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Abstract 

This article examines the theoretical foundations and practical applications of digital 

signal processing algorithms for biomedical signals. The specific characteristics of 

biological signals, as well as their acquisition, digitization, filtering, and analysis 

processes, are discussed in detail. Particular attention is paid to Fourier and wavelet 

transforms, feature extraction, and classification algorithms. The role of modern 

artificial intelligence and machine learning techniques in biomedical signal 

processing is highlighted. The findings contribute to improving the accuracy of 

medical diagnostics and the development of real-time monitoring systems. 

 

Keywords: Biomedical signals, digital signal processing, algorithms, filtering, 

Fourier transform, wavelet analysis, artificial intelligence, EEG, ECG, signal 

classification. 

                                                           

 

Introduction 

Digital processing of biomedical signals is one of the most important scientific areas 

where modern medicine and information technology meet. Physiological processes 

occurring in the human body are manifested in the form of various signals. These 

signals provide important information about processes such as heartbeat, brain 

activity, muscle movement. Therefore, by accurately recording, processing and 
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analyzing them, it is possible to detect diseases early, monitor the patient's condition 

and develop effective treatment methods. 

Biomedical signals are usually obtained in analog form. However, in order to use 

modern computer technologies, they are converted to digital form. It is in this process 

that digital signal processing algorithms play an important role. These algorithms 

allow you to clean the signal from noise, extract important features, analyze it and 

make a final decision. Biological signals are distinguished by their complexity. They 

are often distorted by the external environment, mixed with noise and change over 

time. For example, an electrocardiogram (ECG) signal reflects the electrical activity 

of the heart, but it can be affected by muscle movement or external electromagnetic 

interference. Therefore, simple mathematical methods are not enough to process such 

signals, but complex algorithms are required. 

The process of processing biomedical signals consists of several stages, each stage of 

which performs a specific task. Initially, the signal is acquired using special sensors. 

At this stage, it is important to ensure the quality of the signal, since an incorrectly 

acquired signal will negatively affect the results of subsequent analysis. Then the 

signal is discretized, that is, it is measured at certain time intervals and converted into 

digital values. This process is based on the Nyquist theorem, and a sufficient sampling 

frequency must be selected to correctly reconstruct the signal. The next stage is 

quantization, in which the signal amplitude is divided into certain levels. Small errors 

can occur in this process, but they are usually acceptable. Then the signal is encoded 

and made ready for processing in a computer system. 

One of the most important stages of signal processing is filtering. Biomedical signals 

are often contaminated with noise, so it is necessary to extract the useful signal. Low-

pass filters eliminate high-frequency noise, while high-pass filters remove low-

frequency components. Band-pass filters only pass signals in a certain frequency 

range. Adaptive filters are more advanced, they adapt to changes in the signal. For 

example, adaptive filters are very effective in reducing noise in real time when 

processing cardiac signals. This type of filter is especially widely used in telemedicine 

systems. Fourier transform plays an important role in signal analysis. This method 

allows you to convert the signal from the time domain to the frequency domain. As a 

result, different frequencies in the signal are determined. This method is widely used 

in detecting brain waves in EEG signals. For example, alpha, beta and gamma waves 

provide different information about brain activity. 
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However, some signals change over time, so a simple Fourier transform is not enough. 

Therefore, time-frequency analysis methods are used. Short-time Fourier transform 

analyzes the signal by dividing it into small segments. Wavelet transform allows you 

to study the signal at different scales. This method is especially effective in identifying 

pathologies in cardiac signals. 

One of the important steps in analyzing biomedical signals is to extract these features. 

By identifying the main features of the signal, it is possible to effectively analyze it 

in subsequent stages. For example, in an ECG signal, the QRS complex is the main 

indicator of the heartbeat. By identifying this element, important conclusions can be 

drawn about the heart rhythm. 

After extracting the features, the classification stage begins. At this stage, the signal 

is divided into certain classes. Traditional methods include the K-nearest neighbors 

algorithm, Bayesian classifier, and decision trees. Although these methods are simple 

and understandable, they are sometimes ineffective when working with large amounts 

of data. 

Modern approaches are based on artificial intelligence and machine learning. 

Artificial neural networks allow for complex signal learning and accurate 

classification. Deep learning algorithms are especially effective when working with 

large amounts of data. 

For example, epilepsy can be diagnosed by analyzing EEG signals. Heart arrhythmias 

can be detected using ECG signals. EMG signals are used to study muscle activity. 

These methods allow for the automation of the diagnostic process in medicine. 

