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Abstract :  The Pocket Doctor – Arogya-Mitra. Imagine having a full-fledged diagnostic lab right in your pocket. This review 

dives into the game-changing idea of Arogya-Mitra (Health Friend), a small, smart device that promises to revolutionize healthcare 

through intelligent diagnoses. Right now, getting good healthcare often means long trips to crowded hospitals—a system that's too 

heavy and centralized. We're talking about flipping that script entirely, creating a personal, democratized health monitoring 

system that puts you in charge. The magic here is the perfect blend of tiny, cutting-edge hardware, sophisticated biosensors, and 

powerful AI that can figure out what's going on instantly. This technology is a desperate need, especially in places like India where 

specialist care isn't easily available to everyone. We lay out the main goals for making Arogya-Mitra real: making it robust, super-

accessible, and affordable. Looking ahead, this device won't just tell you if you're sick; it will be the foundation for true 

personalized, predictive. It’s about moving past just treating illness to actively preventing it. This article brings together all the 

latest research to show that this "pocket doctor" isn't just a fantasy—it’s the future.  

________________________________________________________________________________________________________ 

I. INTRODUCTION 

 

1.1 Healthcare for Everyone, Right in Your Pocket : In our country, healthcare is a tale of two different worlds. We have huge, 

modern hospitals with the best machines. But far away in villages, even simple lab tests are impossible to get. This gap is about 

location, money, and social status. Old ways of checking for illness are slow and cost too much, and people have to travel just to 

get a diagnosis. For many, this stop them from getting care when they need it most. But things are about to change. Thanks to powerful 

AI and tiny technology, just like how every person got a mobile phone, health diagnosis is next. We are close to a breakthrough 

where a full lab can be shrunken down to a gadget that fits in your pocket [1]. This isn't a fantasy; it's the next step in medical tools. 

The idea behind "Arogya-Mitra" is to help everyone take control of their own health. Imagine a device that can check your important 

health signs, look at a tiny drop of your blood, and give you a fast health report. You can do this right at home or in a village clinic 
[2]. This article will explain the whole Arogya  - Mitra concept: why we need it, how the technology works, and what it means 

for the future. We’ll also look at the research being done and the work still needed to make this pocket doctor a reality for every 

single person. 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 1, January 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

 

IJNRD2601194 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

b741 

Fig.1 : System Architecture 

The shift from "Old Diagnosis" (Traditional Diagnosis) to "New Intelligent Diagnosis" (AI-Based Diagnosis) 

represents a fundamental change in how medical information is processed and clinical decisions are made. 

The key difference lies in the reliance on human expertise versus the integration of vast data analysis and 

machine learning. 

1.2 Traditional Diagnosis (Old Diagnosis) vs. Intelligent Diagnosis (New Diagnosis) 
 

Aspects Traditional Diagnosis (Old) Intelligent Diagnosis (new AI-

Based) 

1. Primary Driver Human expertise, clinical 

experience, intuition, and 

established protocols. 

Algorithms, Machine Learning 

(ML), Deep Learning, and analysis 

of vast datasets.  

2. Data Volume & 

Source 

Limited data, primarily from 

the individual patient: 

physical exam, medical 

history, a few specific 

lab/imaging tests. Data is 

often siloed (paper/basic 

digital).  

Massive, multimodal datasets: 

Electronic Health Records (EHRs), 

medical images (, , ), genomic data, 

real-time patient monitoring, and 

global medical literature. 

3. Speed & Efficiency TIme-intensive and manual. 

Can lead to delays in 

Rapid analysis of large data sets, 

leading to quicker results and 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 1, January 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

 

IJNRD2601194 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

b742 

diagnosis, especially for 

complex or rare conditions 

higher throughput. Automated 

routine tasks. 

4. Accuracy & 

Precision 

Reliant on human perception, 

knowledge, and may be 

susceptible to human error or 

variations in interpretation. 

High precision and sensitivity, 

often detecting subtle patterns or 

early signs missed by the human 

eye (e.g., in radiology or 

pathology). 

5. Approach to 

Treatment 

"One-size-fits-all" model 

based on disease 

classification. 

Personalized Medicine (Precision 

Medicine). Tailoring treatment 

based on a patient's unique genetic 

and molecular profile, risk factors, 

and predicted response. 

6. Prediction Primarily reactive; predicting 

future outcomes is based on 

general statistics and doctor's 

experience.  

