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Abstract 
 

This Master Thesis project contributes to the improvement of the Service For 
Occupational Safety And Health by using IoT. Imagine turning the workplace 
into heaven for your employees and increase productivity in the workplace. 
According to a survey taken from several employees a lot of them agreed that 
poor workplace environmental factors can harm their performance and 
productivity. 
So the question was how to enhance the workplace atmosphere without 
wasting time and money in the most efficient way possible? 
 
Looking for a simple solution was needed to help in enhancing the quality and 
productivity of work and the environment for our customers. 
Monitoring the employee’s health and the environment of the working place in 
the most efficient way to do so, for the employers and the employees, some 
working places are unfriendly to work inside and dangerous in some aspects, 
Furthermore, the way we used to do such a huge step it was decided after 
studying the best solution for this matter was to assemble the appropriate 
sensors to serve our ambitions. 
 
The report is organized into seven chapters, in those chapters, I’m going to 
cover the problem and the solution from scratch in order to discuss the details 
and to have an overview of the situation. 
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INTRODUCTION 
 
Normally, the target audience when talking about improving the quality of life of people 
is patients. However, we will also be able to improve the quality of life of workers, and in 
particular, their occupational health, and, besides, comply with strict regulations in this 
area, which requires the instruction and reporting of existing occupational health risks.  
 
This solution could be beneficial for individuals, aimed at offices mainly and in the 
future, we can go bigger and sell this service to companies and building managers. This 
could provide added value with a solution that will improve the occupational health of 
the occupants of the properties managed by them. In short, this solution would be an 
embryo of an OSHAAS "Occupational Safety and Health As A Service" 
 
The report is organized into three chapters. Chapter 1 is “Context” to the problem of the 
unsafe environment state inside the workplace and how I offered a solution for that. 
Chapter 2 focuses on the “Analysis” of the problems and solutions. Chapter 3, however, 
is focused on the design and the steps of how we came up with the steps of the design 
and the tools and pieces of equipment used and also the way we decided to visualize 
those data in a suitable way. 
In Chapter 4, we talk in detail about the implementation and the process that we had to 
go through in order to make it happen which was in 3 phases. 
In Chapter 5, the test and validation of the “Health Kit” and the environmental sensors 
kit in detail and also the explanation of the dashboard and how to visualize it on mobile 
phones and PCs. 
In Chapter 6, there is an explanation for the business plan I followed with the service 
and the target customers and the subscription types. 
Finally, some conclusions are drawn in terms of economic, ecological, and social 
aspects. 
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CHAPTER 1. CONTEXT 
  

In this chapter, I introduce the background of the thesis and how the whole idea 
was generated. 
Some explanations of the problems we address in this thesis and solutions that 
are suitable after some research and comparisons with different possible 
solutions were also presented. 

 
1.1 Background 
 
Employee morale may be affected by both positive and negative actions within 
the workplace environment. The workplace environment plays a serious role in 
the performance and productivity of an employee. A lot of industries have an 
unsafe work environment and most of the time unhealthy too. This study is 
concentrated on the workplace environment in an exceeding sanatorium and the 
way it affects the medical expert. An unhealthy facility environment like badly 
designed work offices, lack of ventilation, excessive noise, bad lighting, bad 
workspace, bad communication, bad fire safety measures for emergencies, and 
lack of private protective equipment, can negatively affect the productivity of the 
worker.  
Workers that work in such bad environmental factors are exposed to 
occupational diseases like heat stress, deafness, and suffocation. Worker’s 
productivity can decrease because of poorly planned workplace environments as 
this negatively affects them and can cause opposite effects on their motivation. 
So as a result, that challenge for the management to produce a suitable work 
environment for the workers to enhance the productivity of the workers.  
The physical environment at work plays an important role in employees’ 
productivity, that was the main goal that we set throughout this thesis. 
 