Today, biomedical signal processing has become an essential component of modern 

healthcare systems, particularly with the rapid growth of telemedicine and intelligent 

wearable technologies. Devices such as smart watches, fitness trackers, and portable 

health monitors are now capable of continuously collecting physiological data, 

including heart rate, oxygen saturation, and even electrocardiogram signals. These 

devices rely heavily on digital signal processing algorithms to analyze real-time data 

and provide meaningful feedback to users. As a result, individuals are increasingly 

empowered to monitor their own health conditions outside of traditional clinical 

environments. This shift not only enhances personal health awareness but also 

significantly improves the chances of early detection of diseases such as 

cardiovascular disorders, arrhythmias, and other chronic conditions [3]. 
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The integration of biomedical signal processing into telemedicine has transformed the 

way healthcare services are delivered. Remote monitoring systems enable physicians 

to observe patients’ physiological parameters in real time, regardless of geographical 

location. This is particularly beneficial for patients living in remote or underserved 

areas where access to healthcare facilities is limited. By analyzing continuously 

streamed data, healthcare professionals can make timely decisions, adjust treatment 

plans, and even prevent medical emergencies. Consequently, biomedical signal 

processing serves as a bridge between patients and healthcare providers, ensuring 

more efficient and proactive medical care. 

Despite these significant advancements, several challenges remain in the field of 

biomedical signal processing. One of the most critical issues is the presence of noise 

and artifacts in the acquired signals. Biological signals are inherently weak and highly 

susceptible to interference from both internal and external sources. For instance, 

muscle movements, electrode displacement, and electromagnetic interference from 

surrounding devices can distort the signal, making accurate analysis difficult. 

Removing such noise without losing essential information is a complex task that 

requires advanced filtering and adaptive algorithms. Although many techniques have 

been developed to address this issue, achieving an optimal balance between noise 

reduction and signal preservation remains a major research challenge. 

Another pressing concern is the massive volume of data generated by modern 

biomedical devices. Continuous monitoring systems produce large datasets that must 

be stored, transmitted, and processed efficiently. This creates significant demands on 

computational resources and data management systems. Traditional data processing 

methods are often insufficient to handle such large-scale data in a timely manner. As 

a result, there is a growing need for more efficient algorithms and data compression 

techniques that can reduce computational complexity while maintaining high 

accuracy. Additionally, the integration of cloud computing has been proposed as a 

solution to manage and process large datasets, but it also introduces concerns related 

to data security and privacy. 

Real-time processing requirements further complicate the development of biomedical 

signal processing systems. In many medical applications, such as intensive care 

monitoring or wearable health devices, immediate analysis of incoming data is 

crucial. Delays in processing can lead to missed critical events or incorrect diagnoses. 

Therefore, algorithms must be not only accurate but also computationally efficient to 
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ensure rapid response times. Designing such algorithms requires a careful balance 

between speed and precision, which is often difficult to achieve in practice. 

One of the most significant challenges in biomedical signal processing is the 

variability among individuals. Each human body is unique, and physiological signals 

can vary widely depending on factors such as age, gender, lifestyle, and health 

conditions. 

An algorithm that performs well for one individual may not produce the same level 

of accuracy for another. This variability limits the effectiveness of generalized models 

and highlights the need for personalized approaches. Personalized algorithms aim to 

adapt to the specific characteristics of each individual, thereby improving the 

reliability and accuracy of the analysis. However, developing such adaptive systems 

requires extensive data and sophisticated machine learning techniques. 

Looking ahead, the future of biomedical signal processing is closely tied to the 

advancement of artificial intelligence, big data analytics, and cloud-based 

technologies. Artificial intelligence, particularly deep learning, has shown remarkable 

potential in analyzing complex biomedical signals. These methods can automatically 

extract relevant features and identify patterns that may not be detectable using 

traditional techniques. As more data becomes available, machine learning models can 

be trained to achieve higher levels of accuracy and robustness. 

Big data technologies will play a crucial role in managing and analyzing the vast 

amounts of information generated by biomedical devices. By leveraging large 

datasets, researchers can uncover new insights into human physiology and disease 

mechanisms. This, in turn, can lead to the development of more effective diagnostic 

tools and treatment strategies. Cloud computing will further enhance these 

capabilities by providing scalable infrastructure for data storage and processing, 

enabling real-time analysis on a global scale. 

In the coming years, the integration of these technologies is expected to revolutionize 

healthcare. Diagnostic procedures will become more precise, allowing for earlier 

detection of diseases and more targeted interventions. Treatment processes will be 

optimized through continuous monitoring and data-driven decision-making. 

Moreover, the emphasis on preventive healthcare will increase, as individuals will 

have greater access to tools that help them maintain and improve their health [6]. 

In conclusion, biomedical digital signal processing algorithms are a fundamental 

component of modern medicine. They enable the detailed analysis of physiological 
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processes, support early diagnosis of diseases, and contribute to the development of 

effective treatment methods. While challenges such as noise interference, data 

complexity, real-time processing, and individual variability persist, ongoing research 

and technological advancements continue to address these issues. The future of this 

field is highly promising, and its continued development will undoubtedly lead to 

significant improvements in healthcare quality and human well-being. 
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