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Анотація 

У цій доповіді розглядається трансформаційна роль Python у біомедичній інженерії, з акцентом на його 

застосування в геноміці, медичній візуалізації, прогностичній аналітиці, автоматизації лабораторій та 

обробці природної мови. Використання екосистеми бібліотек Python, включаючи Biopython, OpenCV, 

TensorFlow та Pandas. Тематичні дослідження висвітлюють вплив Python на розробку ліків (40% скорочення 

витрат на валідацію мішеней) та прийняття клінічних рішень (18% скорочення смертності завдяки 

прогнозуванню сепсису). У доповіді також розглядаються такі проблеми, як гетерогенність даних, безпека 

(шифрування AES-256) та інтерпретованість моделей (значення SHAP), а також досліджуються такі 

інновації, як федеративне навчання та пояснювальний ШІ. Інтеграція Python з роботизованими системами та 

LIMS спрощує робочі процеси, скорочуючи витрати на виробництво моноклональних антитіл на 45% та 

автоматизуючи 50 000 зразків CRISPR щодня. Нові тенденції в аналітиці в реальному часі та хмарній 

співпраці підкреслюють потенціал Python у поєднанні необроблених даних та клінічних висновків, зміцнюючи 

його роль як наріжного каменю біомедичних інновацій. 
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Abstract 

This report examines the transformative role of Python in biomedical engineering, emphasizing its applications in 

genomics, medical imaging, predictive analytics, lab automation, and natural language processing. Leveraging 

Python’s ecosystem of libraries – including Biopython, OpenCV, TensorFlow, and Pandas. Case studies highlight 

Python’s impact on drug discovery (40% cost reduction in target validation) and clinical decision-making (18% 

mortality reduction via sepsis prediction). The report also addresses challenges like data heterogeneity, security (AES-

256 encryption), and model interpretability (SHAP values), while exploring innovations such as federated learning and 

explainable AI. Python’s integration with robotic systems and LIMS streamlines workflows, cutting monoclonal 

antibody production costs by 45% and automating 50,000 CRISPR samples daily. Emerging trends in real-time 

analytics and cloud-based collaboration underscore Python’s potential to bridge raw data and clinical insights, 

solidifying its role as a cornerstone of biomedical innovation. 

Key words: Python, biomedical engineering, genomics, medical imaging, lab automation, machine learning, 

predictive modelling, data privacy, explainable AI, federated learning. 

 

Introduction 

 

The integration of Python into biomedical engineering has catalysed transformative advancements in 

medical research, diagnostics, and therapeutic development. As an open-source, versatile programming 

language, Python’s ecosystem of libraries – such as Pandas, NumPy, SciPy, and TensorFlow – enables 

researchers to analyse complex biological datasets, automate laboratory workflows, and develop predictive 

models for personalized medicine. This report explores Python’s pivotal role in genomics, medical imaging, 

predictive analytics, lab automation, and natural language processing (NLP), highlighting its capacity to 

address challenges like data heterogeneity, computational scalability, and clinical translation. Case studies 

from genomic sequencing, bone trabecular analysis, and terminology extraction demonstrate Python’s 

adaptability, while emerging trends in explainable AI and federated learning underscore its potential to 

redefine biomedical innovation. [1, 2, 6] 



Python’s Ecosystem for Biomedical Data Analysis 

Genomics and Bioinformatics 

 

Python has become indispensable in genomics, where it streamlines the analysis of DNA sequences, gene 

expression profiles, and epigenetic markers. The Biopython library provides tools for parsing FASTA files, 

aligning sequences, and identifying genetic variants associated with diseases like cancer. For example, researchers 

use Biopython’s Bio.SeqIO module to process next-generation sequencing (NGS) data, enabling the detection of 

single-nucleotide polymorphisms (SNPs) with 99.7% accuracy in leukaemia patients. [5] Pandas facilitates the 

manipulation of large omics datasets, such as RNA-seq data, by converting them into structured DataFrames for 

exploratory analysis. A 2023 study leveraged Pandas to correlate gene expression patterns in COVID-19 patients 

with cytokine storm severity, identifying IL6 and TNF-α as critical biomarkers. [6] 

Machine learning frameworks like scikit-learn further enhance genomic insights. Gradient boosting 

algorithms classify tumor subtypes using methylation data, achieving AUC scores of 0.94 in breast cancer 

cohorts. PyTorch Geometric, a library for graph neural networks (GNNs), models protein-protein interaction 

networks to predict drug targets, reducing experimental validation costs by 40%. [7] 

 

Medical Imaging and Signal Processing 

 

Python’s dominance extends to medical imaging, where libraries like OpenCV and SimpleITK enable 

automated analysis of MRI, CT, and microscopy images. In bone trabecular studies, researchers applied 

OpenCV’s thresholding algorithms to 2D histological slides, distinguishing bone (grayscale) from marrow 

(black) with 92% precision. [4] This approach automated the measurement of trabecular thickness in 

osteoporosis patients, slashing analysis time from hours to minutes. 

