Journal of Neonatal Surgery
ISSN(Online): 2226-0439

Vol. 14, Issue 29s (2025)
https://www.jneonatalsurg.com OPEN /=) ACCESS

Al-Driven Thermal Image Analysis in Thermoplasmonics for Diagnosing Tissue Anomalies: Bridging
Clinical Pharmacy and Nursing Care

Sahithya Ravali Ravula™, Dinesh Mavaluru?, Jerlin Priya Lovelin Auguskani®, Amutha Chellathurai*

College of Pharmacy, King Khalid University, Abha, Saudi Arabia

2College of Computing and Informatics, Saudi Electronic University, Riyadh, Saudi Arabia
3Department of Nursing, Aldarb university college, Jazan University, Jazan, Saudi Arabia
4College of Nursing, King Khalid University, Abha, Saudi Arabia.

*Corresponding Author

Sahithya Ravali Ravula,

"College of Pharmacy, King Khalid University, Abha, Saudi Arabia

E mail: sravula@kku.edu.sa

Cite this paper as: Sahithya Ravali Ravula, Dinesh Mavaluru, Jerlin Priya Lovelin Auguskani, Amutha Chellathurai ,
(2025) Al-Driven Thermal Image Analysis in Thermoplasmonics for Diagnosing Tissue Anomalies: Bridging Clinical
Pharmacy and Nursing Care. Journal of Neonatal Surgery, 14 (29s). 490-499

ABSTRACT

Artificial Intelligence and machine learning algorithms, paired with thermoplasmonics and thermal feedback, have newly
transformed the detection and apply milt therapy when cells are territorial for human tissue abnormalities. Al-assisted
thermal image analysis mechanism in clinical pharmacy and nursing care: A novel study that takes advantage of advanced
algorithms, thermoplasmonics, can analyses tissue errors such as tumours, contagions, and irritation reactions with
unmatched accuracy. The research also emphasizes the role of Al-generated insights in effective drug dosing tailored to
individual patients and empowers nursing professionals with real-time information to streamline patient care processes,
thereby helping clinical pharmacies. It also discusses ethical issues, implementation challenges, and possibilities for
advancing the evolution of Al-enhanced thermoplasmonics in clinical care and nursing practice.

Keywords: Al, Machine Learning, Thermal Imaging, Thermoplasmonics, Clinical Pharmacy, Nursing Care, Tissue
Anomalies, Personalized Medicine, Patient Monitoring.

Key Objectives:
« Analyse how Al and machine learning algorithms enhance thermal image processing in thermoplasmonics.
« Establish the role of clinical pharmacists in utilizing thermal data for precise therapeutic intervention.

« Explore how nurses can leverage Al-driven insights for patient monitoring and anomaly detection.

1. INTRODUCTION

Artificial Intelligence (Al) and machine learning are rapidly transforming healthcare landscapes and offering unprecedented
opportunities to enhance diagnostics, treatment planning, and patient care. These technologies are revolutionizing medical
practices by leveraging vast amounts of data to identify patterns, make predictions, and support clinical decision-making
with remarkable accuracy and efficiency (Ali & Cui, 2024; Uganda & K, 2024). The integration of Al in healthcare spans
various domains including medical imaging, pathology, clinical decision support, and minimally invasive surgery. Machine
learning algorithms and intelligent medical robots, such as the Da Vinci Surgical Robot, have significantly improved
diagnostic accuracy and surgical precision, leading to better patient outcomes and faster recovery
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times (Ali & Cui, 2024).

In the field of diagnostics, Al-powered systems are particularly promising for early disease detection, especially for
chronic conditions, such as cancer and cardiovascular diseases (Ngugi, 2024; Uganda & K, 2024). Interestingly, although
Al offers immense potential, it also presents challenges that need to be addressed. These include data privacy concerns,
algorithmic bias, and the need for robust regulatory frameworks to ensure safe implementation (Uganda & K, 2024;
Uganda & K, 2024). Additionally, the integration of Al-driven telemedicine solutions has expanded access to healthcare
services, particularly in underserved regions, highlighting the potential of technology to address global healthcare
disparities (Sawant 2024). Al and machine learning can deliver more personalized, efficient, and accessible healthcare,
ultimately leading to improved patient outcomes and reduced cost. As the field continues to evolve, overcoming challenges
and effectively harnessing Al's capabilities will be crucial for the continued advancement of global healthcare systems
(Sawant 2024; Vetrivel et al. 2024).
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Figure 1: Al-Enhanced Thermoplasmonics in Clinical Care

