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he use of software radio technology 
has spread to almost every commer-
cial, consumer, government, indus-

trial, and military platform across the entire 
radio frequency spectrum during the tech-
nology's 25-year lifespan. Innovations in 
data converter technology, DSP devices, sys-
tem interconnects, processors, software, 
design tools, and packaging techniques have 
improved performance levels and reduced 
the size, weight, and power consumption of 
software radio systems. However, the rapid 
surge in software radio applications 
spawned ad hoc, proprietary interfaces 
between the elements in these systems. 

More than ten years ago, government 
and military customers realized this com-
plexity was undermining software radio's 
reliability and maintainability as well as hin-
dering feature upgrades and technology 
refresh cycles. They also wanted to improve 
compatibility between vendors and reuse 
software radio hardware platforms for dif-
ferent types of signals and new applications 
in the future. So those interested in address-

ing these issues started work on VITA 49.0, 
which became known as VRT, for VITA 
Radio Transport.

This article describes the challenges 
inherent in traditional software radio archi-
tectures, how the VRT protocol addresses 
those challenges, and how additions and 
refinements to VRT will provide even more 
benefits to software radio technology.

Traditional Software Radio 
Architecture

The essence of software radio is the 
replacement of analog radio functions with 
digital signal processing. But, because all 
software radio systems ultimately need 
some analog RF connection to an antenna, 
they always include some analog circuitry 
between the antenna and the digitizer. 

This critical link provides gain, filtering, 
frequency translation, and other operations 
to ensure that the digitizer responsibly cap-
tures the signal band of interest while mini-
mizing aliasing, distortion, and noise. 

Because ADCs with 
the highest resolu-
tion operate at lower 
input signal frequen-
cies, high frequency 
RF signals are usually 
translated to lower IF 
frequencies before 
digitizing to maxi-
mize dynamic range. 
These digitized sig-
nals are then 
exploited by the 
appropriate DSP 
hardware and soft-
ware to meet the 
tasks at hand.   „
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Figure 1 shows the typical topology of 
a traditional multiband software radio sys-
tem, often referred to as “stovepipe” archi-
tecture. The red lines show analog signal 
paths consisting of coaxial cables, connec-
tors, distribution amplifiers, and switches. 
Each path satisfies the specific signal rout-
ing requirements of a particular installa-
tion, analogous to fitting a series of 
different sections of stovepipe between a 
wood stove and the chimney.

Multiple ADC and DAC blocks pro-
vide the analog/digital interface between 
analog IF signals and digital IF samples. 
Even after digitizing, stovepiping tech-
niques are continued to distribute the dig-
ital IF signals to connect the various signal 
processing blocks required, as shown in 
green. And, each of these digital links 
might require unique signal levels, data 
rates, bit widths, and protocols.

This complex and proprietary maze of 
interconnections not only undermines 
reliability and maintainability, but also 
impedes feature upgrades and technology 
refresh cycles. VRT to the rescue! 

A Better Way: VRT-Enabled 
Software Radio

Figure 2 shows the system concept for 
VRT. Notice the critical RF analog connec-
tions to the antennas remain essentially 
the same, but the transceivers now incor-
porate the analog RF signal conditioning, 
translation to IF, and the ADC and DAC 
functions. These transceivers now send 
and receive digitized IF signals shown in 
blue lines as VRT Enabled Digital IF links, 
replacing most of the analog signal distri-
bution shown in Figure 1.

These VRT links are routed through 
COTS network switches to the appropriate 
signal processing blocks, providing flexi-
ble interconnections that can easily 
accommodate functional changes, 
upgrades, and new technology insertion. 
The VRT protocol does not specify a spe-
cific physical layer or link layer, so it can be 
delivered across virtually any link that sup-
ports packets. 

While such connectivity is valuable, 
VRT boosts the significance of these signal 

streams by coupling them to critical infor-
mation about the signals, called metadata.  
Figure 3 (on the next page) shows the typ-
ical blocks of a software radio receiver. The 
RF Tuner/Translator and ADC produce 
digital IF samples, which can be optionally 
down-converted with a DDC to produce 
baseband samples instead of IF samples. 
Operational parameters for all sections of 
the receiver are delivered by various means 
from a system controller.

So far, this architecture is fully consis-
tent with the essential blocks of a conven-
tional software radio receiver. Transform-
ing it into a VRT receiver consists of orga-
nizing the IF output data samples into 
structured packets, which also contain 
header information for stream ID and a 
time stamp, thus forming the VRT IF Data 
Packets.  

