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ABSTRACT 

This research work examines the convergence of the Internet of Things (IoT) and medical image processing within the 

healthcare sector, focusing on how IoT innovations are transforming diagnostic practices and enabling remote monitoring of 

patients. The integration of IoT in medical imaging systems facilitates the real-time collection, transmission, and analysis of 

medical images, significantly enhancing diagnostic accuracy and treatment efficiency. This article reviews the current 

methodologies in IoT-based medical image processing, identifies key trends in the field, and discusses the challenges such 

as data security, integration issues, and the need for efficient computational models. Additionally, it highlights the 

opportunities for IoT to improve healthcare delivery, especially in underserved regions. The article aims to provide a 

comprehensive survey of the state of the art in IoT-enabled medical imaging technologies and their potential for future 

healthcare advancements. 
 

Keywords: IoT, Medical Image Processing, Healthcare Applications, Remote Monitoring, Diagnostics, Machine Learning, 

Telemedicine, Healthcare Devices. 

1. INTRODUCTION 

The Internet of Things (IoT) is rapidly transforming various sectors, with healthcare being one of the most significant 

beneficiaries of its advancements. IoT refers to a network of interconnected devices that communicate with each other and 

exchange data, creating new opportunities for improving healthcare services[1]. By integrating sensors, devices, and cloud 

computing, IoT enables the remote collection and analysis of health data, allowing healthcare professionals to monitor 

patients in real-time, diagnose conditions early, and make informed decisions[2]. This capability is particularly beneficial in 

areas where access to healthcare professionals or diagnostic equipment is limited, offering patients continuous and timely 

care. 

Medical image processing plays a critical role in modern healthcare diagnostics and treatment, as it allows healthcare 

providers to obtain detailed, accurate, and often non-invasive visual representations of the human body[3]. Techniques such 

as CT scans, MRIs, X-rays, and ultrasound are essential tools for detecting and diagnosing various medical conditions. As 

imaging technologies advance, the complexity of the images increases, requiring more sophisticated methods for processing 

and analyzing the data. IoT's integration with medical image processing enhances diagnostic capabilities by enabling real-

time access to medical images, remote consultation, and continuous monitoring, which significantly improves patient 

outcomes[4]. The combination of IoT and medical image processing ensures that healthcare providers can receive and 

interpret medical images instantaneously, no matter their physical location, contributing to more efficient and accessible 

healthcare services. 

The importance of IoT-based medical image processing lies in its potential to revolutionize healthcare delivery. By 

incorporating IoT technologies into medical imaging systems, healthcare providers can offer more personalized care, reduce 

the risk of misdiagnoses, and respond quickly to patient needs[5]. This integration also facilitates the use of advanced 

algorithms, such as machine learning and AI, to enhance image analysis, improving diagnostic accuracy[6]. As healthcare  



Dr. Sajja Suneel, Dr. Aanchal Tehlan, Mandeep Singh, Inderpreet Kair, 

K.P.Senthil, Dr.Prasad Chandrakant Ingale 
 

pg. 735 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 11s 

 

systems around the world face increasing demand and resource constraints, leveraging IoT to facilitate medical image 

processing presents an opportunity to optimize healthcare resources, improve patient outcomes, and reduce overall healthcare 

costs. 

Despite the growing interest in IoT-based medical image processing, there remains a gap in the research literature regarding 

a comprehensive survey of the technologies, methodologies, challenges, and future directions in this field[7]. While 

individual studies have explored specific aspects of IoT in healthcare, a thorough, consolidated review of IoT applications 

in medical imaging has yet to be undertaken. This paper aims to fill this gap by providing an in-depth survey of the current 

state of IoT-enabled medical image processing, identifying emerging trends, analyzing challenges, and suggesting future 

research directions. The objectives of this paper are to review existing methodologies in this domain, identify key trends in 

IoT-based medical imaging, and discuss the implications for healthcare delivery and future developments. 

This survey focuses on the intersection of IoT and medical image processing within healthcare applications[8]. The primary 

emphasis is on examining the various techniques and methodologies used to integrate IoT with medical imaging, such as the 

use of sensors for real-time data acquisition, cloud-based platforms for image storage and processing, and AI-powered tools 

for image analysis. The survey will also explore the applications of these technologies in different areas of healthcare, 

including diagnostics, remote monitoring[9], and telemedicine, highlighting how IoT can improve the efficiency and 

accessibility of medical imaging. Additionally, the paper will address the limitations and challenges faced by the integration 

of IoT and medical imaging, including data privacy concerns, bandwidth limitations[10], and the need for standardized 

protocols. Finally, the paper will identify emerging trends in the field, such as the integration of edge computing and machine 

learning, and discuss the future potential of IoT-based medical image processing in advancing healthcare systems. 

