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Abstract: Noise in radio frequency (RF) communication systems, such as thermal noise and interference from 

nearby channels, often disrupts signal clarity and lowers the signal-to-noise ratio (SNR). In this paper, we focus on 

tackling this problem by designing a finite impulse response (FIR) digital filter to effectively reduce noise and 

enhance signal quality. The filter is tailored to suppress high-frequency noise while ensuring the desired signal 

remains intact. 

Through simulations, we evaluated the filter’s performance in both time and frequency domains. The results 

showed a significant boost in SNR, from 18 dB to 35 dB, after filtering. The frequency response of the filter 

successfully attenuated unwanted noise above the 200 kHz cutoff, and its computational efficiency makes it 

practical for real-time applications. 

Keywords: RF communication, noise reduction, FIR filter, signal-to-noise ratio (SNR), interference, digital signal 

processing, real-time applications. 

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. 

1.1 Challenges in RF Communication Systems 

RF communication systems face numerous challenges, with noise being one of the most prevalent issues. Noise in RF 

systems originate from various sources. Thermal noise, for instance, is an inherent byproduct of the random motion of 

electrons in electronic components. This type of noise is present in all electronic devices and becomes particularly 

problematic at higher frequencies. Additionally, interference from other electronic devices, atmospheric disturbances, and 

signals from adjacent channels also contribute to signal degradation in RF systems. 

https://doi.org/10.5281/zenodo.14034150
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This interference is especially problematic in environments where multiple devices or communication channels are 

operating in close proximity, leading to adjacent channel interference. Such interference disrupts the signal transmission 

process, making it difficult for the receiver to accurately decode the transmitted information. The presence of noise lowers 

the SNR, which is a critical measure of signal quality. A lower SNR often results in data corruption, requiring repeated 

transmissions and lowering the overall data throughput of the system. 

1.2 Importance of Noise Reduction 

Noise reduction is essential to ensure the efficient operation of RF communication systems. By improving the SNR, the 

system can transmit data more reliably, with fewer errors and less need for retransmissions. In applications like mobile 

communication, satellite systems, and military-grade communication networks, high signal quality is essential for both 

security and performance. 

Without adequate noise reduction, these systems suffer from a range of issues, including communication dropouts, signal 

distortion, and decreased bandwidth efficiency. This is especially critical in high-frequency RF systems, where the impact 

of noise becomes more pronounced due to the higher energy of unwanted signals. Consequently, the development of 

robust noise-reduction techniques is paramount to ensuring reliable, high-quality RF communication. 

1.3 The Role of Digital Filters 

One of the most effective methods for reducing noise in RF systems is through the use of digital filters, particularly finite 

impulse response (FIR) filters. FIR filters are widely used in signal processing because of their stability, linear phase 

response, and ability to precisely control the frequencies they affect. By designing a filter that targets unwanted noise 

frequencies while allowing the desired signal frequencies to pass through, noise can be effectively suppressed without 

distorting the original signal. 

In the context of RF communication systems, FIR filters are particularly useful in mitigating high-frequency noise, such 

as interference from nearby channels or electronic devices. By applying a well-designed FIR filter, noise from these 

sources can be attenuated, thus improving the overall quality of the transmitted signal. The ability to design these filters 

with a high degree of precision makes them suitable for applications where signal integrity is critical, such as in military 

and aerospace communication systems. 

1.4 Objective and Scope of the Paper 

This paper aims to design and implement an FIR digital filter specifically tailored for noise reduction in RF 

communication systems. The focus is on minimizing high-frequency noise, such as adjacent channel interference and 

thermal noise, while preserving the core characteristics of the transmitted RF signal. To achieve this, we use a systematic 

approach, starting with identifying the characteristics of the noise present in the system, followed by the design of the FIR 

filter to target those noise frequencies. 

The effectiveness of the filter is evaluated through simulations, where we measure the improvement in SNR and the 

overall signal quality after filtering. Additionally, we assess the computational efficiency of the filter, ensuring that it can 

be implemented in real-time applications where processing speed is critical. The results demonstrate that the proposed 

FIR filter significantly reduces noise in RF systems, enhancing both signal quality and system performance. 

