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Abstract: Techniques for reducing power consumption in digital circuits that underly automatic control of modern engineering systems
are of paramount importance due to the simultaneously growing demands for portable multimedia devices and energy conservation.
Digital filters, being ubiquitous in such devices, are thus a prime candidate for low power design. We review an algorithmic approach to
low power frequency-selective digital filtering, an essential ingredient for energy efficient technological innovation in many domains.
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Background

Energy efficiency is of paramount importance for a broad class
of engineering applications designed to operate in environments
with limited resources. Energy consumption in mobile wireless
communications systems, for example, is typically proportional to
computational complexity. A well-established method for reducing
computational complexity in wireless communications systems has
been to precompute approximations to the communications signals
before transmitting them via the telecommunications network.
Reducing, or compressing, the number of bytes required for signal
representation and modulation directly attenuates the required
amount of computation for fast, robust, and reliable transmission and
reception. The amount of compression may be dialed in to ensure the
signal quality is sufficient for the particular application, introducing
an available range of computational cost and quality operating points
that the systems engineer may choose from. Innovations in source
coding methodologies in speech, image, and video signal processing
seek to eradicate unnecessary redundancy and derive flexible signal
representations in their purest, most compendious form. Vector
quantization and wavelets are two exemplary and successful methods
used in image and video source coding [1]. A natural extension to
variable source coding in signal processing is approximate processing,
in which the algorithms for computation are intelligently abbreviated
to conserve power instead of the signals themselves [2,3]. This again
introduces an available range of computational cost and quality

operating points that the systems engineer may choose from with
the goal of achieving the desired level of system performance while
simultaneously maximizing energy efficiency.

The demand for energy efficiency has grown immensely over the past
decade. Low-power speech recognition is now popular in mobile
devices [4,5]. Energy efficient engineering is now used in wearable
devices [6], ingestible electronics [7,8], and cryptographic engines [9].

In this paper we review the problem of dynamically reducing
computational cost while maintaining a desired level of output quality
in frequency-selective digital filtering [10]. More specifically, we
consider minimizing the average power consumption of a frequency-
selective digital filter, subject to the constraint that a desired signal to
noise ratio (SNR) at the output is maintained.

Results

In this section the results of computer simulation experiments
involving speech signals are reviewed to demonstrate the practical
viability of approximate filtering for low-power, energy efficient
signal processing. We observe that a significant reduction in power
consumption over fixed-order filters is possible using approximate
filtering algorithms.

We present a computer simulation which shows that significant
power savings may be achieved when the order of a digital filter is
dynamically varied to provide time-varying stopband attenuation
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in proportion to the time-varying SNR of the input signal, while
maintaining a fixed level of output quality. The experiment involves
speech signals to demonstrate the practical viability of the low-power
adaptive digital filter.

An approximate filter structure with 10 second-order sections is
applied to two frequency-division multiplexed speech signals. We
show in Figure 1 the input signal components in the passband, the
input signal components in the stopband, and the dynamic adaptation
of the filter order. Examination of the figure shows that, as would be
expected, when the input SNR is low, then the filter order is large. We
can also see that when the input SNR is high, then the filter order small.
If we compare the power consumption for the low-power adaptive
filter to the power consumption of a fixed-order filter needed to
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handle the worst-case signal statistics, we see that a power reduction of
approximately 63% is achieved in this simulation. This approximation
is based on visual inspection of Figure 1, where we can see two things:
1) the adaptive filter order over time ranges between 2 and 10, and
2) the order of a fixed-order filter that would ensure we are able to
maintain the same minimum tolerable output SNR at all times is 8. It
is important to note that the dynamic adaptation of the digital filter
order depends on input signal statistics, so the power savings achieved
will also depend on the input signal statistics. The basic idea is very
simple and offers great potential for saving power and thus elongating
mobile phone usage time before batteries are drained: dynamically
minimize power consumption while maintaining the minimum
required algorithmic performance.
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Figure 1: Demultiplexing of FDM speech using low power frequency selective filtering. (a) passband speech, (b) stopband speech, and (c) number of filter sections

as a function of sample number.

Discussion

The low-power digital filter using adaptive approximate processing
reviewed in this paper is a part of a surge in research in energy efficient
systems engineering. Another part of this movement is digital filtering
using data-driven clock gating and multibit flip-flops combined,
which has achieved 22% to 25% power reduction compared to that
using a conventional design [11]. In another study, an energy efficient
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digital filter achieved nearly 70% reduction in energy with a negligible
deviation of the frequency response from the standard implementation
[12]. As a third example, in simulations using speech signals, a low
power reconfigurable FIR digital filter based on dual mode operation
achieved power savings up to 37.97% [13]. These results demonstrate
how low-power digital signal processing continues to be a stimulating
area of focused interest and innovation.
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Conclusion

The signal processing demands of portable multimedia devices
will continue to soar as mobile communications devices continue
to shrink in size and require increasing computational speed and
complexity. These increased demands are accompanied by definite
constraints on power consumption since mobility is a now a firm
consumer expectation, not just a desirable feature. The important
task of designing low power, computationally powerful processors has
emerged and spurred great interest and activity in signal processing
research. In this paper we have reviewed a formulation for an
algorithmic approach to low power frequency-selective digital filtering.
We have seen that significant power savings may be achieved in digital
filtering applications when the order of a digital filter is dynamically
varied to provide time-varying stopband attenuation in proportion to
the time-varying SNR of the input signal, while maintaining a fixed
SNR at the filter output. This is just one example of the many exciting
developments in energy efficient innovations that will provide a base
for future researchers to build upon.
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