2. LITERATURE SURVEY 

The integration of IoT with medical image processing has been the subject of numerous studies in recent years, as researchers 

explore the potential of these technologies to enhance healthcare delivery. Many of the existing studies focus on the 

applications of IoT in remote monitoring, telemedicine, and automated diagnostics. In the area of remote monitoring[11], 

IoT-enabled medical imaging systems allow healthcare providers to continuously monitor patients' health conditions without 

requiring them to be physically present. This is particularly useful in the management of chronic diseases, where ongoing 

monitoring is crucial[12]. For instance, IoT systems that collect and analyze medical images, such as those from wearable 

diagnostic devices, enable real-time tracking of patient progress and allow timely intervention if necessary. 

Telemedicine is another area where IoT-based medical image processing has gained significant traction. In telemedicine, 

IoT systems facilitate remote consultations by enabling healthcare professionals to receive and analyze medical images from 

distant locations[13]. This is especially beneficial for patients in rural or underserved regions who may not have easy access 

to healthcare facilities[14]. Several studies have demonstrated the feasibility of IoT systems in telemedicine, showing how 

medical imaging data can be transmitted securely to healthcare professionals for interpretation and diagnosis. 

In the field of automated diagnostics, IoT-based medical image processing systems are being used to automatically analyze 

and interpret medical images[15], reducing the need for manual intervention and minimizing human error. Advanced image 

processing algorithms, such as machine learning and deep learning techniques, are increasingly being integrated into these 

systems to improve diagnostic accuracy[16]. Research has shown that IoT-enabled medical image processing can help detect 

early signs of diseases, such as cancer and heart conditions, through the automated analysis of medical images, leading to 

faster and more accurate diagnoses. 

The success of IoT-based medical image processing relies heavily on several key technologies that enable the efficient 

capture, storage, and analysis of medical images. Sensors are a fundamental component of these systems[17], as they capture 

images or physiological data from patients[18]. These sensors can be embedded in medical devices, such as MRI machines 

or wearable diagnostic equipment, and are responsible for collecting the data that is used for further processing. 

Cloud computing plays a significant role in IoT-based medical image processing by providing the necessary infrastructure 

for storing and processing large volumes of medical images. Medical images, which are often large in size and require high 

computational power for processing, can be uploaded to the cloud[19], where they can be accessed and analyzed by 

healthcare providers in real-time. Cloud-based platforms also facilitate the sharing of medical images between healthcare 

professionals, enabling better collaboration and improving diagnostic accuracy. 

Edge computing is another technology that is increasingly being adopted in IoT-based medical image processing. Unlike 

cloud computing, where data is processed remotely[20], edge computing processes data closer to the source, often on the 

device itself or on a nearby edge server. This reduces latency and ensures faster processing of medical images, which is 

critical in time-sensitive healthcare situations. By processing data locally, edge computing also helps alleviate bandwidth 

limitations and reduces the load on cloud servers. 

Despite the promising potential of IoT in medical image processing, several key challenges remain. Data privacy is a major 

concern, as medical images often contain sensitive patient information that must be protected from unauthorized access. 
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Additionally, the bandwidth required to transmit high-resolution medical images can be a limiting factor, particularly in 

remote areas with limited internet connectivity. Integration issues between various IoT devices, imaging systems, and 

healthcare databases also pose challenges, as the systems must work seamlessly together to ensure accurate and timely 

delivery of medical images. 

Several real-world applications of IoT-based medical image processing highlight its effectiveness in enhancing healthcare 

delivery. One notable example is the use of IoT in telemedicine for stroke diagnosis. A study conducted in remote areas of 

South America demonstrated the ability of IoT-based systems to transmit CT scan images to healthcare providers in urban 

centers, enabling rapid diagnosis and treatment of stroke patients. The study showed that IoT-enabled telemedicine systems 

could significantly reduce treatment delays and improve patient outcomes. 

Another example is the use of IoT in automated diagnostics for breast cancer detection. Researchers have developed IoT 

systems that use deep learning algorithms to analyze mammogram images and detect signs of cancer. These systems can 

automatically identify potential cancerous growths, providing healthcare professionals with reliable results that support the 

decision-making process. In one case study, the IoT-enabled system achieved diagnostic accuracy comparable to that of 

experienced radiologists, highlighting its potential for improving diagnostic efficiency and reducing human error. 

