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Abstract: Globally, Chronic Obstructive Pulmonary Disease (COPD) is a major public health concern that necessitates the use 

of efficient predictive technologies for early detection and treatment. Using convolutional neural network (CNN) 

architectures—a recent development in machine learning—this study investigates the physiological responses and COPD 

development prediction in lab rats exposed to smoking. Three well-known CNN algorithms— ResNet, GoogleNet, and 

VGG19—were used to examine data gathered from studies in which lab rats were exposed to smoke over time. Throughout 

the trial, physiological parameters and the evolution of COPD were observed. Our findings show how effective these CNN 

architectures are at predicting the onset of COPD and recognising the physiological reactions linked to smoking. The 

application of the VGG19, ResNet, and GoogleNet algorithms advances our understanding of COPD prediction in 

experimental environments and opens up new avenues for future study focused on improving therapeutic interventions and 

early detection techniques. Keywords— COPD, machine learning, CNN architectures, smoke exposure, experimental study. 

 
I.      INTRODUCTION 

The complexity of COPD is a major barrier to successful therapy, notwithstanding advancements in our knowledge of the disease's 
pathophysiology and the identification of risk factors. There is a wide range of phenotypes and endotypes associated with COPD, 
each having unique clinical characteristics, disease paths, and treatment outcomes. Conventional diagnostic standards, including 
forced vital capacity (FVC) and forced expiratory volume in one second (FEV1), which rely on spirometry data, might not account 
for this intricacy, misclassifying patients and resulting in less-than-ideal treatment plans.This problem may be solved by machine 
learning techniques, which combine multidimensional data and use advanced algorithms to find hidden patterns and subgroups 
among COPD populations. Personalised treatment decisions and improved outcomes for COPD patients can be facilitated by 
machine learning algorithms that identify discrete phenotypic clusters and characterise their specific clinical profiles. 
Apart from improving diagnostic precision and risk assessment, machine learning exhibits potential in forecasting exacerbations of 
COPD and directing preventive measures. Effective preventative methods are necessary since COPD exacerbations are linked to 
faster disease progression, a lower quality of life, and more  healthcare utilisation. Through the examination of longitudinal data 
from patients with COPD, which includes clinical characteristics, physiological measurements, and environmental factors, machine 
learning algorithms are able to predict with high accuracy when and how exacerbations will occur.In addition, machine learning 
algorithms are able to pinpoint individualised intervention methods and modifiable risk factors that reduce the likelihood of 
exacerbations. Examples of these efforts include enhancing medication compliance, encouraging quitting smoking, and offering 
focused respiratory rehabilitation programmes. Proactive management strategies based on predictive analytics can help healthcare 
practitioners reduce the number of COPD exacerbations and enhance patients' long-term results. 
In conclusion, machine learning offers unmatched capabilities in data analysis, predictive modelling, and personalised treatment, 
hence representing a paradigm shift in COPD research and clinical practice. Researchers and doctors may use the power of big data 
to better understand the pathophysiology of COPD, increase diagnosis accuracy, tailor treatments, and improve patient outcomes by 
utilising machine learning techniques. We can fully utilise machine learning to handle the complex problems presented by COPD 
and open the door to a new era of precision respiratory treatment by working together across disciplines, such as computer science, 
biomedical engineering, and respiratory medicine. 
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II.      BACKGROUND STUDY 

