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Abstract: In recent times, there have been huge 

advancements in technology. These advancements 

when coupled with the easy availability of high speed 

internet even in developing countries like India, make 

the possibility of using Internet of Things in our daily 

lives a reality. Internet of Things (IoT) is a developing 

concept that allows for sensors and smart devices to 

collect real-time data from the environment and relay 

this data through the internet. The various devices 

connected using IoT can even communicate with each 

other thus making the possibilities for their usage 

endless. However, up until now, there hasn’t been a 

comprehensive platform that supports the use of 

sensors to check the vitals of patients in conjunction 

with IoT. In this paper, we propose a semantic model 

for the benefit of patients who cannot afford continuous 

medical care. The proposed model employs four layers; 

the sensing layer, the network layer, the communication 

layer and the information layer. All layers work in 

conjunction with one another. 
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1. Introduction 
 

There have been great advances in wireless 

connectivity, electronic devices, smart phones in recent 

years. The newest communication technology that is 

gaining popularity due it’s ease of use is Internet of 

Things (IoT) which connects various devices, sensors, 

vehicles and other “things” to each other and allows 

them to communicate amongst themselves. The things 

or objects may include the radio-frequency 

identification (RFID) tag, mobile phones, and actuators 

[1]. Sensors have also greatly improved thus creating 

new opportunities for the usage of sensors for 

measurement of patients’ vitals with technologies like 

IoT. This is a form of E-healthcare. E-healthcare is 

commonly understood as any practice that is related to 

the health of patients and supported by electronic 

devices and communication systems. IoT makes it 

possible to connect various devices and other entities to 

each other and access them from any location at any 

time. The basic aim of IoT is to extend the benefits of 

Internet with the ability to control devices from remote 

locations and share data continuously or as and when 

required. The benefits of IoT with regards to healthcare 

can be realized when we consider the usage of 

embedded sensors which continuously collect and 

transmit real time data. Internet has transitioned into a 

smart infrastructure namely Internet of Things (IoT) 

that has been created based on the interconnections of 

various physical objects. IoT comprises of various 

components that can be identified independently, and 

can communicate and interact with each other [2].  

There are several possibilities in the healthcare sector 

to improve the quality of care that patients receive 

while simultaneously reducing cost so that this remains 

a favorable option. These possibilities include the 

remote monitoring of patients with chronic illnesses 

who may not be able to afford continuous round-the-

clock medical care. Using IoT, small sensors can be 

connected to IoT and the patients’ real time vital values 

can be monitored remotely instead of the patient having 

an helper well versed with medical conditions and 

symptoms. The collected data (from the sensors) can be 

analyzed and compared with some predefined threshold 

values. In the event that the patient’s recorded values 

are above the safe threshold, a message will be sent to 

the webpage reserved for the patient via a 3G/4G 

network informing all the people having access to the 

URL that the patient’s specific vital is abnormal. One 

example of the rising popularity of IoT for healthcare is 

the fact that in June 2013, the U.S Department of 

Veterans Affairs decided to deploy RFID in American 

hospitals to improve care and reduce the costs of 

treatment [3]. 

 

 

2. Related Work 
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This section examines the existing work being made in 

field of healthcare using IoT. Presently, a lot of 

research is being done on health smart homes (HSH) 

which are based on IoT technologies and embedded 

computing. Health Smart Homes can enhance in-home 

medical treatment. Often, images are used for helping 

with regards to issues such as safety and surveillance in 

the house. In [4], the authors review the concept of 

Health Smart Homes and imagine the possible 

applications of these systems including social alarm 

systems. The authors of [5] use cameras as a way to 

improve their analysis of the environment like during 

the detection of possible hazardous situations. They 

also try maintaining a system that is non-intrusive. 

Both the sensor dependent method and the camera 

dependent method have different advantages and 

disadvantages. However, the authors express the 

opinion that a camera dependent approach will allow 

for the analysis of the patients emotional state as well 

and such a system won’t be dependent on various 

sensors that need to be attached. The authors of [6] 

propose an architecture for a Wireless Personal Area 

Network (WPAN) which possesses the benefits of an 

intelligent environment because it uses information 

from various sensors. The apparent aim of the system is 

ensuring safety and providing services to users through 

monitoring techniques. The basis of this proposed 

system is image processing. This system has the 

provision for integration with other control devices. 

However, there is no provision for analysis of the 

emotional state of the patients to assess the state of 

their health. The authors of [5] have created a solution 

that can provide assistance to elderly people and people 

who are more vulnerable so as to reduce or deal with 

any accidents that occur at night. Their system is based 

on the concept of night vision and functions through a 

minimum number of interactions with the patients. 