2.   BACKGROUND 

Radio Frequency (RF) communication has become the backbone of modern wireless communication systems, enabling 

the transmission of data across vast distances without the need for physical connections. From mobile phones and satellite 

communications to military applications and wireless networks, RF systems are integral to the seamless flow of 

information. However, one of the biggest challenges these systems face is noise, which degrades signal quality and 

reduces communication reliability. 

2.1 Evolution of RF Communication Systems 

RF communication has evolved significantly over the years, moving from simple analog systems to complex digital 

architectures that allow higher data rates and more efficient use of the available spectrum. This evolution has been driven 
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by the need for faster and more reliable communication in applications such as 5G networks, satellite communication, and 

military systems. With the increase in the number of devices and the demand for higher bandwidth, RF systems must now 

handle more signals within the same frequency bands, making them more susceptible to interference and noise. 

2.2 The Problem of Noise in RF Systems 

Noise in RF communication can originate from multiple sources, both internal and external to the system. Internal noise, 

such as thermal noise, arises from the inherent electrical activity in electronic components. External noise, on the other 

hand, can come from natural sources like cosmic radiation or human-made interference from other electronic devices. 

Adjacent channel interference, where signals from nearby frequencies leak into the communication channel, is another 

common issue in crowded RF environments. 

This noise directly impacts the signal-to-noise ratio (SNR), which is a measure of the signal quality relative to the 

background noise. A lower SNR results in poorer communication quality, leading to increased data loss, higher error 

rates, and reduced overall system performance. In high-frequency RF systems, this problem is exacerbated, as higher 

frequencies are more susceptible to noise. 

2.3 The Role of Digital Signal Processing (DSP) in Noise Mitigation 

To address the issue of noise, digital signal processing (DSP) techniques have been developed, allowing more precise 

control over the signals being transmitted and received. One of the most effective DSP methods for reducing noise is 

digital filtering. By designing filters that target specific noise frequencies, engineers can suppress unwanted noise while 

preserving the integrity of the desired signal. 

Finite Impulse Response (FIR) filters have emerged as a popular choice for this purpose, particularly in applications 

where linear phase response and stability are critical. FIR filters allow for the design of filters with highly customizable 

frequency responses, making them ideal for noise reduction in RF communication systems. 

2.4 Why This Study is Important 

The demand for high-quality RF communication is growing rapidly, especially in industries that require real-time data 

transmission with minimal errors, such as telecommunications, aerospace, defense, and medical fields. As the RF 

spectrum becomes increasingly crowded, the need for effective noise reduction techniques becomes more urgent. This 

study aims to design an FIR filter specifically tailored for RF communication systems to reduce noise, improve SNR, and 

ensure reliable data transmission. 

3.   METHODOLOGY 

The methodology employed in this study follows a rigorous, step-by-step approach to designing, implementing, and 

evaluating a finite impulse response (FIR) filter aimed at reducing noise in radio frequency (RF) communication systems. 

Each phase of the methodology has been carefully developed to ensure that the filter effectively mitigates noise without 

degrading the quality of the desired signal. This section provides a detailed technical breakdown of the entire process, 

including signal analysis, filter design, simulation, and performance evaluation. 

3.1 Signal Characterization and Noise Identification 

Before designing the FIR filter, a thorough analysis of the RF signal and its noise characteristics is required. The first step 

in this process involves capturing the RF signal that is susceptible to various noise sources. The signal, which is typically 

sampled at a rate above the Nyquist frequency to prevent aliasing, is represented as: 

         +n    

Where: 

      is the observed noisy signal; 

      is the original signal, and 

 n    represents the additive noise. 
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To characterize the noise, we analyze the power spectral density (PSD) of the received signal, using the Welch method for 

estimation. By calculating the PSD, we identify the frequency bands where noise dominates. Specifically, the presence of 

thermal noise and adjacent channel interference (ACI) is observed within a bandwidth that extends beyond the desired 

signal's frequency range. This necessitates the design of a low-pass or band-pass filter, depending on the specific 

application. 

