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Agenda

- NI's Involvement in Physics Research
- Technology Trends

- Platform-Based System Development
- Looking Forward
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NI at Past ICALEPCS

. 2007 — It's all about time

- Dr. Jacob Kornerup, NI Software
Architect

- 2009 — Leverage Hardware &
Software Technologies to Meet Your
Control System Needs

- Murali Ravindran, Sr. Product Manager Z
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Worldwide Collaboration
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Beam Control System - MedAustron lon Beam Therapy

- Custom Front End with COTS - N
Real-Time Computing

- 30k parameters through FPGA-
based real-time computation

- Fast, reliable power supply control
for 300 magnets with high precision
timing

Customized COTS to meet requirements
and complete project on time
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Instrumentation & Control for LANSCE LINAC

- LANSCE Upgrade project at LANL @A

- ~ 10,000 I/O points for remote
instrumentation and control

- Latest instrumentation and control
hardware compatible with existing drivers
and records

- Existing EPICS interface and 10C records
with latest hardware

- FPGA-based motion control

Upgrading to latest technology while
preserving existing investment
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Fast Interlock, Control and Diagnostics - ITER

- ITER instrumentation and control 5570
requirements | =

0l h e

- 1 million I/O points
- 20 GB/s archive rate

- COTS hardware with Linux drivers

- Native EPICS device drivers

- Special testing |
. Fast and Thermal neutrons | g

- PXI

- CompactPCl

° Gamma rays "\\ o _ PXI Express

Figure 1 — A General Purpose Fast Controller

Developed custom drivers and performed
special testing to meet needs
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CERN Accelerator Control Systems and NI Technology
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CODAC System Architecture for ITER

Interlock Network

Typical CODAC Functions CODAC Networlk
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DIII-D Example Installed Diagnostics
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IR Camera \

Glow Discharge

ICRF
Antenna
0" cart

Neutral
CER

Beam
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Spectrometer

Bremsstrahlung

Pellet injector

Pyrometer

Beam \ \ SR

IRCamera
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Midplane Visible Camera Analyzer
magnetics /

< Di\{e rtor Neutral Electron Cytflotron
pectromete Beam 3XR - heating

Fast
Radiated
Power

Tangential
Visible Camera

FIR Scattering
Interferometer

Reflectometer

Fast Stroke
Langmuir Probe

Neutral Beam

Fast Wave
ICRF Antenna
Gas Analyzer
Pyrometer
Pyrometer
VLW Camera
CER Divertor
. Visible Camera
Magnetic Probes Bolometer Filter Scope IR Camera \ Divertor
. . . /
IR Camera Divertor Bias Ring / / Langmuir Fast Pressure ICRF
VEE Probe Array \
Tile Current Phase Contrast
Monitors Imaging Neutron Interferometer
Detectors
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Technology Trends
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- Data Converters

- High performance processing

"+ ¢ - Network communication
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Trends in High Resolution ADC
(most bits and most speed)

B DATEL
SYSTEMS, IMC.
A/D CONVERTER Q
8 bit 3MS/s 8 bit 50MS/S 16 bit 250MS/s 10 bit 5GS/s
Pipeline Pipeline Pipeline Pipeline
16 bit 1IMS/s SAR 16 bit IMS/s SAR 16 bit 3MS/s 18 bit 3MS/s
Hybrid monolithic SAR monolithic SAR monolithic
16 bit 50kS/s =-A 20 bit 10kS/s Z-A 24 bit 105kS/s -A 24 bit 250kS/s Z-A

Look for 12 to 14-bit, 5-10 GS/s Pipelines by 2016
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Beyond 2013

- Massively interleaved CMOS ADC's
- 56 GSPS/8 bit (320 converters x 175 MSPS) already available

Magical Track and Holds _ _
i ) ) . TiSER capture: 12.5-Gbit/s PRBS data eye
Designed for optical high speed communications

o
w

- Experimental Time Stretch Photonic ADCs
- TISER (Time Stretch Enhanced Recorder)
- “Fits in a single room”

Amplitude (V)
°
C-)