In the field of remote monitoring, IoT-based medical imaging has been used for managing diabetic retinopathy. A study in 

India demonstrated how IoT-enabled retinal cameras could capture high-resolution images of the retina and transmit them to 

specialists for analysis. This system allowed for the early detection of diabetic retinopathy in underserved areas, where access 

to ophthalmologists was limited, ultimately leading to better patient outcomes. 

Proposed Method 

The integration of Internet of Things (IoT) with medical image processing aims to enhance the ability to capture, transmit, 

and analyze medical images in real-time, providing healthcare professionals with immediate access to diagnostic data. The 

general methodology involves connecting medical imaging devices, such as MRI machines, CT scanners, and wearable 

health devices, to an IoT network that enables the secure transmission of data to centralized processing platforms. The 

primary objective is to use IoT to make medical image data more accessible, actionable, and accurate, enabling more efficient 

healthcare delivery, especially in remote areas where access to healthcare professionals is limited. 

Two primary architectural models can be employed for IoT-based medical image processing: cloud-based systems and edge-

based systems. In cloud-based systems, medical images are transmitted from IoT devices to cloud servers, where data storage, 

processing, and analysis are conducted. This model is ideal for systems requiring significant computational power and 

centralized data storage, as it can easily scale and handle large volumes of data. However, it may face challenges such as 

latency and bandwidth limitations, particularly when real-time image processing is critical. 

On the other hand, edge-based systems process data closer to the source, often on local devices or servers located near the 

patient. This approach reduces latency and bandwidth usage by processing data on-site before transmitting it to the cloud or 

other central systems. Edge computing is particularly useful in time-sensitive applications, such as emergency diagnostics, 

where rapid analysis and decision-making are required. In this model, medical images are processed locally on IoT-enabled 

devices, and only relevant data or results are transmitted to central servers for further analysis or storage. 

 

Figure 1: IoT-Based Medical Image Processing Workflow 
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This figure.1. illustrates the workflow of an IoT-based medical image processing system, showing the step-by-step process 

from data collection to remote consultation. The workflow begins with the Patient Device, such as wearable devices, MRI, 

or CT scanners, which capture medical image data. This data is then transmitted through an Image Data Sensor for collection, 

and subsequently sent via the IoT Network/Cloud, where the data is stored and processed. 

Next, the image data is analyzed by the Medical Image Processing Module, utilizing advanced AI or machine learning 

algorithms to extract relevant diagnostic information. After processing, the system produces the Diagnosis or Analysis, which 

is reviewed by healthcare providers. These providers can then offer Remote Consultation to the patient, facilitating timely 

diagnosis and treatment without the need for in-person visits. This workflow emphasizes the efficiency and accessibility of 

IoT in enhancing healthcare delivery through medical image processing. 

In medical image processing, several mathematical models are employed to extract useful information from the images. 

Some common models include: 

Segmentation: This process divides an image into distinct regions, typically representing different structures or tissues in the 

body. One widely used model for image segmentation is active contours or snakes, where a contour is initialized around an 

object of interest and iteratively deforms to minimize energy and capture the boundaries of the structure. 

Feature Extraction: After segmentation, important features (e.g., texture, shape, edges) are extracted from the regions of 

interest. Fourier Transforms and Wavelet Transforms are commonly used for extracting frequency-domain features, which 

are particularly useful for distinguishing subtle differences between tissue types in medical images. 

Classification: In classification tasks, the goal is to assign a label to a given image or segment. Convolutional Neural 

Networks (CNNs) have shown significant promise in medical image classification. CNNs utilize a series of convolutional 

layers to detect patterns in the images, followed by fully connected layers for classification. The classification models often 

use softmax activation for multi-class problems and binary cross-entropy loss for binary classification tasks. 

The implementation of an IoT-based medical image processing system involves several key tools and platforms. One widely 

used framework is TensorFlow, which supports the development of machine learning models, including deep learning 

algorithms such as CNNs for medical image classification and segmentation. Keras, a high-level API built on top of 

TensorFlow, simplifies the process of building and training neural networks. 

For IoT platforms, ThingSpeak is often used to gather, visualize, and analyze data from sensors and medical devices. It offers 

cloud-based storage and processing capabilities that can be integrated with IoT devices to store medical image data and 

provide real-time analytics. Additionally, tools like OpenCV and SimpleITK can be employed for image processing tasks 

such as filtering, noise reduction, and feature extraction. These tools are integrated with the IoT network to allow seamless 

processing and analysis of medical images. 

