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Abstract— In many nations, in particular in growing and developing economies, good enough 
fitness care is a main challenge. Health facilities are a ways aside and health workers are sparse 
whilst in comparison to the needs of the populace. As a result, it's miles, nearly tough to offer 
fitness care to individuals who're ill and require common fitness tracking. As a result, the 
fitness tracking of wholesome human beings is falling farther behind. It is usually optimum to 
have an approach for handling this hassle in order that residents do now no longer lose get 
entry to to number one cares. Security, sensible transportation systems, clever cities, clever 
manufacturing, and fitness are only some of the programs to be had thru the Internet of Things 
(IoT). This look at appears at how it is used with inside the fitness-care gadget and proposes a 
unique structure for combining an IoT idea into fog computing. The advised structure can be 
used to pick out the foundational purpose of a terrible clinic-centric fitness gadget and flip it 
right into a clever patient-centric one. 
Keywords—IoT, fog computing, gateway, Smart Health Monitoring, LoRaWAN, Wireless 
Sensors, Body Area Network 
I. INTRODUCTION 

Wireless generation is one of the most amazing technological breakthroughs in human history. 
In in comparison to earlier generations, it has modified the manner we stay today. 
Communication, learning, and journey have all come to be substantially less difficult in our 
every day lives because of this achievement. We gain now no longer simply from our every 
day lives, however additionally from clinical, transportation, and business breakthroughs. 
Telemedicine and ubiquitous computing are extra vital wi-fi programs withinside the 
healthcare industry. Previously, the best manner to get clinical remedy become to visit a clinic, 
however that has modified way to enhancements in wi-fi sensor generation and its integration 
with wearable devices. The sanatorium has come to be extra affected person-centric in 
preference to clinic-centric because of those modifications withinside the scenario, which the 
authors in [1] check with as "Telemedicine." The embedded facts or small cellular gadgets and 
verbal exchange technologies (ICT) are then dispersed with a few degree of intelligence, 
connection, and consumer interface.  
As a result, the interplay among people and clever gadgets turns into appreciably extra green, 
which writers [2]-[4] check with as ubiquitous computing. Industry, the military, education, 
catastrophe help, or even hospitals and fitness care are all examples of in which pervasive 
computing can be carried out. Pervasive computing is likewise carried out withinside the 
fitness-care field, and that is acknowledged as "pervasive fitness care." Pervasive fitness care, 
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in layman's words, is a way of turning in healthcare to everyone, everywhere, at any time, no 
matter location, time, or different restraints [5]. Handheld and wearable generation are 
acquainted to the bulk of human beings these days. Smartphones and different wearable 
devices have grown in recognition with the overall population. These gadgets encompass some 
of sensors that may screen such things as sleep, coronary heart rate, stress, oxygen levels, and 
frame temperature. In summary, those transportable and wearable gadgets make recording and 
tracking physiological vitals straightforward. Other alternatives for tracking physical vitals 
encompass fitness-care-precise gadgets or bio-sensor-primarily based fully (WBAN/WPAN) 
Wearable Wireless Body/Personal Area Network. This is likewise why the fitness-care 
enterprise is so interested by IoT.  
Every day, digital chips and sensors come to be much less expensive, decreasing the fee of 
digital equipment. It isn't always some distance off that the price of such devices may be 
reasonably-priced sufficient for all population of the u . s . to come up with the money for 
them. As formerly indicated, handhelds, wearables, and sensor networks make facts to be had 
to everyone in any respect time. As a result, there's no want for an individual. People these 
days are appreciably extra fitness-aware than withinside the beyond, and the giant majority are 
aware about their clinical and bodily troubles. People are frequently afraid to look a medical 
doctor despite the fact that they're aware about a clinical trouble primarily based totally on 
beyond checks. This is probably thanks to the excessive expense, the lengthy distance traveled, 
or their busy schedules.  
Patients usually omit and fail to are trying to find clinical help for fitness situations which 
includes excessive blood pressure, abnormal coronary heart rate, diabetes, insomnia, sleep 
apnea, and different difficulties, in spite of being suggested to do so. As a consequence, a wiser 
fitness carrier that may screen their fitness reputation remotely, provide comments, and offer 
telemedicine could be a great concept. Such a wiser fitness carrier will both save you the 
affected person from accomplishing a crucial degree or, if one is recognized, could notify the 
affected person and activate them to take instantaneously action. This may even store them 
time, lessen their clinical expenditures, and permit the authorities hold a near eye at the fitness 
of its citizens. As demonstrated, using omnipresent healthcare and telemedicine to help people 
can be pretty advantageous. Smart fitness tracking structures use loads of sensors to hold music 
of the human frame's vitals. Sensors and clever gadgets used for fitness tracking, on the 
alternative hand, have restrained garage and computation capabilities, rendering them 
incapable of managing giant volumes of generated facts. Data exchange, aid availability, 
security, privacy, and interoperability also are addressed [6]-[8].  
One of the processes used to conquer the aforementioned IoT demanding situations is cloud 
computing. It is able to spotting each the scalability trouble and the quick proliferation of IoT 
gadgets. The cloud and community, on the alternative hand, are getting regularly compelled as 
the continuing facts transmission and retrieval procedure expands. Furthermore, cloud would 
possibly create unacceptable delays, culminating withinside the complete failure of the clever 
fitness carrier, if there's inadequate bandwidth allocation, low latency, or a community outage. 
The distance among the cloud and the brink community, in addition to community load and 
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regular connectivity to the cloud, are all elements to consider. As a result, a big quantity of 
electricity is used. As a result, diverse cloud computing alternatives, which includes fog 
computing, are vital for presenting powerful clever fitness care, as mentioned in brief in 
Section 3. To deal with the essential troubles withinside the clever fitness machine, we gift an 
green IoT-primarily based totally affected person-centric clever fitness tracking machine that 
makes use of fog computing on this study. The structure can characteristic even if there's no 
net connection at the customer or affected person aspect way to fog computing and LoRaWAN. 
 
