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Abstract - VXI has grown substantially in applications from testing
in the lab to field support of weapon systems.  Early criticism of
VXI came that it was only intended for low frequency applications.
Recently, developers have been taking on the challenge of
extending VXI into the RF and microwave frequency domain.  This
paper describes the challenges of creating an 8.5 GHz RF
Measurement Analyzer in a VXI environment.

I. INTRODUCTION

ARGOSystems identified a need for a COTS VXI RF
measurement analyzer with precision measurement
capability.  A survey of available equipment on the VXI
COTS market determined that no acceptable
equipment existed.  ARGOSystems began an IR&D
program to design and build a unit that would meet not
only these requirements but also the requirements of
the general commercial and military markets.  The
AS230/231, illustrated in Figure 1, is a COTS VXI-
module set that provides precision measurements of
AM, FM, and PM signal modulations on an RF carrier.
An operational prototype of the AS230/231 was
demonstrated in 1997.  This success ended the phase 1
development and started the phase 2 transition of the
design to a COTS product.

Figure 1 - AS-230/231 VXI RF Measurement Analyzer

II. RF MEASUREMENT ANALYZER OVERVIEW

The AS230 and AS231 work in unison to measure the
modulation characteristics of a signal of interest in the
10-MHz to 8.5-GHz frequency range.  Occupying a
total of two VXI C-size slots, the AS230 Signal Analyzer
consists of an RF section and a digital processing
section.

The AS230 RF section provides a downconverter
where the signal of interest is translated to an IF where
digitization occurs.  The digital processing section is a
pipelined digital signal processing (DSP) process
providing continuous demodulation, measurement, and
analog reconstruction of the baseband signal.  The
pipelined approach provides measurement results to
the test controller, as well as a continuous analog
output signal.  This has advantages over batched
processing (where data is collected, then processed,
then collected again) that only reports the results of the
measurement.  In the case of voice modulation, the
AS230 produces a baseband signal capable of driving a
headset.  This allows the operator to listen to the
baseband signal and evaluate performance.

The AS231, a single VXI C-size module, contains the
10-MHz to 8.5-GHz Local Oscillator (LO) for the AS230
downconverter.  A future LO module is planned to
extend the measurement frequency range from
8.5 GHz to 18 GHz.

The AS230/AS231 together occupy three VXI C-size
slots.  Figure 2 depicts a block diagram showing an
overview of the major sections on the AS230/AS231.

A. AS230 Signal Analyzer RF Section

The AS230 is a double-width VXI C-size module and is
designed to measure  signals under test between 10
MHz and 18 GHz over an operating input power range
of –40 to +30 dBm.  Figure 3 is the block diagram
describing the RF section of the AS230.



The downconverter accepts a 10 MHz to 18 GHz AM-,
FM-, or PM-modulated carrier over a +30- to –40-dBm
operating power range and translates it to a 500-MHz
IF for acquisition or a 10-MHz IF for measurement.
The input signal is switched between two frequency
bands.

Figure 2  RF Measurement Analyzer Overview Block
Diagram

Figure 3   AS230 Signal Analyzer RF Section Block
Diagram

The first band operates between 10 MHz and 1 GHz
while the second band operates between 1 GHz and 18
GHz.  The AS231 provides a 10-MHz to 8.5-GHz LO
signal that drives the respective mixers in the two
bands.  The AS230 RF section is capable of operating
10 MHz to 18 GHz with an alternate LO source.

There are two outputs of the downconverter.  A
wideband, 500-MHz IF detector provides a signal used
during automatic signal acquisition.  This signal is
digitized and processed by the DSP processor to find
the highest-level signal.  The second output provides

the IF signal in a 10-MHz bandwidth.  This IF output is
digitized by a 30-MHz, 12-bit analog-to-digital (A/D)
converter.  The RF section is completely protected
from 1-W signals.

B. AS230 Digital Processing Section

Also contained within the double-width VXI C-sized
module is the digital processing section.  Figure 4 is the
block diagram describing the digital processing of the
AS230.