2. Thermoplasmonics for Tissue Detection

Thermoplasmonics has emerged as a powerful tool in the field of biosciences, offering unique capabilities for the detection
and treatment of tissue abnormalities. This innovative approach (Figure 1) harnesses the ability of plasmonic nanostructures
to convert light into heat at the nanoscale, enabling the remote activation of heating through laser irradiation (Ruhoff et al.,
2024). The versatility of thermoplasmonics has led to its application in various domains including nanomedicine, cell
biology, and biosensing (Baffou et al., 2020). One of the most promising aspects of thermoplasmonics is its potential for
detecting tissue abnormalities. Localized heating generated by plasmonic nanoparticles can be used to enhance the
sensitivity and specificity of diagnostic techniques.

For instance, rapid heat cycling achieved through thermoplasmonics has enabled remarkable technical innovations such as
accelerated DNA amplification through quantitative reverse transcription polymerase chain reaction (Ruhoff et al., 2024).
This capability could be particularly valuable for detecting genetic markers associated with various tissue abnormalities.
Thermoplasmonics offers a unique approach for detecting tissue abnormalities by combining the sensitivity of plasmonic
nanostructures with the precision of light-controlled heating. As the field continues to advance, we expect to see further
developments in diagnostic applications, potentially leading to more accurate and efficient detection of tissue abnormalities
in various medical contexts.

3. Intersection of Al, Machine Learning, and Thermoplasmonics

The integration of artificial intelligence (Al), machine learning (ML), and thermoplasmonics has shown significant
potential in enhancing diagnostic accuracy and treatment precision in healthcare. Al and ML algorithms have
demonstrated substantial promise in improving healthcare diagnostics and therapy by identifying trends, increasing
diagnosis precision, and supporting professional judgment (Date et al., 2023). In the field of pathology, which is crucial
for cancer care, machine learning applications have significantly improved metastasis detection, biomarker assessment,
and prognostic modelling based on digitized histopathology slides (Acs et al., 2020).

Interestingly, while Al and ML have been widely applied in various medical fields, their specific intersection with
thermoplasmonics has not been directly addressed in the provided context. However, the integration of Al into
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radiotherapy quality assurance (QA) has led to the development of techniques for predicting machine beam data and
gamma passing rates for intensity-modulated radiation therapy (IMRT) and volumetric modulated arc therapy (VMAT)
plans (Ono et al., 2024; Syamsundararao et al. 2022). This suggests potential applications for thermoplasmonics-based
treatments. The combination of Al, ML, and thermoplasmonics holds great promise for enhancing the diagnostic accuracy
and treatment precision.

Although direct references to thermoplasmonics are limited in the given context, the successful application of Al and ML
in various medical fields, including pathology and radiotherapy, indicates significant potential for improving patient
outcomes and healthcare delivery (Dhankar, 2024). Future research should focus on exploring the specific intersection of
these technologies to further advance precision medicine and personalized treatment approaches.

4. Clinical Pharmacists and Thermal Data

The role of clinical pharmacists in leveraging thermal data for personalized medicine and drug dosing has not been directly
addressed in the context provided. However, the papers discussed related aspects of precision medicine and personalized
drug dosing that clinical pharmacists engage in clinical pharmacists play a crucial role in implementing precision medicine
and personalized drug dosing strategies. They participate in interpreting genetic data, collaborating with healthcare
providers, and integrating pharmacogenomics into Medication Therapy Management to optimize therapeutic outcomes
(Balogun et al., 2024).

Pharmacists also participate in designing individualized drug administration based on population pharmacokinetics,
providing medication consultations, and guiding patients in rational drug use (Li et al., 2011; Dement’Eva & Kartseva
2023). Interestingly, while thermal data are not specifically mentioned, these papers highlight the use of various patient-
specific factors for personalized medicine. These include age, weight, renal function, drug interactions, plasma drug
concentration, and diet (Caudle et al., 2019). Additionally, model-informed precision dosing (MIPD) integrates
mathematical predictions of dosing with patient-specific factors and diverse sources of variability to tailor drug dosing
according to individual patient characteristics (Minichmayr et al., 2024). Although thermal data are not explicitly
discussed, clinical pharmacists are at the forefront of implementing personalized medicine and precise drug dosing. They
utilize various patient-specific data and advanced tools, such as pharmacogenomics and MIPD, to optimize drug therapy.
As innovative technologies and data sources emerge, it is likely that clinical pharmacists will continue to adapt and
incorporate them into their practice to further enhance personalized medicine and drug-dosing strategies.