II. INTERNET OF THINGS 
In the scope of information technology (IT), one of the most talked-about concepts is referred 
to as the "Internet of Things," or IoT. (IT). It is a massive information system that is constructed 
from a variety of parts that work together to form the whole. Internet is the first word in the 
phrase "Internet of Things," and "Things" is the second word. Together, these two words make 
up the phrase. The Internet is a worldwide network that connects millions of different 
organisations [9]. It is actually a network of networks. It's possible that these organisations 
belong to the private sector, the public sector, the academic world, or corporate America. On 
the other hand, "things" could refer to any familiar object that we come across in our everyday 
lives in this world. It includes not only electronic devices and equipment but also non-
electronic items such as furniture, textiles, material parts, landmarks, monuments, as well as 
cultural, sophisticated, and commercial groups [10]. [Citation needed] A standardised 
communication protocol is used to detect, recognise, and process these items in order to unite 
everything in our environment, not only to control them but also to keep us informed about 
their status and states. This protocol also unites everything around us. Businesses may be able 
to increase their efficiency, reduce the number of errors they make, speed up their processes, 
and produce more with the same amount of resources thanks to the Internet of Things and its 
ability to code and monitor individual items [11]. Because of its ability to make the treatment 
process patient-centric, non-hospital based, and provide patients the power to self-manage their 
condition, get health help remotely, and receive medical aid in an emergency, the internet of 
things (IoT) is the best option for a smart health care system [12]-[14]. The importance of the 
Internet of Things has not only been acknowledged in the business world, but also in the fields 
of medical care and social assistance as a result of the enormous potential it possesses in the 
modern society. It is anticipated that in the future, its application will become more widespread, 
which will allow for significant advancements in the field of IT convergence. 
III. FOG COMPUTING 

