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Motivation

» FPGAs provide reconfigurable
hardware with deterministic data
preprocessing capabilities

« EPICS is a very common solution
for SCADA in large scientific
experiments

« The combination of both
technologies simplifies the
development of complex data
acquisition and processing systems.

MXI/PCle

—

FlexRIO

\ S f . I-RIO is a set of software tools
71[ . LA simplifying the integration of
é | Filtering | RIO devices in EPICS
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RIO/FlexRI10 Devices

. Adapter module Write Registers
: : PVs
ADCs j ° HOST analog
T DACs shLb binary
AVAVAVAVA Digial 10s BT 10C T
’ \ ’ \ ’ \ ’ \ ’ H | IRIO image

The user defines the
functionality

programming the FPGA EPICS connects a user defined

device with PVs for
configuration and supervision
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Development cycle: LabVIEW for FPGA

FPGA project
developer

XILINX compiler

4
@ C
VHDL Bitfile

LabVIEW FPGA @

FPGA Target

User Generated

Auto Generated

.
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Using RIO devices in Linux

FPGA project
developer

=

XILINX compiler @
3 Bitfile

6

C/C++
applicattion

Linux User :
VHDL NI RIO library
space
LabVIEW FPGA @ A
FPGA Target Linux Kernel y
space NI RIO kernel
modules
User Generated
. Hardware v
D Auto Generated
FPGA
RIO/FlexRIO
Device
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IRIO Project: IRIO Library

Application
Configuration
SDD Toolkit

EPICS Device Support Application
Program

IRIO Library

Kernel 3

NI RIO Linux Device
(kernel)

Driver

1

¥

Hardware
(1/0 Module)

« |dentification of the resources
implemented in the FPGA

— The Design Rules document
describes the rules for the FPGA
implementation.

* Provides an API simplifying the
interface with the FPGA.
— Access to FPGA registers.
— Analog input
— Digital 1/0
— DMA acquisition

— Image acquisition using cameralink

» Serial line for camera
configuration

— Signal Generation (DDS)
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IRIO Project: EPICS driver using asynDriver

Application
Configuration

SDD Toolkit
I

EPICS Device Support

IRIO Library

FPGA C API

Application
Program

Kernel 3

NI RIO Linux Device Driver
(kernel)

1

¥

Hardware
(1/0 Module)

v EPICS device driver using asynDriver
implementation for RIO devices
(FIexRIO and cRIO) using IRIO library

v Automatically connects the PVs with
FPGA resources using IRIO library.

v" If the user changes the FPGA design
no compilation is needed

=
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IR1O Project: C++ classes for Nominal Device Support

User Space

EPICS Device Support Application
Program

NDS-IRIO

IRIO Library
FPGA C API

Kernel

NI RIO Linux Device Driver

« Nominal Device Support

(cosylab) approach defines a
set of classes and PVs to be
used for EPICS driver
Implementation.

NDS-irio is the set of NDS
extended classes to use
FlexRIO devices

Simplify the implementation

(kernel) of EPICS device support for
FlexRIO using NDS
Hardware
(1/0 Module)
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Design Methodology

FPGA project

Windows

g

k2

developer :
XILINX compiler

Host

3)
VHDL

(1)

LabVIEW FPGA

.

User Generated

Auto Generated

@)
Bitfile
(5)

FPGA Target

Linux Host with

IRIO user @ Codac Core System

&, &
@;@&@

Y

. C/IC++
/|| applicattion

NO EPICS Linux User .
. L. application space NI RIO I|brary
IRIO user application ?
Linux Kernel A
space NI RIO kernel
modules
YES Hardware \
FPGA
Q, 18]
: RIO/FlexRIO
EPICs device support | |\ _Ri0 EPICS Device Devi
Use NDS-IRIO implemented with driver evice
ASYN
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ITER PXle Fast controller: Image acquisition (cameralink).

PICMG EoSens 3CL
Fast Controller MC3010

(fc18-3) PCle 1.1 NI PXle Chassis 1065 ﬂ ,
x4 1GB/s

NI PXle 7962R + NI
CameralLink adapter

480 -

- 127 ACTUAL SETTINGS
400 1 = 100 Ongin X Ongin Y Width Height
1 10 pix 10 pix 640 pix 480 pix
] - 50
300+
@ N Resolution spp FPS FPN
= 4 -0 (307200 bps 8 spp 20 fps I-
= 4
200
1 - 50
100
@ T T T T T
0 100 200 300 400 500
K Axis
EoSens CL messagging CTRL
Only for debuging IMAQ STARTISTOP
Twatmessae ([ oo
RxUart message
DEVICE CONTROL CH GROUP CTRL IMAGE CH CTRL ROI settings == e
fov staRT || | omnx oranv 20 s
o o]
ON CODE=0
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ITER Fission chamber diagnostic use case application based on FlexRIO

 Integrates deterministic diagnostic into
the FPGA (4 ADC sampling at 125MS/s).