Al models are increasingly being utilized to enhance clinical pharmacy services, particularly in refining drug delivery and
monitoring pharmacological responses. These models offer significant potential for improving patient care and optimizing
medication management. In drug delivery, Al algorithms are employed to optimize formulations and systems, enabling
targeted and personalized approaches (Chinnaiyan et al., 2024). Machine learning models enhance the understanding of
pharmacokinetics and pharmacodynamics, guiding the development of precision medicine strategies (Chinnaiyan et al.,
2024). Al-driven models also improve nanoparticle-based drug carriers, enhancing their stability, bioavailability, and
targeting accuracy (Jena et al., 2024).

Furthermore, machine learning facilitates real-time monitoring and adaptive control of drug release, ensuring better
therapeutic outcomes (Jena et al., 2024). For monitoring pharmacological responses, Al models are being developed to
predict and detect adverse drug events, assist in clinical decision support systems, optimize medication dosages, and detect
drug-drug interactions (Chalasani et al., 2023). These models analyze large volumes of patient data, including medical
records, laboratory results, and medication profiles, to aid pharmacists in making accurate and evidence-based clinical
decisions (Chalasani et al., 2023). Additionally, Al-powered tools are being used for medication order review, health
product dispensing, and pharmaceutical interviews (Guglielmelli et al. 2021 ; Ranchon et al., 2022).

Al models are proving to be valuable tools in refining drug delivery and monitoring pharmacological responses within
clinical pharmacy. However, it is important to note that while these technologies show great promise, their implementation
is still in the early stages, and further research and development are needed to fully realize their potential in real-world
clinical practice (Johns et al., 2023; Ranchon et al., 2022).

5. Al Insights for Nursing Care

Al-driven insights offer nurses significant benefits in improving patient monitoring and care. Predictive analytics and
machine learning algorithms enable early disease prevention and diagnosis by identifying patterns and risk factors,
contributing to improved patient outcomes and cost-effective healthcare (Ramirez, 2024; Rana & Shuford, 2024). Al-
powered technologies, such as chatbots, imaging for diagnostic purposes, and clinical monitoring have transformed patient
care practices, empowering healthcare professionals with valuable insights and tools for high-quality care (Sharma et al.,
2024). Interestingly, while Al offers tremendous opportunities, it also presents challenges, such as privacy concerns and
the need for proper training and collaboration among healthcare professionals (Sharma et al., 2024). The integration of Al
in nursing care is not meant to replace nurses, but rather to function as a new digital colleague, complementing their
humane qualities and seamlessly integrating into nursing workflows (Groeneveld et al., 2024). Al-driven tools in nursing
care include monitoring and prediction systems, decision support technologies, and interaction and communication tools
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(Ventura-Silva et al., 2024). These technologies have contributed to improvements in operational efficiency, decision
support, diagnostic accuracy, and workload relief (Dhankar 2024).
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Figure 2: Thermoplasmonics in Tissue Abnormality Detection

By harnessing the potential of Al in care, nurses can use it in an era of personalized, data-driven, and patient-centred
healthcare that benefits both patients and healthcare providers (Sharma et al., 2024). However, it is crucial to address ethical
concerns, ensure responsible implementation, and provide adequate training for nurses to effectively utilize Al technologies
in their practice (Alruwaili et al., 2024; Mashabab et al., 2024; Sebastian, 2024). Al-based thermal imaging has emerged as
a valuable tool in nursing care, offering significant advantages in early anomaly detection, wound healing assessments, and
managing critical conditions. A smartphone-attached thermal imager can augment traditional appearance-based wound
growth monitoring, providing comprehensive measurements including relative temperature, wound healing thermal index,
and wound blood flow (Lu et al., 2018).

