPICS software unit, the 10C is ready to

control & monitor the RIO/FlexRI1O
makebaseApp.pl
EPICS script
I10C creation

NIRIO-EDS
library

N LabVIEW C

] o ] API generator
Scientific requirements RlIGiRRe tool
LabVIEW
Step 1N d L FPGA bitfile

(" Electronics specifications:

Signal conditioning, Al/O, DI/O

sampling rates, preprocessing
algorithms, etc.

4
EFGA mapped
* resources

PICS 10C App

Step 2
-

RIO/FlexRIO configuration
with LabVIEW FPGA
Step 3 templates
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Records.db st.cmd configuration
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FPGA (RIO/FlexRIO)
confiquration example
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Step 1. Fill each of the next fields according to the required
DAQ implementation.
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Step 4. Add every hardware logic algorithm, processing, using auxiliar
/O registers, using name convention

|¥6 100 MHz Clock vl

¥

ticks
0 1

200 auxA00 auxAll
auxA0L auxAll
Sl
auxA02 xAL?
- Hardware Hardware
-
- . auxD3 auxA03 - auxAlR
21003 LOg|C LOg|C
.. o auxA0d auxAld
auxD04...
.. au
auxDI5 T
B auxDO5.....
m |

Waveform generator N. Change all the N numbers of the controls by the number desired

Every control must have the same number sufix

AQUpdateRatel B’
TEFL

3.a
Connect here the Analog Output M,
global variable SimulatedAO0, or whatever|

SimulatedSignal

[

I16
+ @ Simulated A00

Il

1100 MHz Clock |v| |Step 5. If is programmed Processing, It is possible to use this timed loop for data proces;ingl

ticks
"

E

Processing Timed loop

B udk Processingl

k"

Read

Element

Timeout

Timed Qut?

ACUSTICA APLICADA

GRUPO DE INVESTIGACION EN .
INSTRUMENTACION Y SoMNO | meTe

Y CIENCIA

Ciemal
Centro de Investigaciones

Energéticas, Medioambientales
y Tecnolégicas

CEA = Saclay




* ITER PXle Fast controller prototype for
data and Image acquisition (cameralink).

[;’t s | opsassasy % CamoPREC FXie M MOASYN ORIVER FPGASTATUS FPGA Initialitation OK Insert commands _ sTaRT | IMAQ
i3 o momen EE= M\ Al ~w) @) T [ E;gzc;zz\;:; Readymsm;maqulsmnn for camera (,:?nflgurah?r?:,,, — , — ACQUISITION
_ L oooues S vany i Camera  [#00139-B2.04-V1.03-F1.07-G1.0; CONTROLS
[ @g“‘“ e T BITFILE VI VERSION v2.14 response: e
s — P p— !::; FPGATEMPERATURE BI5°C — =
B s v R § mosoosama o Men e o = o %er FIFO 16 ' WATTS e
B crsc o o [ e ‘7‘1 == O AMPERS 0379A
ECKE v e — L—rererecs - ’ ek vouTs 12025V
Weosell wern — TEMPERATURE | ®00°C |
BGEEI e creuk tmakersaaocuy . = T
T E
MG i i . Y be0s
[r——— — m 900 3
850 4
800 4
— 750 4
700 4
650 4
600 §
[e——— e
SR S VOV A1) Z500 -
450 4
400 §
350 4
1800 2200 2600 3000 3400 3800 4095| 300 4
ey
e 250 4
200 §
150
T mm— | ] 1
B — 50 3 \ : L \
0 50 100150200250300350 400450 500 550 600 650 700 750 600850 900950 1050 1150 1280

GRUPO DE INVESTIGACION EN
INSTRUMENTACION Y
ACUSTICA APLICADA

C - l
Centro de Investigaciones

Energéticas, Medioambientales
y Tecnolégicas

GOBIERNO  MINISTERIO
DEESPANA DE EDUCACION
Y CIENCIA

E

CEA = Saclay



Universidad Politécnica de Madrid

Use case applications

ITER Fission chamber diagnostic use case application based on FlexRIO
technology: It integrates deterministic diagnostic into the FPGA (4 ADC

sampling at 125MS/s). Processing to obtain counts, RMS and cambelling
|mplemented |n the FPGA.
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ESS Bilbao. NIRIO-EDS will support the RIO PXI-7852R for

the control and monitoring of the lon Source Hydrogen
Positive (ISHP).

Beam Current (mA)
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Time {usec)
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Other Applications

Integration of Hardware clock into the RIO/FlexRIO devices
synchronized with IEEE1588-V2 (tenth of nanoseconds

accuracy)

— It allows real-time timestamping in the DAQ for all acquired data
(or blocks) without CPU intervention. Very useful for

timestamped data streaming.
— It requires a PXI device compliant with PTP-V2.

Master clock ref RIO/FIexRIO |  Analog

PTP-Slave clock
In PTP network

Para cada RIO/FlexRIO - ot
NI PXI 6682
IEEE 1588 V2 Future event 1 JL » coreDAQ AADDCC Cho
PTP PXI TRIGGER Line 0 i ch1
Hardware y ch N
1PPS
I Future event 2

Control
PXI TRIGGER Line 1 Hardware
>
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Conclusions

* We have defined a design methodology for
Implementing intelligent data and image
acquisition into RIO/FlexRIO devices, supported
by the NIRIO-EDS.

 We have developed LabVIEW patterns and
libraries, that permit configure RIO/FlexRIO
devices in an easy way.

 The NIRIO-EDS will support every RIO/FlexRIO
configuration (implementation), without rewriting
the device support.
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Next Steps

 We will communicate soon to EPICS community the availability of
this EPICS device support, and all RIO/FlexRIO hardware
description templates and libraries (in LabVIEW for FPGA code).

* We are implementing direct data transfer communication among
FlexRIO devices and GPUs without CPU intervention. This
application will also include an EPICS device support to use the

GPU.
PCle 2 X4 GPU EoSens_3CL_MC3010
2GB/s NVIDIA
CPU Tﬁ Y4 TESLA
(Controller) RS LR -

- DMA direct to the GPU

|
PCle1.1 = * Y .

x4 1GB/s NI PXle 7962R + NI CameraLink adapter
module
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