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ABSTRACT 

Due to the overburden on healthcare resources, there is a need to invest in 
Internet of Things (IoT) based telemonitoring devices that can remotely monitor and 
diagnose patients without constant supervision by health practitioners. Current 
commercial and research initiatives in this area fail to create a comprehensive IoT-
based system with deficits in the sensing layer and model consumption phase being
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an underlying concern. This gap was closed through the development of an IoT-based 
system consisting of a multi-faceted wireless body access network (WBAN), cloud 
integration and two application layers (mobile and web-based). Global Positioning 
System (GPS) tracking on the patient's phone was used to allow doctors to track and 
dispense ambulatory services in cases of emergencies. Overall, the developed system 
was able to possess around 15 of the features common in most wearable health 
device systems at a reduced cost, thereby successfully achieving the desired 
outcomes of this research. 

Keywords: IoT, telemonitoring 
 
INTRODUCTION 

IoT can be defined as an emerging technology which enables devices 
containing sensors, processors, and communication hardware to connect to the 
internet by means of a wired or wireless connection (Chandini & Kumar, 2018), (Patel 
& Salazar, 2016). With nearly two-thirds of the global population expected to have 
Internet access by the year 2023, the attractiveness of using IoT within an array of 
industry sectors becomes highly plausible. One such industry which can benefit from 
the usefulness of IoT is the medical sector, which is expected to have an annual 
compound growth rate increase of 19% for the period 2019 - 2025 (Grand View 
Research, 2019). By using telemonitoring systems, patient care can be improved 
without overburdening health care resources (Christensen, 2018). 
 

Utilising an IoT framework with powerful cloud platforms, predictive modelling, and 
application layers (mobile and web-based) can assist with health care management of 
patients (CDC,2020) while also assisting, rather than eliminating, health care 
professionals (Sarker, 2021). Such a healthcare system will allow for remote 
monitoring and tracking of patients both in real time and historically, thereby preventing 
the late detection of communicable and non-communicable diseases (World Health 
Organization, 2021). This data and tracking can be an invaluable means of proactively 
managing patients' health conditions before a medical issue escalates (J. Mathew, 
2018). Furthermore, according to a WHO report, 46% of the population live in rural 
areas, yet only 12% of doctors and 19% of nurses work there (World Health 
Organization, 2010). This indicates a genuine need to utilise such an IoT system for 
knowledge sharing and bridging the gaps in global healthcare. Since the diagnostic 
models built within the IoT system will be developed using the intuitive knowledge of 
experienced doctors as well as a rich information database – rural doctors can stand 
to benefit from not only better diagnostic tools but also reduced strain because of 
automatic diagnostics and monitoring. GPRS can be used to facilitate the use of the 
IoT system within rural areas to replace other more complex protocols such as Wi-Fi, 
which has not been established in these areas. These simple systems therefore 
reduce connectivity issues and maintenance costs which are major challenges for 
technology roll-out in rural areas (Dimitrievski et al., 2021). The transmission of critical 
patient physiological data directly to caregivers can then be achieved via a mobile 
application (MA) or web application (WA) interface (G.F. Gensini, 2017).  
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This research aims to develop such a system which can serve as a fundamental 
tool within the healthcare sector. Figure 1 displays a high-level overview of the 
developed system with the MA serving as an IoT gateway (Hulft, 2018). The following 
contributions will be addressed in this research: 

o The development of a multi-sensory WBAN with IoT connectivity. 
o A holistic telemonitoring system with a feature-rich offering at a reduced cost. 

 
 

Figure 1: High-level overview of the developed system 
 
MATERIALS AND METHODS 

The following material and methods were utilised for the developed IoT system. 
 

i. Materials 
The WBAN was developed using various commercial sensors to measure Infrared 

light, pulse rate, electromyography, electrocardiography, body temperature and 
humidity. These sensors were read using an Arduino Nano Microcontroller unit (MCU). 
A 7.4V lithium battery was used with voltage regulators to control the input voltage to 
the various sensors. Haptic feedback was made possible with a LED and vibration 
module while short range communication was achieved using a Bluetooth module. A 
Veroboard was used for creating connections and the electronics were enclosed in a 
COTS enclosure with a Velcro strap holding the enclosure firmly to the wrist. Figure 2 
illustrates this fitting. 
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Figure 2: Fitting of WBAN on patient 
 

