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NxTest and the development of
synthetic instrumentation

This article explores the state-of-the-art of COTS synthetic instrumentation for
meeting NxTest requirements with an analysis of the rationale, limitations and
alternatives for specifying both new and upgrade class NxTest instantiations
based upon traditional instrument specifications.

By Marvin Rozner
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“synthetic instrumentation” used o 7
Ia%/ely to describe a new test systen D amversion RF Upconversion — cg:dist'igﬂﬁ:g >
architecture that promises to revo 7§
lutionize the way we test products. So jus | Analog Signal
what is synthetic instrumentation (Sl), ang | Conditioning
where did it come from? 2
The term synthetic instrumentation was p| Digital Signal | £ B pevice
coined by the U.S. Department of Defens CPU, DSP, | Conditioning 2 Under
(DoD) Next Generation Automatic Test| | Software FPGA, or 3 ] Test
Systems (NxTest) Integrated Product Tear | A9 [ Memory Digital Signal £
(IPT) to describe a new test architecture th I Callieig =
would support the charter of its group. I 'é
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Systems (ATS) Executive Agent Office &
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get-minded citizen can quarrel with thedemonstrate and plan the implementation ;fquipment, wherever possible, within a
key goals of the initiative, which were out-these new and emerging test technologieommon and shared technical framework.
lined by Bill Ross, assistant director of thento the DoD maintenance test environmenterhaps the most important technology re-
ATS EAO, last year, and refined by the Syn- To achieve these goals and address thpiired to meet the goals is the use of syn-
thetic Instrument Working Group (SIWG). challenges, emphasis is placed upon théetic instrumentation, and even the most
m reduce the total cost of ownership of ATSuse of commercial-off-the-shelf (COTS)steadfast vendors of traditional instruments
m reduce time to develop and field new o

Figure 1. SIWG generic synthetic instrument block diagram.
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that populate systems of the old “rack-andseen the major impact that “virtual instru
stack” genre are “going synthetic.” mentation” had made in the 1980s and 199(
With these goals and challenges in minénd they were now seeing a more evolve
the NxTest IPT began working in earnesarchitecture under development by sever
with participants from the test industry agest suppliers that held the promise of furthg
well as the Ministries of Defense from theachieving their goals. In an effort to bring
United Kingdom, Spain and other countriessome common terminology between industr
While their goals seemed lofty, there wagparticipants they proposed that this new a
enough work going on throughout the indusehitecture be called “synthetic instrumentasigure 3. Current third-generation RF
try that suggested that they might be achieution.” According to the definition under de- synthetic instruments.
able if the DoD and industry could workvelopment by the SIWG, synthetic systemsinks a series of elemental hardware and soft-
together in an organized fashion. They hadre defined as: “A reconfigurable system thavare components, with standardized inter-

faces, to generate signals or make measure-
ments using numeric processing techniques.”

This article explores the state of the art of
COTS synthetic instrumentation for meeting
NxTest requirements with an analysis of
the rationale, limitations and alternatives for
specifying new and upgrade class NxTest
instantiations based upon traditional instru-
ment specifications.

Synthetic instruments

Basically, synthetic instruments “synthe-
size” the stimulus or measurement capabili-
ties found in traditional test instruments
through a combination of software algorithms
and hardware modules that are based on core
instrumentation circuit building blocks. The
concept of synthetic instrumentation finds its
roots in the well-accepted technologies and
techniques behind software-defined radios,
mobile phones and other communications
systems designed and fielded today. The block
diagram of a synthetic instrument is shown in
Figure 1 as defined by the SIWG.

Figure 2 illustrates some of the real power
behind the synthetic architecture. The modu-
lar nature of synthetic instruments allows
system integrators to tailor solutions tightly
to each individual application. By integrating
the appropriate modules the architecture
supports many diverse applications such as:
m multichannel stimulus or measurement path
configurations;
®m mix-n-match performance, size and price
levels for each channel, including routing
individual channels through multiple signal
conditioning blocks to provide test-specific
functionality;

m easily upgrade the system to add or re-
move functionality at any time, or completely
reconfigure it for an entirely new application;
m add processing power or new test algo-
rithms as required; and

m provide sophisticated “system-level” cali-
bration and diagnostics capabilities.