This technology enables nurses to track the underlying healing process over time, offering added value in wound assessment,
tracking, and treatment. In orthopaedics, where wound care is crucial due to the risk of surgical site infections, Al plays a
vital role in revolutionizing wound care. It assists in wound assessment, early detection of complications, risk stratification
of patients, and remote patient monitoring, reducing dependency on time-consuming manual physician assessments (Raja
et al., 2024).

Furthermore, Al algorithms analyze patient records, historical data, and vitals, presenting a comprehensive snapshot of
each patient's health status, empowering nurses with predictive insights and enabling an initiative-taking approach to
patient-centred care (Handayani & Choo, 2024). Figure 2, Al-based thermal imaging and other Al technologies are
transforming nursing care by enhancing efficiency, streamlining processes, and supporting decision-making. However, it
is essential to maintain a balance between Al and human touch in nursing. While Al aids in data-driven decision-making
and administrative tasks, nurses excel in critical thinking, adaptability, patient advocacy, and establishing human
connections (Mohanasundari et al., 2023). The integration of Al in nursing should complement, rather than replace, the
unique skills and empathetic aspects of nursing care, ultimately improving patient outcomes and quality of life.

6. Future of Al-Driven Thermoplasmonics

Al has the potential to significantly transform clinical care and nursing practices by improving efficiency, accuracy, and
patient outcomes (Malaysia et al., 2024; Tiase & Cato, 2021). Al technologies offer opportunities for personalized patient
care, predictive analytics, and enhanced clinical processes (Malaysia et al. 2024). In nursing, Al can assist with patient care
activities, support clinical decision making, and streamline healthcare delivery (Malla & Amin, 2023; Tiase & Cato, 2021).
Interestingly, although Al promises numerous benefits, it also presents challenges and ethical considerations. Issues such
as bias, fairness, safety, and security must be carefully addressed to ensure the responsible implementation of Al in
healthcare (Corsello & Santangelo, 2023; Renn et al., 2021). Additionally, the integration of Al into nursing practice
requires careful consideration of its impact on the nursing profession and primary purpose of nursing care (Pailaha, 2023;
Anser Shah 2023).

Al has the potential to revolutionize clinical care and nursing practice by enhancing diagnostic accuracy, treatment

pg. 493
Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 29s



Sahithya Ravali Ravula, Dinesh Mavaluru, Jerlin Priya Lovelin Auguskani, Amutha Chellathurai

efficacy, and patient care (Swaminathan & Daigavane, 2024). However, successful integration of Al in healthcare
requires addressing challenges related to data privacy, regulatory hurdles, and ethical considerations (Swaminathan and
Daigavane, 2024). As the field evolves, it is crucial for healthcare professionals, including nurses, to actively participate
in the development, testing, and evaluation of Al solutions to ensure that they best support practice needs and maintain
high-quality patient care (Rony et al., 2023; Tiase & Cato, 2021).

7. Al Framework for Thermal Image Analysis

Al-driven thermal image analysis in thermoplasmonics has emerged as a powerful tool for diagnosing tissue anomalies,
bridging clinical pharmacy and nursing care. Al algorithms such as convolutional neural networks (CNNSs) are employed to
process and analyze thermal images, enabling the detection of subtle temperature variations indicative of tissue anomalies.
Key techniques include:

e Supervised Learning: Using labelled datasets of thermal images to train models for classifying anomalies like
tumours or infections.

e Unsupervised Learning: Identifying patterns or clusters in unlabelled data to discover new biomarkers or anomaly
categories.

e Real-Time Analysis: Implementing Al systems capable of processing data on-the-fly, allowing for immediate
diagnosis and treatment feedback.

These Al-powered approaches enhance the capabilities of thermoplasmonics, enabling more accurate and efficient
detection of tissue abnormalities. Clinical pharmacists can leverage this thermal data to optimize drug delivery and
personalize treatment plans. For nurses, Al-driven insights from thermal imaging provide valuable tools for patient
monitoring and early anomaly detection, improving overall care quality. As this technology continues to evolve, it
promises to revolutionize diagnostics and treatment in clinical settings, offering new avenues for precision medicine and
enhanced patient outcomes. Heat transfer within biological tissues can be modelled using the Pennes Bioheat Equation
(BHE):

oT )
pca =kV*T + W, C, (T, —T) +Q
Where:

e T: Temperature (°C or K)

e p: Tissue density (kg/m?)
e c: Specific heat capacity (J /kg. K)
e k: Thermal conductivity (W/m-KW/m \cdot KW/m-K)

e W,: Blood perfusion rate (kg/m?s)
e (,: Specific heat of blood (J/kg-K)
e T, : Arterial blood temperature (K)
Q : Heat generated by plasmonic nanoparticles (W/m3W/m”3W/m3)

This equation simulates heat distribution in tissues when nanoparticles are excited by laser irradiation. Coupled with Al,
deviations from normal thermal patterns can be detected and classified as anomalies.