The high-speed A/D converter digitizes the IF output of
the AS230 downconverter.  The next stage of
downconversion occurs in the digital domain.  Two
digital downconverters (DDCs)—a wideband DDC or a
narrowband DDC—process the digitized IF signal.  The
DDC translates the digitized IF signal to baseband,
applies narrowband filtering, and converts the data to a
complex in-phase and quadrature (I/Q) representation
at a decimated data rate.

For AM- and PM-modulated signals, the narrowband
DDC produces the complex I/Q data.  The data is
demodulated by a Cartesian to polar (C/P) converter
that converts the I/Q data to magnitude and phase with
the following relationships:

• Magnitude = sqrt(I2 + Q2) = Demodulated AM
• Phase = tan-1 (Q/I) = Demodulated PM

The demodulated AM baseband signal is represented
by the magnitude data while the demodulated PM
baseband signal is represented by the phase data.
Additionally, during the PM demodulation process, a
carrier tracking loop is utilized to servo the
downconverted signal to 0 Hz.  This carrier tracking
loop allows for automatic phase/frequency carrier
tracking required to perform precise phase difference
measurements.

For FM modulated signals, the narrowband or wideband
DDC is selected depending on the FM rate and FM
deviation.  The resulting complex I/Q FM data is
demodulated by a digital FM discriminator with the
following relationship:

Frequency = df/dt = d(tan-1 (Q/I))/dt = Demodulated FM

The discriminator processes the C/P converter phase
output with a first-order differencer followed by a
correction filter.  The first order differencer (a subtractor
calculating:  Df = fn – fn-1) approximates the first
derivative of phase, while the correction filter linearizes
the approximation.  Additionally, during the FM
demodulation process, a carrier tracking loop servos
the downconverted signal to 0 Hz.  The carrier tracking
loop filter cutoff frequency is set much lower than the
minimum FM rate to reject residual FM of the carrier.



This carrier tracking loop provides the automatic
phase/frequency tracking required to perform precise
FM measurements.

C. AS230 Signal Analyzer Detector Description

The outputs of the AM, FM, or PM demodulators are
routed to a digital filter where a selectable lowpass filter
is applied to the baseband signal.  The filtered
baseband signal is then read by a 50-MHz embedded
Texas Instruments TMS320C40 DSP.  The TMS-
320C40 is a 32-bit floating point digital signal processor
providing up to 275 million operations per second
(MOPS).  The TMS320C40 performs the various
detector algorithms required for modulation
measurement.  The detectors include:

• Positive peak deviation
• Negative peak deviation
• Average of the positive peak deviation
• Average of the negative peak deviation
• Maximum positive peak deviation (peak hold)
• Maximum negative peak deviation (peak hold)

Figure 4   AS230 Digital Processing Section Block
Diagram

The resulting modulation measurements are reported to
the test controller via the VXI interface.  Additionally,
the TMS320C40 controls the AS231 LO module via the
VXI local bus.

D. AS230 Analog Baseband Output

Although not specified for all uses, the baseband signal
output provided by the AS230/AS231 has the capability
to produce a voice signal (as an analog baseband
signal) that can be used to test a communications radio
set.

After digitally processing the baseband signal, the
Signal Analyzer produces the signal with a digital-to-
analog (D/A) converter.  The output reproduces the
baseband signal with a 15-kHz bandwidth and 5% of

full-scale accuracy.  The output can drive 1 Vpp into
600 W.  This capability allows the operator to connect a
simple headset to the RF measurement analyzer
baseband output and listen to a voice signal from a
radio.

E. AS231 Local Oscillator (LO) Module

The AS231 is a single-width, C-size VXI module
containing the companion 10-MHz to 8.5-GHz LO
required for the AS230 downconverter to translate the
signal under test to the IF band.  The AS231 block
diagram is shown in Figure 5.  The AS230 RF
Measurement Analyzer controls and monitors the
AS231 LO via the VXIbus backplane local bus.  The LO
phase noise characteristics are sufficient to meet
normal residual FM measurement requirements.  For
future higher-frequency applications, ARGOSystems’
10-MHz to 18-GHz VXI LO module will go beyond the
existing 10-MHz to 8.5-GHz LO to extend RF
measurement capability to 18 GHz.