3.2 Filter Specification and Design 

Once the noise characteristics are understood, the design of the FIR filter begins. FIR filters are chosen for their inherent 

stability and linear phase response, which ensures no phase distortion in the signal. The FIR filter's transfer function  

    is represented as a linear convolution of the input signal with the filter's impulse response, expressed as: 

Where:  

 h [k] is the filter coefficient(impulse response); 

 M  is the filter order, and 

 x[n-k] are the delayed samples of the input signal. 

The design process starts by determining the filter’s key parameters: 

 Cutoff frequency    : Based on the spectral analysis, a cutoff frequency is selected just above the highest frequency of 

the desired signal, ensuring effective noise suppression. 

 Filter Order M : The filter order is determined using the rule of thumb M  
   

  
 , where    is the transition bnadwidth. 

A higher filter order provides sharper roll-off, but increases computational complexity. 

The windowing method is applied to design the FIR filter. A Hamming window is selected due to its favorable trade-off 

between stopband attenuation and main lobe width. The window function      modifies the ideal impulse response 

Modifies the ideal impulse response       [n] =       [n]. [n] 

Where the ideal impulse response for a low-pass filter is given by: 

      [n]   
          

  
 

3.3 Frequency and Time-Domain Analysis 

Once the filter is designed, it is applied to the noisy signal to assess its performance. The effectiveness of the FIR filter is 

evaluated in both the frequency and time domains. 

 Frequency-domain analysis: The frequency response of the filter is analyzed to ensure that it meets the design 

specifications, particularly in terms of stopband attenuation and passband ripple. The discrete Fourier transform (DFT) is 

applied to the filtered signal, and the resulting power spectrum is compared to that of the unfiltered signal. The 

improvement in noise suppression is quantified by the reduction in power outside the passband. 

 Time-domain analysis: In the time domain, the filtered signal is compared to the original noisy signal. The 

improvement in signal quality is measured using the signal-to-noise ratio (SNR), which is calculated as: 

       0      
      

             
  

An increase in SNR indicates successful noise reduction. Additionally, metrics such as mean squared error (MSE) and 

peak signal-to-noise ratio (PSNR) are used to further evaluate the filter's performance. 

3.4 Filter Performance Optimization 

After initial testing, the filter design is fine-tuned to optimize its performance. The primary focus of this phase is on 

balancing noise attenuation with computational efficiency. To ensure that the filter can be used in real-time applications, 
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we analyze its computational complexity, which is primarily determined by the filter order    The computational cost of 

an FIR filter is     , and as such, a higher-order filter requires more operations per sample. 

To optimize for real-time processing, the filter order is adjusted to achieve an acceptable trade-off between noise 

reduction and processing speed. Additionally, efficient implementation techniques, such as polyphase decomposition, are 

considered to reduce the computational load. 

3.5 Real-time Implementation Considerations 

In practical RF communication systems, real-time processing is often a critical requirement. Therefore, the designed FIR 

filter must be implemented in a manner that ensures minimal delay and computational overhead. For this purpose, 

hardware-based digital signal processing (DSP) architectures, such as field-programmable gate arrays (FPGAs) or digital 

signal processors, are recommended. The filter is implemented on a DSP platform to test its real-time performance. 

The FIR filter is made both computationally feasible for real-time applications and effective at suppressing noise thanks to 

the design methodology described here. The problem of noise in RF communication systems is effectively solved by the 

methodical approach used in signal analysis, filter design, and performance evaluation. This results in notable gains in 

signal quality while preserving system efficiency. 

4.   RESULT 

In this section, we present the results of the designed digital filter for noise reduction in RF communication systems. 

Simulations were conducted to assess the performance of the FIR filter under various noise conditions, and we evaluated 

its effectiveness using both time-domain and frequency-domain metrics. 

4.1 Noise Characteristics in the RF System 

The first step was to identify and characterize the noise present in the RF communication system. As shown in Figure 1, 

the system experienced significant interference from adjacent channel noise and thermal noise. These sources degraded 

the signal-to-noise ratio (SNR) and introduced distortions in the transmitted signal. 