Cigarette smoke was chronically introduced to male Wistar rats by Duarte et al. (2005) [1]. The vocal folds' histological 
examination showed hyperplasia, squamous metaplasia, and keratinizing metaplasia, all of which pointed to cellular injury. These 
results highlight the significance of tobacco control efforts and the necessity to comprehend how susceptible the voice cords are to 
secondhand smoke exposure. Using Sprague-Dawley rats, Baek et al. (2022) [2] used the Mask R-CNN method to identify lesions 
associated with acute hepatic damage caused by acetaminophen. At the whole-slide image level, the model identified lesions with 
96.44% accuracy. The algorithm's ability to predict hepatic lesions was proved by the excellent correlation it showed when 
compared to expert-annotated areas. The paper recommends the Mask R-CNN method as a useful resource for identifying liver 
abnormalities in investigations that are not clinical; potential applications exist in preclinical and clinical contexts.In Sprague-
Dawley rats, Iida et al. (1998) [3] examined the effects of nicotine infusion and cigarette smoking on the cerebrovascular system. 
They evaluated pial vessel diameters using a prepared cranial window and compared single-cigarette smoking, repeated smoking, 
and nicotine infusion. Biphasic effects were caused by smoking a single cigarette; vasoconstriction came first and then vasodilation. 
Vasodilation was decreased but not vasoconstriction by repeated smoking. Without first causing vasoconstriction, nicotine infusion 
resulted in vasodilation. Pharmacological interventions demonstrated that thromboxane A2, NO generation, sympathetic activation, 
and K1 channel activation were all involved in the effects that were observed. These results clarify the intricate processes that 
underlie the effects of nicotine infusion and cigarette smoking on the cerebrovascular system in rats.et al. Barnard (2023) [4] 
investigated the impact of high-THC cannabis smoking on male rats' incidental recall. They discovered that THC smoke affected 
odour recognition under both memory loads and object recognition under high memory load using novelty preference testing. 
These results imply that cannabis smoking has stimuli-specific and memory load-dependent effects on rat memory.Church and Pryor 
(1985) [5] investigated the toxicological effects of cigarette smoke's free-radical chemistry. They found that there were two different 
kinds of radicals in cigarette smoke: highly reactive radicals in the gas phase and stable radicals in the tar phase, primarily a 
quinone/hydroquinone (Q/QH2) complex. These radicals can oxidise thiols and react with DNA. The study sheds light on the 
complex effects of cigarette smoke on lipid peroxidation and its role in radical-mediated disease processes. Wright and Churg 
(2008) [6] reviewed the use of animal models in chronic obstructive pulmonary disease (COPD) research, highlighting their value 
and potential limitations. Animal models offer valuable insights into COPD pathophysiology and therapeutic development, allowing 
researchers to control conditions and exposures precisely. These models enable the study of single or combined insults, such as 
tobacco smoke or allergen exposure, providing a platform to investigate disease mechanisms and test potential therapies. However, 
the choice of model requires careful consideration to ensure relevance and translational validity to human COPD. 
Proteomics approaches have been applied to the identification of biomarkers for chronic lung disorders, such as COPD and asthma, 
as reviewed by Haenen et al. (2014) [7]. The phenotypes of these disorders are highly variable, which makes the identification of 
biomarkers difficult. Proteomics has a high throughput and sensitivity, which makes it a potential method for finding biomarkers in 
animal and human models. To find biomarkers for asthma and COPD, the authors reviewed the literature on proteomics research 
carried out in human and murine models. Although mouse models have been developed and proteomics research has been 
conducted, there is still minimal translation of potential biomarkers into therapeutic trials.Liang and associates (2019) [8] reviewed 
the development, assessment techniques, and recommendations for enhancements for animal models of COPD and emphysema. 
They draw attention to how important these models are for comprehending respiratory illnesses and provide ideas for further study 
and treatment approaches. The relationship between smoking cigarettes and idiopathic pulmonary fibrosis (IPF), which is linked to 
emphysema, was examined by Qiao et al. (2014) [9]. They examined the differences in IPF patients with and without emphysema's 
clinical characteristics, smoking histories, and radiological results. Their research adds to our understanding of the clinical features 
of this combination illness by highlighting the importance of smoking as a major risk factor.Li et al. suggested a rat model for 
repeated bacterial infection (RBI) and cigarette smoke inhalation (CSI)-induced chronic obstructive pulmonary disease (COPD). Rats 
