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ABSTRACT 

Body Area Network consists of numerous tiny sensors which are connected to a hub based on IEEE 802.15.4 

standard that connects the wearable devices to internet through gateway, so that the doctors can easily access the 

data of the patient through online independent of their location. Medical Body Area Networks (MBAN) is an 

emerging technology where rapidly new developments are being made. Even though it is fastly growing, there is a 

much needed development of smart sensors and devices for managing a MBAN. There are many innovative 

applications in Wireless Body Area Networks (WBAN) like smart health-care, assisting elderly, emergency 

response, sport, interactive gaming and fitness. In this paper, the emergency healthcare information is aggregated by 

the IoT Gateway using opportunistic networks and then in turn communicated to IoT Server through RPL and 

6LoWPAN setup. After processing at the IoT server, the patients will be getting an advice/medicines appropriately. 

In order to fulfil and provide these healthcare emergency services, the IoT based controlled diagnosis and 

therapeutics governing system was proposed. Internet of Things (IoT) deals with connected devices which allows 

sensing of objects and controlling remotely across MBAN. IoT devices enables remote monitoring and emergency 

notification. Every device/thing is identified uniquely by its embedded computing system which is able to 

interoperate within the existing Internet. Telemedicine helps in remote health information and allows doctors to serve 

patients. Rehabilitation restores patients to become normal through treatments after their discharge from hospital.  
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1. INTRODUCTION  
Internet of things (IoT) offers ubiquitous computing for a distributed architecture with sensors, actuators and 

different domains of context aware applications, with security. It is the evolution of the internet into an interconnected 

network of objects for harvesting sensing information, controlling and using internet for transfer of information and 

analytics. Medical body area network (MBAN) consists of sensors which are wearable on the human body which 

can control a device wirelessly. In this section, IoT and MBAN are described briefly.  

Internet of Things: The customer experience is enhanced, new business models can be developed, operational 

performance is improved and also the environment sustainability is increased with IoT. The integration of rooms, 

devices and services in the patient’s area will definitely simplify the life of residents. So that patients can better 

manage their life with IoT.  

 
Figure.1. IoT-Schematic System 

Figure.1, shows the schematic of the IoT system through which the network intelligence, convergence, 

orchestration and analytics are done with a secure connection between devices. So the patient’s body is just a 

distributed network of sensors combined with network intelligence.  

Medical Body Area Network (MBAN): Smart devices must transmit the useful and desirable data only. So that 

using the higher level information, the machines and people can evaluate and make better decisions. There will be 

interaction of people on the internet. For example, the persons wear sensors on their skin or clothes that collect and 

transmit data to health care providers. Figure 2 shows the controlled emergency system for IoT healthcare services. 
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2. RELATED WORK 

The federal communication commission (FCC) defines MBAN as a low-power wideband network by Bob 

Buckiewicz, 1998 with many body-worn sensors that transmit data to a control device so that it makes easier to get 

healthcare and also the quality of the patient is improved by identifying things before they reach criticality.  

Terry G. Mahn (1990), specifies that MBAN device must have these specifications: 

 40MHz spectrum in 2360-2400 MHz 

 Maximum transmit power is 1mW 

 Data rate < 2kbps 

Barker (1984), states automated dispensing systems will store the medicines in the cabinets that will 

electronically dispense medications in a controlled manner and track the use of the medication. Schwarz, 1995 gives 

efficient distribution of the medicine and thus says the medication errors will also be greatly reduced by proper 

design of systems. Ray, 1995 stated that the manual distribution of medicines is considered as inefficient. The key 

aspect is information capture, history of the patient, testing results and decision making. The diagnosis must be 

accurate, mobile health and timely. Atzori (2010), explained about connected sensors, data and alerts improve the 

health of patient’s and equip the caregivers, health providers and other family members with the tools they need for 

monitoring and caring for patients. Bandyopadhyay (2011) and Gubbi (2013), gave the advent of IPv6 resulting in 

oncoming proliferation of billions of low-power sensors that will fuel big data growth.  

Iot Framework for Healthcare Services: This section deals with framework of MBAN. The framework is modelled 

for controlling emergency scenarios in IoT healthcare. Figure.2, shows the emergency system through which the 

health services are controlled in IoT. Whenever there is any natural calamity, like Tsunami, Volcano, Hurricane, 

Earthquake, Landslide, etc. the sensor nodes finds the neighbour nodes through an opportunistic routing protocol 

and selects the relay node. The gateway/sink aggregates the path from the neighbour nodes and routes to IoT server 

through RPL, 6Lowpan and COAP for controlling the emergency scenarios using IoT. 

