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In previous columns, I have discussed the trade-offs associated
with choosing both the signal processing devices that are used in
a radio platform and the architectural model for supporting
those devices. In this column I thought I would expand on this
theme and explore elements of the software operating environ-
ment associated with the radio platform that are necessary to
support the overall radio requirements. More specifically, I will
explore the requirements on the radio’s software infrastructure
necessary to support the portability of waveform code from
radio to radio. A waveform application, for these purposes, will
be defined as an assembly of software and firmware components
that are deployed on the radio hardware to implement the
entire set of radio functions, from the user input to the RF out-
put and vice versa [1]. Components, in this context, encapsulate
some functionality supporting the waveform, with well defined
interfaces or ports into and out of that functionality [2]. Exam-
ples of such components can include ActiveX controls, Jav-
aBeans, common object request broker architecture (CORBA)
components, field programmable gate array (FPGA) IP cores,
and ExpressDSP™ algorithms [3, 4]. In this context component
artifacts include the deployable software and firmware (includ-
ing HDL code as appropriate) necessary to realize the compo-
nent’s functionality on the target radio platform.

Why a focus on the portability of waveform code? Funda-
mentally, it comes down to a desire by many companies to max-
imize the return on investment in their software and firmware
development. If waveform code is portable, it allows reuse of
that code in multiple different products, thereby lowering over-
all development cost for those products and achieving a faster
time to market or time to deployment. It also reduces the sup-
port costs associated with the deployed code by allowing a com-
mon code base to be maintained across multiple products. The
mechanisms supporting portable waveform code also ease the
insertion of new features into existing radio products, thus
extending revenues beyond the original product life cycle.

Let me start the discussion on software infrastructure sup-
port for waveform code portability with what in some markets
is a fairly controversial statement: hardware technology is gen-
erally not sufficiently advanced to support the creation of
truly portable waveforms. Now that I have irritated the mili-
tary radio community, let me explain. The signal processing
technologies and platform architectures utilized in radio sys-
tems tend to vary greatly from program to program, vendor to
vendor, and generation to generation. Although efforts can be
made to minimize the cost of porting a waveform’s software
and firmware artifacts, in whole or part, from platform to
platform, these differences in hardware architecture necessi-
tate some level of porting effort. The question therefore is
“What software infrastructure is necessary on the radio plat-
form to minimize the porting effort?” This question is being
explored by a number of programs including the End-to-End
Reconfigurability (E2R) program in Europe, NASA’s Space
Telecommunications Radio Service, and the U.S. Department
of Defense’s Joint Tactical Radio System (JTRS) [5–7]. The
question has also been explored by a number commercial
companies, including Texas Instruments in the creation of
their ExpressDSP reference frameworks for their digital signal
processing (DSP) devices [8]. These efforts show that, in gen-
eral, improving waveform portability requires the following
elements in the software infrastructure:
• A well defined operating environment for each class of

signal processing device allowing code to move from

“like processor to like processor” (FPGA to FPGA or
DSP to DSP)

• A standard application framework that is used across
platforms to set up, tear down, connect, and control
waveform components across the various processing
devices

• A standard set of application programming interfaces
(APIs) for accessing common radio services

• A well defined mechanism for connecting components to
support the overall waveform functionality
For general-purpose processors with lots of memory, many

of these elements are readily available through constructs
such as Microsoft® .Net Framework and the Object Manage-
ment Group™ CORBA component model [9, 10]. However,
the specialized processing and resource constrained devices
predominant in many radios, including FPGAs and DSPs,
often do not have comparable constructs. Instead, a hardware
abstraction layer is generally established within the platform
infrastructure to provide APIs for loading and unloading com-
ponents onto the specialized devices, and providing a mecha-
nism for component-to-component communications.

Of course, as with any technology in this industry, there real-
ly is no one size fits all view on hardware abstraction. For exam-
ple, radio technology developers seem to have four different
models for a hardware abstraction layer as it relates to compo-
nent-to-component communications, each with its own sets of
trade-offs in waveform portability, platform performance, and
hardware costs. These models are summarized below.

The “No Hardware Abstraction Layer” Model: The use of
no hardware abstraction layer is the traditional model employed
by embedded developers in the creation of real-time systems.
This is often the preferred model because it allows developers
to manually optimize how the various software and firmware
components within the waveform interact with each other and
with the signal processing hardware. Following this traditional
paradigm, real-time communications between components are
supported at a fairly low level, effectively at layer 1 or 2 of the
International Standards Organizations open systems intercon-
nection (OSI) seven-layer model, with the components directly
accessing the hardware infrastructure to move data [11].

