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Innovation In the Era of
Graphical System Design

Dr. James Truchard

President, CEO, and Cofounder, National Instruments



Research Instrumentation in the 1960s

Wayne Kerr B121 RLC Bridge General Radio 1910 Recording Wave Analyzer
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Instrument Use Cases

Stand Alone PC-Based Analysis Custom Measurements Automated Test



The Virtual Instrumentation Approach

The Software Is the Instrument




Trends in the 1990s - Digitizer Technology
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Parallel Architectures Drive Performance
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The Apple Il with a spreadsheet provided tools
in a format familiar to the financial analyst.

The Macintosh with a graphical programming
language provides tools in the block diagram
format familiar to the scientist and engineer.

Apple Macintosh Platform

HATIONAL INSTRUMENTS COMPANY CONFIDENTIAL (1985)



LabVIEW 1.0: 1986

POWER
THROUGH
HIERARCHY




The Next 25 Years —
The Expanding Role of LabVIEW into System Design




The National Instruments Vision — Graphical System Design

‘ ‘ To do for test and measurement what ‘ ‘ To do for embedded what
the spreadsheet did for financial analysts. , , the PC did for the desktop. , ,



Graphical System Design
A Platform-Based Approach
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Exploration to
Deployment
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Traditional RF Spectrum Analyzers

Analog Architecture



Software-Based RF Spectrum Analyzers

Modular Hardware Architecture

Software for Wireless Standards il
Downconverter — Digitizer — FPGA + Processor

(802.11 a/blg/n , GSM, EDGE, WCDMA,
RFID, WiMAX, GPS, etc.)



Future of RF System Design

y NATIONAL

INSTRUMENTS
RF/microwave circuit design System simulation
El . . . Research/Modeling = Design/Simulation VerificationNaIidation = Manufacturing .
ectromagnetic simulation Real-time control

Link budget analysis FPGA prototype



Graphical System Design for RF
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component memory is
port ( clock in std
rst © instd
Mre : insid
Mwe
address:  in std_logic_w

Extract
Reference
Symbols

MIMO
Decoder

gic_!
data_in :  in std_logic_vector(15 downto 0);
data_o out std_logic_vector(15 downto 0)

)

iend component; Channel

Estimator

isignal addr_bus,mdin_bus,mdout_bus,immd_bus,rfout_bus: std_logic_vector(15 downto 0);
signal mem_addr: std_logic_vector(7 downto 0}
RFr2a_s: sid_logic_vector(3 downto 0)
RFr2e_s: sid_logic,
std_logic_vector(1 downto 0);
PCinc_s. clr_s: std_logic;
signal Mre_s, Mwe_s, jpz_s, oe_s: std_logic,

begin

mem_addr <= addr_bus(7 downto 0);
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LabVIEW DSP Design Module
HDL/RTL LabVIEW Today Early Access Release



Graphlcal System Design — A Platform-Based Approach

Embedde d ontro Cyber Phy5|cal
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Virginia Tech Wins
EcoCAR Challenge

Awards — 1st Place Overall

Shortest 60-0 MPH Braking Distance
Best AVL Drive Quality

Best Dynamic Consumer Acceptability
Best Fuel Consumption



Advance health informatics

Develop carbon
sequestration methods

Sl

Engineer the tools of
scientific discovery

— T —————
N
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Advance personalized learning

o

Reverse-engineer the brain

By

Enhance virtual reality

Make solar energy economical

Engineering Grand Challenges

Provide energy from fusion

F-l

i

Restore and |mprove
urban infrastructure

Prevent nuclear terror

Secure cyberspace

Manage the nitrogen cycle
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Eric Starkloff

Vice President — Product Marketing



3,300 Attendees 222 Sessions 103 Exhibitors
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Graphical System Design



Accelerate the development of any system
that needs measurement and control



Abstraction
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Abstraction or Obstruction?



Tools should not limit iInnovation
and scientific discovery
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Monitor Embedded

Full aircraft test system LTE advanced prototype

Power inverter control Power amplifier simulation and test

"4D” video game Smart grid control RF validation and verification



Embedded Software Verification



lan Fountain Jarrod Slocum

Senior Platform Manager Group Manager — Software R&D
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Aircraft
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Automotive Embedded Control Software

120

=
o
(@)
®

(0]
o

AN
(@)

N
o

Lines of Code (Million)
3

1970 1980 1990 2000 2010 2020 2030 2040

o




Software




System
Disturbance

Operating Point

Environment

Actuator
Engine Commands
Control Unit
) AN
Closed-Loop
Interactions

Sensor Feedback




Physical Test Cell Applications

Dynamometer Based



for Test Cell Control
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Driveline Transmission Engine




road Load Fes Driveline lTransmission ENngine

Driver







[ Avionics
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Embedded Control & Monitoring



Industrial Machines Transportation
& Robotics & Infrastructure

Energy Life Sciences



Reconfigurable 1/0O (RIO) Architecture
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NI RIO Technology Curve

PXI RIO/NI FlexRIO

PC RIO/R Series

NI LabVIEW
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Michelle Tinsley Ben Black, Ph.D.