Proactive and Predictive :  

AI algorithms analyze patterns to 

forecast potential health issues 

before they become critical (e.g., 

predicting disease risk or 

commplications) 

7. Role of Technology Tools and instruments 

(stethoscope, microscope, 

basic imaging) are used as 

aids to the physician.  

 

Core component : AI tools act as a 

collaborative partner, a "second 

opinion," or an automated primary 

screener. 

TABLE NO 1.1 
 

 

 

NEED OF THE STUDY. 

  

2.1. Why India Needs an Arogya - Mitra  

The need for a portable, intelligent diagnostic device in India is not just a want; it’s an urgent necessity. The reasons are manifold 

and deeply tied to our unique socio-economic landscape. 

 2.2. Bridging the Rural-Urban Divide: A huge chunk of our population lives in rural areas with limited access to specialists and 

diagnostic labs [3]. The device would act as a crucial first line of defense, allowing community health workers to screen for common 

infectious diseases like dengue, malaria, or typhoid right there in the village [4]. This reduces travel costs and saves precious time.  

2.3. Early Detection of Chronic Diseases: Lifestyle diseases like diabetes, hypertension, and heart conditions are on the rise, even 

among younger people [5]. These conditions can be managed better if detected early. A pocket device that can continuously monitor 

parameters like blood sugar or blood pressure would be a game-changer, helping people keep these silent killers in check [6].  

2.4. Proactive Health Management: The old saying "prevention is better than cure" holds true. Instead of waiting for a health 

crisis, this device would encourage a proactive approach. It would provide personalized health insights and nudges, helping people 

make better lifestyle choices and avoid health issues before they even begin [7].  

2.5. Tackling Infectious Disease Outbreaks: In the wake of recent pandemics, the need for rapid, decentralized testing is clearer 

than ever. An Arogya-Mitra could be a powerful tool for real-time surveillance, allowing health authorities to quickly identify and 

contain outbreaks by enabling mass testing in the field [8, 9]. 

 2.6. Affordability and Accessibility: For many, the cost of advanced diagnostics is prohibitive. By using mass-produced, 

miniaturized components and leveraging smartphone technology, the cost can be brought down significantly, making it accessible 

to a much larger population [10, 11].  

3. Objectives : 

The development of "Arogya-Mitra" is a complex technical undertaking with several clear objectives that must be met to ensure its 

efficacy and usability. 
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3.1.Miniaturization of Lab-on-a-Chip Technology: The core of the device is the ability to perform complex biochemical 

analyzing on a extremely small scale. This involves integrating microfluidics, biosensors, and sample-handling mechanisms onto a 

single chip .Recent work has shown the feasibility of integrating electrochemical and optical biosensors for multiplexed biomarker 

detection [13, 14]. 

3.2. Sophisticated Multi-Modal Sensing: The device should be a health command center in your pocket. This means it must 

integrate a variety of sensors. Non-invasive sensors for heart rate, ECG, and oxygen saturation (like those in smartwatches) are 

given[15]. But the real innovation lies in combining this with more advanced sensing for chemical analysis of blood, saliva, or even 

breath [16] . Advances in graphene-based biosensors offer incredible sensitivity for detecting disease biomarkers at very low 

concentrations[17]. 

3.3.Utilizing the Power of Edge AI: The "brains" of the device would be its AI engine.The objective is to run complex machine 

learning models directly on the device itself(Edge AI), rather than relying on a constant internet connection[18] . This is crucial for 

a country like India where internet connectivity can be patchy in many areas. These models would be trained on massive datasets 

to identify patterns indicative of various diseases, from early signs of cardiovascular disease to specific infectious agents [19,20]. 

3.4. Secure and Seamless Connectivity: While the primary processing happens on the device, it must still be able to securely 

connect to a cloud platform. This allows for data to be encrypted and shared with a doctor for a more detailed diagnosis, or for the 

device’s AI models to be updated regularly [20,22]. The system must be robust, with stringent data privacy protocols to protect 

sensitive patient information [23]. 

3.5. Automatic User Interface: The device must be designed keeping the average person in mind. The interface should be simple, 

clear, and available in multiple Indian languages, making it easy to understand even for those who are not tech-savvy. The results 

should be presented in an easy-to-digest format, along with clear recommendations [24]  

 

4. Future : Beyond diagnostics 

The Arogya-Mitra of today is just the beginning. The future holds even more incredible possibilities, transforming it from a simple 

diagnostic tool into a true Health-AI companion. 