 
1.2 Problems 

 
The main problem we are proposing to solve throughout this thesis is how we 
can improve the productivity and the quality of life in workplaces and offices. 
Problems that might cause stress and lack of focusing some health-related this 
kind of problems we address to try to find better solutions to enhance the 
environment inside working offices to improve the quality of work inside 
companies for both employer and employee in a way that is suitable in many 
ways like availability, cost-effectiveness, running by minimum employees. 
Through my research around this point, I found that worker’s productivity in 
offices is not enough and too much noise and bad light & temperature & humidity 
and health of the workers affect the productivity so all of this has to be improved 
somehow. 
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1.3 Solutions 
 
To solve the environmental problem referred to in the previous section we 
decided to study our choices which we can imply to overcome those problems 
and deliver the best service possible out of that. 
We had to search around for a smart solution to cover this problem in the 
smartest cheapest way possible. We found that IoT was a very high potential 
solution one of the reasons is that IoT is the future of all technologies and the 
smartest one.   
So, we decided to go with the IoT technologies, but first of all, what does IoT 
mean? 
“Internet of Things (IoT) describes an emerging trend where a large number of 
embedded devices (things) are connected to the Internet. These connected 
devices communicate with people and other things and often provide sensor data 
to cloud storage and cloud computing resources where the data is processed 
and analyzed to gain important insights. Cheap cloud computing power and 
increased device connectivity are enabling this trend”. [1] 
Furthermore, we were left in two options to enhance the environment for the 
workers, the first option was to do a monthly check-up inside every office in every 
company’s that asks for those services and that would require a lot of efforts and 
dedicated time for each company and check-ups costs a lot of money too, the 
second option was supplying every office and every floor with a set of sensors 
that are connected together.  
Connecting those sensors with a dashboard was also introduced as a type of 
visualization of the data with only one or two people behind it checking and fixing 
whatever goes wrong. This was how we decided to go with a reasonably cost-
effective set of sensors connected with a provided software (Dashboard) this 
dashboard visualizes the data taken from the connected environmental sensors 
to visualize it.   
Handled by one or two workers with minimum experience in sensors or 
engineering, they will only monitor the dashboard and fix the office that goes out 
of the environmental edges line with simple actions that they will be trained on 
performing whenever something wrong happens. The reason I chose this kind of 
data visualization is that it’s easy to connect, free website service, fast and real-
time connection, available online and offline, and a lot of different features.  
 
The cost we want to achieve on the environment sensors set will cost 40 euros 
per set in total, it is cost-effective economical solution comparing to the first 
solution method we thought of which was the monthly check-ups, and since there 
are companies who do that but with great cost, we estimate that it will cost more 
than having our environmental sensors sets installed in every office and 
controlled and monitored by one person. 
Also, we provide an additional service besides the environmental sensors kit 
which is the “Health kit” which is also used to measure the worker’s health 
conditions to be provided when asked. 
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 CHAPTER 2. ANALYSIS 
 
This chapter introduces our use case, what is our scenario, and who the target 
customers are and how we approach them through our product and the technical 
characteristics used for the analysis and the design of the solution. The next pages 
describe the environmental sensors and the environment and health factors and a table 
of the sensors and modules needed and used.  
After a lot of searching on how I can increase the productivity of the workers in the 
workplace (offices), I found that enhancing the environment was the most suitable 
solution in my point of view so we will discuss the different factors and facts about the 
workplaces and health factors and how they affect our studies. 
I’m also going to discuss who will be using this service and how it works and how to get 
the most out of this service in some details, and a comparison between dashboards to 
choose the best, most suitable one to work with. 

 

2.1 Use Case  
 
Our goal is to provide small offices, individuals, homes, etc with a product that facilitates 
and improve the quality of life and productivity of small offices and also for the people 
who work from home especially during the current situation “Coronavirus” to make them 
more comfortable and adjust to the current pandemic that might continue for few more 
months or maybe even years no one knows, that’s why we saw that during this thesis 
that we have to adjust also our goal also to target individuals customers and workers in 
homes to adapt the current crises, as Barcelona Government support every smart 
solution a lot of their offices can be a possible customer. 
 
It’s also planned to go to bigger customers like building managers and companies like 
wework1 when our products start selling at a good rate and go viral when it starts 
growing a reputation.  
 
2.2 Workplace & Health Factors 
 
I had to divide the health and environmental factors inside the workplace in order to 
determine the problems in detail and to see the whole picture to have a suitable 
solution. 
 

2.2.1 Workplace environment factors 
 
Health workers’ performance is influenced by salary, but the workplace environment has 
some effects on the performance of the employee. It is the quality of the employee’s 
workplace environment that most impacts their level of motivation and subsequent 
performance.  

                                            
1 www.wework.com (last accessed 23 June 2020) 

http://www.wework.com/
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Many studies, as we will see in table 2.1, table 2.2, have revealed that most employees 
leave their companies because of their relationship with their bosses or because the 
environment is not suitable anymore. The most important workplace factors that can 
affect health workers’ performance are environmental factors. 
 
Environmental factors such as noise, temperature, humidity, lighting, and air pollution 
level can have a direct impact on health, for example very high noise can lead to stress. 
This leads to effects on the performance of the health worker.  