Components in this model are often fairly monolithic, with a
single component encapsulating all of the functional or algo-
rithmic elements instantiated on a given signal processing
device. Data formatting between functional elements is facilitat-
ed within the component and optimized as appropriate for
operation of the waveform. These aspects of the “no hardware
abstraction layer” model generally tie component implementa-
tion fairly closely to the hardware architecture. As such,
although the “worker” code within a component that imple-
ments the actual functional algorithms may be portable between
like devices, the waveforms themselves generally require a fairly
large porting effort because the interfaces between components
and component execution are hardware-specific.

The “Transport” Model: One level of abstraction up is a
model where the waveform software and firmware compo-
nents are interconnected through data transports that employ
standard APIs to abstract the underlying communications.
This type of hardware abstraction operates just above layer 5
in the OSI model, and essentially follows a Berkeley sockets
paradigm for moving data between waveform components. In
this transport model of hardware abstraction, the various com-
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ponents within the waveform open logical connections
through predefined transports to endpoints on the
other components with which they wish to exchange
data, and then read and write to those connections as
appropriate for waveform operation. The transport
interfaces used by components in this model appear the
same regardless of the physical transport architecture,
whether that transport is a physical “processing device
to processing device” interconnect, such as a PCI bus,
or a memory mapped logical connection to another
component collocated on the same processing device.

In this model the hardware infrastructure is responsi-
ble for setting up the end-to-end connectivity through the
transports as directed by the components, however a
component in this “transport model” must have some a
priori knowledge of the remote component that it needs
to communicate with in order to establish these connections and
to facilitate any data format translation necessary to access the
transport interface and move data between components. This
makes the component implementation fairly waveform specific.
However, unlike the no hardware abstraction layer model, the
interfaces to the transports are “standardized,” not hardware-
specific, thus greatly reducing the overall porting effort in mov-
ing the waveform, as a whole, from platform to platform. In
addition, the person porting the waveform has the ability to stat-
ically select the specific transport used for a given component-
to-component connection, allowing the waveform “porter” to
optimize the connections between components for real-time
performance. This allows the waveform porter to retain some of
the advantages of the no hardware abstraction layer model while
significantly improving overall waveform portability.

The “Container” Model: Portability at the component level
can be achieved by abstracting not only the interfaces to the
transports but also the connections between components. In this
model there is no a priori knowledge within a component of the
other components to which it is connected or the transports
through which it connects, making the component itself portable
from waveform to waveform. The component is completely iso-
lated, or contained, by the operating environment of the device
on which it is instantiated, with component interfaces operating
at layer 6 or higher in the OSI model. The hardware infra-
structure in the container model is entirely responsible for com-
ponent-to-component communications. Data formatting in this
model also occurs within the platform infrastructure, not the
component.  Since support for all permutations and combina-
tions of data types is onerous for resource-constrained process-
ing devices, the number of data formats supported by the
hardware will be limited to some fixed set.

The container model is, effectively, an object-oriented soft-
ware model as opposed to a resource-constrained embedded
systems model, designed to minimize the porting effort in mov-
ing components from waveform to waveform. This model
implies an increase in resources in the hardware infrastructure
to support the routing of data packets between components
that may be deployed on random devices. Maintaining real-
time performance through this infrastructure may require some
measure of quality of service on the communication paths, fur-
ther increasing the resources required in the container model.
These increases in required resources may not be appropriate
in many size-, weight-, and power-limited systems, and the level
of overhead associated with accessing these resources may
impede performance sufficiently as to not be appropriate for
applications with very tight timing specifications. 

Container Standardization: The container model present-
ed above allows for the possibility that each type of processing

device may support a unique container architecture. The con-
tainer model paradigm can be taken one step further, howev-
er, by standardizing the container implementation across
processing devices. This model would use a “standard” con-
tainer architecture, such as CORBA, on all devices regardless
of device architecture, with a “standard” communications pro-
tocol, such as the OMG’s General Inter Orb Protocol (GIOP),
providing component connectivity [12]. This model has not as
yet been widely adopted in deployed radio systems, and may
not be mature enough for use in any real radio product.

Table 1 summarizes the hardware abstraction layer compo-
nent-to-component communications models discussed above,
indicating:
• Whether the responsibility for data transport lies with the

waveform component or the radio platform
• Whether the responsibility for establishing connections

between components lies in the waveform component or
the radio platform
It also gives a relative evaluation for each model in terms of

platform overhead and porting effort. So which of these models
is the most appropriate for a given radio design? Well, again, as
with most technologies used in the creation of radio systems,
the answer is “it depends.” The trade-offs associated with each
model must be weighed in the context of the overall program
requirements to decide which model is the most suitable.
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nnnnTable 1. Hardware abstraction models for component-to-component
communications.

Hardware
abstraction
model 

Component
connection

Data 
transport

Platform
resources

Porting
effort

No hardware
abstraction Component Component Low High

Transport
model Component Platform Medium Medium

Container
model Platform Platform High Medium
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