Cisco first used the term "fog community" in 2012 [15]. [Citation needed] One interpretation 
of fog is that it is a "cloud that has descended," which is an extremely remote possibility for 
the community. This technology will also be of great use to the 5G wireless networks that will 
be built in the future. Fog nodes are able to handle a variety of tasks, including the storage and 
administration of data as well as the connection of communities. This makes it possible for 
end-user devices to collaborate on the completion of these tasks. Because it is apparent that 
receiving facts from the cloud takes extensively longer than accumulating it from the 
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community facet, doing those movements near or on the cease customers will lessen latency. 
Fog server, like cloud, might also additionally keep severa contents which includes films, 
audios, nearby facts which includes maps, availability of eating places and shops in a positive 
region, and, in our case, fitness facts. Figure 1 depicts a standard fog computing structure. 
Possessing such skills In the sector of IoT, fog computing is ideal. Many transmitting and 
inquiring for operations have moved to the community's facet because the range of 
communication-enabled objects and clever gadgets has grown. Such a request may be fulfilled 
with out using cloud-primarily based totally facts. With this degree of availability, an green 
structure can be created with a extra carrier rate, higher QoS, and decreased cloud burden. As 
a result, fog computing is used. 
IV. LITERATURE SURVEY 

The LoRa Alliance [17] governs the LoRa huge region community, or in different words, the 
LoRa wi-fi protocol. LoRATM is a long-variety wi-fi radio this is primarily based totally at 
the IEEE 802.15.4g standard. It became created with the cause of being applied as a good deal 
as feasible with IoT. It now no longer simplest lets in for huge-region community access, 
however it additionally consumes some distance much less electricity than its competitors. 
However, as it has a low throughput, it is first-rate used for developing a low-electricity 
community with a low throughput demand. The LoRaTM makes use of spread-spectrum 
modulation and operates withinside the unlicensed industrial, medical (ISM) frequency 
variety. It employs wideband linear frequency modulated alerts for encoding records and the 
complete channel bandwidth for sign transmission. 

                                                  
Fig. 1. Typical fog computing architecture 

In this section, we will discuss our pioneering efforts in developing Internet of Things-based 
fitness tracking systems.Different prototypes for affected person tracking structures had been 
created in latest and previous literatures. There have been, however, positive obstacles to those 
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studies. The authors of [18] supplied an define of IoT architecture, community shape layout, 
crucial technology, needs, and general architecture. They additionally mentioned the numerous 
ranges of the Internet of Things, in addition to IoT-associated programs such as clever 
industrial, faraway nursing, clever governance, and others. Their article tested the adoption of 
numerous wi-fi conversation infrastructures which include wi-fi fidelity (Wi-Fi), Bluetooth, 
and ZigBee, however they did not consist of Long Range (LoRa) networks. The authors created 
a real-time cardiac tracking machine in [19]. They explored carrying sensors interacting with 
low-strength Bluetooth to create diagnostic records for patients, then transmitting that records 
to the cloud thru 3G mobile conversation/Wi-Fi. However, this method is satisfactory 
appropriate to customers who're constantly related to high-pace net connections. However, 
many people in undeveloped and impoverished nations do now no longer have get right of 
entry to to the net. As a result, a machine that consists of an offline approach of conversation 
need to be designed. In [20], the authors proposed ZigBee as a wi-fi conversation medium and 
wearable biosensor for the usage of IoT for senior people's fitness tracking structures. Tuan 
Nguyen Gia et al. evolved an IoT-enabled healthcare machine layout in [21], which checked 
out the software of fog computing technology in IoT-enabled healthcare facilities. They 
proposed a fog computing situation that covered clever gateways that would speak thru 
Ethernet, Wi-Fi, Bluetooth, ZigBee, and 6LoWPAN.  

In [22] and [23], loads of giant healthcare structures and accompanying problems have been 
tested. Both short-time period and long-time period healthcare tracking programs have been 
tested in those publications. The authors additionally mentioned capability hurdles, which 
include a loss of sizable wi-fi and cell community insurance and the stableness of wi-fi 
infrastructure in fitness care. The necessity of deploying LoRa wi-fi modules for IoT-primarily 
based totally fitness tracking became disregarded withinside the majority of cutting-edge 
papers. We advocate the usage of commercially to be had LoRa wi-fi gadgets as a Wireless 
Sensor Network (WSN) infrastructure on this study. A LoRa wi-fi sensor community-primarily 
based totally fitness tracking machine has now no longer been posted withinside the literature 
to our knowledge. Our key contribution on this studies is: (a) a assessment of present 
contemporary IoT-primarily based totally fitness tracking programs, in addition to an exam of 
the domain's importance for low-strength WSN. (b) Propose a completely unique clever 
affected person-centric fitness machine architecture. 
V. PROPOSED ARCHITECTURE 

