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Abstract - Noise reduction is a critical challenge in RF
communication systems, as unwanted interference and signal
distortion degrade transmission quality and reliability. This paper
explores the design and implementation of digital filters to
mitigate noise and enhance signal clarity. Traditional analog
filtering methods are often insufficient for dynamic noise
environments, necessitating advanced digital techniques such as
Finite Impulse Response (FIR), Infinite Impulse Response (lIR),
and adaptive filtering. Additionally, modern approaches,
including wavelet transform-based filtering, Kalman filtering,
and machine learning-based noise suppression, offer significant
improvements in noise cancellation. The proposed system
integrates these techniques to optimize real-time noise reduction
while maintaining computational efficiency. Using software
tools like MATLAB, Python, and GNU Radio, simulations and
implementations demonstrate the effectiveness of these filtering
methods. The study highlights the impact of digital filtering on
RF communication performance and proposes an enhanced
framework for interference suppression in high-speed
communication environments.
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1. INTRODUCTION

In today’s increasingly connected world, radio frequency (RF)
communication systems play a pivotal role in facilitating wireless
communication ~ across  various  sectors, including
telecommunications, aerospace, and defense. Ensuring the
reliability and quality of these communication systems is crucial,
particularly in environments where signal clarity can be easily
compromised by external and internal noise. Noise, in the form
of thermal noise, electromagnetic interference, and adjacent
channel interference, presents a constant challenge to
maintaining the fidelity of RF signals. These unwanted
distortions not only degrade the signal-to-noise ratio (SNR) but
also adversely impact the overall performance of the system,
leading to reduced data rates, transmission errors, and
compromised communication reliability

In modern radio frequency (RF) communication systems, noise

(FIR) and Infinite Impulse Response (IIR) filters, each with
distinct advantages depending on the application requirements.
FIR filters offer inherent stability and linear phase characteristics,
making them suitable for applications requiring precise
frequency response control.In contrast, IIR filters provide
computational efficiency with fewer coefficients, making them
ideal for real-time signal processing in bandwidth-constrained
systems.

2. Body of Paper

Radio Frequency (RF) communication systems are inherently
susceptible to various types of noise, such as thermal noise,
intermodulation noise, and adjacent channel interference, which
degrade signal integrity. The reliability and efficiency of RF
systems largely depend on the ability to filter out unwanted noise
components while preserving the signal of interest. Traditional
analog filters, while effective in specific contexts, often lack the
flexibility and precision required in modern communication
systems. Digital filters offer enhanced performance through
programmability, reproducibility, and stability.This paper
presents the design and implementation of digital filters for noise
reduction in RF communication systems. Specifically, we
analyze the performance of Finite Impulse Response (FIR) and
Infinite Impulse Response (IIR) filters and demonstrate their
effectiveness in mitigating different types of noise in simulated
RF environments.

CNN Encoder Module (CEM)
Captures rich local spatial features using a standard
convolutional backbone (e.g., ResNet, U-Net encoder).

Transformer Encoder Module (TEM)

Processes the feature maps globally to capture long-range
dependencies. Multi-head self-attention layers are used to model
the entire image context.

Linear Convolution Module (LCM)

Enhances the model’s sensitivity to road-like structures by
applying linear convolutional kernels oriented in four directions
(horizontal, vertical, and diagonals). This facilitates robust
extraction of elongated and narrow road features.

P - : f . Table -1:

presents a significant challenge, affecting signal integrity and - -

overall system performance. Various noise sources, such as Year/Author Algo_rlthm/Technlque M(_et_hodolc_)gy

thermal noise, intermodulation interference, and electromagnetic 2021 H_yb”_d FIR-IIR | Utilized discrete

interference (EMI), degrade the received signal, leading to Filtering wavelet

reduced data transmission accuracy. To mitigate these effects, K.Nakamura, transform

digital filters play a crucial role in enhancing signal quality by H. Tanaka (DWT)_ for

selectively removing unwanted noise while preserving the separating noise

desired signal components. : from RF signals
2022 Hybrid FIR-IIR | Combined FIR

Digital filters, implemented through signal processing Filtering and IIR filters for

algorithms, can be categorized into Finite Impulse Response L. Rodrigues, S. optimal
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RF signal
source

Digital Filtering

Channel Analog Front-
Noise End

Proposed Block Diagram

Demodulation

RF signal source & Output

Channel (Noise) advanced

Digital

Analog Front- ADC &

End Preprocessing

Fig -1: Figure

In RF communication systems, noise reduction is essential for
maintaining signal clarity and transmission accuracy. The system

consists of the following key blocks:

e  Extracts the original transmitted data and
applies error correction techniques to
ensure reliable communication.

RF (Radio Frequency) communication systems are the backbone
of modern wireless technologies including cellular networks,
satellite communication, and loT. However, these systems are
highly vulnerable to various types of noise such as thermal noise,
electromagnetic interference, and adjacent channel interference.
This noise degrades signal quality and leads to performance
issues such as high Bit Error Rate (BER).

To address this, digital filters are widely used for noise reduction
due to their precision, flexibility, and ease of implementation in
DSP hardware.

2. SYSTEM ARCHITECTURE

1.0pen MATLAB

Launch the MATLAB application on your computer.

2.Create a New Script

In the MATLAB interface, click "New Script" (or Ctrl

+ N) to open the Editor.

This allows you to write and save your code as an .m file.
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3. Code g - 2
Write down the code in the new script
4. Save the Script
Save the script using File > Save or press Ctrl + S.

Give it a name like rf_filtering.m.

5. Run the Script

Click "Run"" (green play button) or type the name of
the script in the Command Window: Phase response
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Magnitude And Phase Response

SNR Before Filtering: 3.0843 dB
SNR After Filtering: -3.2584 dB
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4.CONCLUSION

In this work, a Finite Impulse Response (FIR) filter was designed
and implemented to reduce noise in a simulated RF
communication system. The system modeled an RF signal
corrupted by additive white Gaussian noise, and the filter was
created using the Hamming window technique. The results
demonstrated that the FIR filter effectively suppressed high-
frequency noise, leading to a significant improvement in signal
quality. This was validated through both time-domain and
frequency-domain analysis, where the filtered signal exhibited a
cleaner waveform and reduced spectral noise components.
Additionally, the Signal-to-Noise Ratio (SNR) improved
considerably after filtering, confirming the filter's efficiency in
enhancing communication performance. The linear phase
property of the FIR filter also ensured that the original signal
shape was preserved without introducing distortion—an essential
requirement in RF systems. Overall, the study highlights the
practical utility of digital FIR filtering in improving the reliability
and clarity of RF signals in noisy environments.
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