4.1 Predictive and Personalized Medicine: With long-term data collection, the device’s AI could move from diagnosis to 

prediction. It could analyze your personal health trends and genetic predispositions to predict your risk for future diseases, giving 

you suficieant time to take preventive measures [25]. Imagine the device telling you, "Based on your activity levels and vitals, your 

risk of developing hypertension has increased. Time to reduce salt intake and take a brisk walk"[26]. 

4.2 Integration with Smart Ecosystems: The device would not exist in a silo. It would seamlessly integrate with other health 

trackers, smart wearables, and even smart home appliances. For instance, it could work with a smart kitchen to suggest healthy 

recipes based on your health data or with a smart water bottle to track your hydration levels [27,28]. 

 4.3 Remote Medical Consultation and Drug Delivery: In the future, Arogya-Mitra could be linked with telemedicine platforms, 

enabling a patient in a remote village to have a live video consultation with a specialist in a metro city. Furthermore, it could even 

be integrated with smart pill dispensers to ensure medication adherence, a big challenge in chronic disease management [29]. 

4.4. Point-of-Care Pharmacogenomics: Advances in miniaturized genetic sequencing could allow the device to analyze how an 

individual's genes affect their response to drugs. This would enable doctors to prescribe the most effective and safe medication for 

a patient right from the start, a concept known as personalized medicine [30]. 

5. Project Documentation: 

5.1. Artificial intelligence for diagnostics  

Artificial intelligence (AI), a subset of computer science, encompasses a crucial area known as Machine Learning (ML), which 

employs various algorithms to analyze patient behavior through simulation studies. AI is the field that enables machines or software 

to exhibit intelligence by utilizing a natural learning process encoded in a sequence of instructions referred to as programming. AI 

can identify diseases through a sophisticated algorithm that leverages hundreds of biomarkers, image processing techniques, 

published clinical research, and electronic health records, including gene-editing methods. AI techniques analyze data obtained 
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from positron emission tomography scans of patients with neurodegenerative diseases by employing different machine learning 

classifiers. Progress in computational biology has produced extensive datasets that can be stored in multiple databases, which are 

integrated with application programming interfaces (APIs) to facilitate direct access for result interpretation. In AI-driven 

approaches, it is presumed that data undergo pre-processing for network training, followed by registration; subsequently, key 

features are extracted, and data classification is performed. This trained network is then utilized to train and forecast organized 

information based on input signals from biosensors. The integration of AI with mechano-computational techniques is transforming 

healthcare by analyzing and optimizing medical data for diagnostic purposes. The healthcare sector has recognized the capabilities 

of Artificial Intelligence, which is now being applied across various fields, including drug development through 3D printing, 

enhanced surgical procedures, and biosensors for telemedicine [31]. 

 In this domain, significant progress has been achieved in developing solutions for complex diseases such as cancer and stroke. For 

cancer diagnostics, genomic data is integrated with artificial intelligence algorithms for pattern recognition and clustering, including 

convolutional neural networks, deep learning, and genetic algorithms, which identify an optimized pathway for diagnosing diseases 

based on cellular mechanics. A comprehensive overview of techniques for intelligent diagnostics utilizing mechanobiology and AI 

approaches is illustrated. In recent years, the collected data has been stored in various repositories to construct a model that can be 

trained on neural networks employing hidden layers and back propagation (which simulates the natural learning process) to provide 

insight to machines or computers. The amassed data has been analyzed multiple times, evolving into big data to facilitate rapid 

result detection[31] 

 

 

 

 

 
 

 

 

Fig.2: Pocket Size Device 

5.2 Pocket-Size Intelligent Diagnostic System (P-SIDS) 

1. Project Goal: To develop a highly portable, non-invasive, AI-enabled medical device capable of providing rapid, preliminary 

diagnoses at the point of care by analyzing biomarker data (e.g volatile organic compounds, vital signs).  

2.Device Overview 

1-Device Description: 

The Aura-Diag is a compact, handheld device (approximately the size of a smartphone) designed for instantaneous health screening. 

It integrates advanced micro-sensor technology with edge computing capabilities (AI/ML) to process physiological data and 

transmit results securely to a linked mobile application or Electronic Health Record (EHR) system. 
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2. Intended Use:- 

Rapid, preliminary screening and monitoring of chronic conditions or biomarkers indicative of disease (e.g., respiratory issues, 

metabolic imbalances) in primary care settings, remote clinics, 

or home health environments. 

