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Agenda

¢ |Instrument Control Basics

® Bus Characteristics
— GPIB, USB, PCI, PCI Express, Ethernet/LAN/LXI

® Head-to-Head Comparison

— Setup

— Bandwidth

Latency

Distributed/Remote Systems
Physical Ruggedness

® Hybrid Systems
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Selecting an Instrument Control Bus
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Latency versus Bandwidth
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GPIBIIEEE 488

More than 30 years of
compatibility

HS488 Max Bandwidth: 8 MB/s

488.1 Max Bandwidth: 1.8 MB/s
Bandwidth Distribution: Shared e Robust and reliable
Bandwidth Rating: Good °
Latency Rating: Better

Widest industry adoption

e |argest installed base of
BEe. L | e Instruments

= 3 Ideal for:
B - — Automating existing
i =¥E o equipment
— Hybrid systems
— Systems requiring highly
specialized instruments
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USB

Max Bandwidth: 60 MB/s (Hi-Speed USB)
Bandwidth Distribution: Shared across all
ports e Simplest plug-and-play

Bandwidth Rating: Better connectivity (autodetection)
Latency Rating: Better

e PC ubiquity

® |deal for:
— Portable desktop and
benchtop applications
— Small, low-cost systems
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Ethernet/LXI

1000BaseT Max Bandwidth: 125 MB/s

(Gigabit Ethernet)

100BaseT Max Bandwidth: 12.5 MB/s

(Fast Ethernet)

Bandwidth Distribution: Shared across network
Bandwidth Rating: Better

Latency Rating: Good

Remote capabilities
PC ubiquity

LXI adds optional timing and
triggering
— Synchronization through

IEEE 1588 (Class B)
— Triggering support (Class
A)

|deal for:
— Distributed systems
— Remote monitoring
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PCI and PCI Express

PCI Express Bandwidth: (x1) 250 MB/s - e Best bandwidth and latency
(x16) 4000 MB/s

PCI Express Bandwidth Distribution:

Dedicated per device o Enables lower instrument cost
PCI Max Bandwidth: 132 MB/s

PCl Bandwidth Distribution: Shared
Bandwidth Rating: Best e |deal for:

e PC ubiquity

Latency Rating: Best — High-performance systems

— Data-intensive systems
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PXI and PXI Express

Best bandwidth and latency

PXI Express Bandwidth: (x1) 250 MB/s -
(x8) 2000 MB/s e Based on rugged CompactPCl physical
PXI Express Bandwidth Distribution: standard

Dedicated per device

_ e Adds timing and synchronization to
PXI Max Bandwidth: 132 MB/s

_ el CompactPCl

PXI Bandwidth Distribution: Shared — Trigger bus

Bandwidth Rating: Best — Star trigger

Latency Rating: Best — 10 or 100 MHz shared system clock

|deal for:
eHigh-performance systems
e|ntegration of several types of instruments
¢ Timing and synchronization
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Head-to-Head Comparison

e Setup

e Bandwidth

e |atency

e Distributed/Remote Systems
® Physical Ruggedness
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1. Setup

Bus Setup Notes

Ethernet/LXI Good Configure IP address and subnet
GPIB Better Search bus for instrument

PCI Better Power down first; then Windows

autodetects, autoconfigures

PCI Express Better Power down first; then Windows
autodetects, autoconfigures

USB Best Instrument autodetects,
autoconfigures
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Many Factors Affect Performance

e (Offloading: Performing computation on PC rather than the
Instrument

e Transfer size: The number of bytes in each transfer

e Data format: Waveform transfers support different
formats: ASCII, binary

e Synchronous versus asynchronous operations:
Synchronous call often better for small transfers, depending
on the number of parallel tasks
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Practical Implementation of the Bus

® Theoretical numbers on throughput are rarely
achieved

e Bottlenecks occur
— When a faster bus is routed through a slower bus
— In poorly implemented communication firmware

e There can be very apparent performance
differences between different vendors’
Implementations
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Performance Comparison

Host PC

Application

LabVIEW, LabWindows/CVI
VisualStudio for C#, .NET

Driver Software
Plug&Play, VISA

NI-488.2, Instrument Drivers Instrument

A/D Ul
OS and Hardware Front-End

Windows (XP, 2000, NT, Linux) Ethernet Cable Application/OS

Pentium Processors and RAM USB Cabl GPIB Cabl

USB Ports avle abie 1/0 Firmware

GPIB Interface + ¢

Ethernet Ports .+ I/O Hardware

INSTRUMENTS
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Test System for Comparison