 

2.2.2 Workspace health factors 
 
Good workspace and facilities are required for the job to maximize health worker 
productivity. A study [2] was made to see the workers' satisfaction percentage, Table 
2.1 shows the response of the workers to questions regarding factors of the physical 
work environment.  
 
 
Table 2.1 Satisfaction of health workers towards the workspace and facilities provided. 

S/N Responses Percentage 

1 Highly Satisfied 3.4 

2 Satisfied 74.7 

3 Partially Satisfied 15.9 

4 Dissatisfied 4.1 

5 Highly dissatisfied 1.9 

 Total 100 
 
About 74.7% of workers showed satisfaction with the workspace and facilities provided. 
The main environmental factors are effects of light, air pollution level, temperature, 
humidity, and noise level on health worker’s performance were considered. A 65% of 
workers agreed that poor workplace environmental factors such as light, air pollution 
level, temperature, humidity, and noise level in the work area can harm their 
performance and productivity static provided in Table 2.2. 
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Table 2.2 Effects of workplace environmental factors on health workers’ productivity.  

 
S/N Responses Percentage 

1 Strongly Agree 7.6 

2 Agree 65.5 

3 Partially Agree 20.4 

4 Disagree 4.1 

5 Strongly Disagree 2.4 

 Total 100 
 
Impact of overall work environment on health worker performance 
After a few attempts to see the impact of the work environment of the workplace on the 
workers’ performance. It was found that job stress 74% will have the most impact on 
productivity, 64% were satisfied with their current job position. Most of the 70% have 
accomplished their personal goal which led them to be more productive. When opinion 
was asked about the overall work condition, it was found that 74% were happy, 22% 
were to some extent happy and 4% were not happy at all with the job they were doing. 
Source [2] 
 

2.2.3 Worker Health Factors 
 

The health factors that should be considered when determining what kind of measures 
need to be taken to achieve one of our goals in this thesis are described next as the 
most important ones. 
 

1. Oxygen in the blood (SPO2): Oxygen saturation is the fraction of oxygen-
saturated hemoglobin relative to total hemoglobin in the blood. 

2. Airflow (breathing) 
3. Body temperature 
4. Electrocardiogram (ECG): Device used to monitor the electrical activity of the 

heart. 
5. Glucometer level 
6. Galvanic skin response (GSR - sweating): Refers to changes in sweat gland 

activity that are reflective of the intensity of our emotional state, otherwise known 
as emotional arousal. 

7. Blood pressure (sphygmomanometer) 
8. Patient position (accelerometer) and muscle/electromyography sensor (EMG): 

Device used to monitor the electrical activity of the muscle. 
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2.3 Sensors & Modules Table  
 
In the next table 2.3, we write the sensors and devices needed to build the 
environmental kit with each cost, this cost is the price available in Barcelona on 
February 22 .  
 
Table 2.3 Sensors & Modules. 

 
Type of sensor Name of the sensor Cost 

Pollution MQ-135 Air Quality 
Sensor 

2,79 € 

Light Light Sensor Module 
BH1750 FVI Arduino 
Raspberry 

2,99 € 

Sound Sound Detection Sensor 
Module 

1,34 € 

Temperature and 
Humidity  

DHT11 Temperature 
and Humidity Sensor 
Module 

2,11 € 

Wi-Fi Module esp8266 wifi module 4.85 € 

Arduino  Arduino UNO R3 23.90 € 

Total Cost  37.98 € 
 
This table is necessary to determine all the devices we need to accomplish the 
environmental kit and I also was able to reach even less than the goal price I set from 
the beginning which was 40 euro per set.  
 
2.4 Dashboards Analysis 
 
The next table compares between two of the best IoT platforms according to my 
research which I see best and I can choose my dashboard according to the next 
comparison. 
 