3. Target Specifications 

Feature Target specifications 

Dimensions < 150 \times 70 \times 20 mm 

Weight < 150 grams 

Power Rechargeable Li-ion battery, > 8 hours active 

use 

Connectivity Bluetooth 5.0, Wi-Fi (2.4/5 GHz) 

Processing Integrated Microcontroller Unit (MCU) + 

Neural Processing Unit (NPU) for edge A 

Time to Result < 60 seconds from sample acquisition 

Data security End-to-end encryption compliant with  

standards 

 

 

 

4. Core Components (Hardware and Software)  

1. Hardware Architecture Summary :- 

 The device relies on a layered structure: the Sensor Module for input, the Compute Module for analysis, and the 

Communication/User Interface Module for output and interaction.  

2. Software/AI Framework :- 

The device runs a lightweight operating system and hosts a pre-trained diagnostic model (AI Model) derived from large clinical 

datasets. This model performs real-time classification or prediction based on the acquired sensor data. 

3. Sequential Workflow Diagrams  

The following sections describe the key diagrammatic stages of the Aura-Diag system, detailing the architecture, data flow, and 

user interaction sequence. 

Sequence Component/Block Function and Connection 

1   

  

Sample Acquisition Module   Input: Physical interface (e.g., 

mouthpiece, skin contact). Feeds raw 

input to the Sensor Array.  

2 Sensor Array Data Collection: Houses specialized 

biosensors/nanosensors (e.g., VOC 

sensors, ECG pads). Outputs analog 

signal to Signal Conditioning. \ 

3 Signal Conditioning (ADC) Conversion: Amplification, 

filtering, and Analog-to-Digital 
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Conversion of raw sensor data. Feeds 

clean, digital data to the MCU. \ 

4 Power Management Unit(PMU) Power: Manages charging, 

distribution, and battery health for 

the Li-ion cell. Feeds regulated 

power to all components. \ 

5 Connectivity Module Transmission: Contains Bluetooth 

and Wi-Fi chips. Transmits 

diagnostic results and device status 

wirelessly to the Mobile App/Cloud. 

\ 

6 
User Interface (OLED/LED) 

Local Output: Small display for 

basic status (e.g., "Ready," 

"Processing," "Result: Abnormal"), 

power indicator, and physical button 

controls. 

 

 

5.3. Advanced Sensor Architectures in Intelligent Diagnosis Systems:  

5.3.1Taxonomy, AI Integration, and Future Perspectives 

1. The Paradigm Shift to Intelligent Diagnosis: 

 AI-Driven Healthcare and Industrial Monitoring, The confluence of Artificial Intelligence (AI) and Machine Learning (ML) with 

sensor technologies is ushering in a fundamental paradigm shift in diagnostic capabilities across multiple domains. This integration 

moves diagnostic processes from purely reactive measurement to proactive prediction and prognosis, significantly impacting patient 

outcomes and industrial efficiency. Intelligent Diagnosis Devices (IDDs) leverage these computational capabilities to dramatically 

enhance the accuracy, speed, and overall efficiency of diagnosis[32]. 

The foundation of modern IDDs rests upon sophisticated AI models, particularly deep learning and Convolutional Neural Networks 

(CNNs). These networks are highly effective for processing complex inputs such as medical images (including MRI and CT scans) 

and specialized visual data used in fields like ophthalmology and dentistry. Beyond medical applications, IDD principles are vital 

in industrial environments, fundamentally improving maintenance strategies through predictive maintenance techniques aimed at 

early fault detection and system prognosis[32]. 

2. Defining IDDs: The Role of AI in Diagnostic Accuracy and Efficiency 

Intelligent Diagnosis Devices are defined by their integration of advanced learning and reasoning algorithms into the diagnostic 

pipeline. These include fuzzy logic systems, artificial neural networks, support vector machines, and various optimization 

algorithms[32]. This computational layer processes measured data to determine the system's current state or predict future anomalies. 

