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Abstract

Extension of the SCA core framework inside of the modem
architecture of a software defined radio requires special con-
sideration for managing the non-CORBA-enabled devices.
This is especially true of devices that maintain direct hardware
connections between each other in support of the high-speed
low-latency communications required by many waveforms.
This article illustrates the application of the SCA core frame-
work for these types of modem architectures, including aggre-
gating devices in support of direct hardware interconnects
between components and the incorporation of a switched fab-
ric communications infrastructure within the overall modem
architecture.

Introduction

A key enabler for software defined radio (SDR) technology is
the Software Communications Architecture (SCA) developed by
the Modular Software-Programmable Radio Consortium
(MSRC) under contract to the Joint Tactical Radio System
(JTRS) Program Office [1]. This architecture “objectizes” the
radio structure, and defines a standard application framework
(referred to as the core framework) for instantiating and connect-
ing the waveform objects associated with each radio channel.

The SCA is designed to ensure portability of waveforms
across the various radios in the JTRS family. There are limits,
however, on the level of portability supported. The SCA does
not constrain the modem architecture, allowing the use of any
combination of general-purpose processor (GPP), digital sig-
nal processor (DSP), and field programmable gate array
(FPGA) devices the radio developer deems necessary within
the modem to support the physical layer implementation of
the target waveforms. As such, one radio developer may
choose to implement the modem architecture using a set of
processing devices that are connected together in a specific
manner. This architecture may be fundamentally incompatible
with software components developed by another radio vendor
targeting a different set of devices or interconnect topology.
Waveform portability in an SCA-compliant radio can there-
fore only be guaranteed at the modem interfaces, as defined
in the SCA 2.2 API supplement [2].

That said, by extending the SCA core framework inside the
modem, a standard mechanism is provided for setting up, tear-
ing down, and controlling software components representing
the algorithmic elements of a modem application running on
the physical devices within the modem architecture. In addition,
the core framework enables the connection of these software
components in a manner that maintains hardware indepen-
dence while ensuring that the modem implementation meets all
performance parameters. Core framework support within the
modem thus extends waveform portability by allowing wave-

form developers to retarget algorithms for a specific modem
application across a range of processing devices while maintain-
ing a common hardware-independent application interface.
This article describes how the SCA core framework can extend
inside the modem architecture in this manner to support
improved waveform portability beyond the modem interface.

Modem Architecture

In general, the use of GPP devices such as PowerPC proces-
sors is indicated wherever possible within the modem archi-
tecture of an SDR. These types of devices support a
POSIX-based operating environment and a programming
model that allows for Common Object Request Broker Archi-
tecture (CORBA)-based communications interfaces, both of
which are required by SCA and serve to maximize the porta-
bility of software components targeted to the devices. While it
is anticipated that eventually all modem processing may be
supported on GPPs, at this time this is not practical in system
implementations for two primary reasons:

*GPP devices are available with adequate processing per-
formance for many waveforms. However, the power utilization
and heat dissipation of these devices is prohibitive in many
size-, weight-, and power-limited systems. As a result, DSPs
are typically required to supplement the GPP to meet modem
architecture power budgets.

* Processor-based devices such as GPPs and DSPs employ
a serial processing architecture that is not appropriate for
many front-end preprocessing functions such as channeliza-
tion (digital down- and upconversion), signal equalization, and
radio frequency (RF) tuning. This problem is compounded
when dealing with wideband waveforms, since the bandwidth
of these waveforms may exceed the usable throughput of the
serial processing architecture. The use of an FPGA-based pro-
cessing element, which gives near application-specific integrat-
ed circuit (ASIC) performance in a programmable device, is
thus often required in the modem architecture.

SDR architectures addressing these issues are well docu-
mented [3-6]. These architectures are summarized in a gener-
ic model illustrated in Fig. 1. In this model, an FPGA is used
for the high-speed front-end modem preprocessing, with
either a GPP or DSP performing the baseband signal process-
ing, depending on the size, weight, and power limitations
imposed on the modem subsystem. Analog-to-digital (A/D)
and digital-to-analog (D/A) converters may be considered part
of the modem or part of the RF transceiver subsystem. When
a GPP is incorporated into the modem architecture, waveform
link layer processing may be supported directly by the modem;
conversely, when a DSP is employed in lieu of a GPP, a com-
mon “host” GPP may be provided outside of the modem
architecture that is shared across all modem channels.
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FIGURE 1. Typical radio hardware architecture for a multichannel SDR.

SCA Support for Processing Devices
Inside the Modem

Support for the SCA core framework within this type of archi-
tecture requires that each of the processing devices within the
radio be exposed to the CORBA-based logical software bus.
This bus is used to set up and tear down software components
on these devices, and to connect and control these software
components through well-defined CORBA Interface Defini-
tion Language (IDL) interfaces. Processing devices such as
FPGAs and DSPs that do not support CORBA-enabled com-
munications each require an SCA logical device adaptor that
resides on a CORBA-enabled processor and acts as a proxy
for the non-CORBA-enabled device within the confines of the
core framework. These logical devices form a bridge between
the SCA logical software bus and hardware-specific applica-
tion programming interfaces (APIs).