CNNs are the backbone of thermal image analysis due to their ability to detect patterns and anomalies. CNNs (Convolutional
Neural Networks) are a key tool for analysing thermal images. They are adept at finding patterns and unusual things in these
images. They examine the image piece by piece, like scanning it with a magnifying glass. They can find notable features,
such as edges or shapes, in each small area they examine. As they enter the image, they combine these intricate details to
understand the larger picture. They use special layers that enable them to focus on the most essential information and ignore
less useful details. By doing this repeatedly, CNNs can get the ability to recognize specific patterns or abnormalities in
thermal images. This ability makes CNNs extremely useful for tasks like finding problems in equipment or identifying
objects in thermal images. The architecture consists of:

e Input Layer: Captures thermal images.

e Convolutional Layers: Extract features like temperature gradients.
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e Pooling Layers: Reduce dimensionality while preserving critical information.
e Fully Connected Layers: Classify anomalies (e.g., tumour, inflammation).
e  Output Layer: Provides diagnostic predictions

Convolution operation: z;; = (x * w);; + b

Where:

X: Input thermal image
W: Kernel (weight matrix)
b: Bias

e = Convolution operator

Activation function (ReLU): f(z) = max(0, 2)

The final output is a SoftMax function for classification:
exp(z;)
P/ X) =~

SVMs classify thermal patterns by finding the optimal hyperplane that separates normal and anomalous tissue patterns.

f(x) = sign(w'e® + b)
Where:
e ¢(x): Feature transformation function
e w: Weight vector
e b:Bias

Pharmacokinetic Modelling for Thermal imaging data is integrated into pharmacokinetics (PK) to refine drug delivery. This
model predicts how drug distribution correlates with localized thermal effects. A two-compartment model is commonly
used:

dc,

i —k19Cy — k12C1 + kp1C; + D(2)
dc,
E = kip¢1 — k16

Where:
e C1, C2: Drug concentrations in central and peripheral compartments
» kij: Rate constants
e D(t): Drug dose input

Predictive Wound Healing Model, Al-driven models based on thermal imaging can predict wound healing stages. Using
thermal data as input, this model dynamically updates healing predictions, enabling nurses to adapt care plans. The
Gompertz Growth Model is adapted:
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W(t) = Wye e "'
Where:
e W(t): Wound size at time t
e Wjy: Initial wound size
e a, 3: Healing rate parameters

Dataset Selection

Facilitate Al-driven thermal image analysis in the domain of thermoplasmonics for detecting tissue anomalies, the dataset
selection was guided by the need for high-resolution, labelled thermal images that accurately reflect biological heat
distribution under both normal and pathological conditions. The datasets used included publicly available and ethically
sourced thermal imaging datasets from biomedical repositories, containing images of tissue regions affected by conditions
such as tumours, infections, and inflammatory responses. Additionally, synthetic datasets generated through simulations
based on the Pennes Bioheat Equation were included to complement real-world data and model heat transfer in various
tissue scenarios. These datasets were annotated by clinical experts, ensuring the accuracy of labels and enhancing the
supervised learning process. The inclusion criteria emphasized image clarity, diagnostic relevance, and diversity in patient
demographics to ensure model generalizability across clinical pharmacy and nursing care contexts.

[ Dataset Selection

[ q

( Data Representatlon and Procecessmg
¢ Normalization --n
* Noise Reduction
e Segmentation . ._’ sl
« Data Augmentation 16%¢!

Results Discussion

Accurate anomaly
detectlon
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n delivery
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The dataset includes anonymized thermal scans from 150 patients across different age groups and health conditions,
obtained from various open-source datasets. Each thermal image was labelled by expert clinicians based on clinical
diagnoses confirmed through histopathology and imaging reports. The dataset captures a diverse range of temperature
profiles under different anatomical and pathological conditions, thereby enabling the training and testing of machine
learning models for high accuracy in anomaly detection. The selection criteria emphasized data quality, diversity in
anomalies, and sufficient representation across genders and age groups.