The applications of AI are expansive, ranging from the early detection of severe conditions like cancer and neurological disorders 

to accelerating drug discovery and streamlining the administration of electronic health records[33]. A critical objective of 

incorporating AI is the enhancement of treatment efficacy and the reduction of adverse effects through personalized treatment 

tailored according to genetic, lifestyle, and comprehensive medical history data[33]. The integration of these intelligent systems 

ultimately aims to improve diagnostic accuracy and enable earlier, more effective intervention while simultaneously streamlining 

administrative workflows[33]. 
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3.Fundamental Requirements for IDD Sensors: Fidelity, Autonomy, and Real-time Capabilities 

For IDDs to function reliably, the sensors employed must transcend traditional data collection roles. They are required to offer 

specialized, integrated capabilities necessary for high-fidelity input to the AI layer [34]. These functionalities define the 

characteristics of a "smart sensor." Intelligent medical sensors, for example, possess inherent multi-functionality, incorporating self-

compensation, self-calibration, and self-diagnosis features[33]. Furthermore, they are often equipped for numerical data processing, 

information storage, and two-way digital output communication, which ensures the robustness and verifiable quality of the acquired 

data[34]. Since accurate and timely diagnosis often mandates continuous monitoring of physiological or structural signals, the 

development of intelligent devices is inextricably linked to the integration of wearable, portable, and implantable sensor 

architectures[34].  

 
Fig.3: Sensors 

 

5.4.Taxonomy of Sensors in Medical and Biomedical IDDs 

The sensors utilized in intelligent medical devices are typically categorized based on the nature of the signal they convert: physical, 

chemical, and biosensors. This classification highlights the diverse approaches required for non-invasive, personalized health 

monitoring. 

1. Intelligent Physical Sensors for Continuous Physiological Monitoring 

Intelligent physical sensors translate measurable physical states, such as temperature, strain, or humidity, into recognizable electrical 

signals based on specific physical effects. These miniaturized components are crucial for constructing wearable monitoring 

devices[34]. Wearable sensors are foundational to personalized medicine, offering continuous, non-invasive tracking of physiological 

conditions vital for the early detection of diseases. Specific types emphasized in wearable architectures include temperature sensors, 

humidity sensors, and strain sensors. Strain gauges, for instance, are employed to monitor physiological movements and body 

deformation, providing data essential for assessing a patient's activity levels and physical state[34]. 

2.Intelligent Chemical Sensors: Analysis of Non-Invasive Biofluids 

Intelligent chemical sensors are primarily utilized for non-invasive detection, analyzing specific chemical components within 

human biofluids to provide diagnostic data without requiring invasive procedures. These sensors are engineered to operate reliably 

within complex biological matrices such as sweat, tears, saliva, and interstitial fluid (ISF). Monitoring interstitial fluid (ISF), the 

fluid surrounding the body's cells, represents a rapidly advancing area, often necessitating advanced technologies like 

electrochemical microneedles for real-time, minimally invasive surveillance. The progression of decentralized, ubiquitous 

diagnostic tools is largely contingent on improvements in the material stability of the sensor components. For example, while 

electrochemical biosensors (ECBs) rely on biological recognition elements like enzymes or aptamers for high specificity [33’34], 

these biological components are susceptible to degradation in harsh physiological environments, such as high salt concentrations. 

Consequently, the engineering challenge is increasingly focusing on enhancing the long-term durability and shelf life of these 

sophisticated bioreceptors 
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3. Electrochemical Biosensors (ECBs) for Point-of-Care (PoC) Diagnostics 

Electrochemical biosensors (ECBs) are highly valued in diagnostics due to their suitability for integration into portable, wearable, 

and implantable systems, enabling point-of-care (PoC) scenarios and decentralized healthcare delivery. ECBs operate based on a 

recognition component (bioreceptor) coupled with an electronic transducer. They measure electrical signals produced during 

chemical or biological redox reactions, providing timely, accurate readings of related physiological parameters[32]. The performance 

of ECBs has been significantly advanced by combining intelligent algorithms with nano-material interface engineering, resulting 

in high sensitivity and the capability for non-invasive, real-time dynamic monitoring [34]. 

The high selectivity of ECBs is achieved by immobilizing specific biorecognition elements—such as 

enzymes, antibodies, aptamers, or molecularly imprinted polymers (MIPs)—onto the electrodes [33’,34]. This 

allows for highly specific detection: 

1.Metabolic Indicators: Enzymatic sensors are used to detect metabolites that serve as health indices. Examples include 

glucose (used in monitoring diabetes), lactate (indicative of hypoxia or liver disease), and urea (related to kidney function). 

Other targets include macromolecules such as cortisol. 

2.Advanced Targets: ECBs show promise for monitoring tumor biomarkers and facilitating therapeutic drug monitoring 

through advanced aptamer-based sensors [34]. 