In addition, operating parameters of 
each element are gathered and inserted 
into well-defined fields of VRT Context 
Packets. Together, the VRT IF Data 
Packets and Context Packets form the 
VRT Information Stream ready for  „ 

 Figure 1.  Traditional “Stovepipe” Software Radio

Figure 1

 Figure 2.VRT-Enabled Software Radio
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processing  by a VRT Signal Processor, 
which knows precisely how to extract the 
data and process it according to its context 
from the metadata.  

VRT Benefits 
Key Applications

Software radio SIGINT and COMINT 
systems attempting to locate, identify, and 
monitor a wide range of unknown signals 
can extract many useful facts from the 
VRT Information Stream. These can 
include the azimuth and elevation of a 
directional antenna, the reference power 
level of the RF signal, the bandwidth and 
tuning frequencies of the RF tuner and 
DDC, the sample rate of the ADC, the fre-
quency accuracy RF tuner and sample 
clock, a signal ID tag, and the time stamp.  

Particular emphasis is devoted to time 
stamp accuracy. VRT time stamps allow 
beamforming applications to compare 
absolute time and phase differences 
between signals received from multiple 
antennas to calculate distance, location, 
speed, and heading of a transmitter. Like-
wise, a multi-element diversity receiver 
can exploit VRT time stamps to create 
delays and phase shifts in each antenna 
signal path to maximize receptivity in a 
particular direction. 

Absolute time can be derived from 
GPS receivers, so that software radio 
receivers separated by great distances can 
be synchronized to capture signals at the 
same time. This can be very useful for 

tracking signals from satellites or even 
from sources in deep space.

Radar systems must capture reflected 
pulses during precise intervals of time rel-
ative to the outgoing radar pulse, usually 
defined as a range gate. When the received 
data is captured, VRT delivers a time 
stamp to the radar processing engine, 
showing the exact arrival time of the 
return signal.

Before VRT, systems relied on compli-
cated local interfaces between the receiver 
and the processor to ensure coherency for 
a given task. VRT provides an elegant solu-
tion by encapsulating parameter and tim-
ing information along with the data. A 
major benefit here is that the VRT Infor-
mation Stream can be delivered to any 
number of remote processing facilities, 
while fully preserving the critical metadata 
and time stamp. 

VRT Evolves and Improves 
via VITA 49.2

Approved as an ANSI standard in 
2007, VITA 49.0 represented the first offi-
cial standard for VRT, but it only defined 
receiver functions using the VRT IF Data 
and Context packets, as shown in Figure 4 
(on the next page). After demonstrating its 
usefulness by early adopters, system 
designers wanted to extend its scope to 
encompass even more elements of soft-
ware radios. The original VITA 49.0 stan-
dard omits support for transmitters, 

control and status functions, and any sig-
nals other than digital IF.

To address these shortcomings, a new 
initiative called VITA 49.2 is now under-
way, with new packet classes represented 
in Figure 5 (on the next page). The origi-
nal IF Data Packet is replaced with the Sig-
nal Data Packet, which not only supports 
digitized IF signals, but also baseband sig-
nals, broadband RF signals, and even spec-
tral data. Signal Data Packets are 
backwards compatible with IF Data Pack-
ets, with new identifier bits specify the 
data type.

To support both sides of radio, Signal 
Data Packets can now be used for transmit 
data, supporting baseband, IF, and RF sig-
nals. Here, the time stamp dictates the 
transmit time, which is especially useful 
for generating precisely-timed radar 
pulses. Multi-static radar systems use one 
antenna for transmitting pulses and other 
remotely located antennas for capturing 
the reflected pulses. Through GPS syn-
chronization, VRT can be used to coordi-
nate transmit and receive signals at each 
site. 

Spectral survey systems are in wide-
spread use for detecting and recording sig-
nals of interest. Under VITA 49.2, Signal 
Data packets can carry digitized spectral 
information from scanning receivers, and 
deliver packets to analysts anywhere in the 
world. These packets maintain full context 
information regarding location, circum-
stances and conditions, as well as a precise 
time stamp.   „

 Figure 3.Typical VRT Software Radio Receiver Delivering VITA 49.0 IF Data and Context Packets
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Gaining Control

Another deficiency of VITA 49.0 was 
its lack of control of software radio 
resources. Figure 3 highlighted many of 
the common parameters needed for each 
radio element and the importance of 
reporting them through Context Packets.

