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Audio signal processing in military environments has consistently
faced significant challenges due to the presence of complex noises
such as explosions, weapon fire, and electromagnetic interference.
This study presents an advanced method for removing environmental
noise from military audio signals, utilizing a Least Mean Squares
(LMS) adaptive filter with a dynamic learning rate. The primary
innovation of this research is the simultaneous use of five input signal
features—namely, energy, variance, covariance, entropy, and zero-
crossing rate—for the automatic adjustment of the learning rate. The
optimal combination of these features was achieved using a genetic
algorithm with a population of 50 chromosomes over 10 generations,
yielding the optimal coefficient set: [0.8486, 0.1872, 0.5016, 0.9195,
0.3582]. Experimental results demonstrate that the proposed method
achieves a 12.43 dB improvement in the Signal-to-Noise Ratio (SNR)
— from -0.18 dB to 12.25 dB - and reduces the Mean Squared Error
(MSE) to 0.0016. Furthermore, the method shows a 1.95 dB superior
SNR improvement compared to fixed learning-rate filters and a 1.56-
fold reduction in error variance. By maintaining an optimal balance
between accuracy and computational complexity, this algorithm is
well-suited for critical military applications.
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Introduction

Audio signal processing in military environments has consistently confronted significant operational and
security challenges due to the presence of complex, non-stationary, and high-energy noises such as
explosions, gunfire, and electromagnetic interference. These impulsive noises can completely mask the
useful signal, thereby compromising the clarity and intelligibility of voice communications that are
critical for mission success. The principal objective in this domain is to preserve speech intelligibility
under conditions in which conventional signal enhancement methods fail.

Over the past decades, a wide spectrum of noise-cancellation techniques has been developed, ranging
from fixed FIR/IIR filters with limited flexibility, to adaptive filters such as the Least Mean Squares
(LMS) algorithm with fixed learning-rate parameters, to model-based approaches like the Kalman filter,
time-frequency methods such as wavelet transforms, and most recently, deep learning-based solutions.
Despite their individual merits, none of these approaches simultaneously satisfies the key requirements
of military applications—namely, robust performance in non-stationary noise, fast adaptation,
computational lightness, and independence from prior system models or large training datasets.

To address this gap, the present study proposes an innovative self-regulating solution: an LMS
adaptive filter with a dynamic learning rate that is intelligently and instantaneously tuned based on an
optimized linear combination of five complementary signal features—namely, energy, variance,
covariance, entropy, and zero-crossing rate (ZCR). The optimal weighting coefficients for this
combination are systematically determined using a Genetic Algorithm (GA), enabling the system to
achieve optimal performance in dynamic and unpredictable operational environments without manual
tuning or dependence on a predefined noise model.

Research Objectives and Questions

The study seeks to answer the following central question:

How can the performance of LMS adaptive filters in suppressing complex military noise be enhanced

through the optimized combination of multiple signal features, and to what extent does this approach

outperform conventional fixed-parameter methods in terms of Signal-to-Noise Ratio (SNR) and Mean

Squared Error (MSE)?

The specific objectives are:

1. To design and implement an LMS adaptive filter whose learning rate is dynamically adapted to the
instantaneous content of the input signal.

2. To extract, on a frame-by-frame basis, five complementary features—energy, variance, covariance,
entropy, and ZCR—that collectively characterize the signal-noise state.

3. To optimize the weighting coefficients of these five features using a Genetic Algorithm under a multi-
objective fitness function that simultaneously maximizes SNR and minimizes MSE.

4. To evaluate the proposed method across diverse military noise scenarios, including combined
impulsive noise, isolated explosions, and white Gaussian noise.

5. To compare the proposed approach quantitatively against fixed-parameter LMS filters, manually-
tuned coefficient methods, and benchmark techniques such as Kalman filtering, wavelet transforms,
and deep learning.

Methodology

This study follows an applied, quantitative research design focused on the design, simulation, and
evaluation of a novel adaptive filtering algorithm. The research was conducted in four main stages:

Stage 1 — Feature Extraction. The noisy input signal was segmented into short overlapping frames,
from which five key features were computed in real time: signal energy (Eq. 1), variance (Eq. 2),
Shannon entropy (Eq. 3), zero-crossing rate (Eq. 4), and covariance between the signal and its squared
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version (Eq. 5). These features were selected based on the hypothesis that their joint dynamics can
comprehensively characterize the transient and spectral behavior of military noise.

Stage 2 — Genetic Algorithm Optimization. A Genetic Algorithm was employed to determine the
optimal weighting coefficients for combining the five features. A systematic sensitivity analysis (Table
2) was conducted across population sizes (30, 50, 70, 100), generations (5, 10, 15, 20), crossover
probabilities (0.6, 0.7, 0.8), and mutation probabilities (0.01, 0.05, 0.1). The selected baseline
configuration—population = 50, generations = 10, P_c = 0.7, P_m = 0.05—yielded the best trade-off
between fitness quality (100%) and computational cost (100 s), with stable convergence observed at
generation 7.

Stage 3 — Dynamic LMS Filter Design. A variable-step-size LMS adaptive filter was implemented in
which the instantaneous learning rate u(i) is computed as a normalized linear combination of the five
extracted features using the GA-optimized coefficients (Eq. 9). The fitness function (Eq. 6) was designed
as a weighted sum: 0.7 x SNR_output — 0.2 x MSE, ensuring simultaneous maximization of output SNR
(Eq. 7) and minimization of mean squared error (Eq. 8).