1.5

o 0.05 01 015 02
. Time (ns)
10 Terasamples/sec transient ADC Backend Digitizer: NI<5154
(1-GHz bandwidth, 2-GS/s sample rate)
Stretch Factor: 23 JIT
Optoslectron jic Circuits and Systems Laboratory 14 L

- 12 Gbps+ serial data links

- CMOS scaling minimizes pin count/traces (JESD204B) .., /

- Very high bandwidth OR high channel count i —
Imaging applications
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http://www.jultrasoundmed.org/content/27/12/1673/F1.large.jpg

Real-Time HPC Trend

Size and Complexity / Cycle Time = &
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Quantum Simulation
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Processing Landscape for Real-time Computation

GPU ),

Problem Size

10 us 100 pus 1 ms 1ls
Cycle Time (Maximum Allowed)
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Parallel Architectures Drive Performance

5,000 ' 5,000
6.737 TMACs
FPGA
Performance
500 500 (GMACs)
CPU
50 50
Performance
(GFLOPs)
5 [ | [ | [ I T T T 5

1997 1999 2001 2002 2004 2005 2006 2009 20102011
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Processing Subsystems

- Xilinx Zyng and Altera
Cyclone V with HPS

- High performance application
processing system on the
same die

- Much higher bandwidth
between the processing
system and FPGA fabric than
traditional architectures

- FPGA fabric offload of
computations and custom
Instruction
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on FPGAs

Processing System

Flash Controller
NOR, NAND, SRAM, Quad SPI
2x
Pl

I S .: --

2%
12¢ i

Multiport DRAM Controller
DDR3, DDR3L, DDR2

I CAN I NEON™DSPFPU Engine
2x i | cortex™ A9 MPCore
. UART I | 32 KB I/D Caches
GPIO | L 2 L2 Cache
. 2xSDID I Coatalee :
with DMA i y
. 2x USB __ : : -
with DMA i
I Zxﬁiﬁi _. - Li Al A7 4 o v—
with DMA i ; Nerco & Secllritv MBA Interco :
AES, SHA, RSA
] ¥ ]

¥ EMIO
General Purpose ACP  High Performance

Processor 1/0 Mux

AXI Ports AXI Ports
23 DC, Mux, Programmable Logic Fl'caeluenz
Thermal Sensor (System Gatesi DSP, RAM) -8 Lanes

Multi-Standard 1/0s (3.3V & High-Speed 1.8Y) Multi-Gigabit Transceivers

t ¥
Xilinx Zyng-7000 All-Programmable SOC
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IEEE 802 Ethernet Standards Activity

- Efforts driven by 802.1 (bridges/switches) and involve
802.3 (cabling) and 802.11 to enable reliable, high
performance control applications over standard and

shared Ethernet

Semiconductor

Scientific
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Key Technical Goals of Standards Activity

- Converged network (control, streaming, "normal” traffic)
- <US synchronization between all nodes

- Low latency (end-to-end latency of <30uS)

- Network redundancy with O fail over time

- Scaling with Ethernet evolution
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Graphical System Design

A platform-based approach to measurement and control

Monitor Embedded Control

E L abVIEW

Desktops and PXl and Modular CompactRIO and NI Single-
PC-Based DAQ Instruments Custom Designs Board RIO
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Graphical System Design

A platform-based approach to measurement and control

Monitor Embedded

N
B LabVIEW S
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Desktops and PXl and Modular CompactRIO and NI Single-
PC-Based DAQ Instruments Custom Designs Board RIO
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Multiple Models of Computation

Dataflow C/HDL Code Textual Math Multirate DSP Simulation Statechart
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Desktops and PXl and Modular CompactRIO and NI Single-
PC-Based DAQ Instruments Custom Designs Board RIO
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Other Relevant Technology Trends in Industry

99.9%
(O uptime

1. Highly Available and Reliable
Instrumentation Systems

Hardware monitoring and failure
prediction

Seamless large scale deployment

Tools for Big Analog Data
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Looking Forward

- Physics research applications are extremely demanding
for measurement and control systems

- Many unique needs can be met with off-the-shelf
technology

- A platform-based approach enables use of standard
technology in a way that supports
- Efficient development of highly-customized solutions
- Extensive collaboration with commercial vendors
- Long-term support and evolution of systems
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