4. Nanotechnology Integration and Ultra-High Sensitivity Detection 

Nanomaterials are essential for creating biosensors capable of detecting disease biomarkers at extremely low concentrations, which 

is crucial for early diagnosis. This ability to operate effectively outside traditional laboratory settings confirms that advancements 

in the nano-interface are the core technological enabler for the market trend toward pervasive diagnostics. Nano sensors leverage 

the unique optical and electronic properties of materials like nanotubes, nanowires, and thin films to amplify signals, achieving 

unprecedented limits of detection, often reaching pico-, and even zepto-scales. Specifically, carbon nanomaterials such as Carbon 

Nanotubes (CNTs) and Graphene are key components in high-performance biosensors due to their excellent biocompatibility, high 

stability, and ability to promote electron transfer [32]. As diagnostic complexity increases, there is a growing necessity for 

multimodal sensor integration. Diagnosis often requires correlating various data streams—such as chemical marker concentrations 

(e.g., cortisol) with physical activity (e.g., strain). The emergence of hybrid acoustic and electrochemical biosensors confirms that 

future diagnostic certainty will increasingly rely on systems capable of simultaneously monitoring diverse physical and chemical 

parameters. 

5.4.2-Sensor Technologies for Industrial and Structural Intelligent Diagnosis 

In the industrial sector, Intelligent Diagnosis Devices are vital for Structural Health Monitoring (SHM) and Fault Diagnosis and 

Classification (FDC), aiming to maintain system integrity and optimize preventative maintenance cycles [32]. Data reliability in these 

high-stakes environments is non-negotiable, requiring resilient sensors capable of precision under harsh conditions. 

1. Sensors for Vibration and Mechanical Fault Diagnosis (FDC) 

A variety of sensor types are used to capture the mechanical state of industrial systems: 

● Mechanical Sensors: Resistance strain wires, electro-sensitive materials, and piezoelectric ceramics (PZT) are commonly 

used to measure environmental load, local characteristics, and overall deformation of structures. PZT sensors, for example, 

are essential for measuring electromechanical impedance in SHM systems. 

● Wireless Monitoring: Modern SHM systems utilize dense arrays of wireless strain gauges to monitor large structures, such 

as bridges, measuring deformations caused by transient loads. AI-based models, often employing Finite Element Modeling 

comparisons, are then used to analyze the data and identify potential sensor-related faults [34]. 

A fundamental requirement for reliable industrial diagnostics is the diagnosis and validation of the sensor itself. Undiagnosed sensor 

failures—such as corrupted impedance signals from PZT sensors or faults stemming from bonding issues, precision degradation, 

or drift in wireless networks—can lead to misjudgments of the structure's health, potentially resulting in catastrophic false positive 
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or false negative diagnoses. This highlights the necessity of a meta-level fault detection layer within industrial IDDs to verify input 

data fidelity before structural assessment [33]. 

2. Acoustic Emission (AE) Sensors in Condition Monitoring 

Acoustic Emission (AE) sensors detect minute transient elastic waves produced by localized stress-relief events, such as friction, 

crack propagation, or leakage, within industrial objects. AE monitoring generates a substantial volume of signal data, creating a 

significant challenge for efficient feature extraction. Therefore, AI algorithms must be integrated to reduce the data load while 

preserving the integrity of weak fault features. Techniques such as Deep Belief Networks (DBNs) enhance diagnostic efficiency 

and accuracy (achieving accuracy up to 97.43% in specific applications) by automating feature selection that might otherwise be 

overlooked by traditional, manual methods [32]. To handle this processing load, many modern AE systems implement edge 

computing directly at the acquisition module before transmitting validated data to a central cloud platform. 

 

3. Optical Sensing for High-Integrity SHM 

Optical Fiber Sensors (OFS), including Fiber Bragg Gratings (FBGs), are preferred for critical structural monitoring where high 

reliability and immunity to electromagnetic interference are necessary. OFS are applied to detect strain, temperature, and vibration 

over extensive distances in structures like civil infrastructure and aircraft. Driven by increasing demands for monitoring precision, 

sensor deployment has expanded from isolated, single-point measurements to complex, multi-dimensional sensor networks [33,34]. 