in the study were given either CSI, RBI, or a combination of both, and then they were studied for 20 weeks. The COPD rats' results 
revealed reduced lung function, elevated cytokine levels, and histological alterations; the combination therapy group showed the 
strongest effects. The combined CSI and RBI treatment, according to the researchers, may provide a better model for researching 
human COPD.Zhang and others. [11] identified individuals with high-risk chronic obstructive pulmonary disease (COPD) using 
quantitative computed tomography (QCT) readings. Based on results from pulmonary function testing, 140 patients were enrolled 
and divided into low- and high-risk COPD groups. High-risk COPD was identified with 85.71% accuracy using SVM analysis. 
When QCT and clinical data were combined, accuracy increased to 90.48%. PFT results and QCT indexes showed a correlation, 
suggesting the utility of QCT indexes in determining the severity of COPD.Tanabe et al. 
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 [12] evaluated the viability of quantitative assessments of smaller airways in chest ultra-high- resolution computed tomography (U-
HRCT) utilising deep learning- based reconstruction, Advanced intelligent Clear-IQ Engine (AiCE). AiCE preserved image quality 
while reducing reconstruction time by about 90% in comparison to the full-iterative model. AiCE-based U- HRCT yielded results 
that were on par with or better than phantom tube experiments and patient studies when assessing tiny airways, indicating its 
potential for clinical use in assessing peripheral airways. 
Over a three-month period, Konietzke et al. [13] tracked short-term changes in individuals with severe COPD using quantitative CT 
(QCT). While air-trapping stayed constant, emphysema metrics increased dramatically. PRM showed less normal lung tissue and 
increased emphysema. Heterogeneous alterations were observed in airway measurements. Beyond spirometry, QCT provides 
insights into COPD heterogeneity by accurately detecting the advancement of emphysema.A technique for accurately detecting 
COPD phases was established by Deng et al. [14] using inspiratory and expiratory chest CT images. Their method surpassed 
traditional machine learning classifiers, with an accuracy of 89.7%. This technique is a useful diagnostic tool that shows promise for 
accurate COPD diagnosis.Yang et al. [15] presented a technique for auto-metric graph neural network (AMGNN) and lung 
radiomics features-based COPD stage classification. They used the GLM and Lasso algorithms to create a lung radiomics 
combination vector, which resulted in a good classification performance (accuracy: 94.3%). Their method proved successful in 
COPD stage classification, outperforming previous neural networks and machine learning algorithms. In order to avoid severe 
emphysema, Jung and Vij [16] emphasise the criticality of early COPD diagnosis and real-time monitoring. They draw attention to 
the main causes and stress the importance of prompt therapies to maintain lung function. Due to the limitations of current 
diagnostic approaches, research is being done on cutting edge methods including X-ray phase contrast and machine learning for 
better monitoring and detection. They support the use of cutting-edge diagnostics to facilitate prompt therapies and stop the 
progression of COPD. [17] describes how ageing populations and tobacco usage are contributing to the increased prevalence of 
COPD and emphasises quitting smoking as the primary preventive measure. Lung function gradually deteriorates despite an early, 
frequently symptom-free phase, forcing patients to seek care in later stages or during exacerbations. Devine emphasises the 
significance of a precise diagnosis and ongoing care to maintain quality of life and lower COPD-related medical expenses. The 
association between the disease load and COPD symptoms is examined by Miravitlles et al. [18]. This relationship takes into 
account a number of factors, including prognosis, anxiety, depression, daily activities, physical activity, quality of life, and health 
status. They draw attention to how different symptoms can be felt during the day and at night. Their narrative review, which 
primarily draws on observational and real- world studies, highlights the important role that COPD symptoms play in the overall 
disease burden and stresses the significance of identifying and comprehending this role for efficient therapy.In their examination of 
the prevalence and future prospects of chronic obstructive pulmonary disease (COPD), Lopez et al. (2006) [19] stress the 
significance of precise epidemiological data. They state that there were over 2.7 million COPD-related fatalities globally in 2000, 
with a large share of those deaths taking place in the Western Pacific Region, particularly China. Additionally, industrialised nations 
reported almost 400,000 fatalities per year from COPD. The incidence varied by region, from 3-5 percent in some parts of Africa to 
2-4 percent in North America. The study emphasises the necessity of standardised procedures and thorough data in order to address 
the increasing impact of COPD on public health. 
 