Figure 5   AS231 LO Block Diagram

III. BEYOND AM, FM & PM...

ARGOSystems is an industry expert with respect to
DSP technology and its application to signal
interception/measurement.  ARGOSystems has
extensive experience in AM, FM, and PM
measurements, but with other modulation formats such
as frequency hopping and spread-spectrum
communication signals that military communication
sets may utilize.  We have designed in the flexibility to
extend the DSP algorithms of the RF Measurement
Analyzer to accommodate other communications
signals such as these.  Future algorithms, such as
spectrum analysis, could be added to extend the RF
measurement analyzer function.

Carrier
Tracking
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For more than 15 years, ARGOSystems has been
involved in modulation analysis using DSP techniques
in both the time domain and frequency domain.
Currently, ARGOSystems is applying other applications
for this type of technology in areas such as commercial
wireless and satellite telecommunications.  While
designing the AS230/AS231 for high-performance
measurement applications, the unit uses DSP
techniques similar to those that ARGOSystems has
applied to many defense applications.  ARGOSystems
believes that our background with communication
receiver and DSP signal measurement places our
company in an excellent position to assess other RF
measurement approaches.

A. Packaging

The AS230 Signal Analyzer/AS231 LO is a high-
performance RF measurement instrument utilizing
current microwave and DSP technology.  Modern
digital design techniques, such as electronically
programmable logic devices (EPLDs) and field
programmable gate arrays (FPGAs) are utilized to
reduce parts count and increase reliability.

B. Calibration

The AS230 and AS231 RF measurement analyzer,
combining modern microwave technology and a
flexible DSP approach do not require any calibration or
alignment processes to guarantee instrument
performance.

IV. APPLICATION & SOFTWARE

The AS-230/231 provides the technician the full use of
its capabilities through a “virtual instrument” (VI) panel.
This is displayed on the test system controller as a
graphical front panel for the instrument, allowing the
operator to select instrument functions in a similar
manner to a manual benchtop instrument that has a
real set of instrument switches, dials, displays and
indicators.

Once the individual instrument function is initiated, a
window is displayed that is unique for the controls and
displays appropriate for RF Measurement Analysis.
These graphic displays are made to look and act similar
to traditional, manually-controlled, instrument panels.

This instrument panel is made to have a similar
appearance and operation to all other VXI panels.  It
offers push-buttons for Help, About, Close/Exit, and
instrument feature selection.  It identifies the
instrument, its activity indicator, slot number in the VXI

chassis, and instrument settings/modes and
set/measured values.

Selecting the Help button on an instrument panel
causes a display of helpful information on how to use
the instrument.  With this Help window displayed,
moving the cursor over any feature of the instrument
panel will cause the information about that item to show
in the Help window.  The Help window can be moved
around the display by click-dragging on its top header
bar.  This Help window can be closed as with any
standard window.

From this point, the VI Panel can be used to
control/monitor the instrument’s functions, and to
observe measured results.

The instrument panel can be moved around the display
at the discretion of the operator by click-dragging the
cursor on the panel’s top banner and positioning the
panel as desired.

The instrument display panel has many standard
operating features.  Figure 6 shows the panel for the
RF Measurement Analyzer.

Figure 6 Virtual Instrument Panel for the AS-
230/231 RF Measurement Analyzer

The instrument is identified in the upper left of its panel.
This shows the instrument’s functional name, the
manufacturer, the instrument model number, and the
VXI chassis slot where it is located.

The program name for the panel is identified in the
banner at the top of its panel.  This typically shows the
instrument’s manufacturer/model, and its functional
name.



As with all VXI instruments, the VXI Plug&Play Logo is
displayed in the upper right of the panel.