Algorithmically, it is based on the idea of spatio-

temporal reasoning. One major feature of this system is 

that it alerts caregivers and provides them with 

explanations about past accidents or accidents which 

have a high possibility of occurrence. Results provided 

by this system are based on a set of causal rules that 

provide the places and times of accidents.  

The University of Florida’s Mobile and Pervasive 

Computing Laboratory has created the Gator Tech 

Smart House (GTSH) [7] which is a real environment 

which doubles as a laboratory that was created to 

validate smart home technologies and systems. The 

main aim of this laboratory, commonly known as 

GTSH is to provide a means to create an environment 

such as a home that can prove to be helpful to its 

residents and that is capable of mapping the physical 

world. This mapping is done using remote monitoring 

and intervention services. The environment should also 

be of help for conducting research and development 

activities that are designed with the primary objective 

of assisting elderly people and vulnerable people like 

those people with special needs in increasing their 

levels of independence and allowing them to maintain a 

higher quality of life than what they currently enjoy. 

Georgia Institute of Technology has also developed a 

similar project, namely the Aware Home Research 

Initiative (AHRI) [8]. This research group primarily 

performs investigations about how effectively new 

technologies can impact people’s lives at home. This 

research is focused on three main areas: (i) patients 

well-being; (ii) digital entertainment; and (iii) 

maintainability levels. The Aware Home Research 

Initiative has also proved to be useful by enabling 

research in several spheres including providing data to 

the house, a highly developed sensing infrastructure 

that also provides control. All this is in addition to a 

variety of applications to help people living in the 

house. The health and comfort of people residing in the 

house is an area of research that has been widely 

focused on in recent years. The main goal is to find 

ways to improve the experience of ageing while also 

aiding caregivers of people with disabilities. The 

project actually comprises of a laboratory that is 

installed in a two-story identical, each having a kitchen, 

a dining room, a living room, three bedrooms, two 

bathrooms and a laundry room. Experiments conducted 

vary in duration but are generally of short durations due 

to various constraints. The authors of [9] introduce an 

architecture for a Smart Community that includes 

applications including a Neighborhood Watch and 

Pervasive Healthcare. This architecture focuses on 

three main areas: the home, the community, and 

services provided. The Pervasive Healthcare model is 

also explained in normal situations, emergency 

situations, as well as in critical situations. There is also 

a detailed explanation of the security and reliability 

requirements during communication. A 2G-RFID based 

e-Healthcare system is described in [10] which also 

incorporates an emergency response service. The 

system detailed in this paper includes the usage of 

RFID tags, a wireless body area network, cell phone 

and communication gateway. The authors of [11] have 

proposed a system that is completely functional and 

tested. This system collects the data available in smart 

spaces with a primary focus on fire fighting and sports 

men and women. The system will raise an alarm 

whenever the body parameter happens to exceed the 

threshold level in two different ways. Additionally, a 

message is sent to the user to stop exercising. 

 

3. Proposed System 
 

The main goal of the system that is proposed in this 

paper is to improve the lives of patients requiring 

constant medical care by reducing their dependency on 

round-the-clock medical care which may not always be 

affordable. This model has four layers namely- the 

sensing layer, the network layer, the communication 
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layer and the information layer which is shown in Fig 

1. 

 

Figure 1. Layered architecture of the proposed model 

 

A.  Sensing Layer  
The lowest or the bottom-most layer of the model 

is the sensing layer which forms the core of the system. 

This layer contains an EMG (electromyography) 

sensor, an ECG (electrocardiogram) sensor, a 

temperature sensor and a motion detecting sensor. All 

the sensors are connected to the patient’s body through 

wires. The sensors continually sense the patient’s vitals 

and display them on an LCD screen attached in the 

model. In case of any anomalies in the vitals observed 

from the patient’s body, a message stating that the 

particular vital is abnormal will be sent to a URL 

specifically reserved for that patient so that it can be 

viewed by doctors at a remote location and a further 

course of treatment can be decided upon. 

Electromyography (EMG) is a diagnostic medical 

technique used for evaluating and recording the 

electrical activity produced by skeletal muscles. An 

electromyograph detects the electric potential generated 

by muscle cells when these cells are electrically or 

neurologically activated. The signals can be analyzed 

to detect medical abnormalities. In order to check the 

EMG value of a patient, a flat disc shaped electrode is 

attached to the wrist of the patient and he must contract 

and relax his hand. Whenever a muscle contracts, a 

burst of electric activity is generated which then 

propagates through adjacent tissue and bone and can be 

recorded from neighboring areas of skin.  An 

electrocardiogram or ECG is a test that checks for 

problems with the electrical activity of the heart. It is 

one of the most routine tests in hospitals that is used 

during the diagnosis of even small or large accidents.  