 

 

 

 

 

https://solectroshop.com/product-eng-1080-MQ-135-Air-Quality-Sensor.html
https://solectroshop.com/product-eng-1080-MQ-135-Air-Quality-Sensor.html
https://solectroshop.com/product-eng-272-Light-Sensor-Module-BH1750-FVI-Arduino-Raspberry.html
https://solectroshop.com/product-eng-272-Light-Sensor-Module-BH1750-FVI-Arduino-Raspberry.html
https://solectroshop.com/product-eng-272-Light-Sensor-Module-BH1750-FVI-Arduino-Raspberry.html
https://solectroshop.com/product-eng-1154-Sound-Detection-Sensor-Module.html
https://solectroshop.com/product-eng-1154-Sound-Detection-Sensor-Module.html
https://solectroshop.com/product-eng-1059-DHT11-Temperature-and-Humidity-Sensor-Module.html
https://solectroshop.com/product-eng-1059-DHT11-Temperature-and-Humidity-Sensor-Module.html
https://solectroshop.com/product-eng-1059-DHT11-Temperature-and-Humidity-Sensor-Module.html
https://egypt.souq.com/eg-en/wifi-module-esp8266-31519243/i/?gclid=Cj0KCQjwn7j2BRDrARIsAHJkxmyL_l5Tfo8xRkqN-1Y1bP_nYlNISqmbeKCgbIIlkN_O-HizTs2Zk2MaAufCEALw_wcB
https://solectroshop.com/en/serie-arduino-basica/2000-arduino-uno-r3-8058333490090.html
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Table 2. 4 Dashboards comparison. 

 
 Security Design Data 

import/export 
Scalability  Cost (Monthly)  

Ubidots2 ✓ ✓ ✓ ✓ 44 € 

ThingSpe
ak3 

✓ ✓ ✓ ✓ For free 

 
So, I decided to choose the cheapest and most suitable solution for me which is 
ThingSpeak. It was secure and the design was good. 
Besides, the 44-euro cost of Ubidots includes 25 devices connected to it and that would 
be a great option and one of the plans available for the future if I wanted to expand my 
project to include bigger customers and bigger companies and offices. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

                                            
2 https://ubidots.com/ (accessed 24 June 2020) 
3 https://thingspeak.com/ (accessed 26 June 2020) 

https://ubidots.com/
https://thingspeak.com/
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CHAPTER 3. Design 
 
In this chapter, we introduce the different  options in steps. We had to choose the best 
out of them to implement. To achieve cost-effective and high quality,  sensors and 
“Health Kit” had to be chosen carefully. The dashboard I chose to visualize and store 
my data  taken from the sensors in real-time, was also chosen carefully.  
 
3.1 Design steps & overview 
 
A design was made in three steps to cover and achieve the goal and to solve the 
problems mentioned before.  These problems were how to enhance the productivity in 
work offices, so we took some actions in a sequence to reach the final product in the 
simplest way.  This way has to be  easy to handle and operate by anyone who has a 
simple training on it.  
Furthermore, the first step was to connect the health kit with an Arduino application after 
connecting the sensors of the health kit to the desired body for the measures.  
The second step was to  buy the sensors needed for the environmental kit to assemble 
the kit as needed. 
7The third step was to choose a dashboard to be connected with the environmental kit 
after a comparison between dashboard was made in Table 2.4 
 
3.2 Dashboard 
 
In order to connect the sensors from the environmental kit with a way to visualize the 
data collected to be able to monitor the environment surrounding the kit, I need a 
dashboard. 
The chosen dashboard that  fulfils this  need is “ThingSpeak” and the reason I chose 
this is for the following: 
Firstly, it’s easy to connect the hardware and/or digital data-services to ThingSpeak 
device-agnostic cloud with the REST API and deliver customized IoT and Cloud 
solutions the way you want.  
Secondly, an application is available to visualize the data in real-time to have a 
visualization of live data in the type of application. 
Thirdly it’s a free website service that doesn’t cost any money as far and safe and 
secure too. 
So basically, it’s a fast way to assemble and launch the Internet of Things (IoT) 
application without having to write a single line of code so it’s fast, simple, affordable.  
 

3.2.1 ThingSpeak Key Capabilities 
 

ThingSpeak grants access to the user to visualize the live data streaming in the cloud, 
data which is stored in channels. Every channel saves up to 8 fields of different kinds of 
data. You are able to create as many channels as you need. 

 



10  OSHAAS 

3.2.2 Connect Hardware to ThingSpeak 
 

Any Internet-connected device can be used to connect with ThingSpeak. When sending 
data from the desired devices, you can use the already existing native libraries for 
common embedded hardware platforms like ESP-8266, Arduino, Raspberry Pi. The 
following vendors have built integrations to ThingSpeak to make setup even easier: 

● Libelium 

● Things Network 

● Particle 

● LoRaWAN 

● Beckhoff 

 

3.2.3 Access Your Data Both Online and Offline 
 
ThingSpeak stores all the information you send to one central point in the cloud to be 
available to access any time whether you are online or offline. The private data is 
protected with an API key that you control. You can access your data whenever you are 
logged in to your ThingSpeak account, you can use the web to securely download the 
data stored in the cloud. Your data can be downloaded in a CSV or JSON format using 
a REST API call with your API key. Source [3]  

3.2.4 Remotely Visualize Data in Real-Time 
 
When connecting ThingSpeak to your device it automatically charts the data that you 
send, then you can monitor the data remotely all the time from anywhere and anytime. 
Visualizing your data from any web browser or mobile device (app). Also, you will be 
able to share read-only views of your data with the customers or clients if needed. 
Through ThingSpeak you are able to manage the data you need and build your own 
front end if you need to. 
 

