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Abstract
The main purpose of the research paper is to define what telemedicine is and how it works. In addition the research tried to see the benefits and drawbacks of telemedicine framework during implementation of smart healthcare systems. This research paper has cited many research papers about different types of system organizations and implementations. This work also revises the current situation and the technological capabilities of the ongoing telemedicine applications with respect to their technological approaches to solve the problems. Generally this research work proposes, validates and evaluates telemedicine framework and Fog computing for smart healthcare service. This research paper also guides and shows how we can optimize our telemedicine framework with lower cost using Fog computing for the coming era. This research work also suggests the most optimal way using fog computing to come up with the most reliable and robust telemedicine framework for smart healthcare systems.
Keywords: Telemedicine, Smart healthcare, fog computing, Internet of Things (IoT), 5G networks
Introduction 
1.1 What is telemedicine?
Telemedicine is broad umbrella word that consist different infrastructures like information communication technologies and health care institutions. The term was discovered in 1970 by World Health Organization (WHO) for diagnosing, treating and prevention of diseases. As the term implies it is a combination of telecommunication and medicine [33]. In general telemedicine uses information technologies to store, retrieve and execute the results that are uploaded by the medical personnel in a given cross platform. The platforms can be a mobile application or a desktop application that uses different communicational tools that are available in information technology like cloud computing, big data analysis, and computer networking to maintain the system. 

Figure 1: Typical Telemedicine Framework [8]
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FIGURE 1. Typical telemedicine framework.




Source: (https://ieeexplore.ieee.org/document/9186603 Digital Object Identifier 10.1109/ACCESS.2020.3021823)
1.2 Historical background of Telemedicine
The term was originated in 1970 but information was exchanged in Europe using heliograph or bonfires. During the civil-war a telegraph were used to order medical supplies. In 1930 radio was used to transfer medical information in rural areas. It was practically implemented by National Aeronautics and Space Administration (NASA) when physicians on earth successfully monitored the health of astronauts in space [33]. They were able to monitor the blood pressure, heart rate, respiration rate, and temperature of the astronauts in space from earth.

In 1964 after the invention of television in 1950 there was a successful video communications between two hospitals found in America. In 1967 there was a system deployed to link the United States Airport terminals to hospitals.

1.3 Types of Telemedicine Framework
1.3.1_Asynchronous telemedicine

This type of telemedicine mainly focuses on store, retrieves and forward medical information when needed. This system doesn’t need a live communication or in other words both parties don’t need to communicate or connect to the system at the same time. Datum can be collected, organized and stored. Any parties of the system can access or retrieve the datum for further diagnosis and analysis whenever it is feasible. 

For example an ECG image with the patient’s medical history can be send via email to health professional in the related field working in another or remote health facility for further examination and diagnosis.


In this type of telemedicine systems we need to be careful on the Datum generated by both parties to store, retrieve and forward datum from the system and into the system. This is directly proportional to the number of users that uses the system. In other words as the number of users that logs in to the system increases the data that is going to be produced also increases so we need to design the database management system with the general architecture of the system. Big Data will be generated as the number of users increase. Hence we also have to use Big Data manipulation tools and techniques.
1.3.2 Synchronous telemedicine

This type of telemedicine differs from the above because it requires both the health professional practitioner and the patient to be in contact at the same time. In other words it need a live communication between the health professional and the patient using wired or wireless devices for live communications such as Microphone, Speaker and a video camera. In our context Synchronous telemedicine is considered interactive and live, which includes videoconference aided by tools for audio and visual examination.

In this type of telemedicine we need to focus more on the network architecture and network types that are useful for having a live communication. This includes the internet speed and the bandwidth has a significant impact in having a smooth LIVE communication. So this type of telemedicine application requires advanced wired and wireless communication network devices and network types are required with an optimal computer LIVE broadcasting network.

In this scenario as both parties need to login and communicate at the same time simultaneously we need to have a LIVE communication so we need to think of the network capability and efficiency of the network so we need to think of different network types like cloud networks and hybrid approaches to maintain live communication. Better Delay than Loss for Live communications.
2. Identified issues
· Infrastructural Issues: It involves poor bandwidth in some areas while cost expensive in others.

· Implementation Issues: In order to implement telemedicine, training is needed at the village end for technicians, IT staff and local doctors.

·  Acceptance Issues: For village doctor and villagers, using high end technology may be too obstructing. However, once the benefits are seen , the acceptance rate will likely be high such as has been seen with mobile telephony and rural internet services.
· Data Management issues: - Big Datum produced with the health professionals as well as patients while signing up and diagnosis time.
· Security Issues: - all the information about the patient should be kept safe and secured while storing all data in Data warehouse and Cloud. 
· Bottleneck system approach issues.
· Network latency issues
3. Solution

· Optimizing the telemedicine framework by using the latest network technology like fog computing or fogging.

· Using Fog Computing we can maintain a reduction in data movement across the network resulting in reduced congestion.

· Using Fog Distributed Data Flow will result in the elimination of Bottlenecks that come from centralized Computing systems.

· Using Fog can improve the security of encrypted data as it stays closer to the end-user.

3.1 Fog computing main methodologies

Distributed Data Flow (DDF) Topology
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Figure2. Topology of Distributed Data Flow (DDF) using Fog computing
Distributed Data Flow Model (DDF)

· Fog Computing provides high-quality Cloud services in the physical proximity of mobile users.
· Computational power and storage capacity could be offered from the Fog, with low latency and high bandwidth. 
Data communication among nodes in the IoT domain can occur between edge-edge, edge-fog, fog-fog, and fog-Cloud nodes.
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Figure3. Distributed Data Flow Model (DDF) with respect to Distance and location

Conclusion
This research shows the use of Fog Computing to optimize Telemedicine framework for Smart healthcare Systems which assures reduced latency, high privacy,  energy efficient, better bandwidth, high scalability,  Less dependable, and precise context for sharp edged telemedicine applications with low cost. Our solution focussed on establishing a decentralised telemedicine framework using Distributed Data Flow with fog computing. This solution can be further extended to be used for any smart healthcare services which may be used to govern other remote healthcare centers. Inaddition using fog computing for smart healthcare centers reduces the cost and time it takes during implementation and maintaining the system. Generally the research paper shows the diffrent approaches like fogging to optimize the telemedicine framework for smart healthcare systems while designing and implementation.  
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