NxTest activities

The NxTest team has spearheaded many
of the key Sl-related industry initiatives. Some
of the most significant are the automated test
markup language (ATML), common test
interface (CTI) and SIWGs.
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same time it also supports simple and cg
plex system configurations. For the first tim
this industry-leading flexibility will allow the
U.S. Air Force, Army, Marine Corps and Na
as well as NATO and coalition partners
individually procure systems configured for the
specific operational scenarios while sharing
Figure 4. Pre-production prototype of a fourth- same core hardware and software modules
generation synthetic test system. s I~
unprecedented cross-service interoperability
You have already been exposed to some
of the definitions developed by the SIWG.Real world example
The NxTest IPT sponsored the creation of In 1996, Aeroflex’s Systems Division wa
this working group to: awarded a contract to provide the industry
“Define synthetic instrumentation and itsfirst synthetic RF and microwave test syst¢
attributes. Develop a framework that balfor the world’s leading provider of commun
ances user and supplier objectives, facilitatesations satellites. The first of nine syster
rapid technology advancements and adaptasas shipped in 1998. The system was cal
tion throughout the test life cycle, and complethe STI1000. A third-generation STI100
ments/supports other relevant test and mesystem is shown in Figure 3 along with
surement industry activities.” system configured for high-speed producti
Although the SIWG is the newest of thetesting of radar transmit/receive modul
working groups it boasts almost 100 memealled the TRM1000.
bers representing more than 40 companies These two systems represent the curr]
and organizations within the test industry andtate-of-the-art of RF synthetic instrument
the DoD including representation from mostion including capabilities like output powe
of the major test equipment suppliers. Aftecalibrated to within 10ths of a dB, frorn
sponsoring the first meeting, control of thed.2 GHz to 32 GHz, through 25 feet of cab
SIWG was turned over to the industry andvith a remote switch matrix that can resi
the DoD became a standard member. within a thermal vacuum chamber. These s
The NxTest IPT sponsored the creation ofems emulate all the standard measuremg
the ATML and CTI Working Groups almostthat can be made with traditional instrumer
two years ago. The ATML Working Group like power meters, spectrum analyzers, n
was chartered with developing a commomvork analyzers, oscilloscopes, noise figu
XML schema for critical software interfacesmeters and more. They also provide the fu
in the test environment. This group hagionality of single or multichannel CW an
transitioned to the formal IEEE SCC20even complex signal generators.
committee and will be releasing the first The two smaller synthetic systems sho
ATML schema standards in the comingn Figure 3 display the state of the art fi
months. The CTI Working Group was charbaseband synthetic systems. These conf
tered with developing a common, generafations can support up to 600 MHz instan
purpose and scalable test interface that couftbous bandwidths for stimulus and respon
provide for interoperability between testWhile they too emulate the functionality ¢
systems used by the various DoD servicesnany traditional instruments they also di
This group is in the process of finalizing itsplay many advanced measurement and ¢
interface definition and may publish it byplex modulation capabilities that are eith
the time you read this. difficult orimpossible to perform with a rac
The DoD has also started several majaof traditional instruments. Finally, Figure
NxTest-related programs. Possibly the modgtighlights the scalability of synthetic instry
significant of these is the Agile Reconfigurablementation with hardware modules as smal
Global Combat Support (ARGCS) programthose in a 3U PXI form factor.
The creation of this challenging Advanced While there are many hardware and sg
Concept Technology Demonstration (ACTD)ware elements from several suppliers t
program was sponsored by the NxTest IPTsupport the Sl architecture there are ey
and authorized by the Office of the Secretarynore exciting products on the horizon. T
of Defense (OSD). ARGCS is the first majomext generation of synthetic solutions will
joint services test system program in the Unitedowered by hardware and software desigr
States. This program will result in a commorirom the ground up for use in the synthe
and scalable test platform that can be used Ibgst environment. These new elements
the Air Force, Army, Marine Corps and Navy.allow for advanced capabilities such as au
The ARGCS test platform will demon- mated system configuration, automated
strate the most scalable and reconfigurablegnostics, ultrahigh-speed processing, 3
test system architecture ever fielded. Theven more complex waveform generation g
platform will support factory, depot, inter- analysis. For example, Aeroflex will sog
mediate and operational level tests. At thetroduce its fourth-generation synthet
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instrument platform that will include many of addressed. In most cases, traditional instrequivalent test and measurement functions of
these capabilities and more. The pre-produenents are not used at all of the boundarthe synthetic system. However, just as stated
tion prototype shown in Figure 4 includes aconditions of their capabilities. By simply previously, if you base the system specifica-
complete dc-26.5 GHz synthetic test systeraggregating the worst-case specifications dfons on mimicking “all” the functionality of
with stimulus and measurement paths, devicall the traditional instruments it makes thehe legacy instruments you may end up with
interface switching, built-in NIST traceablejob of providing a synthetic test solutioncostly “software overkill.” In reality, most
calibration capabilities, and up to 400 MHzdifficult at best. It results in a synthetic solu-test applications only use a fractional subset
of instantaneous bandwidth among a host dion that, if built, would be the “super instru-of the available instrument functions.
features. Advanced systems like these wilinent,” which, in many cases, translates to The best way to specify test systems for
replace entire racks of traditional test equiphigher cost. Although it is true that this agsynthetic implementations, or even rack-n-
ment and they will likely surpass the “lofty” gregation approach can work in many lowestack implementations for that matter, entails
goals and objectives of the NxTest IPT.  performance or lower-frequency applicationgisting the “actual” stimulus and measure-

To protect investments in systems and, morieis extremely difficult to manage when high-ment functions needed along with their per-
important, in the test program sets (TPSs), theerformance instruments enter the mix. Thiformance requirements and margin. This
requirements for many new or upgraded testan lead to the notion that synthetic systerallows the synthetic system integrator to
systems are often written in terms of the tradieomponents must be constructed from instriselect only the hardware and software mod-
tional instrument-level specifications that theyments without front panels rather than softules they need, and it dramatically reduces
replace. Certainly, such an approach to requirgsare-defined multifunctional stimulus-responsehe size, complexity and cost of the solution.
ments specification development is easier thasthannels. Such an approach might work butWhen properly specified, synthetic test
attempting to research and integrate variousould severely weaken the opportunity foisystem solutions actually tend to be less
specific test requirements associated with theynthetic test systems to contribute to achievexpensive and much smaller than systems
various DUT'’s to be addressed by the testinment of many of the NxTest goals. based on traditional instruments. If you are
initiative in question. Furthermore, synthetic instruments allowinterested in using synthetic instrumentation,

However, when it comes to the objectiveyou to insert a software translation layer intavork with one or more of your equipment
of a synthetic test implementation, there is gour system that, in most cases, will allowsuppliers early on in the specification devel-
conflict in requirements based upon tradiyou to use legacy TPSs without modifica-opment process to maximize your overall
tional instrument components vs. the specifition. This software can translate “traditionaluccess.
and real requirements of the DUT’s to benstrument programming statements” to
Summary

All in all it is an exciting time for the
test industry. The realization of synthetic
instrumentation promises to take the test
industry to the next level of performance and
value. And for this we owe a special thanks
to the NxTest IPT and their early industry
partners for laying the foundation that we
will build upon.DE
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