e =
Data processing to detect/count pulses, gﬁ— = x|+l AW SIS HHLH,I;L;“L;SJ e
RMS, and campbelling. ——r
is (0) |E
125MHz data
acquisition Low Pass Filter ~ Downsampling
o A'H % TR =,
250MS/s per 1/0 Registers
channel ! to1osmee f :
Software Hardware ONIOFF Cytoff %rzec?MHZ N factor ‘ Pulses detection ‘
trigger  trigger  Activation selectable configurable
Campbelling
NI PXle-7966R + 5761
b = ‘Current
— Fal= | Pylses
.~ CHO
FPGA ch't detection DMA transfers to HOST
Real Time =™ camppelling CH1 Raw data acquired
eprocessing Hardware
. processing  Current  CH2 | DMA 0
PXI trigger line 2 Measurement info
Every 1ms for DMA 1 >
TimeStamps generation Pulse info:
sample peak detection
Width & heigth
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University of Basque Country/ESS-Bilbao/

 Control and monitorization of the lon Source Hydrogen Positive
(ISHP): PXI-7852R

~/Documents/nirio_last/iocBoot/iocessiO
le Edit View Search Terminal Tabs Help

hp@nirio: ~/Documents/nirio_last/iocBoot/... X | ishp@nirio:~

[ Pulsed-Cont-PLAT
RUN1

14 sToPL

14 stop-GND
stop-PLAT
CalcATeeH2ContFlow
CalcATO1PT-Ext

1§ Calcao2H2Conty

Beam Current {mA)

| | i | 1 | i | 1 | |
00 150 200 250 300 350 400 450 500 550 600 650 700 CalcPS1ExtIRef

Time {usec) CalcPS1ExtVRef
LV:ISH
LV:ISH
LV:ISH
LV:ISH
FPGA-GND-FPGAStatus
FPGA-GND-InfoStatus
FPGA-GND-VIversion
FPGA-PLAT-FPGAStatus
FPGA-PLAT-InfoStatus
FPGA-PLAT-VIversion
LV:ISHP:BD:ACCT:BeamCurr
LV:ISH ATU:MATCH: RFBak
LV:ISH ATU:MATCH: RFFwd

S = LV:ISH ACCT :BeamCurr-aux
r LV: ISH ATU:MATCH: RFBak-aux
LV: ISHP: RF :ATU: MATCH: RFFud -aux
! A epics>
t e value writed:1 on DO1

=2 {.—,.;;«QIFS;'; TEST:2948, value:0.900008, Factor:3276.000008
X {

2

value written in A02

GRUPO DE INVESTIGACION EN P . .
INSTRUMENTACION Y 12/02/2016 Ni Big Physics Meeting

ACUSTICA APLICADA



http://www.upm.es/canalUPM/archivo/imagenes/logos/color/escupm01_new.jpg
http://www.upm.es/canalUPM/archivo/imagenes/logos/color/escupm01_new.jpg

FPGA+GPU processing

 NI-RIO Linux Device
Driver modified to
Implement direct DMA
from FPGA to GPU

I0C DATABASE [rommz@)| | o ==

NDS

NDS-GPU
APPLICATION

FlexRIO-GPU
CUSTOM BUndle
GPU API

-

NVIDIA TESLA GPU il
Codac Core System 5.0

EPICS NDS v2.3.7

NI FlexRIO-GPU bundle
CUDA 6.5 SDK

NI LabView for FPGA

ITER FAST PLANT SYSTEM CONTROLLER \

NIRIO C API
for FPGA

PCle(16x)

' DRIVER |

— NI FLEXRIO
NVIDIA eV —

GPU

MXI Link(4x)

NI-1483+PXle-7966R
CAMERA

CAMERA
LINK
DEVICE

)

CameraLink

cormmisral

Vo NI PXle 1062Q

/ HARDWARE KERNEL SPACE USER SPACE \
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Other Applications

* Integration of Hardware clock into the RIO/FlexRIO devices
synchronized with IEEE1588-V2 (tenth of nanoseconds accuracy)
— Allows real-time timestamping in the DAQ for all acquired data (or blocks)

PTP-Slave clock
In PTP network

Network
PTP

s

a

Local Master

NI PXI 6682

|IEEE 1588 V2 I Future event 1
PTP |_
Hardware \B

Il

PXI TRIGGER Line O

coreDAQ

L

Control
PXI TRIGGER Line 1
1 PPS
Future event 2 | | " | |
— 1 sec-
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Hardware
Clock

FPGA

without CPU intervention. Very useful for timestamped data streaming.
— It requires a PXI device compliant with PTP-V2.

RIO/FlexRIO Analog
inputs
e ChO
Ch1l
Ch N
L >
Digital 1/0
_
®
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Conclusions

« \We have defined a design methodology for implementing advanced data and
Image acquisition applications with RIO/FlexRIO devices, integrated with
EPICS using IRIO software.

« We have developed different LabVIEW/FPGA patterns and libraries for RIO
devices.

It is not necessary to rewrite or even recompile the EPICS device support for
every RIO/FlexRIO configuration.

* |RIO tools integrated in ITER CODAC Core System V5.2 (February 2016)
* |RIO tools are GPLV2.
« Current users of IRIO:

— ITER Diagnostics use cases: KSTAR project (FlexR10), Russian DA (cRIO).
— University of Basque Country/ESS Bilbao
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