Application
e LabVIEW 8.20
e |dentical VI function calls
r _HAMMEL 1 NI
% GPIE Scope | Arbitrary Waveform
! """""" Generator |
NI PXI
0S and Hardware Digitizer
e Windows XP PCI (PXI)
* Pentium processor Ethernet (100BaseT) ]
e Hi-Speed USB ports : Agilent
- Hi-Speed USB gilen
e GPIB interface Oscilloscope
e Ethernet via Gigabit switch GPIB (488.1)
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2. Bandwidth
Bus Ideal Bandwidth (MB/s) | Distribution
GPIB 1.8  (488.1) Shared
8 (HS488)
USB 60  (Hi-Speed USB) Shared
Ethernet/LXI 12.5 (Fast) Shared
125 (Gigabit)
PCI 132 Shared
PCI Express 250 (x1) Dedicated per device,
4000 (x16) per direction
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2. Bandwidth Experiment

Using identical IVI function for each bus

Transferring 100,000 samples

Averaging 100 trials for each bus
Measuring data transfer only 46)’

Timing Wl’[h QP timer function (Windows kernel) - Transfer+ Close

e
- A

Transfer

I

Close

checkErr (lviScope_FetchWaveform (vi, ...));

checkErr (IviScope_Abort (vi));
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Bandwidth Experiment Results

£ Hybrid System NIDays.vi

File Edit Wew Project Operate Tools Window Help J
[ [ @[] ad
Measurement & Bandwidth
Throughput (MB/s)
0.674 MB/s 0.757 MB/s 2.59 MB/s 151 MB/s
166.637 -
160 -
150-
140-
130-
120-
110-
100 -
90 -
80-
TJ0-
60 -
s0-
40-
30-
20 GPIB Time LXI Time USB Time PXI Time
‘E: 141.57m 126.02m 36.772m 1.2591m
GPIB=! |XI USB PXI
Interchangeability Bus Comparison ‘ Automated Test ‘ QUIT
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3. Latency

Bus Latency (microseconds)
Ethernet/LAN/LXI 1000 (Fast)

1000 (Gigabit)
USB 1000 (USB 1.1)

125 (Hi-Speed USB)
GPIB 30
PCI 0.7
PCI Express 0.7 (x1)

0.7 (x4)

Source: Bus specifications and 2005 NI benchmark testing
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Shared Ethernet Using a Hub

e

® Only one Ethernet network
¢ Only bus master can transfer data
e Collisions are resolved by random delays before next request
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Point-to-Point Ethernet Using a Switch

e Multiple point-to-point Ethernet networks
® Fach device shares bus master with switch port on local link
e Collisions are resolved by queuing delays and jitter in switch
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4. Latency Experiment

e Using identical IVl function for each bus
e (uerying for acquisition status 100 times

e Timing with QP timer function (Windows kernel)

for (i = 1; i <= numOfMeasurements; i++)

A
{
& Status checkErr (IviScope_AcquisitionStatus (vi, ...)); > ﬂl_" Close

\ 4 }

|

Close

Error:
return error;
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Latency Experiment Results

2 Hybrid System NiDays.vi L'LIE'

File Edit Wew Project Operate Tools wWindow Help
ek

0.00401788 =
0.0038 -
0.0036 -
0.0034 -
0.0032 -

0.003 -
0.0028 -
0.0026 -
0.0024 -
0.0022 -

0.002 -
0.0018-

Measurementd Latency
0. Ul]lﬁ—

0.0014 -
0.0012 -
0.001 -
0.0008 -
0.0006 -
0.0004 - GPIB Time LXI Time USB Time PXI Time
0.0002- 1.4966m 3.6603m 2.718m 19.304u

GPiB=] x1 =1 ysgl=1 pxg =1
Interchangeability ~ Bus Comparison ‘ Automated Test ‘QUIT

‘7 NATIONAL

INSTRUMENTS




Test System for Comparison

NI
Application Arbitrary Waveform
e LabVIEW 8.20 Generator i
e Identical IVI function calls
_HAMMEL 1 D'}"_.I:_XI
cope [+ fe~fIUEmrE igruzer
Eicre scee T~ e TR
0S and Hardware | _ Agilent
e Windows XP PCI (PXI) Arbitrary Waveform
e Pentium processor i Generator _
. LXI
e Hi-Speed USB ports :
o GPIB interface Hi-Speed USB Agilent
o Ethernet via Gigabit switch GPIB (488.1) Oscilloscope
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Automated Test Example