 VITA 49.2 adds a new packet class 
called Control Packets, which allow the 
VRT System Processor to deliver operat-
ing parameters to each element using stan-
dardized fields and formats. This supports 
a consistent control interface across a wide 
class of hardware, ranging from antenna 
positioning systems to transmit power 
amplifiers. 

The original Context Packet is also sig-
nificantly enhanced in VITA 49.2. Many 
more types of metadata are supported for 
new details and richer information about 
the signal data. As a natural consequence 

of adding VRT Control Packets, Context 
Packets were also extended by adding new 
Acknowledge Context Packets to verify 
successful completion of the control com-
mands. In response to each Control 
Packet, they not only report current oper-
ating parameters but highlight any dis-
crepancies or problems in executing the 
new commands. This comprehensive and 
complimentary control/status protocol of 
VRT provides an essential function for 
cognitive radio, adaptive spectral manage-
ment, electronic counter measures, and 
other critical applications.

Capabilities Context Packets

Because each software radio resource 
is unique, VITA 49.2 added yet another 
type of Context Packet called the Capabil-
ities Context Packet. This allows a VRT 
resource to respond to the system with a 

complete set of its operational specifica-
tions including minimum and maximum 
limits of each programmable parameter. 
This may include frequency tuning range, 
bandwidth settings, range of programma-
ble gain, antenna azimuth angle limits, and 
range of transmit power levels. 

Capabilities Context Packets also pro-
vide additional characteristics such as: 

• the settling time when switching tuning 
frequency, bandwidth, or gain

• the angle slew rate for a movable dish 
antenna

• frequency accuracy and stability

• time stamp and ephemeris accuracy

• operating temperature range

• tolerance limits for shock and vibration

• the effects of temperature drift and 
aging. 

In theory, a VITA 49.2 System Proces-
sor can connect to a new, unknown soft-
ware radio resource and automatically 
discover everything it can do, how to con-
trol and monitor its operation, and how to 
successfully exchange receive and transmit 
signals. In practice, Capabilities Context 
Packets will be most useful when develop-
ing new applications on existing plat-
forms, and in reacting responsibly to new 
threats or circumstances during deployed 
operations.    „

 Figure 5. VITA 49.2 Will Add Control, Acknowledgement, Capabilities, and Transmitter Packets

 Figure 4.VITA 49.0 System Overview with 
IF Data Packets and Context Packets
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Putting VRT to Work

Many vendors are now delivering 
VITA 49.0 compliant products. Fortu-
nately, adding VRT features to a legacy 
software radio product is a reasonable 
effort, especially if it contains an FPGA. 

In response to a customer require-
ment, Pentek modified one of its most 
popular software radio XMC modules to 
deliver VITA 49.0 output packets contain-
ing precise time stamping, stream identifi-
cation, and baseband signal data samples. 
Since all of the required underlying func-
tional blocks had already been imple-
mented in a Virtex-6 FPGA, most of the 
modifications involved formatting the 
data samples, timing counters, and stream 
ID parameters. Then a VITA 49.0 state 
machine was created to form VRT IF Data 
Packets by filling in the appropriate 
parameter fields. A software switch allows 

selection of the original output mode or 
the new VITA 49.0 protocol.

Looking Ahead

Because of its extensive scope and 
promising benefits, VITA 49.2 is still 
under development in the VSO working 
group, with balloting expected in the near 
future by active members representing 
three major interest groups:

• Government and military organiza-
tions, who use and specify software 
radio systems for defense sectors and 
intelligence agencies. 

• Universities and research laborato-
ries, often funded through government 
grants, who push the technology enve-
lope of software radio by developing 
new waveforms, detection algorithms, 
signal exploitation techniques, spectral 

management strategies, 
electronic countermea-
sures, and new methods 
of encryption and secu-
rity. 

• Equipment vendors 
and system integrators, 
who bring engineering 
skills, packaging experi-
ence, project manage-
ment, and familiarity 
with open architecture 
standards for embedded 
software radio systems.  

Participants from each 
of these three groups are 
motivated by the many tan-
gible benefits derived from 
their efforts. Like any suc-
cessful standard, VITA 49.0 
continues to evolve as new 
technology emerges, and 
through feedback from real-
world deployment. With so 
many clear benefits and rel-
atively little extra complex-
ity, VRT is expected to mark 
the trail for new and future 
software radio systems. 