Stage 4 — Performance Evaluation. The system was benchmarked against fixed-u LMS filters,
manually-tuned coefficient methods, and three reference techniques—Kalman filtering, wavelet-based
denoising, and deep learning—across three representative noise scenarios (combined gunshot-engine,
isolated explosion, and white Gaussian noise).

The reliability of the simulation framework was validated through repeated runs under controlled noise
conditions. Computational tools included MATLAB for signal processing and algorithm implementation,
with all statistical comparisons performed under identical input conditions.

Findings

The Genetic Algorithm converged to the following optimal coefficient vector for the five features:
[0.8486, 0.1872, 0.5016, 0.9195, 0.3582], corresponding to energy, variance, covariance, entropy, and
ZCR, respectively. Notably, entropy received the highest weight (0.9195), confirming its dominant role
in characterizing unpredictable military noise, while variance received the lowest weight (0.1872).

The principal performance results are summarized as follows:

e SNR Improvement: The proposed method achieved an SNR improvement of 12.43 dB, elevating
output SNR from —0.18 dB to 12.25 dB.

e Error Reduction: Mean Squared Error was reduced to 0.00160, corresponding to a 1.56-fold
reduction in error variance compared to the fixed-p baseline.

o Comparative Superiority over Fixed-p LMS: +1.95 dB in SNR and a 0.00160 vs. 0.00251 MSE.

e Comparative Superiority over Manual Coefficients: +0.26 dB in SNR and 0.00160 vs. 0.00170
MSE.

Performance across noise scenarios:

Noise Scenario SNR Improvement (dB) MSE (x107%)
Combined (Gunshot + Engine) 12.43 16.0
Impulsive (Explosion) 11.80 18.5
White Gaussian 13.20 14.2

Benchmark comparison (Table 7) revealed that while deep learning methods achieve higher raw SNR
gains (25-30 dB) and wavelet methods report 18-22 dB, the proposed method delivers a balanced trade-
off—achieving robust noise suppression without requiring large training datasets, accurate system
models, or excessive computational resources. The time-domain and frequency-domain visualizations
(Figures 3—7) confirmed the direct, intelligent correlation between sudden increases in feature values
(e.g., during explosions) and the automatic rise in the dynamic learning rate, validating the adaptive
control mechanism.
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Discussion

The findings confirm that the intelligent fusion of five complementary signal features within a GA-
optimized linear weighting framework substantially enhances LMS filter performance in complex
military noise environments. The dominance of entropy (0.9195) in the optimal coefficient set suggests
that unpredictability and information complexity are the most discriminative indicators of military noise,
justifying the prioritization of entropy-based metrics in adaptive filter design.

A central contribution of this work lies in the balanced trade-off it offers: although deep learning can
deliver superior raw SNR improvements in ideal conditions, such methods depend on massive labeled
datasets and substantial computational infrastructure—resources often unavailable in field-deployed
military systems. Similarly, wavelet and Kalman approaches, while effective in specific contexts, suffer
from base-sensitivity, distortion risks, or stringent linear-model assumptions. The proposed method
avoids these dependencies by leveraging a lightweight, self-optimizing architecture that can be retrained
online with minimal data.

However, this balanced intelligence is not without cost. The simultaneous extraction of five features
per frame, combined with the GA optimization process, imposes a higher computational burden than
fixed-parameter LMS. The method therefore targets platforms with moderate-to-high processing
capability, such as embedded military communication units rather than ultra-low-power edge devices.
The processing time (3.7-4.7 s across scenarios) remains acceptable for non-strict real-time applications
but would benefit from further optimization for latency-critical scenarios.

Conclusions and Implications

The study demonstrates that the proposed GA-optimized, five-feature-driven dynamic LMS filter
provides an effective, stable, and practical solution for military audio noise cancellation. By
systematically integrating multiple signal descriptors and replacing manual parameter tuning with
evolutionary optimization, the method achieves a meaningful 12.43 dB SNR improvement, a 1.56-fold
error variance reduction, and consistent superiority over both fixed-parameter and manually-tuned
baselines.

Practical implications include:

e Deployment as a pre-processing module in military communication systems, surveillance, and
command-and-control (C2) audio channels.

e Use in speech recognition front-ends operating in hostile acoustic environments.

e Application as a benchmark reference for hybrid adaptive-intelligent filter designs in defense
research.

Recommendations for future research:

e Reducing computational load through lightweight feature extraction techniques or surrogate-based
optimization methods replacing the full GA.

e Enhancing robustness against emerging intelligent electronic noise by integrating frequency-domain
features or lightweight Al models.

e Extending validation through hardware-in-the-loop implementation on field-deployable DSP/FPGA
platforms and testing with real recorded military acoustic data.

e Conducting perceptual evaluation (e.g., PESQ, STOI) to complement the objective SNR/MSE
metrics with subjective intelligibility scores.

Despite its demonstrated effectiveness, this study is limited to simulated noise scenarios; future work
should validate the method under real battlefield acoustic conditions and across broader operational
contexts, including underwater, vehicular, and aerial platforms.
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Optimizationlssues: Application, Advantages and
Disadvantages," Passive Defense, vol. 4, pp. 13-24, 2014(In
Persian).
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