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As signal processing in radar and wireless communications systems
has shifted from analog to digital, great effort has gone into the development of advanced beamforming techniques to enable new applications. The ability to precisely guide beams using digital methods,
the most common being Fast Fourier Transform, has resulted in
significant changes in how and radar and mobile telecommunications
systems are designed.
Beamforming can be switched or adaptive. In switched
beamforming, a mobile telecommunications base station,
for instance, chooses from a predefined selection of beams that
each target a specific direction based on the strength of the received
signal. As a user moves in relation to the array of antennas, the
signal is switched to other elements in the array that are better
positioned to provide a stronger signal in a particular direction.
Adaptive beamforming, on the other hand, relies on real-time
computations that allow the base station to transmit more focused
beams in the direction of target users while reducing output in other
directions to greatly reduce interference between elements.
Adaptive beamforming designs call for very high processing
bandwidth – billions of multiply and accumulate operations must
be performed each second. It therefore becomes more important
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used in telecommunications networks to improve wireless
connection quality and boost overall capacity. This is achieved
with beamforming techniques that direct beams from the base
station at individual users through the use of advanced digital signal
processing. Beamforming adjusts the power and phase of every
incoming and outgoing signal to create a beam that travels in
a specific direction while decreasing non-essential output.
This reduces the amount of interference that individual signals inflict
upon one another and increases the quality of all connections.
The emergence of innovative adaptive beamforming algorithms
has led to an increase in the use of floating-point arithmetic in signal
processing to minimize interference and boosted radar capacity by
enabling real-time tracking of targets. This is achieved by creating
multiple spot beams simultaneously using algorithms such as QR
decomposition (QRD) and weight back substitution (WBS). These
algorithms facilitate the adaptive formation of beams while reducing
noise and interference, but they require a large number of floating
point operations per second.
Because of the size, weight, and power limitations of many radar
systems, the use of legacy CPU or GPU options is not the best
approach because of the increased amount of hardware required
to perform the floating point calculations. The use of multiple CPUs
has a major impact on the design of a radar system due to the need
for more memory, power, and space, not to mention the higher
cost, more complex system design, and extended integration time.
A CPU-based design is further constrained by a limited choice of
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memory and interface options.
The use of smart antennas and adaptive beamforming, while
FPGAs offer an enormous advantage over CPU and GPU options in
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