Pentek Adds VITA 49.0 
Protocol Engine to 

Cobalt FPGA Boards
Pentek recently introduced the newest 

member of its popular Cobalt® family of 
high-speed data converter XMC FPGA 
modules: the 4-channel Model 71664, a 
200 MHz 16-bit A/D with programmable 
digital downconverter, based on the Xilinx 
Virtex-6 FPGA. Model 71664 is the first 
Pentek product to include an IP engine for 
the VITA 49.0 Radio Transport (VRT) 
protocol.

"VRT is the future of software defined 
radio," said Paul Mesibov, Pentek's VP of 
Engineering. "The protocols defined in 
VRT provide data and context packets 
that standardize the way information is 
transported from radio to signal process-
ing equipment. Pentek has invested heav-
ily in supporting the definition of VRT." 

Pentek is a co-sponsor and key con-
tributor to the VITA 49.0 standards devel-
opment effort. For more information 
about VITA 49.0, see VITA 49.0: The 
Future of Software Radio starting on 
page 1.

A/D Converter Stage

The Model 71664’s front end A/D con-
verter stage accepts four analog HF or IF 
inputs on front panel SSMC connectors, 
with each transformer-coupled to Texas 
Instruments ADS5485 200 MHz, 16-bit 
A/D converters. The 200 MHz sampling 
rate handles the needed bandwidth for a 
wide range of signal processing applica-
tions.   „Model 71664

Model 71664
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Performance IP Cores

Model 71664 comes preconfigured 
with a suite of built-in functions for digital 
down conversion, data capture, synchroni-
zation, time tagging, and formatting, mak-
ing them ideal turn-key interfaces for 
radar, communications, or general data 
acquisition applications. IP modules for
A/D acquisition, DDC, DDR3, or QDRII+ 
memories, programmable beamforming, 
controller for data clocking and synchro-
nization, and a VRT protocol engine are all 
included.

Development Tools and 
Software Support

Pentek offers both PC and VPX 
SPARK development systems, so designers 
can start immediately on application plat-
forms. Created to save engineers and sys-
tem integrators the time and expense 
associated with building and testing a sys-
tem, SPARK ensures optimum perfor-
mance of Pentek boards.

The Pentek ReadyFlow® Board Support 
Package is available for Windows and 
Linux operating systems. ReadyFlow is 
provided as a C-callable library: a com-
plete suite of initialization, control and sta-
tus functions, as well as a rich set of 
precompiled, ready-to-run-examples, to 
accelerate application development. 
Extensions to support VITA 49.0 are 
included in the BSP.

For systems that require custom func-
tions, IP can be developed using the Pen-
tek GateFlow® FPGA Design Kit, 
extending or even replacing the factory-
installed functions. Software support 
packages are available for Linux and Win-
dows operating systems.

Form Factors

 Model 71664 is designed for both rug-
ged and lab environments and is available 
in CompactPCI (Models 3U 73664, 6U 
74664), AMC (Model 56664), PCIe (Mod-
els 78664) and VPX (Models 3U 52664/
53664, 6U 58664).  

As a Certified Member of Xilinx's Alli-
ance Program, Pentek has passed a com-
prehensive 320-point review of its 
technical, business, quality, and support 
processes and has engineers who com-
pleted the same rigorous training used by 
Xilinx Field Application Engineers world-
wide. Pentek continues to demonstrate 

expertise with Xilinx devices and imple-
mentation techniques and consistently 
delivers high-quality products and ser-
vices utilizing Xilinx programmable plat-
forms. As a certified member of Xilinx's 
Alliance Program, Pentek will have early 
access to Xilinx's technology road map. 

As a certified member of  Xilinx’s Alli-
ance Program, Pentek’s profile is on 
Xilinx's website.  

Pentek's use of Xilinx FPGA technol-
ogy is described on Pentek's website.   

Model 71664 (continued)

Software Defined Radio 
Handbook

Putting FPGAs to Work for
Software Radio Handbook

Pentek is a Certified Member of
Xilinx’s Alliance Program

Free Software Radio Resources from Pentek
To view the video or download a handbook, click on its image.
6