The logical devices required to represent each

C An executable logical device running on the modem GPP to
act as a software proxy for the DSP. This device will be
used to load an application resource targeted to the DSP.
Such a resource will consist of code to be loaded onto the
DSP itself and optionally a controller or proxy for the DSP
code to be executed on the GPP.

Finally, a device manager is required for the logical devices
that will run on the modem GPP. The device manager is
instantiated on bootup and will in turn instantiate each logical
device. The logical devices then each register themselves with
the core framework’s domain manager, which manages the
overall radio platform.

To illustrate how these logical devices will be used, consid-
er an example where we wish to instantiate the simple SCA
waveform application depicted in Fig. 2. This application will
run on one of the modem channels identified in Fig. 1, and

modem channel within the context of the SCA

are:

A) An executable logical device running on the
modem GPP to act as a software proxy for the
GPP. This device will be used to execute SCA
application resources on the GPP.

B) An executable logical device running on the
modem GPP to act as a software proxy for the
FPGA. This device will be used to load (since
an executable logical device is also a loadable
logical device) an application resource targeted
to the FPGA. Such a resource will consist of a
firmware core to be loaded onto the FPGA
itself and optionally a controller or proxy for
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the FPGA core to be executed on the GPP.

FIGURE 2. Simple receive only modem application.
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use an off-the-shelf FPGA digital downconverter (DDC) core
and legacy DSP code for frequency shift keying (FSK) demod-
ulation. It will be necessary to wrap these standard compo-
nents as SCA application resources exporting the required
CORBA interfaces. In addition, the SCA requires an assem-
bly controller resource through which the outside world may
interface with the waveform application. Obviously, the DDC
resource must reside on the FPGA and demod resource on
the DSP; however, since the assembly controller communi-
cates exclusively through the CORBA bus, it may reside any-
where.

The data channel between the DDC and demod compo-
nents will be supported through a direct low-latency con-
nection between the FPGA and DSP devices. This is typical
in a modem implementation, since the overhead introduced
by CORBA on such connections is often prohibitive, espe-
cially for wideband waveforms or waveforms supporting
high-rate frequency hopping. Note therefore that the port
connection between the DDC and demod application
resources is not used for signal path data, which is support-
ed exclusively through the use of local API calls. It is
important, however, to maintain the portability of the
waveform application by providing dummy port connections
between the DDC and demod resources to mimic the oper-
ation of these software components on the logical software
bus. These port connections may be used to direct the
establishment of data paths over the direct connections
between the processing devices, or merely as placeholders
for future CORBA-enabled links.

To deploy this waveform application on a specific modem
channel, the radio’s user interface invokes the core frame-
work’s application factory’s create operation. When this
occurs, the application factory performs a variety of tasks that
instantiate the waveform on available devices within the radio
based on the software assembly descriptor (SAD) for the
waveform application. As a first step in this process, the appli-
cation factory locates, for each software component required
by the waveform application, an available logical device that
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FIGURE 3. Use of a cumulative logical device to aggregate the
FPGA and DSP logical devices.

can support that component by means of the allocateCapacity
operation. The problem inherent in this device selection is
that the FPGA and DSP devices identified in this operation
may not necessarily have a direct connection between them:
the FPGA could be on one modem card, the DSP on another.
To address this issue in a generic manner, there are two possi-
bilities:

*Force the selection of specific processing devices by pass-
ing the device assignments to the application factory as an
argument of the create command. This technique is not terri-
bly useful in a multichannel modem, since it requires a sepa-

Front-end control

7 GPP
FPGA DSP
Modem
FPGA DSP device
image image manager
device device
RF - FPGA DSP
transceiver DDC Demod API API
and image image IoGg?fal CORBA bus
converters g
DDC Demod
proxy proxy
DDC Demod Cumulative
AP AP logical
device
Waveform setup and control
| Modem

FIGURE 4. Software component deployment for the example waveform application. Core framework components are in deeper green.
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with Steps E through G assume that
o bric instantiation of the assembly controller

port has occurred on a remote processor
prior to the establishment of the port
connections. These three steps are
repeated for the connections between
the demod proxy and the assembly
controller. A diagram illustrating the
final component deployment within the
modem for this waveform is provided
in Fig. 4.

The port connections between the
assembly controller and the processing
resources are used to control the vari-
ous functions within the DDC and the
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FIGURE 5. Use of RapidIO switched fabric interconnect in an SCA-compliant radio.

rate configuration for each instantiation of a common wave-
form that is specific to a set of devices.