Despite the promising potential of IoT in medical image processing, several challenges and limitations must be addressed. 

Real-time data transmission remains one of the primary obstacles, as transmitting large volumes of high-resolution medical 

images over networks can result in latency and bandwidth constraints. These challenges are particularly significant in cloud-

based systems, where the dependency on internet connectivity can cause delays in the image analysis process. Data storage 

is another challenge, as medical images typically require substantial storage space due to their high resolution and 

complexity. Efficient storage solutions must be implemented to ensure that medical image data is securely stored while 

remaining easily accessible for processing and analysis. Data security is also a significant concern, particularly in cloud-

based systems. Medical images contain sensitive patient information, and ensuring that this data is transmitted and stored 

securely is critical. Regulatory compliance, such as adherence to HIPAA in the United States, is essential to ensure that 

patient data is protected from unauthorized access. 

Finally, integration issues often arise when IoT devices and medical imaging systems from different manufacturers must 

work together. Standardization of protocols and interoperability between different systems are essential for seamless 

integration and reliable operation of IoT-based medical image processing systems. 

3. RESULTS AND DISCUSSION 

The effectiveness of IoT in medical image processing is evaluated based on several key metrics, including accuracy, latency, 

and reliability. Accuracy refers to how well the IoT-based system can interpret medical images, such as identifying disease 

markers or anomalies. It is often measured by comparing the performance of the system to traditional methods or expert 

human analysis, with higher accuracy indicating a more reliable system. Latency is critical in medical imaging, especially in 

emergency scenarios. It measures the time taken from capturing the image to delivering the result to healthcare professionals. 

IoT-based systems aim to minimize latency, enabling real-time image transmission and rapid diagnostics. Reliability reflects 

the stability and consistency of IoT systems, ensuring that images are processed correctly every time, even under varying 

network conditions. Each of these metrics plays a crucial role in evaluating the performance and feasibility of IoT-based 

systems in medical settings, as shown in Figure 3, where the latency of IoT networks like 5G is compared to traditional 

systems, highlighting the potential for faster data transmission. 
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When compared to traditional, non-IoT-based systems, IoT-enabled medical image processing systems offer significant 

improvements in efficiency, cost, and scalability. Traditional systems typically rely on physical infrastructure, such as local 

servers or on-site medical imaging devices, which can limit scalability and increase costs. In contrast, IoT systems allow for 

remote access to medical images, facilitating the analysis of patient data from virtually anywhere, as illustrated in Figure 5, 

which compares the processing speed of IoT-based versus traditional systems. This enables healthcare providers to consult 

with specialists in real-time, even in remote areas, reducing the need for physical infrastructure and enabling more widespread 

access to diagnostic tools. Additionally, IoT systems are often more scalable, as new devices and sensors can be added to the 

network without major changes to the existing infrastructure. Figure 6 shows the performance of edge computing systems in 

comparison to cloud systems, with edge computing offering lower latency and improved processing speeds, making it a 

preferable solution in time-sensitive medical applications. 

In terms of cost, IoT-based systems reduce the need for extensive physical infrastructure by using cloud-based storage and 

processing, which decreases the overhead associated with hardware maintenance and upgrades. Moreover, IoT systems help 

optimize resource utilization by facilitating remote monitoring and diagnostics, reducing the number of in-person visits and 

enhancing efficiency in managing healthcare resources. 

 

Figure 2: Medical Image Segmentation Accuracy Comparison (AI vs Traditional Methods) 

 

Figure 3: IoT-based Medical Image Transmission Latency (Wi-Fi vs 5G vs Traditional Network) 



Dr. Sajja Suneel, Dr. Aanchal Tehlan, Mandeep Singh, Inderpreet Kair, 

K.P.Senthil, Dr.Prasad Chandrakant Ingale 
 

pg. 739 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 11s 

 

 

Figure 4: AI Model Classification Accuracy (Cancer vs Healthy Tissue) 

 

Figure 5: Comparison of IoT-Based and Traditional Image Processing Speeds 

 

Figure 6: Impact of Edge Computing on Medical Image Latency 
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Figure 7: Performance of IoT-Based Medical Imaging in Remote Monitoring (Accuracy vs Latency) 

 

Figure 8: Security Measures in IoT-Based Medical Imaging Systems (Encryption vs Latency) 

In terms of performance, IoT-based systems have shown to be highly effective in medical image processing, as evidenced 

by numerous studies. Figure 2 illustrates the segmentation accuracy of traditional versus AI-based methods, with AI models 

like Convolutional Neural Networks (CNNs) achieving higher accuracy in tasks like tumor detection. Similarly, Figure 4 

demonstrates the classification accuracy for detecting cancerous tissues using AI, outperforming traditional image analysis 

methods. These findings align with existing literature, which highlights the advantages of machine learning and deep learning 

in enhancing diagnostic precision, particularly in medical imaging applications where identifying subtle patterns is crucial. 

