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1 Introduction

In the domain of healthcare sensors, the majority of the market is dominated by expensive high-end
products. With the need for pulse and temperature sensors further exacerbated by the pandemic, the
niche for cheap, open-source non-medical grade products has grown in the last several years. To tackle
this, we propose a cheap, DIY-based healthcare sensor prototype for pulse and temperature readings.

2 Background

With the ongoing pandemic, the need to swiftly monitor vital signs in patients is more important than
ever. Furthermore, in the developing world, particularly sub-Saharan Africa, there is only 1 doctor per
10’000 inhabitants, compared with 28 in the UK. Hence, there is a dire need not only for the growth of
the healthcare sector in general but also for its efficiency by using technology [1]. There exist several
options to elevate the burden of the healthcare sector in the developing world, for example through
the use of telemedicine or faster in-person appointments. In both of these cases, having faster, more
efficient ways of reading and monitoring vital healthcare data would be vastly beneficial. Rather than
depending on old, inaccurate and sometimes hazardous medical devices such as mercury thermometers
or measuring pulse manually, digital sensors could provide cheaper and safer alternatives.

For this reason, we chose to create a cheap, DIY prototype of a smart healthcare sensor for key
vital signs monitoring. According to the Johns Hopkins University1, the three vital body signs are
body temperature, pulse rate and respiration rate. However, due to time and monetary constraints we
chose to only focus on temperature and pulse rate.

The shift towards such devices can already be seen worldwide - the electronic temperature sensor
market size is projected to grow from $ 6.3 billion in 2020 to $ 8.8 billion by 2027, while the Optical
Pulse Sensor market is projected to grow by $ 1.36 billion till 2024 [2].

3 Literature Review

The increased interest in healthcare sensors can not only be seen in the increasing market growth
for such products but also in research. The following section looks at similar student-led DIY sensor
projects, as well as more advanced research papers on healthcare sensors.

Overall there has been a relatively wide range of similar students DIY-based approaches to health-
care sensors. For example, Yassin et al propose an Arduino-based LM35 temperature and heart rate
monitoring system with wireless Bluetooth data transfer capabilities [3]. However, the project does
not make use of signal amplifiers which can have an adverse effect on the precision and accuracy of
the system. Furthermore, the project has no Internet connectivity or any real-time data visualisation
examples that would be beneficial in providing direct feedback to the user.

Similarly, Devara et al propose a wearable system with pulse and temperature sensors, packed
together with an integrated OLED display and wireless phone connectivity [4]. Additionally, the
system makes use of filter and amplifier circuits that help provide more reliable data.

Lastly, Sollu et al propose a mixed Arduino and Raspberry Pi setup, using temperature and pulse
sensors[5]. The system does not make use of operational amplifiers or filtering, hence hindering its

1Body vital signs: www.hopkinsmedicine.org/health/conditions-and-diseases/vital-signs-body-temperature-pulse-
rate-respiration-rate-blood-pressure
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real-world usage. However, the proposed system has an interactive dashboard to display its readings
that could make it especially useful for quick data analysis.

In general, the majority of the student-led research projects include some sort of wireless connec-
tivity to their devices to transfer the data from the Arduino to an external device. However, only half
of the projects made use of more advanced usage of electronics circuits via operational amplifiers.

On a more professional level, research papers tend to focus on smaller, better integrated wearable
devices with more reliable data outputs. Marathe et al present a mobile patient-monitoring system by
using four sensors in one unified package [6]. The proposed system collects the data from the connected
sensors - pressure sensor, pulse oximeter, temperature sensor and ECG module and then transmits the
data over WiFi.

Finally, Wu et al presents a a ring-type wearable sensor with temperature and pulse sensing capabil-
ities with RFID data transmission [7]. The device features a novel design features and an accompanying
application that provides user with the data. Overall the more advanced research papers provide more
in-depth and thorough solutions in a smaller form factor.

4 Setup

Our healthcare system diagram is comprised of three main components: the sensor unit, Raspberry
Pi and the Cloud. These components are illustrated in the diagram below, where the square rectangle
represents the sensor unit, also called UNOsense, the triangle represents the Raspberry Pi which acts
as a local sensor node for data-preprocessing and the rounded edge rectangle represents the Cloud.

Figure 1: System diagram.

4.1 Sensor Node

The sensor node, or UNOsense, is comprised of two sensing units - a temperature sensor and a pulse
sensor (photodiode). The two are connected to the Arduino using I/O pins and continuously collect
the data after being powered on. The temperature sensor and pulse sensor signals go through op-amps
before sending their data to the Arduino microcontroller. This provides more accurate and less noisy
results.

In order to provide some direct feedback to the user, we have also installed an OLED display
that shows the sensors readings in real-time. The I2C OLED display provided clear image quality for
the use case targeted with adequate contrast and high brightness. Furthermore, it uses lower power
consumption than comparable LCD displays.
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