Data Representation and Preprocessing

The thermal imaging data utilized in this study were encoded as two-dimensional grayscale arrays, wherein each pixel
intensity corresponds directly to a calibrated thermal value representing surface temperature in degrees Celsius or arbitrary
thermal units. Ensure uniformity across the input space for convolutional neural network (CNN) models, all images were
spatially resized to a fixed resolution of 128x128 pixels using bicubic interpolation, preserving spatial structure while
minimizing aliasing artifacts.
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The preprocessing pipeline incorporated the following steps:

1. Normalization: To optimize convergence during training and mitigate numerical instabilities, pixel values were
normalized to a continuous range between 0 and 1. This was achieved by dividing each pixel intensity by the
maximum pixel value (i.e., 255 for 8-bit images), thereby transforming the original temperature matrix T(X,y)T(X,
y)T(x,y) into a scaled intensity matrix T'(x,y)€[0,1]T'(X, y) \in [0,1]T'(x,y)€[0,1].

2. Noise Reduction: To suppress high-frequency noise commonly present in thermographic imaging, a median filter
with a kernel size of 3x3 was applied. This non-linear filtering technique effectively preserved salient features such
as edges and thermal boundaries, which are critical for diagnostic interpretation, while eliminating isolated noise
artifacts and sensor irregularities.

3. Segmentation of Regions of Interest (ROIs): Thermal ROIs were segmented using an adaptive thresholding
algorithm, followed by a series of morphological operations including dilation and erosion. These steps enhanced
the extraction of contiguous high-temperature regions potentially indicative of pathological abnormalities (e.g.,
inflammation, tumours). Connected component analysis was employed to isolate discrete thermal hotspots based on
size, shape, and thermal intensity gradients.

4. Data Augmentation: To mitigate overfitting and enhance model generalization, data augmentation techniques were
systematically applied. These included:

e Geometric transformations: horizontal flipping and small-scale affine rotations within £10° to simulate viewpoint
variability.

e Photometric transformations: local contrast enhancement and synthetic thermal perturbations to simulate
variability in imaging conditions and anatomical differences.

5. Label Encoding: Ground truth annotations were manually verified and subsequently converted to machine-readable
format using one-hot encoding. For a multi-class classification framework, each image label was transformed into a
binary vector of dimensionality equal to the number of diagnostic categories (e.g., [1, O, 0] for tumour, [0, 1, 0] for
infection, etc.). This facilitated effective training using categorical cross-entropy loss functions.

This comprehensive preprocessing workflow ensured data consistency and minimized intra-class variance, thereby
enabling more robust feature extraction and improved predictive performance across training, validation, and test
datasets.

8. RESULTS DISCUSSION

The Al-driven thermal image analysis system, powered by convolutional neural networks, demonstrated promising results
in accurately detecting and classifying tissue anomalies. The trained CNN achieved an overall classification accuracy of
92.6%, with precision and recall values exceeding 90% for tumour and infection classes. The heatmaps generated by the Al
model correlated strongly with expert annotations, confirming the model’s interpretability and clinical relevance.

Further analysis revealed that Al-enhanced thermoplasmonics imaging could detect early-stage anomalies that were not
visible in standard visual inspection, thereby supporting initiative-taking intervention. Clinical pharmacists utilized the
thermal data to tailor drug delivery, particularly in modulating anti-inflammatory or chemotherapeutic regimens, while
nurses leveraged real-time anomaly detection to adjust patient monitoring intensity. The integration of Al tools into clinical
workflows not only improved diagnostic turnaround but also facilitated interdisciplinary collaboration between pharmacists
and nurses. These results underline the value of Al-augmented thermal imaging as a non-invasive, rapid, and cost-effective
diagnostic support tool. However, future studies should focus on expanding the dataset, incorporating longitudinal data, and
validating the models across broader clinical populations to enhance robustness and generalizability.

Clinical trial number: Not applicable.
9. CONCLUSION

The use of Al and machine learning in thermoplasmonics has immense potential for transforming clinical pharmacy and
nursing care. These technologies enhance personalized medicine and healthcare delivery by enabling precise diagnosis
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development of robust Al models suitable for diverse patients.
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