4. AI-Enhanced Fault Diagnosis in Complex Systems 

Diagnosing complex modern mechanical and industrial systems requires advanced computational models to analyze multi-source 

sensor data streams [32]. For complex systems, such as automotive systems tested on Hardware-in-the-Loop (HIL) platforms, hybrid 

deep learning (DL) models are necessary. These models, combining Convolutional Neural Networks (CNN) and Long Short-Term 

Memory (LSTM) layers, are effective at generating and 

analyzing faulty data, achieving high detection accuracies (F1-

scores approaching 98.88%) across eight types of common sensor 

faults [33]. The continuous advancement of technology in 

mechanical fault diagnosis is being driven by Transformer Networks. 

These models leverage self- attention mechanisms to extract 

and recognize complex patterns from dense sensor data streams, 

such as vibration analysis. However, the sophistication of 

these models creates high computational demands and a 

reliance on vast amounts of labeled datasets for training. Furthermore, 

because real-world fault data in many industrial settings is rare or 

proprietary, the diagnostic process must often be coupled with 

synthetic data generation techniques, such as HIL-based real-time fault injection, to adequately train robust AI models for early 

recognition and classification [34]. 

 

 

5. Wireless Sensor Networks (WSN) and Dependable Architectures 

Wireless Sensor Networks (WSNs) provide a compelling platform for SHM due to advantages like easy installation and low cost. 

However, WSNs introduce specific challenges, primarily related to limited energy, restricted bandwidth, and susceptibility to sensor 

faults such as bias, drift, and precision degradation. The presence of faulty sensors in a WSN environment can corrupt diagnostic 

results, leading to false positives (identifying an undamaged location as damaged) or false negatives (identifying a damaged location 

as undamaged). To combat this, Dependable Distributed WSN frameworks have been designed. These architectures utilize 

distributed automated algorithms for fault detection and employ online signal reconstruction algorithms to ensure the system 

remains reliable and functional despite the degradation or failure of individual sensor nodes[34].  
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6. Functions of diagnostic device 

1} These modifications involve clinical model expansion (moving from disease-focused to patient-focused care), information tech 

improvements (expanding from medical data to regional medical data), broadened clinical management (shifting from general to 

personal management), and a change in focus from treatment to prevention. 

2}Using machine learning algorithms to improve how we diagnose and treat high blood pressure, aiming for earlier and more 

accurate detection. These tools can really assist in diagnosing blood pressure issues effectively. 

3}Predict Future Risk: They can analyze a patient's data to predict the likelihood of a disease developing, how a condition will 

progress, or the risk of complications (e.g., predicting sepsis). 

4}Disease Detection and Screening: They function to detect diseases and identify abnormalities in the early stages, such as diabetic 

conditions, hypertension, lipid profile,blood related diseases . AI can also facilitate large-scale screening 

5}Personalize Treatment: By analyzing a patient's genetic and health profile, they help tailor treatment plans to the individual, 

which is the foundation of personalized medicine. 

6}Advanced Glucose Monitoring and Prediction; Real-time Glucose Tracking: Continuous Glucose Monitors (CGMs) 

automatically measure and report glucose levels in real-time (e.g., every 1-5 minutes), replacing the need for frequent finger pricks. 

7}Operational Efficiency: By automating the initial analysis of tests and synthesizing data, IDDs help reduce the workload on 

clinicians, accelerate the diagnostic timeline, and increase access to care for underserved populations [35]. 

 

 

 
 

Fig.5: Arogya Mitra 

7. Conclusion:  

Intelligent Diagnosis Devices represent a foundational shift toward seamless, self-monitoring systems, driven by the synergy 

between advanced sensing hardware and computational intelligence. The advancements detailed demonstrate that sophisticated 

diagnostic capabilities detection to 99% accuracy in mechanical fault are achievable. However, the transition to universal, highly 

reliable IDDs is gated by several engineering trade-offs. The successful future of these devices depends heavily on solving the 

fundamental material science challenges related to bioreceptor longevity and overcoming the physical limitat ions imposed by 

miniaturization, particularly concerning mass transport kinetics. Architecturally, IDDs are moving toward distributed intelligence 

and complex sensor fusion strategies, which are necessary steps for achieving diagnostic certainty in complex, noisy environments. 

Ultimately, the development trajectory requires that AI models not only diagnose external faults but also evolve to predict the failure 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 1, January 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

 

IJNRD2601194 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

b751 

and drift of their own sensing hardware, ensuring the long-term integrity and trustworthiness of the data they rely upon. IDDs crucial 

for fast diagnosis of disease at any time and it gives quicker information about health. 
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