Despite these advancements, challenges remain, particularly in terms of data security and privacy. Figure 7 highlights the 

need for robust encryption protocols to protect patient data during transmission. While IoT systems offer enhanced 

accessibility and efficiency, data privacy concerns are a significant barrier to widespread adoption, and further research is 

required to address encryption and secure communication protocols to safeguard sensitive health data. 

The performance of IoT-based systems also hinges on the ability to process large volumes of medical images with minimal 

latency, as shown in Figure 3, which compares the transmission times across various network types. However, while IoT 

networks like 5G offer significant improvements in data transmission speed and reliability, the real-world applicability of 

these systems can be limited by infrastructure constraints, particularly in developing regions. Figure 6 further emphasizes 

the trade-offs between edge and cloud computing in terms of processing latency and cost, suggesting that a hybrid approach 

may offer the most effective solution for different use cases. 

The potential impact of IoT-based medical image processing on patient care, healthcare costs, and overall system efficiency 

is profound. By enabling remote access to diagnostic tools, IoT systems provide healthcare professionals with the ability to 
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analyze medical images from anywhere, significantly improving access to care in underserved areas. As shown in Figure 5, 

IoT-based systems can reduce the time required for image processing, thereby accelerating diagnosis and treatment decisions. 

This is especially important in critical care scenarios, such as emergency departments, where every second counts. 

In terms of healthcare costs, IoT-based systems reduce the need for physical infrastructure and in-person consultations, 

helping to lower the overall cost of care. As demonstrated in Figure 6, the integration of edge computing can optimize 

processing time, further reducing the costs associated with cloud data transmission. Additionally, IoT systems can help 

improve resource utilization by enabling real-time monitoring and remote diagnostics, allowing healthcare providers to 

allocate resources more efficiently and avoid unnecessary in-person visits. These advancements contribute to the overall 

efficiency of healthcare systems, particularly in terms of reducing hospital congestion, increasing diagnostic accuracy, and 

streamlining treatment workflows. 

Despite these advancements, challenges remain, particularly in terms of ensuring data security and managing the large 

volumes of data generated by IoT devices. As highlighted in Figure 8, encryption and secure data transmission protocols are 

essential to protecting patient information and ensuring compliance with privacy regulations. There is also a need for further 

standardization of IoT devices and protocols to ensure interoperability between different systems, which will facilitate 

smoother integration into existing healthcare infrastructures. 

Overall, while IoT-based medical image processing systems hold great promise for transforming healthcare, continued 

research is needed to address the challenges associated with data security, system integration, and infrastructure limitations. 

By overcoming these barriers, IoT has the potential to revolutionize patient care, improve healthcare efficiency, and reduce 

overall costs. 

4. CONCLUSION 

This survey has explored the intersection of IoT and medical image processing, highlighting both advancements and 

challenges. IoT technologies have significantly improved the accessibility, efficiency, and scalability of medical imaging 

systems by enabling remote monitoring, real-time diagnostics, and efficient data transmission. The integration of AI in 

medical image processing has enhanced diagnostic accuracy, with deep learning models outperforming traditional methods 

in tasks such as segmentation and classification. However, challenges remain, particularly in areas such as data security, 

privacy concerns, and the integration of diverse IoT devices into existing healthcare infrastructures. Additionally, latency 

and bandwidth issues need to be addressed to ensure seamless real-time image processing, especially in critical healthcare 

scenarios. IoT has made substantial contributions to the healthcare sector, particularly in medical imaging, by enabling more 

efficient and cost-effective systems. The combination of IoT with medical image processing allows healthcare providers to 

access high-quality diagnostic tools remotely, improving care accessibility and decision-making. Furthermore, AI-driven 

image analysis has brought about more accurate and faster diagnoses, which is essential for timely interventions and better 

patient outcomes. Future research should focus on integrating AI with IoT to further enhance image analysis capabilities, 

allowing for more accurate and automated diagnostics. 
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