 

Figure 1: Noise Sources in the RF System 

4.2 Filter Design and Frequency Response 

We designed an FIR low-pass filter to target the frequency range where noise was most prominent. The filter's parameters 

were selected based on the SNR of the signal and the desired cutoff frequency. The frequency response of the designed 

filter is presented in Figure 2, which illustrates the attenuation of high-frequency noise while maintaining the integrity of 

the desired signal. 
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Figure 2: Frequency Response of the FIR Filter 

The filter has a cutoff frequency of 8 MHz. 

Attenuation in the stopband was achieved at 40 dB, significantly reducing the noise beyond the passband. 

The steep roll-off and low passband ripple indicate efficient noise suppression with minimal signal distortion. 

4.3 Time-Domain Signal Before and After Filtering 

To evaluate the filter's performance in the time domain, we applied it to the noisy RF signal. Figure 3 shows the 

comparison between the signal before and after filtering. 

The pre-filter signal was heavily distorted by high-frequency noise, as seen in the top graph. 

After applying the FIR filter, the noise components were significantly reduced, as shown in the lower graph. The filtered 

signal closely matched the original undistorted signal, indicating the filter's effectiveness in removing noise while 

preserving the key features of the RF communication signal. 

 

Figure 3: Time-Domain Signal Before (Top) and After (Bottom) Filtering 
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4.4 SNR Improvement 

The performance of the designed filter was further quantified by measuring the SNR improvement. The SNR of the 

system increased from 18 dB to 35 dB after applying the filter. The improvement in SNR directly reflects the filter’s 

ability to remove high-frequency noise components without affecting the desired signal components, which reside in the 

passband. 

4.5 Computational Efficiency 

Finally, the computational efficiency of the FIR filter was evaluated by measuring the processing time for different filter 

orders. Table 1 shows the relationship between filter order and processing time. For a filter order of 50, the average 

processing time per sample was 0.5 ms, which is acceptable for real-time applications in RF communication systems. 

Filter Order Processing Time (ms) 

30 0.3 

50 0.5 

70 0.7 

The outcomes show how well the developed FIR filter decreased noise in RF communication systems, enhancing signal 

integrity and signal signal strength. Real-time radio applications could benefit from the filter's computational efficiency 

and good performance under a range of noise circumstances. 

5.   DISCUSSION 

The designed FIR filter offers several advantages over other common filtering techniques, particularly IIR filters, analog 

filters, and adaptive filters. Compared to IIR filters, FIR filters are inherently stable due to their non-recursive structure, 

ensuring no feedback loops that could destabilize the system. Furthermore, FIR filters provide a linear phase response, 

which is critical in RF communication systems to avoid signal distortion. In contrast, IIR filters, while more 

computationally efficient due to their lower order, often introduce nonlinear phase shifts, which can distort the signal. 

Analog filters, while effective for certain low-frequency applications, lack the flexibility and precision of digital FIR 

filters, especially in complex RF environments where precise tuning is required. Adaptive filters, though capable of 

adjusting to varying noise levels in real-time, tend to be more complex and require higher computational power, making 

FIR filters a more practical choice for consistent and efficient noise reduction in RF systems. 

6.   CONCLUSION 

The FIR filter designed for noise reduction in RF communication systems proved to be highly effective in improving 

signal quality. By carefully analyzing the characteristics of both the signal and the noise, the filter was able to 

significantly reduce interference, such as thermal noise and adjacent channel disruptions. One of its major advantages is 

its inherent stability and ability to maintain a linear phase response, ensuring that the original signal remains intact 

without any phase distortion. Although FIR filters typically require higher computational resources compared to IIR 

filters, their superior performance in terms of stability and signal preservation makes them an ideal choice for high-

frequency RF systems. The design strikes a good balance between efficient noise suppression and computational 

feasibility, making it suitable for real-time applications where maintaining signal integrity is critical. Overall, the filter 

offers a strong solution for enhancing the reliability and performance of RF communication systems. 
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