3.2.5 Control devices online with One Second Update Rates 
 
With ThingSpeak, you can send the data collected to ThingSpeak at a one-second rate. 
It also allows you to line up control loops from the cloud. For example, you can 
configure ThingSpeak to show a light-weight on when your motion sensor detects 
someone has walked into space. Some applications need a faster response time but 
ThingSpeak perfectly fits my need in this thesis. 
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CHAPTER 4.  Implementation  
 
In this chapter, I introduce some of the challenges I faced related to phase 1 of the 
implementation. This was the cost-effective solution regarding different equipment I 
chose to use to achieve the suitable solution. Phase 2 of the implementation process, 
which includes some modification of Libelium source code mentioned in details. Phase 
3 of implementing the sensors I chose to fulfil the requirements also in detail. Phase 4 
was connecting and implementing the sensors kit with the ThingSpeak dashboard to 
visualize the data. 

 
 
4.1 Phase 1 
  
The first challenge appeared while doing this study, is I found that the biggest obstacles 
up to now were collecting all the sensors needed cost-effectively and most appropriately 
and collecting desired data from them to serve the purpose. 
 
Furthermore, also the problem to be solved is how can we provide this service at the 
cost-effective possible compared to our competitors, and here comes the first challenge 
to collect the appropriate sensors with the lowest prices possible doing the desired 
services.  
 
The context of this project is discussing the Medical Kit called (e-Health V2.0), it is e-
Health Sensor Platform V2.0 for Arduino and Raspberry Pi [Biometric / Medical 
Applications].the problem of the kit that when we used this kit to have some readings 
from the sensors provided to see whether Kit efficiently works or not as (proof of 
concept), but we faced problems using the libraries (Old and not Valid) provided by the 
cooking-hacks company and that’s when things started to get interesting, the compiling 
process had a lot of errors because of some errors in the code and the libraries 
provided by the owner company of the Kit.  
The e-Health Sensor Platform V2.0 for Arduino and Raspberry Pi [Biometric / Medical 
Applications] 
 
 

● Muscle sensor 
● Blood pressure sensor 
● Glucometer 

 
perform biometric and medical applications where body monitoring is needed by using 
10 different sensors: pulse, oxygen in the blood (SPO2), airflow (breathing), body 
temperature, electrocardiogram (ECG), glucometer, galvanic skin response (GSR - 
sweating), blood pressure (sphygmomanometer), patient position (accelerometer) and 
muscle/electromyography sensor (EMG). 
This information can be used to monitor in real-time the state of a patient or to get 
sensitive data to be subsequently analyzed for medical diagnosis. Biometric information 
gathered can be wirelessly sent using any of the 6 connectivity options available: Wi-Fi, 
3G, GPRS, Bluetooth, 802.15.4 and ZigBee depending on the application. 
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Data can be sent to the cloud to perform permanent storage or visualized in real-time by 
sending the data directly to a laptop or Smartphone. iPhone and Android applications 
have been designed to easily see the patient's information. 

 
Figure 4.1 e-Health Sensor Platform V2.0 for Arduino and Raspberry Pi  

 
So, we had the option to connect it with Arduino Uno which we used or connecting it 
with the Raspberry Pi 
And the difference between them is that the Raspberry Pi enables us to connect and 
display the results on mobile phones Android, IOS. 
 

 
Figure 4.2 e-Health Sensor Shield over Arduino, Raspberry Pi 

 
I used the model on the left which I connected the shield with the Arduino UNO to test 
the sensors available and get some readings. 
 
4.2 Phase 2 
 
There were different options to solve the problems of the malfunction of the code 
provided by the manufacturing company MySinglas4. 
 
The first option is we email the company and wait for their reply and then wait for them 
until they fix it but that would take a lot of time. 
 
The second option is to try to fix it on our own and learn some things along that process, 
and the easy decision was not to wait for the company routine and do it on our own and 
that is what we achieved in the end. 
 
