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Abstract 

The integration of Artificial 

Intelligence (AI) in medical diagnosis 

systems has shown outstanding 

potential towards enhanced accuracy, 

efficiency, and accessibility in health 

care. However, the large-scale 

integration of AI in healthcare settings 

continues to be hindered by the "black-

box" nature of the majority of machine 

learning models. Explainable AI (XAI) 

has emerged as a key research frontier 

to bridge this gap by providing 

transparent, interpretable, and reliable 

outputs by AI systems. This article 

reports on the recent advancements of 

XAI techniques in medical diagnosis, 

with a focus on image-based 

diagnostics (e.g., radiology, 

dermatology) and electronic health 

record-based decision support systems. 

Keyword: Artificial Intelligence, Software 

Architecture, Deep Learning, AI-driven 

Firewalls. 

1. Introduction 

Artificial Intelligence (AI) is 

revolutionizing the field of medical 

diagnosis at breakneck pace by making 

decision-making faster, more precise, and 

data-driven. From tumour identification on 

radiology images to disease risk assessment 

from electronic health records, AI systems 

have matched, and in certain instances, 

surpassed human abilities. Yet, one of the 

primary challenges to the widespread 

clinical uptake of these systems is that they 

are opaque. Some of the most advanced AI 

models—deep learning models—are "black 

boxes" that deliver outputs without clear 

reasoning. This is where Explainable 

Artificial Intelligence (XAI) enters the 

picture.
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Current issues such as the trade-off between 

accuracy and interpretability, integration of 

clinician feedback, and the establishment of 

standardized evaluation environments are also 

discussed 

2. Role of Artificial Intelligence 

Artificial Intelligence (AI) is the foundation on 

which Explainable AI (XAI) for healthcare 

diagnosis is built. While traditional AI models 

perform pattern recognition and prediction 

from vast and intricate medical data 

exceptionally well, they are "black boxes" with 

little understanding of their decision-making. 

 Medical Pattern Recognition: The AI 

computer systems are able to scan huge 

pools of data—like X-rays, CT scans, 

or patient history data—to look for 

patterns or anomalies that could be 

early signs of disease. Deep learning 

enables the system to learn high-level 

features that the human eye cannot 

detect and alerts them for inspection 

 Feature Attribution (SHAP/LIME): 

Post-hoc explanation tool can be 

applied to AI models like SHAP and 

LIME to show how features (e.g., blood 

pressure, glucose level, lesion area) 

contributed the most to reaching a 

diagnosis. This allows doctors to 

identify why a model reached a specific 

conclusion. 

 Concept-Based Reasoning: Once It is 

feasible to train AI to recognize and 

reason over human-understandable 

medical concepts (e.g., "irregular 

border" or "asymmetry" of 

dermatology). This allows the system to 

explain diagnoses in a way consistent 

with medical education and training. 

 

This reduces reaction time and mitigates 

the effect of attacks. 

 Interactive Decision Support: 

Explainable AI models allow doctors to 

interact with diagnosis systems—

changing input values (e.g., heart rate or 

age) and observing the corresponding 

changes in the output. This "what-if" 

evaluation is more informative and aids 

clinical judgment. 

 Data Classification: AI can help in 

robotically classifying sensitive records 

and making sure it's far included with 

suitable encryption measures. This 

allows businesses follow records 

privacy guidelines and save you 

unauthorized get right of entry to. 

3. Software Architecture 

The structure of an Explainable AI (XAI) 

diagnostic system is designed in a manner that 

it can properly diagnose the diseases, justify its 

decision, and give understandable results to the 

clinicians in real-time. 

 

 Data Collection Layer: It starts with a 

data acquisition layer where the 

information from various sources such 

as the system logs, network traffic, 

firewalls, IDS/IPS, endpoints, and the 

user activity logs is gathered. The layer 

provides raw training and inference data 

for AI models in real time and a stream 

format. 

 Data Preprocessing: Once they are 

collected, data need to be ordered, 

structured, and organized prior to 

analysis. Feature extraction follows to 

determine useful indicators such as 

packet size, IP addresses, login 

attempts, and anomaly access patterns. 
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 AI/ML Engine: The AI core of the 

system employs an ensemble of 

supervised, unsupervised, and deep 

learning algorithms. Supervised 

models (SVM, Random Forest) are 

used to detect known threats, while 

unsupervised models (k-means, 

DBSCAN) are used optimally to 

detect new or previously unknown 

anomalies. 

4. Applications of Deep Learning 

In Deep learning is at the core of enabling 

both high-accuracy diagnosis and 

transparent, interpretable decision-making 

in healthcare. A few of the most vital 

applications where deep learning and 

explainable AI converge in healthcare 

diagnosis. 

 Detection and classification of 

cancer: Deep learning algorithms 

can be used to forecast tumour types 

(benign or malignant) for skin, lung, 

or breast cancer. XAI methods such 

as SHAP and attention visualization 

help the oncologist determine what 

image features or patient variables 

led to the prediction. 