 
Figure.2. Controlled Emergency System for IoT Healthcare Services 

Opportunistic Routing Protocol: In opportunistic routing protocol there is no complete path to transfer the message 

from source to destination due to random mobility of nodes. In this network, it will forward the data rather than 

flooding so it is difficult to gather topology information and to find the best path to route the message. 50 nodes are 

randomly created, out of which 30 nodes are only GPS enabled. The algorithm for opportunistic routing protocol is 

described below. 

Algorithm 1: Opportunistic Routing protocol 

Localization of Neighbor Nodes  

 If (Source node is GPS enabled node) 

 then 

 Source node sends its location coordinates to all its neighbor nodes 

 else if (one of the neighbor node is anchor node) 

 then 

 In RREP of anchor node has required information for source node to calculate its location 

 else 

 Source node will not transmit the packet until it gets an anchor node in its communication range 

Mobile Prediction: 

 If (node moving towards the sink) 

 then 

 MG value = 1 

 else if (it’s in same position) 

 MG value =0 

 else 

 MG value = -1(node moving away from the sink) 

 End if. 

Relay Node Selection: Relay node selection is done using localization and mobility prediction algorithms for packets 

to reach the sink/gateway node in emergency scenarios. 
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Figure.3. IoT in Healthcare and Tracking 

Figure.3, shows the MBAN system where the pulse rate, heart rate, blood pressure, blood glucose and 

walking rate are sensed and sent to a body node coordinator, which collects the data from all sensor nodes and send 

to a gateway. The gateway sends the sensed information for monitoring the patient health, manages e-prescription, 

creates a network of remote doctors and also tracks the medication details through cloud. IoT in healthcare is tracked 

through non-invasive remote patient monitoring, medication dispensing service, smart e-prescription management, 

storing the diagnostic records of moving patients, creating a network of health workers and doctors, and ambulatory 

tracking management. 

 
Figure.4. Class Diagram of a Patient, Doctor and Health Worker 

Figure.4, shows the class diagram when the patient wants to register the information in his database. So, 

firstly the patient enters the disease, secondly, the doctor checks and specify the disease. Lastly, the health worker 

analyse and gives e-prescription.  

 
Figure.5. Sequence Diagram of a Patient, Health Worker and Doctor 

Figure.5, shows the sequence diagram about at what time the patient enters his details, when the health 

worker checks the patient and specifies the result to doctor and the time when the doctor gives e-prescription. 

 
Figure.6. Collaborative Diagram of Patient, Health Worker and Doctor 

Figure.6, shows the collaborative diagram of patient, health worker and doctor which explains the detailed 

works of how the filling up of the application of candidate, analysing the disease and giving prescription. 

Mobile Cloud-Assistive Support for MBAN Systems: MBAN systems deploy their data on the cloud. Therefore, 

it gives cloud based convenience i.e. the users access the cloud whenever needed. The data can be managed very 

easily, since data are electronically integrated into an online management system with real-time data tracking. These 

systems in terms of elderly care, helps in assisted living by knowing their physical movements and emotional needs. 

Mobile cloud for assistive healthcare deals with mobile sensing, electronic health records, intelligent mobile agents, 
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context-aware middleware for efficient resource sharing and planning. Cloud assistive support is done through cloud 

based secure storage services, visual analytics & decision making and emergency service orchestration. It has been 

observed that only 50% doctors obtain the past records of patients. Cloud-based electronic health record (EHR) 

technology brings many benefits to healthcare firms, through which mobility, accessibility, recording of information 

are done. So the information in the cloud must be applied to governance rules, current usage of data must be evaluated 

and adhering to compliance requirements of HIPAA.  

 
Figure.7. Patients Affected by Disease is Controlled through IoT Analytics and Orchestration 
Figure.7, shows the patients with coronary heart disease, stroke, Type 1 diabetes, Parkinson’s disease, etc., 

for these critical diseases, experts could not be available in the nearby hospital. In such a case, through IoT any expert 

doctor from anywhere in the world can give e-prescription to the patient.   

IoT has played a vital role in the diagnosis of health and also helps to track of the medicated person. With 

IoT, any patient’s medication details can be tracked easily and quickly.  