For 3D image reconstruction, the NumPy and SciPy stack processes volumetric data from confocal 

microscopy. A 2024 project reconstructed neuronal networks in Alzheimer’s brain samples using SciPy’s 

spatial transformation functions, revealing a 30% reduction in synaptic density compared to controls. [3] 

Signal processing tools like MNE-Python decode electroencephalography (EEG) signals for brain-computer 

interfaces (BCIs), achieving 89% accuracy in classifying motor imagery tasks. [8] 

 

Predictive Modeling and Clinical Decision Support 

Risk Stratification and Disease Prognosis 

 

Python’s machine learning libraries empower clinicians to predict patient outcomes using electronic 

health records (EHRs). XGBoost models trained on EHR data from 10,000 diabetic patients predicted 

retinopathy progression with an AUC of 0.93, enabling early interventions. [9] Similarly, TensorFlow’s 

recurrent neural networks (RNNs) analyse longitudinal ICU data to forecast sepsis onset 12 hours in 

advance, reducing mortality rates by 18%. [10] 

 

Drug Discovery and Personalized Medicine 

 

In drug development, Python accelerates virtual screening and molecular dynamics simulations. The 

RDKit library generates 3D conformers of small molecules, while PyAutoDock automates docking studies to 

evaluate binding affinities. [5] A 2023 study identified a novel kinase inhibitor for lung cancer using 

PyAutoDock, which showed 10-fold higher potency than existing therapies in vitro. For personalized 

treatment, Scikit-learn’s clustering algorithms stratify patients based on genomic and clinical data, guiding 

immunotherapy regimens for melanoma with 85% response rates. [7] 

 

Automation and Workflow Optimization 

Laboratory Information Management Systems (LIMS) 

 

Python scripts integrate with LIMS to automate sample tracking and data entry. The PyVISA library 

controls laboratory instruments via GPIB and USB interfaces, enabling high-throughput screening. For 

instance, a Python-driven LIMS at the Broad Institute processes 50,000 CRISPR samples daily, reducing 

human error by 70%. [1] Jupyter Notebooks further streamline data analysis by combining code, 

visualizations, and annotations in interactive reports. 



Robotic Process Automation (RPA) 

 

In biomanufacturing, Python orchestrates robotic arms (e.g., UR5) for liquid handling and cell culture 

maintenance. OpenCV-guided robots count colonies on agar plates with 98% accuracy, while Pandas logs 

growth metrics in real time. [4] Such automation cuts production costs by 45% in monoclonal antibody 

synthesis. 

 

Natural Language Processing (NLP) for Biomedical Text Mining 

Terminology Extraction and Semantic Analysis 

 

The KeyCARE library exemplifies Python’s NLP capabilities in biomedicine. Using transformer models 

like BERT, KeyCARE extracts keywords from clinical notes with 98% recall, categorizing terms into 

ontologies like SNOMED CT. [3] In a Catalan-language study, KeyCARE enriched a rare disease 

terminology by identifying 1,200 novel entity relationships, aiding in differential diagnosis. 

 

Literature Mining and Knowledge Graphs 

 

PubMedPy, a Python package, mines MEDLINE abstracts for drug-gene interactions. A knowledge graph 

built with NetworkX linked 50,000 compounds to 300 pathways, uncovering repurposing opportunities for 

Parkinson’s disease. [6] 

 

Challenges and Ethical Considerations 

Data Privacy and Security 

 

Python’s PyCryptodome implements AES-256 encryption to safeguard PHI in EHRs, complying with 

GDPR and HIPAA4. Federated learning frameworks like TensorFlow Federated train models on 

decentralized data, preserving patient confidentiality in multi-institutional studies. [9] 

 

Model Interpretability 

 

SHAP (SHapley Additive exPlanations) elucidates AI decisions in high-stakes scenarios. For instance, 

SHAP values revealed that albumin levels drove 60% of a sepsis prediction model’s output, prompting 

clinicians to prioritize hypoalbuminemia screening. [10] 

 

Conclusion 

 

Python’s versatility and expansive library ecosystem position it as the cornerstone of modern biomedical 

engineering. From decoding genomic sequences to guiding surgical robots, Python bridges the gap between 

raw data and clinical insights. Future advancements will likely focus on real-time analytics, AI-driven 

diagnostics, and global collaborations via cloud-based platforms. As biomedical challenges grow in 

complexity, Python’s adaptability ensures it will remain at the forefront of lifesaving innovation. [2, 6] 
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