General Manager, Embedded Computing Division Systems Engineer
Intel Corporation National Instruments



" 15 BILLION

CONNECTED DEVICES BY 2015




INTEL PROCESSOR FAMILIES

MEETING THE DEMANDS OF
EMBEDDED DEVICES
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NI RIO Technology Curve
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Brian MacCleery

Principal Product Manager for Clean Energy Technology






NI CompactRIO
Digital Controller

Substation Transformer Siemens Recloser / Smart Switch
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Bill Kramer, Ph.D.

R&D Manager — Energy Systems Integration Technologies
National Renewable Energy Lab (NREL)
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";'NRGEWLRY Renewable Energy Innovation

Smart Grid and RE Grid Integration | Battery and Thermal Storage | Vehicle Technologies | Buildings Technologies | Wind | Water | Solar | Biomass | Hydrogen | Geothermal
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Power Electronics System
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NI RIO Technology Curve
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Accuracy (Bits)

Phase Matrix Products
and Technology
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Measurements Enhance RF Design

Research / Modeling Design / Simulation Verification /Validation Manufacturing

I I

“Hardware in the Loop” s
to Improve Simulations Verification Test

Measurements to

Create Models Production Test




Sherry Hess Josh Moore

Vice President — Marketing Solutions Architect

AWR AWR



Visual System

Simulator Microwave Office

RF and Microwave Design



LabVIEW

AWR Tools
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Jin Bains Raajit Lall

Director — RF R&D Product Marketing Manager — RF









QuickSyn Microwave
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Data Streaming Peer-to-Peer
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Sylvain Bertrand

RF Broadband Validation Manager
ST Ericsson
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Test
WCDMA ACP

LTE EVM

Total Time (800,000 measurements)

Test Time
Previous Solution

400 ms
1.2s

3 day

PXI Solution
30 ms

390 ms

8 hrs

Improvement
15X

3X
10X

RF Analyzer + SW
RF Generator + SW

Total Cost

Cost
Previous Solution

$85,000
$77,000

$162,000

PXI Solution
$29,999

$23,999
$54,000

Improvement
2.8X

3.2X
3X
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lan Wong, Ph.D. Yong Rao

Senior Software Engineer Senior Software Engineer
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8x8 LTE Advanced Transmitter
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component memory is

port ( in std_logic;
in std_logic
in std_lo

address in 5|U_|OQE_HECIUTI7 downto
data_in in std_logic_vector(15 downto 0).
data_out:  out std_logic_vector(15 downto 0)

)
end component,

signal addr_bus, mdin_bus mdout_bus.immd_bi ut_bus: std_logic_vector(15
signal mem_addr: std_logic_vector(7 downto 0),
signal RFwa_s, RFria_s, RFr2a_s: std_logic_vector(3 downto
signal RFwe_s, RFrie_s, RFr2e_s: std_logic;
signal ALUs_s. RFs_s: std_logic_vector(1 downto 0);
i PCId_s. PCinc_s. P std_|
_s: std_logic,

mem_addr <= addr_bus(7 downto 0)

HDL/RTL Lab\AEWEDERPP Design Module

Early Access Program
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Charles Schroeder Rolando Ortega

Director — Product Marketing Staff Hardware Engineer



Cost of Silicon Manufacturing and Test

Si capital/transistor

Test capital/transistor

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011*
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Implemented with
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Duncan Hudson
Director — LabVIEW R&D

Elijah Kerry

Product Marketing Manager — LabVIEW
Certified LabVIEW Architect

Chris Delvizis

Product Marketing Manager — Data Acquisition
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Software Bugs Inflow Per Month

| abVIEW 8.6

| abVIEW 2009
m——— | abVIEW 2010
= | abVIEW 2011




“I’'m really encouraged by this release
— it was a good time to stop and
concentrate on stability, and | think it's
hit the mark. | upgraded our
VIE Hardware Explorer and 2 plugins
(NI-DCPower and a panel from a live
project) and found no real issues.”

— Christopher Relf,
VI Engineering, USA

“In fact the transition of the older code was so smooth that | was first in doubt that | have a real beta. | am very glad that
this time the efforts were focused on stability. For the way | use LabVIEW, reliability is more important than new features.
The positive experience with the beta indicates that LabVIEW 2011 will indeed be a stable release.”

— Urs Lauterburg, Physics, University of Bern, Switzerland

“I'm sorry, this beta was too good for my program. The
only bugs found were bugs | introduced myself!”

— Albert Geven, Philips Research, Netherlands

“The beta seems very stable. One needs to squeeze pretty
hard to get some bugs out and most are cosmetic.”

— Christian Altenbach, Jules Stein Eye Institute at UCLA, USA
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New Features in LabVIEW 2011

Call By Reference.vi Block Diagram o

Distribute To|
Work on Wir
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bVIEW
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Instruments

Id User Interfas th Custom

Top Downloads
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LabVIEW - NTE
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LabVIEW Tools Network
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NI Drivers and Modular Instruments »

Deployment Platferms ¢

9,000 Instrument Drivers-g

Standard and Custom Buses-g¢

Hardware Connectivity

Engineering Libraries

»_Included Engineering Libraries

» NIToolkits and Modules
[L_J \ » LabVIEW Tools Network
LabVIEW » Assemblies and IP
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Millions of Applications



One Platform
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