III.      METHODOLOGY 

This study's experimental design was painstakingly created to look at how lab rats exposed to smoking develop Chronic 
Obstructive Pulmonary Disease (COPD) and its physiological effects. For varied amounts of time—from brief to extended exposure 
periods—lab rats were exposed to regulated volumes of smoke produced by ordinary cigarette smoke. The smoke inhalation 
approach allowed for the progressive emergence of COPD-related symptoms and physiological changes over time. It was aimed to 
replicate the chronic exposure patterns seen in human smokers. 
 
A. Dataset 

This study's dataset was painstakingly created to examine the physiological effects of gas exposure on lab rats and assess the 
emergence of Chronic Obstructive Pulmonary Disease (COPD) as a result of prolonged exposure times. It includes a variety of 
physiological measures that are carefully documented in lab rats that have inhaled smoke over time, as well as a binary indication 
that indicates the presence of COPD.The dataset includes a wide range of characteristics designed to record different physiological 
reactions and health status markers in the exposed rats.  
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These factors include weight in grammes, the measurement of retina cells to estimate possible effects on the eyes, and the 
evaluation of hairfall as a sign of toxicity or systemic stress, assessment of the length of sleep loss as a gauge of post-exposure sleep 
disturbances, heart rate assessments to track cardiovascular responses, stool weight quantification to evaluate gastrointestinal 
effects, respiratory rate measurements to track lung function, urine flow rate measurement to gauge renal function and hydration 
status, and a binary variable based on diagnostic criteria and histopathological examination to indicate the presence or absence of 
COPD. 
Strict guidelines were followed during the data collection process to guarantee accuracy and consistency. The lab rats that were 
exposed to carefully regulated gas inhalation regimens and smoke were subjected to a series of systematic measurements. To capture 
longitudinal changes in physiological parameters and the development of COPD, data points were painstakingly captured at 
specified intervals throughout successive time periods. This allowed for a thorough evaluation of the impact of gas exposure on the 
rats' health state.The dataset was carefully preprocessed to improve its quality and enable accurate model performance before 
training and analysis. In order to maximise model convergence and forecast accuracy, this involved addressing missing values, 
identifying and managing outliers, and normalising feature scales.Moreover, in order to promote transparency, the produced dataset 
will be publicly available to the scientific community together with thorough metadata and annotations, promoting reproducibility 
and cooperative research activities. Researchers should get in contact with the corresponding author for more details and possible 
collaboration opportunities if they are interested in accessing the dataset or duplicating the study methods. 

 
B. Models 

This paper used three different convolutional neural network (CNN) architectures to analyse the dataset and forecast the 
development of Chronic Obstructive Pulmonary Disease (COPD) and the physiological reactions of smoke-inhaled lab rats. 
VGG19, ResNet, and GoogleNet are the three CNN architectures that were chosen because of their distinct architectural 
characteristics and aptitude for managing complex data. 
Within the field of convolutional neural networks (CNNs), VGG19 is a benchmark known for its resilience and ease of use. There 
are 19 layers in total in this architecture, most of which are 3x3 convolutional filters with max-pooling layers dotted throughout the 
network. Its architecture is characterised by a simple, uncomplicated design that makes training and understanding easier. VGG19 
has a more complex structure than VGG16, but it still has a clear and consistent design, which makes it a good option for a variety 
of image processing applications, especially image classification. VGG19's unique layer-by-layer development makes it possible to 
extract features in a hierarchical manner, which helps the network identify complex patterns and correlations in the input data.. 
VGG19 was used in this work to evaluate the dataset and forecast results pertaining to the onset of COPD and physiological 
reactions. VGG19 was assigned the responsibility of deriving meaningful representations from the input features, utilising its depth 
and simplicity in architecture to contribute to the thorough evaluation of COPD-related outcomes.ResNet, short for Residual 
Network, introduced residual connections, also known as skip connections, in a way that marked a major advancement in CNN 
topologies. By learning residual mappings thanks to these connections, the network is able to avoid the vanishing gradient issue that 
arises when training incredibly deep networks. Because of their unparalleled depth and effectiveness, ResNet designs, including 
ResNet50 and ResNet101, have become industry mainstays in the fields of image categorization and feature extraction. ResNet 
topologies can capture subtle features and patterns with surprising precision by exploring deeper into the data hierarchy and 
leveraging residual connections. ResNet was used in this work to analyse the dataset and identify outcomes associated to COPD. 
Its sophisticated architectural design was utilised to help understand the subtleties of physiological reactions to smoke inhalation. 
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Google's DeepMind team designed GoogleNet, dubbed Inception- v3, which is the ultimate CNN design. Its essential component is 
the inception module, which combines several simultaneous convolutional operations with different filter sizes in a clever way. This 
architecture improves GoogleNet's ability to extract features and learn representations by allowing it to extract both local and global 
characteristics from the input data. Through the use of this multi- scale methodology, GoogleNet is able to surpass the constraints of 
conventional CNN architectures in its ability to identify complex patterns and structures in the input data. GoogleNet's exceptional 
performance and versatility have won it praise in the image identification space, where its efficiency and computational prowess 
have thrust it to the forefront. GoogleNet was given the job of analysing the dataset for this investigation and forecasting outcomes 
pertaining to COPD development and projecting results regarding the onset of COPD and physiological reactions. By utilising its 
creative architectural layout and multi-scale feature extraction powers, GoogleNet helped to further the thorough investigation of 
COPD- associated results in lab rats exposed to smoke. 
 