*Instantiate a logical device that aggregates each valid
FPGA and DSP pair into a new logical device. The device
manager on the modem GPP will establish port connections
between this new cumulative logical device and the local
FPGA and DSP logical devices, as appropriate, to allow the
cumulative logical device to act as a device facade on the logi-
cal software bus (Fig. 3) by delegating its operations to one or
both of its subordinate devices. This technique allows the indi-
vidual DSP and FPGA logical devices, as well as the cumula-
tive logical device, to be exposed to the application factory,
which allows a great deal of flexibility in assigning device
resources for other waveforms.

Through the use of this cumulative logical device, the tasks
that are performed by the application factory to instantiate
the modem application include:

A) Allocating capacity on the cumulative logical device for
the DDC component by calling allocateCapacity. The cumula-
tive logical device delegates this call to its associated FPGA
logical device for the DDC image that will be loaded onto the
FPGA and for a software proxy for the DDC that will run on
the local GPP.

B) Allocating capacity on the cumulative logical device for
the demod component by calling allocateCapacity. The cumu-
lative logical device delegates this call to its associated DSP
logical device for the demod image that will be instantiated on
the DSP and for a software proxy for the demod that will run
on the local GPP.

C) Executing the DDC component on the cumulative logi-
cal device. The cumulative logical device delegates this call to
its associated FPGA logical device, which in turn instantiates
the software component that will act as the proxy for the
DDC image and loads the DDC image on the FPGA.

D) Executing the demod component on the cumulative
logical device. The cumulative logical device delegates this call
to its associated DSP logical device, which in turn instantiates

demod via the logical software bus.

For example, the following procedure

would be utilized to change the center

frequency of the DDC using the estab-
lished ports following a remote call to the assembly controller
from the radio’s user interface:

A) The assembly controller calls the change center frequency
function of the DDC resource, passing the new center fre-
quency in the argument of the call.

B) The DDC resource uses a local API call to communicate
with the FPGA to change the center frequency of the
DDC.

C) The FPGA signals the DDC resource through a local API
when the change is complete.

D) The DDC resource signals the assembly controller that
frequency has changed. This could be done as a return on
the control call from the assembly controller, or as a sepa-
rate acknowledge call.

Switched Fabric Interconnects

The need to support cumulative logical devices in the radio
core framework component deployment to provide support
for low-latency connections between critical processing ele-
ments inherently limits the flexibility of the radio architecture,
and may lead to an increase in the overall cost of the radio
platform. One answer to this problem that has been discussed
in the literature [6, 7] is to incorporate a high-speed switched
data fabric, such as serial RapidlO, between the processing
elements, as shown in Fig. 5. These interconnects provide a
low-latency any-to-any connection between the processing ele-
ments, providing the maximum in flexibility while supporting
virtually any waveform.

Core framework support for a switched fabric interconnect
is provided through the logical devices for each processing
element. Each logical device defines one or more connections
between the processing device it represents and the switched
fabric through which it wishes to communicate. Connections
between application software components are then made via
the logical devices on which they are loaded. For example, if
the simple application in Fig. 2 was to be retargeted to a
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switched fabric architecture, it would be connected

as shown in Fig. 6.

These connections, which are expressed using
the Extensible Markup Language (XML) in the
software assembly descriptor (SAD) for the wave-
form application, are supported through the provi-
sion of a fabric port object on the logical device,
which exports the CF::port interface and identifies
a logical channel into the fabric. On a create com-
mand, then, the application factory:

A) Locates, for each software component to be
instantiated, an available logical device that can
support the software component by means of
the allocateCapacity operation. This operation
will reserve, among other things, the necessary
ports into the fabric to support that component.

B) Instantiates each software component, and
connects it to a fabric port on the logical device
on which it was instantiated by means of the
SAD port identifier devicethatloadedthiscompo-
nentref. Note that since the software component
and fabric port will always be collocated, there is
very little overhead on the CORBA connection
between them.
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C) Connects together the two fabric ports that
communicate with one another to establish a
connection path through the switched fabric.
This mechanism for utilizing the high-speed fabric is fully
consistent with the SCA specification and thus allows for
SCA-compliant connections between devices using switched
fabric technology.

Conclusion

The approach described above extends the SCA core frame-
work inside the modem. It outlines a standard mechanism for
setting up, tearing down, and controlling the software compo-
nents that could be implemented on a variety of heteroge-
neous processing devices within the modem architecture. The
described methodology is fully SCA-compliant, and supports
connecting the software components, as necessary, in a man-
ner that maintains independence of the hardware architecture
while ensuring that the modem implementation itself meets
all performance parameters. In addition, this methodology
maps well to an almost infinite number of variations in
modem architecture, allowing the SCA core framework to be
utilized as the standard application framework for a variety of
commercial, government, and military programs, reducing
both the overall costs associated with those programs and the
time to deployment for the developed solution.
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