Coronary heart disease results when the coronary arteries become narrowed because of the build-up fat 

within their walls. These arteries supply oxygen-rich blood to your heart muscle. If the flow of oxygen-rich blood to 

your heart muscle is reduced or blocked, angina or a heart attack can occur.  

In type 1 diabetes, the body does not produce insulin. The body breaks down the sugars and starches into 

glucose, which it uses for energy. Type 1 diabetes will progress without symptoms for several years in most patients. 

The status of their medication is used with the IoT to monitor its temperature and help to minimise the risk. 

Parkinson's disease is a movement disorder that is chronic and progressive, meaning that symptoms continue and 

worsen over time. As PD progresses, the amount of dopamine produced in the brain decreases, leaving a person 

unable to control movement normally. Bio-kinematics gives the information for clinical analysis and patient 

instruction. Gyro coach generates a laser-based target worn by patient to illustrate movement at a specific motion 

segment and provides feedback on how to improve. These devices are used to reveal complex muscle/limb 

interactions.  

A stroke, sometimes called a "brain attack," occurs when blood flow to an area in the brain is cut off. 

The brain cells, deprived of the oxygen and glucose needed to survive, die. If a stroke is not caught early, permanent brain 

damage or death can result. Internet will be used for communication with hospitals where, in most countries, decisions 

regarding treatment will be made. 

3. RESULTS & DISCUSSION 

There are ten nodes assumed for patient and sportsman. In addition, a doctor and database server are choosed 

for monitoring the transmissions. Whenever a node transmits data, the cloud is ready for accepting data securely. 

The performance metrics like delay and radio state are analysed in omnet++. The data from the patients are gathered 

using a server database. The doctor gives controllable assisted information to his patients through the cloud which is 

highly secured.  

 
Figure.8. Realization of Medical Body Area Network in Omnet++ 

Figure.8, shows the Omnet++ framework for IoT based medical body area network in which the doctor gives 

the e-prescription whenever there is a requirement from the patient or sportsman. 

Figure.9(a), helps in finding the delay of the network. Delay of the network in this simulation is 2.00429 sec, 

which is in acceptable range.  

https://www.nhlbi.nih.gov/health/health-topics/topics/angina/
https://www.nhlbi.nih.gov/health/health-topics/topics/heartattack/
http://www.webmd.com/stroke/ss/slideshow-stroke-overview
http://www.webmd.com/brain/picture-of-the-brain
http://www.webmd.com/heart/anatomy-picture-of-blood
http://www.webmd.com/brain/ss/slideshow-concussions-brain-injuries
http://www.webmd.com/brain/rm-quiz-amazing-brain
http://www.webmd.com/stroke/rm-quiz-what-do-you-know-about-stroke
http://www.webmd.com/brain/brain-damage-symptoms-causes-treatments
http://www.webmd.com/brain/brain-damage-symptoms-causes-treatments
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Figure.9. Performance Metric of MBAN (a) Delay (b) E-Prescription Managed by Remote Doctor 

Figure.9(b), shows the e-prescription management of doctor through which the patient is monitored 

remotely. The patient gets the prescription and details of when he should take the medicine and also responds to the 

doctor remotely when there is any doubts in prescription.  

   
Figure.10. Performance Metrics of Opportunistic Network (a) End-to-End Delay  

(b) Packet Delivery Ratio (c) Throughput 

Figure.10, shows the performance analysis of opportunistic network, when network size is small, there is 

low in performance due to frequent meeting of nodes in the network and there is an increase in performance for 

larger networks. 

The objectives attained in this paper are: 

 A MBAN which facilitates immediate consultation to remote patients, even when they are in home or while 

travelling/moving from one country to another. 

 Developed an IoT based cloud assistive medical records as a service which finds greatly useful when patients 

moves from one hospital in one country to another. 

 Organised a network of health workers (nurses / doctors) who immediately respond to emergencies. 

4. CONCLUSION AND FUTURE DIRECTIONS  

This paper realized the Omnet++ framework for patients and sportsman for getting e-prescription from the 

doctor a through controlled assistive system. Here, MBAN with IoT is described with MDP in the sensor nodes. 

Later, the use of IoT in tracking health and diagnosis is explained in detail for non-invasive remote tracking, 

medication dispensing service, e-prescription management and diagnostics of moving patients, health workers’ 

management and ambulatory tracking management. Finally, cloud assistive healthcare for MBAN systems is 

explained with visual analytics, decision making and emergency service orchestration. In future, the IoT framework 

will be analysed with the inclusion of relay nodes for extending the network lifetime.  
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