http://www.xilinx.com/alliance/memberlocator/1-8dv3-233.html
http://www.pentek.com/go/fpgaoverview
http://www.pentek.com/go/pipeSPARK
http://www.pentek.com/go/pipe73664
http://www.pentek.com/go/pipe74664
http://www.pentek.com/go/pipe56664
http://www.pentek.com/go/pipe78664
http://www.pentek.com/go/pipe52664
http://www.pentek.com/go/pipe53664
http://www.pentek.com/go/pipe58664
http://www.pentek.com/go/pipe71664
http://www.pentek.com/go/pipe71664
http://www.pentek.com/go/swradiobasics
http://www.pentek.com/go/sdrhbook
http://www.pentek.com/go/sdrhbook
http://www.pentek.com/go/sdrhbook
http://www.pentek.com/go/fpgaswradiohb
http://www.pentek.com/go/fpgaswradiohb
http://www.pentek.com/go/fpgaswradiohb
http://www.pentek.com/go/fpgaoverview
http://www.xilinx.com/alliance/memberlocator/1-8dv3-233.html
http://www.xilinx.com/alliance.html
http://www.xilinx.com/alliance.html


SystemFlow Software for 
Talon Recording Systems

Pentek's SystemFlow® Software 
provides the tools necessary to analyze 
and record RF signals without com-
plex configuration or programming. A 
simple and intuitive GUI allows for 
out-of-the-box operation of any Talon 
Recording System with point and click 
parameter selection, simple profile 
creation and automatic file naming. 
The SystemFlow Signal Viewer pro-
vides a virtual oscilloscope, virtual 
spectrum analyzer and spectrogram 
display prior to, during and after a 
recording session.

To take an 8 1/2 minute video tour 
of SystemFlow, click here or click the 
image of the video.

Talon RTR 2729A:
3.6 GS/sec Ultra Wideband 
RF/IF Rugged Portable 
Recorder

The RTR 2729A provides the per-
formance of rackmount recorder in a 
lightweight portable package. With a 
3.6 GHz 12-bit A/D, built-in digital 
downconversion and up to 30 TB of 
SSD storage, this portable recorder 
allows users to capture extremely wide 
bandwidth signals in real time for 
hours.

In this 5 1/2 minute video, Chris 
Tojeira, Talon Systems Manager, 
explains and shows the key features of 
the Talon 2729A, including the remov-
able storage drives and system drive.

To view the video, click here or 
click the image of the video.

Pentek: 30 Years of Technical Excellence

It's difficult for some people to imagine what technology was like in 1986 
during the time period in which a 6 MHz computer with a 20 MB hard drive 
was state-of-the-art – and processing data would take hours. 

We can all fully appreciate where technology is today: 1,000 times faster – 
and in milliseconds processing is complete! 

Here at Pentek, we are proud to have witnessed, discovered, optimized, 
and innovated all of the new technology over the past 30 years. We thank you 
for your support as we continue to thrive and provide you with high-
performance products needed for your leading-edge data acquisition, digital 
signal processing, and software radio applications.  

"Pentek takes pride in listening to its customers and creating new 
products to meet their needs. We promise an atmosphere of freedom and 
creativity among our engineers, so they can design industry-leading 
products to satisfy the most demanding applications. This has been the key 
to our success through the years."

-- Rodger Hosking, Vice President

Pentek’s founders are shown in the photo above (left to right): 
Danny Shamah, President
Rodger Hosking, Vice President
Paul Mesibov, Vice President, Engineering

Information about Pentek’s 30-year history can be found here.  
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Talon Recorders Inside and Out: Two New Videos

SystemFlow Software for 
Talon Recording Systems

Pentek's SystemFlow® Software 
provides the tools necessary to ana-
lyze and record RF signals without 
complex configuration or program-
ming. A simple and intuitive GUI 
allows for out-of-the-box operation 
of any Talon Recording System with 
point and click parameter selection, 
simple profile creation, and auto-
matic file naming. The SystemFlow 
Signal Viewer provides a virtual 
oscilloscope, virtual spectrum ana-
lyzer, and spectrogram display prior 
to, during and after a recording ses-
sion.

To take an 8 1/2 minute video 
tour of SystemFlow, click here or 
click the image of the video.

Talon RTR 2729A:
3.6 GS/sec Ultra Wideband 

RF/IF Rugged Portable 
Recorder

The Talon RTR 2729A provides the 
performance of a rackmount recorder 
in a lightweight portable package. 
With a 3.6 GHz 12-bit A/D, built-in 
digital downconversion, and up to 30 
TB of SSD storage, this portable 
recorder allows users to capture 
extremely wide bandwidth signals in 
real time for hours.

In this 5 1/2 minute video, Chris 
Tojeira, Talon Recording Systems 
Director, explains the key features of 
the Talon 2729A, including the remov-
able storage drives and system drive.

To view the video, click here or click 
the image of the video.
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