The LM35 temperature sensor was utilised for measuring body temperature. 
The LM35 is low cost (due to wafer-level trimming), compact (20 mm ×5 mm), low 
energy (<60 μA) and easily accessible with analogue output capabilities. It also 
operates in the range of -55°C to 50°C which is sufficient for body temperature 
measurement (EJ Projects, 2021). A HC-06 Module was selected for Bluetooth since 
it is a common off-the-shelf (COTS) product and can operate in a range of two meters 
(being a class 2 device) which is sufficient for wearable-to-smartphone communication 
(etechnophiles, 2022). The Keystudio AD8232 ECG sensor was used for 
electrocardiography readings due to its low power requirement (170μA) and low 
supply voltage of 3.3V (Keyestudio, 2021). In addition, the Myoware EMG sensor was 
chosen for electromyography readings due to its accuracy and because electro pads 
are placed directly on the sensor which prevents noise in terms of motion artefacts 
(Sparkfun, 2021). Lastly, the HIH-4000 humidity sensor was used since it required a 
low voltage supply 4V- 5.8V, had a less than 200μA current requirement, and has a 
three-layered design to protect against dirt and dust (Honeywell, 2021). 
 

ii. Method 
The WBAN was developed by soldering the various sensors onto the Veroboard. 

Each component was powered by a lithium battery to reduce the strain on the MCU. 
Voltage reductions were done using voltage regulators. The completed electronics for 
the WBAN was then placed within the purchased enclosure with holes allowing 
external components to be placed outside of the enclosure. A Velcro strap was then 
used to secure the enclosure to the wrist. 
 

The mobile application (MA) was developed using Java on Android Studio. It 
consisted of two interfaces: one for the doctor and one for the patient. The MA was 
integrated with Firebase using an application programming interface (API) to allow 
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storage and user authentication during the login and registration. The MCU was 
programmed using C on CVAVR. The code utilised delimiters to allow for splitting of 
data on the MA. The MA used broadcast receivers to collect data from the Bluetooth 
module. The MA was then programmed to split the data and store it on a SQLite 
database. 
 

A Java database connection (JDBC) was established between the MA and SQL 
database within the MS Azure Cloud platform. This enabled the transfer of data to the 
cloud from the patient's phone and subsequent reading of data from the cloud to the 
doctor's phone. Reading data on the WA was also possible through POST requests 
using the embedded Javascript template (EJS) engine. 
 

GPS tracking was enabled on the MA using the phone's built-in GPS tracking 
mechanism. This data was retrieved and uploaded onto Firebase for viewing by health 
practitioners. 
 
RESULTS AND DISCUSSION 

Table 1 shows that the developed IoT telemonitoring system was able to 
achieve 15 of the typical features present in wearable devices. This included GPS 
location, interfacing with doctors, and a multi-sensory layer. In terms of sensory inputs, 
the developed WBAN was able to obtain readings for ECG, EMG, pulse rate, IR, body 
temperature and humidity while other systems occupied just a few of these sensors. 
The developed IoT system was also able to consume FL- and ML-based models which 
many of the systems did not have the capability and infrastructure to do. The 
developed system was also able to calculate the patient BMI and MEWS rating (an 
accepted measure of a patient’s health). Another improvement of the current system 
was the use of two application layers via a WA and MA interface which was not present 
in any of the compared devices.  

 
Figure 3 shows the developed system was also cost effective considering the 

array of features at its disposal. The system employed had a price tag of US$70.9 
which is considerably lower than most of the devices it was compared to. This takes 
material costs into consideration, but not manufacturing costs. The addition of best 
practices and large-scale production could potentially reduce the price further through 
standardisation, buyer negotiations and outsourcing. The Apple Watch Series 3 was 
the most expensive at US$251 followed by the Samsung Galaxy Fit 2 and Polaroid at 
US$87.8 and US$34.5 respectively (Game, 2021). The Polaroid is much cheaper but 
also has a feature reduction of 40% in comparison to the designed system. 
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Figure 3: Cost comparison of developed system relative to other commercial 
products 

 
 

Table 1: Table showing features of current system compared to commercial 
and literature products 
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CONCLUSION 
This research was able to successfully deliver an IoT system which enabled 

remote monitoring of patients by health practitioners. The developed system utilised a 
wide array of sensory inputs to gauge patient health via the development of predictive 
ML- and FL-based models. In accordance with the above-mentioned contributions, the 
following was achieved in this research: 

o A WBAN consisting of multiple sensors which was integrated with an IoT 
framework was developed. 

o This system was developed at a reduced cost while not compromising on a 
feature-rich experience. 

o The consumption of FL- and ML-based models were achieved. 
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