       

 

Figure 2. System architecture of the proposed model 

 
The temperature sensor is capable of measuring the 

temperature of both the room the patient is in and the 

temperature of the patient himself depending on how 

it’s probe is connected. If the probe is connected to the 

patient’s body then the patient’s temperature will be 

measured and displayed, otherwise the temperature of 

the room the patient is in will be measured and 

displayed. The motion sensor exists for patients who 

are not supposed to move. In case there is any 

movement by the patient, the sensor which is a passive 

infrared sensor has a spherical surface so that it can 

detect movement.  
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Figure 3. Display of observed vitals on LCD  

 
B. Network Layer  

 
The network layer has a very important role in the 

process of communication in order to connect the 

devices with a network using different protocols, 

technologies and standards like 3G, 4G. The sensors 

send the data to a PIC microcontroller which is 

connected to the internet through an IOT module. The 

IOT module then sends the data to a particular server 

for updating the databases. This layer supports several 

protocols for  communication including IEEE 802.16 

for 3G and IEEE 802.16m for 4G. 

 

C.  Communication Layer 

 

The communication layer of this model provides the 

functionality of data management. In order to achieve 

this functionality successfully, cloud storage is used. 

Cloud storage provides the ability to store the data into 

logical pools. The user of cloud storage is unaware of 

the physical location of the data he has stored. In order 

to access data stored on the cloud, internet connectivity 

is required. Even though this may seem cumbersome, 

cloud storage provides several advantages including the 

fact that several people can access data stored on the 

cloud simultaneously and from remote locations while 

being unaware of the actual location of the data.The 

physical storage may be a single server or several 

servers but this is not of relevance to the client. 

Typically, the servers are owned and managed by the 

hosting company.  

 

 

Figure 4. Webpage with entries for the patient   

 

D.  Information Layer 

 

This layer of the layered architecture provides medical 

professionals, relatives or care-givers of the patient and 

other concerned entities direct access to the data 

generated by the sensors.The doctor while present at a 

remote location can easily monitor the patients in case 

of any anomalies observed in their vitals and provide 

support from a remote location in case of any 

emergency. The patient can also access the same data at 

any time. The medical data remains intact unless the 

log of data is cleared by clicking the button given in the 

webpage. 

 

4. Implementation 
 

This system was implemented using a PIC 

microcontroller ( PIC16F877A ) as well as an ECG 

sensor, an EMG sensor, a temperature sensor and a 

motion sensor.The sensors all produce analog output 

that isn’t understood by the microcontroller so the 

sensors output is converted by a 10 bit analog to digital 

converter (ADC) to digital values. When any values 

measured by the sensors are found to be abnormal, a 

corresponding entry is made on the URL associated 

with the IOT module. All these entries are uploaded to 

the cloud through a 3G or a 4G network. The values are 

also displayed on an LCD screen attached to the 

microcontroller so that the patient can view his vitals as 

well. This is shown in Fig 3. Fig 4 shows a sample 

screenshot of the webpage reserved for the patient 

when the values of the patient’s temperature and EMG 

are found to be abnormal. 

 

5. Conclusions 
 

Technology like IoT can be greatly beneficial when 

implemented in essential fields like health care as 

explained in this paper. Such technology has seen a 

great spurt in usage but such prototypes still haven’t 

reached the public. Commercializing such devices that 

implement IoT and other related technologies to 

improve the fields of medicine and health care will 

prove to be extremely useful for a wide section of 

people especially those constrained to their homes 

because of diseases or medical conditions they suffer 

from. This type of technology and devices find extreme 

importance for people who cannot afford constant 

round-the-clock medical care too. If utilized properly, 

such technology can prove to be a real boon to society 

in lessening the load placed on society by those with 

chronic and incurable conditions. In the future, this 

system can be further developed to include a system by 

which doctors can view the medical data of the 

patient’s online from a remote location and prescribe 
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medication online through a prescriber through the 

internet based on the values observed. This would 

enable the patients to be less dependent on visiting 

hospitals for medicine prescriptions. Another possible 

enhancement is the tying up of the above mentioned 

systems with an online medicine ordering and medicine 

delivery service which are gaining popularity now. This 

will save patients the hassle of having to travel to a 

pharmacy just to get their medication. 
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