
The Untold Story of Signal Processing Noise
in Electrical Engineering: Applied Signal
Processing
Signal processing in electrical engineering plays a vital role in a wide range of
applications, from telecommunications to medical imaging. However, amidst the
advanced algorithms and cutting-edge techniques lies a pervasive adversary -
noise. Noise is an unwanted disturbance that corrupts signals, affecting the
quality and accuracy of the processed data. In this article, we will delve into the
depths of signal processing noise, exploring its impacts, challenges, and the
innovative solutions devised in the field of applied signal processing.

What is Signal Processing Noise?

Noise in signal processing refers to any unwanted, random variation that
interferes with the information carried by a signal. It can manifest in various
forms, such as electrical interference, thermal noise, or even background
radiation. Regardless of its source, noise adds an additional component to the
original signal, making it more challenging to extract the desired information.

Signal processing noise can be particularly problematic when dealing with low-
amplitude signals or in scenarios where high precision is required, such as
medical diagnostics or radar systems. Therefore, noise mitigation and
suppression techniques are crucial in ensuring the reliability and accuracy of the
processed signals.
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The Impacts of Noise in Signal Processing

Signal processing noise poses numerous challenges in electrical engineering,
with wide-ranging implications. Here are some of the key impacts:

1. Degradation of Signal-to-Noise Ratio (SNR)

The SNR is a fundamental metric used to quantify the quality of a signal. Noise
introduces additional energy into the signal, decreasing the SNR. A lower SNR
makes it more difficult to differentiate between the actual signal and the noise,
potentially leading to misinterpretations and inaccurate results.

2. Distortion of the Frequency Spectrum

Noise has the tendency to distort the frequency spectrum of a signal. This can
lead to frequency components being masked or misrepresented, hindering the
accurate analysis and extraction of meaningful information.

3. Reduction in Data Compression Efficiency

Data compression algorithms rely heavily on the inherent patterns and
redundancies present in the signal. Noise disrupts these patterns, reducing the
efficiency of compression algorithms and increasing the required storage space.
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4. Compromised Image and Audio Quality

In applications such as image and audio processing, noise can manifest as
visible artifacts or audible distortions. This compromises the overall quality and
fidelity of the output, impacting user experience and the effectiveness of
subsequent analysis or interpretation.

Noise Mitigation Techniques in Applied Signal Processing

The field of applied signal processing has witnessed remarkable advancements
in mitigating the impacts of noise. Researchers and engineers have devised
innovative techniques to suppress noise and improve the reliability of processed
signals. Here are some key approaches:

1. Adaptive Filtering

Adaptive filter algorithms are capable of continuously adjusting parameters based
on the input signal, thereby reducing the impact of varying noise levels. These
filters dynamically adapt to changing conditions, enabling efficient noise
cancellation without distorting the underlying signal.

2. Wavelet Denoising

Wavelet transform-based denoising techniques decompose the signal into
different frequency components, enabling the removal of noise at specific scales.
By identifying and eliminating noise components at different resolutions, wavelet
denoising preserves the essential characteristics of the original signal.

3. Optimal Filtering

Optimal filtering techniques aim to extract the desired signal while minimizing the
impact of noise. By leveraging statistical models and mathematical optimization



algorithms, optimal filtering algorithms can effectively separate the signal from the
noise, improving the overall SNR.

4. Spectral Subtraction

Spectral subtraction involves estimating the noise spectrum from a noisy signal,
subsequently subtracting it to obtain a cleaner version of the signal. This
technique is particularly effective when dealing with stationary noise sources,
such as background hum or consistent interference.

5. Machine Learning-Based Approaches

Machine learning algorithms have shown immense promise in noise reduction
and signal enhancement. By training models on large datasets containing signal-
noise pairs, these approaches can learn to distinguish between the desired signal
and noise, enabling effective noise removal even in complex and dynamic
environments.

Signal processing noise remains an ever-present challenge in electrical
engineering. However, through advancements in applied signal processing,
engineers and researchers are continuously devising innovative techniques to
mitigate the impacts of noise and improve the quality of processed signals. From
adaptive filtering to machine learning, these approaches are revolutionizing
various fields, ranging from telecommunications to biomedical imaging. As
technology continues to evolve, further breakthroughs in noise suppression are
on the horizon, paving the way for enhanced reliability and precision in signal
processing applications.

Remember, noise may be persistent, but with the right tools and algorithms, we
can triumph over its disruptive influence, unraveling the true potential of signal
processing in electrical engineering.
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Additive and multiplicative noise in the information signal can significantly limit the
potential of complex signal processing systems, especially when those systems
use signals with complex phase structure. During the last few years this problem
has been the focus of much research, and its solution could lead to profound
improvements in applications of complex signals and coherent signal processing.

Signal Processing Noise sets forth a generalized approach to signal processing in
multiplicative and additive noise that represents a remarkable advance in signal
processing and detection theory. This approach extends the boundaries of the
noise immunity set by classical and modern signal processing theories, and
systems constructed on this basis achieve better detection performance than that
of systems currently in use. Featuring the results of the author's own research,
the book is filled with examples and applications, and each chapter contains an
analysis of recent observations obtained by computer modelling and experiments.

Tables and illustrations clearly show the superiority of the generalized approach
over both classical and modern approaches to signal processing noise.
Addressing a fundamental problem in complex signal processing systems, this
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book offers not only theoretical development, but practical recommendations for
raising noise immunity in a wide range of applications.
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