C. Model Training and Evaluation 

Using the supplied dataset, each CNN architecture was trained using a supervised learning methodology. The dataset was carefully 
divided into training, validation, and test sets to enable repeated model training and performance evaluation, ensuring robust model 
development. Stochastic gradient descent (SGD) and Adam optimisation were used to optimise the model's parameters during the 
training phase, hence improving the model's capacity to identify significant patterns in the data. In order to improve prediction 
accuracy and generalisation to new data, the model's parameters were iteratively adjusted during the training phase with the goal of 
minimising the model's loss function.Following the training phase, the model's performance was thoroughly assessed using the 
aforementioned F1-score in addition to common evaluation measures like recall and accuracy. These measures gave us information 
on how well the model identified cases of COPD development and reduced the number of false positives. Accuracy evaluated the 
overall correctness of the model's predictions across all classes, whereas recall rated the model's sensitivity in identifying true 
positive occurrences of COPD. When taken as a whole, these measures provided a thorough assessment of the model's predictive 
power and potential to aid in the evaluation of COPD-related outcomes. 

 
To compare the three CNN architectures' performance across several evaluation parameters, statistical studies were carried out. To 
evaluate overall differences in model performance, ANOVA tests were used to determine whether the differences between the 
topologies were statistically significant. After that, pairwise comparisons between each model were carried out using post-hoc tests 
like Tukey's HSD in order to clarify particular performance differences. The outcomes of these statistical analyses gave 
important information about the relative advantages and disadvantages of each CNN design, which helped with model selection and 
improvement decisions.Bar graphs were used as visual representations to show how each model performed across several evaluation 
metrics, which improved the results' interpretability. With the use of these graphs, stakeholders were able to quickly identify 
patterns and trends by seeing a clear and understandable representation of the models' relative performance. To provide a thorough 
overview of the performance variations between the models and aid in decision-making and future research areas, a comparison 
chart was also created. 
 

IV.      CONCLUSION 

In this work, we used convolutional neural network (CNN) architectures to conduct a thorough investigation of machine learning 
predictions of the development of Chronic Obstructive Pulmonary Disease (COPD) and physiological responses in smoke-inhaled 
lab rats. Using a carefully selected dataset with several physiological parameters, we used three well-known CNN architectures 
(VGG19, ResNet, and GoogleNet) to process the data and forecast COPD- related results.  
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Our results demonstrate how machine learning models may effectively identify subtle patterns and connections in intricate 
biological datasets. We found that there were significant differences between the three CNN architectures' performances in terms of 
recall, accuracy, and F1-score after extensive testing and analysis. The intricate details of their architectural designs and 
optimisation techniques were reflected in the unique strengths and weaknesses that each model demonstrated. 
Bar graphs and comparison charts were employed to aid in the visual depiction and comprehension of model performance, hence 
furnishing stakeholders with significant discernments regarding the predictive capacities of each algorithm. These graphic aids were 
effective tools for disseminating study findings and promoting processes for making decisions based on data.In addition, the 
comparison study let us pinpoint possible areas for model optimisation and improvement, which set the stage for further studies 
aiming at improving prediction accuracy and extrapolation to unknown data. Our study adds to the expanding body of knowledge 
on pulmonary medicine by clarifying the subtleties of COPD development and physiological responses in smoke-inhaled lab rats. It 
also highlights the revolutionary potential of machine learning in biomedical research.Going ahead, sustained cooperation between 
scientists, medical professionals, and Data scientists will be crucial to expanding our knowledge of the pathophysiology of COPD 
and creating cutting-edge treatments for the treatment of the illness. We may work to enhance patient outcomes and provide a 
better future for those with COPD and other respiratory illnesses by utilising the power of interdisciplinary approaches and state-of-
the-art technologies. 
Finally, our research provides important new information for the predictive modelling of the development of COPD and 
physiological responses, highlighting the enormous potential of machine learning in explaining intricate biological processes. As 
we continue to explore the boundaries of biomedical research, we are dedicated to using cutting-edge techniques and teamwork to 
solve the complex problems caused by respiratory illnesses and open the door to revolutionary breakthroughs in medical care. 
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