B! Hybrid System NiDays. vi

File Edit Yiew Project Operate Tools window Help
Mask Test DUT &
System Bus 20
9 PXI = Signal Passed?
# of DUTs g —
20 E - Signal Frequency
4729.87
Run Test : Duty Cycle
Uime 0.662181
Powrer Spectrum
-
s
= =50
Test Time S
g -100+
0.5962 i
-175 -1 ; i ! i i ! i i ! |
o IE+6  2E+6  3E46  4E+6  SE4E  GE46  JE4G BE46  9E4E  1E4T
Frequency (Hz)
3.99 1.998 14.48 0.5962
Interchangeability | Bus Comparison  Automated Test = QUIT
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Latency versus Bandwidth
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4. Distributed Capability

Bus Max Length Notes

PCI Internal PC bus Fiber-optic MXI extends to
200 m

PCI Express Internal PC bus MXI-Express extends

USB bm Not easily extended

GPIB 20 m Fiber-optic cables extend to
2 km

Ethernet/LXI 85t0 100 m Fiber-optic cables extend to
kilometers
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b. Ruggedness

Bus Ruggedness Connector
Ethernet/LXI Good

USB Good

PCI Best (for PXI)

PCI Express Best (for PXI Express)

GPIB Best
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The Right Bus for Your Application

® No single bus technology solves all needs
— GPIB - stand-alone instrument reuse, specialized instruments
— PCI/PCI Express = best bandwidth and latency performance
— PXI/PXI Express = best bandwidth and latency + timing and
triggering
— USB —> autodetecting plug-and-play connectivity
— Ethernet/LAN/LXI = distributed or remote systems

e Hybrid systems are often needed to integrate several
technologies
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Hybrid Systems Provide Flexibility
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Layered Approach to Hybrid System

System Management
- NI TestStand, DIAdem

Application
- LabVIEW, LabWindows"/CVI,
LabVIEW SignalExpress, VB, C, C+ +

Measurement and Control Services
- VISA, LabVIEW PnP VI, MAX, NI-DAQmx

. ~—  +  Computing
Bus EJ | % - PXI, VXI, Desktop/Server/Laptop PC
Choice g, ........... S
d 4 | | ~ Device /0
ﬁ:ﬁﬁ?g' {_!;[U,.E”E s s - Instruments, Data Acquisition, Vision, Motion
PCI PXI USB, LAN, GPIB
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http://ni.com/icfundamentals
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39 ratings; m————— 4 87 gutof 5 Rate this Document

General .
. Instrument Control Fundamentals: Main Page
b ComfiETEm & Printthis Page
» GPIB ASICs
T The Mational Instruments Instrument Contral Fundamentals Series, your FREE resource for instrument control knowledge on the Wyeb, presents technical content through

theory, real-world examples, and interactive audiovisual tutorials. This series, organized into four general categories, is designed for a broad range of audiences, from experts
who want to review a specific topic to new users who need easy-to-understand documentation for their projects. Select one of the categories below to begin mastering
System Options instrument contral.

-

Interactive Communication

-

-

Programming

What is Instrument Control?
Obtain an owverview on instrument control. Learn about the compaonents that make up an instrument cantral system both in software and hardware.
Learn More Abaut Long-Term Instrument Cantral and Caonnectivity Solutions ==

Instrument Control Hardware and Bus Technologies
Learn more ahout how to contral your instrument using any bus such ag GPIB, Serial, WSHB, EthernetiLAN, PCIPCle, PXIPXle and Firewire,
ﬂ Learn More About Instrurment Cantrol Hardware and Bus Technalogies ==

Instrument Control Software

@ Explore how to use any programming language to control your instrument. In particular, you will find information on LabVIEW, LabWindowsiCwl, SignalExpress,
Visual Basic, C#and C++ You will alsao learn about how to use VISA and Instrument Drivers to facilitate instrument contral.

Learn More About Instrument Cantrol Software ==

Instrument Control System Architectures
ﬁ Find information on high-level system design topics in instrument control. Some of the topics covered include weh-hased control, creating maodular ar stand-
alone systems, how to future-proofyour systerm and optimizing the performance of your system.
Learn More About Instrument Cantral System Architectures ==
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