A circular, green indicator is shown on the upper right
with the label “Active” next to it.  This is illuminated
when the panel is able to determine that the instrument
is active in the system, and is available for use.

At the lower right of the panel is the “Close” button.
When pressed, it will cause the instrument panel to be
terminated, causing its panel to disappear from the
Test Controller’s display.

At the lower right of the panel is the “About” button.
When pressed, it will cause the instrument panel to
display a window of information about the instrument
on the Test Controller’s display.  That information
window must be closed to proceed.

At the lower right of the panel is the “Self-test” button.
When pressed, it will cause the AS-230/231 to execute
a self test of its operation, and report the results.

At the upper right of the panel is a general purpose,
display window “Close” button, displayed as a small
square button with an “X” in the middle.  When pressed,
it will cause the instrument panel to be terminated,
causing its panel to disappear from the Test
Controller’s display.

At the upper right of the panel is the “minimize” button.
When pressed, it will cause the instrument panel to
shrink to a minimum size on the Test Controller’s
display.  To expand to the original size, simply double-
click on the minimized form of the panel.

For consistency, the instrument panel boxes with
information are colored.  Boxes containing information
the operator may enter or change are colored white.
These boxes are generally placed at the bottom of the
panel.  Boxes containing measured information are
yellow. These boxes are generally placed at the top of
the panel.

Up/Down arrows on buttons indicate that a pull-down
menu of options will be displayed if the operator clicks
on it.  These options can be selected using the click-
select technique of the Trackball/Mouse button.

V. RF MEASUREMENT ANALYZER EXTENDIBLE TO
18 GHZ

During the development of the RF measurement
analyzer, ARGOSystems’ implementation allowed a
unique flexibility that could allow the operation of this
instrument up to 18 GHz, rather than limit it to 8.5 GHz

of the initial need.  This was particularly attractive since
other COTS markets for this VXI module would like to
see it used as a direct replacement for the HP 8901 RF
Modulation Analyzer.  By careful selection of
architecture, ARGOSystems was able to design the
AS230 Signal Analyzer front end RF tuner to
accommodate frequencies to 18 GHz with minimal cost
of higher-frequency components.  The AS231 Local
Oscillator module, used with the AS230 Signal
Analyzer, operates from 10 MHz to 8.5 GHz.
ARGOSystems plans to build a 10-MHz to 18-GHz
local oscillator (LO) in the future to provide complete
10-MHz to 18-GHz coverage.  This not only lowered the
risk of meeting the initial requirements for 8.5 GHz, but
also provides a path for extended operation of testing
at higher frequencies, expanding the set of systems it
can support.  As configured, the RF measurement
analyzer will work to 18 GHz if another LO source is
used in place of the AS231.

The internal design of the RF measurement analyzer is
implemented with digital signal processing (DSP)
technology.  The input signal is downconverted by the
AS230/AS231, then digitized via a high-speed analog-
to-digitizer (A/D) converter.  It is then subjected to a
DSP pipelined demodulation process in the DSP
subsystem, where the measured characteristics of the
RF signal are determined and returned via the VXI
interface to the test controller.  Algorithms have been
defined for the required AM, FM, and PM
measurements.  However, additional signal analysis
could also be implemented with the expansion of the
DSP algorithms to accommodate future needs to
measure special signal characteristics.  This could be
helpful in such signal types as spread spectrum,
frequency hopping, or future communication
modulation schemes.  The DSP algorithms could also
implement spectrum analyzer functions.

It is also important to note that our implementation of
the RF measurement analyzer reconstructs the
baseband signal and provides this as an analog output.
This can be an invaluable output signal to a headset
when troubleshooting communications equipment.

VI. SUMMARY

The development of the AS-230/231 was a challenging
effort.  Two ARGOSystems engineers deserve the real
credit for this significant achievement.  Bill Gray
initiated the overall design and architecture, and Larry
Cohen completed the integration of the prototype unit
and its software.