Figure 2 depicts the advised structure for a fog-primarily based totally clever fitness tracking 
system.  
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Figure 2. Proposed Architure 

The side customers with inside the proposed structure are equipped with quite a few wearables, 
scientific gadgets, and scientific sensors. As a consequence of this, they are able to present a 
diverse array of scientific measurements. These metrics can be utilised for the purpose of 
monitoring vital signs such as blood pressure, temperature of the body, heart rate, respiratory 
rate, amount of sleep, and level of stress. Devices may be related through Zigbee, Bluetooth, 
Wi-Fi, lore, 2G/3G, LTE, and different technologies. These gadgets are related to the 
LoRaWAN gateway in order that the statistics generated through those stop gadgets can be 
brought without delay to the Fog nodes or, in our instance, number one fitness facilities. There 
can be many number one fitness facilities that serve people depending on their location. Even 
if there's no net, the deployment of a LoRaWAN gateway lets in the statistics amassed through 
such gadgets to be despatched to fundamental Health Centers tens of kilometers away. This is 
probably extraordinarily beneficial in villages or far flung areas wherein there's no net 
connectivity. The statistics furnished through those gadgets is synced with scientific 
personnel's clever phones, laptops, and PCs and stored at the Health Information Exchange. 
People who've been identified with scientific problems have their scientific statistics stored 
consistent with their ailment, making it simpler for scientific people to preserve music in their 
patients. 
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Figure 3. Flowchart of health monitoring system 

For example, if the affected person has a blood stress problem, it is crucial to hold a tune of 
his or her blood stress, and if the affected person has dyspnea, it is crucial to hold a tune of his 
or her respiratory rate. As a result, the frame essential facts is stored in clinical facts, data on 
the Health Centers relying on the affected person's clinical history. In this way, medical doctors 
or different accountable clinical employees might be capable of tune their patients' facts always 
and alert them to the want for a direct go to to a hospital if it's miles necessary; they may 
additionally be capable of take different precise actions, which include the use of telemedicine 
offerings, if applicable. In addition, if the state of affairs is definitely risky or urgent, the Health 
Centers can offer speedy fitness offerings which include ambulance provider with the aid of 
using notifying the ambulance provider parent 3. 

 
VI. RESULTS AND DISCUSSION 

 In this section, researchers will discuss about our previous experiments, as well as our  
analysis of the proposed system. 

Table 1: Comparison of percentages. 

Physical 
Topology 

Average Latancy Network Usage (kbs) 

Cloud 
Only 

With Fog 
Layer 

Cloud 
Layer 

With Fog 
Layer 

Config 1 210.18 7.36 120 11 

Config 2 210.48 7.36 241 21 
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Config 3 212.47 7.36 561 52 

Config 4 1378.65 7.36 951 97 

Config 5 2114.80 7.36 1003 178 
 
Table 1 shows that, the average latency and comparison with network latency (Kbs). 
Henceforth, the total different five configurations has been tested as a physical topology and 
has been discussed with fog layer. 
 

 

      Figure 4. Graphical resentation of Comparison of Config for physical topology and 
average latency 

As seen in figure 4 and 5, the graphical representation of physical topology and average 
latency and with the usage of network has been shown. It alos depicts the average network 
usage also in Kbps.  

 

Figure 5. Graphical resentation of Comparison of Config for physical topology and Network 
Usage 

VII. CONCLUSION 

In this research, we present a shape for a fog computing-based completely health care, 
monitoring tool to provide a inexperienced health care facility. The cautioned tool's number 
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one advantage is that it can provide real-time, seamless health care in areas wherein there may 
be terrible or no internet access. It will advantage now not best patients who need to check 
their health state on an regular basis, but moreover not unusualplace folks that want to keep 
the song of their bodily vitals. Not best will human beings advantage from this shape in terms 
of number one health monitoring, but, it will moreover assist global places with low doctor-
to-affected individual ratios. Furthermore, the cautioned format ushers in a state-of-the-art age 
of energy-inexperienced health-care monitoring systems on the equal time as decreasing cloud 
strain. 
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