 Medical Image Analysis: Deep 

Convolutional Neural Networks 

(CNNs) are used to detect anomalies 

in X-rays, MRIs, CT scans, and skin 

lesion images. Explain ability tools 

like Grad-CAM and saliency maps 

overlay heat maps showing the 

exact locations the model inspected 

when returning a diagnosis. 

 Retinal Disease Screening:  CNNs 

and Transformer-based models are 

utilized for the detection of diabetic 

retinopathy, glaucoma, and age-

related macular degeneration in 

retinal fundus images.  

 Histopathological Classification: 

Deep learning models analyse tissue 

slide images for cancer subtype 

identification. Layer-wise relevance 

propagation and Grad-CAM provide 

cell or region-level explanations, 

which are beneficial for pathologists 

 

5. How AI Enhances Firewall 

Capabilities 

Regulatory compliance, data privacy, and 

system integrity take precedence in 

healthcare diagnosis systems because 

patient health data is private. AI-driven 

firewall systems protect Explainable AI 

(XAI) models and health data. 

• Healthcare Network Anomaly 

Detection: Artificial intelligence-

powered firewalls constantly 

monitor for anomalous access 

patterns to XAI models—such as 

unauthorized API calls to diagnostic 

models or data exfiltration attempts 

from hospital databases. 

• Behavior-Based Threat 

Identification: Legacy firewalls 

are rule-based on a static basis. AI 

firewalls learn normal user and 

system behaviour and use machine 

learning to detect zero-day attacks 

or insider threats trying to access or 

manipulate medical AI models. 

• Adaptive Access Control: AI 

firewalls dynamically update 

themselves according to real-time 

risk scoring. For example, if there's 

a suspicious access attempt to a 

model outlining a cancer diagnosis 

at odd hours or on a new machine, 

access is blocked or flagged. 
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6. Challenges and Limitations 

While promising, Explainable AI (XAI) in 

medical diagnosis is faced with several 

major challenges that restrict its effective 

utilization and implementation. These 

challenges crosscut technical, clinical, 

regulatory, and ethical domains.  

• Lack of Standardized 

Measurement of Explanation: 

There is no single measure for an 

explanation's quality, utility, or 

accuracy. Different clinicians may 

have different understandings of the 

same explanation, and it is hard to 

judge and believe AI output in an 

objective fashion. 

• False Positives and False 

Negatives: AI-based safety 

equipment can sometimes 

accidentally classify valid user 

behavior such as malicious (false 

positive), leading to unnecessary 

warning and waste resources. 

Conversely, errors occur negatively 

when the actual threats are 

indefinite. 

• Lack of Explain ability: Many AI 

models, especially those based on 

deep gaining knowledge of, 

function as “black bins” wherein the 

selection-making process is not 

transparent or interpretable. 

• Data Bias and Incomplete 

Training Sets: XAI can only be as 

good as the data it has been trained 

from. If the data is biased (e.g., 

underrepresentation of certain 

ethnic groups or conditions), its 

explanations can be incorrect or 

even dangerous for particular 

patient populations. 

7. Future Scope 

The future of AI in Cyber Security will 

likely include: The future of Explainable AI 

(XAI) in medical diagnosis is full of great 

potential to transform healthcare with 

increased transparency, accuracy, and 

collaborative decision-making. Following 

are some of the major directions where 

progress is anticipated: 

 

• Integrating into Clinical Decision 

Support Systems (CDSS): XAI 

will be deeply integrated into 

hospital CDSS platforms, providing 

real-time, interpretable information 

in addition to EHR data — enabling 

clinicians to believe and take action 

on AI outputs with greater 

confidence. 

• Human-AI Collaboration 

Models: Advanced XAI will 

support collaborative decision-

making processes, where physicians 

can interactively ask questions, 

challenge, or modify the AI 

diagnosis and obtain revised 

explanations in return. 

• Integration with IoT and Edge 

Security: As the quantity of Internet 

of Things (IoT) gadgets grows, 

securing edge networks turns into an 

increasing number of vital. 

• Explain ability Regulatory and 

Ethical Frameworks: Governments 

and health organizations (FDA, 

EMA, etc.) are likely to harmonize 

explain ability standards in AI-

driven medical devices, opening the 

way for more secure and responsible 

implementations.
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8. Conclusion 

       Explainable AI (XAI) has become a 

revolutionary force behind medical 

diagnosis systems, filling the very important 

gap between AI predictions and human 

understanding. With healthcare moving 

increasingly in the direction of machine 

learning and deep learning technologies, 

transparency, accountability, and trust 

become essential—particularly in life-

critical areas such as diagnostics. By giving 

clinicians explicit, understandable 

explanations for AI-driven decisions, XAI 

enables them to make informed decisions, 

verify system results, and improve patient 

safety. From feature importance and 

visualizations to human-oriented design and 

regulatory requirements, XAI allows AI 

systems to operate not as black boxes but as 

cooperative partners in clinical processes. In 

spite of persistent issues like data bias, 

computational expense, and absence of 

standardized interpretability measures, the 

future of XAI in medicine is bright. Through 

further study, clinical verification, and 

ethical oversight, Explainable AI will be 

central to the creation of reliable, open, and 

patient-focused healthcare systems. 
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