                                            
4 https://www.cooking-hacks.com/documentation/tutorials/ehealth-biometric-sensor-platform-arduino-
raspberry-pi-medical.html (accessed 26 June 2020) 

https://www.cooking-hacks.com/documentation/tutorials/ehealth-biometric-sensor-platform-arduino-raspberry-pi-medical.html
https://www.cooking-hacks.com/documentation/tutorials/ehealth-biometric-sensor-platform-arduino-raspberry-pi-medical.html
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I went through all the files inside the libraries and I figured out the problems in 3 files 
and I had to delete the libraries given by the cooking-hacks website 5and not to follow 
the manual given and created my version of libraries using their libraries but with some 
editing in commands lines. 
The library provided by the company had this in the eHealth.cpp file, as shown I marked 
all the things I needed to change for the libraries to be valid and work probably. 
 
 
 

 
 
 

 
 
 

                                            
5 Cooking Hacks - Electronic and IoT Kits, tutorials and guides for Makers and Education  
https://www.cooking-hacks.com/ (accessed 26 June 2020) 
 
 

https://www.cooking-hacks.com/
https://www.cooking-hacks.com/
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And from the file eHealthDisplay.cpp I changed some simple commands like those  

 
 

 
 
And in the file eHealthDisplay.h I also had to change simple commands like those  

 
 
In addition, I faced a problem with the code provided by the cooking-hacks website, 
which is the Manual of how to display your results using the cooking hacks port 
provided and connecting it with Arduino Uno was the spaces left between the arrows 
and the libraries calling. 
 
That mistake was made by the company when they provided the code on their website 
which was a huge mistake by them and 101 rules in coding  
 
#include < PinChangeInt.h > 
#include < eHealth.h >  
 
Instead, it should be: 
 
#include <PinChangeInt.h> 
#include <eHealth.h> 
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4.3 Phase 3 
 
In this phase, I was able to connect all the environmental sensors I needed to complete 
the prototype for the kit I planned to build to prove that my project can be done and can 
help the working community cost-effectively and with high-quality readings to help 
monitor and control the environment inside work offices. 
 
This kit is planned to serve over one big office which, compared to the total cost of the 
kit set (40 Euro) is amazingly good and makes sense in the sense that we bought the 
pieces of equipment and parts at a normal single price. 
 
Through this kit connected to the “ThingSpeak” dashboard, I was able to monitor the 
environment in one office effectively and easily too through the website and also 
through the “ThingView Free” mobile app. 
 
4.4 Phase 4 
 
In phase 4 after finishing the three previous phases and after settling down on the 
dashboard I am going to work with which is ThingSpeak, I connected the environmental 
kit with the dashboard to start visualizing the data I am collecting through the kit. This 
dashboard is totally free with good security and the privacy level and good design. 
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CHAPTER 5. Test and validation 
 
In this chapter, we visualize the results of testing the “Health kit” and the “environmental 
sensors” in some detail with an explanation of each device tested and used. 
  
5.1 Health Kit Overview 
 
The first device I use was the Pulse and Oxygen in Blood (SPO2), which measures the 
fraction of oxygen-saturated hemoglobin relative to total hemoglobin in the blood. The 
next figure (Figure 5.1) is an example of the first try of the device. 
 

 
Figure 5.1 SPO2 device measuring my pulse and oxygen in me. 

 
And the results are as shown in the next figure (Figure 5.2). 

 
Figure 5.2 SPO2 results in an Arduino serial monitor. 

 
The second device was the body temperature and this device measures the 
temperature of the body and the device is as shown in the next figure (Figure 5.3).  
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Figure 5.3 Body Temperature sensor. 

 
The results for the body temperature are as shown in the next figure (Figure 5.4), the 
results are not accurate because of a malfunction in adjusting the voltage of the device 
but approximately a plus 5 on the numbers shown. 

 
Figure 5.4 body temperature results in the serial monitor. 

 
The third device is the patient position and falls, this device is used to see the body 
position whether the person is standing or sitting or sleeping and the device is as shown 
in the next figure (Figure 5.5). 
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Figure 5.5 Patient position and fall sensor. 

But the results were not as expected as it always shows that the body position is not 
defined which was strange and after some searching, I discovered that the problem was 
from the sensor itself as the code was perfectly right and no errors and that problem 
needed to go back to the company for some technical support.  

 
Figure 5.6 patient position and falls sensor results in the serial monitor. 

 
5.2 Environmental Kit Sensors Prototype 
 
In this part I present the environmental kit sensors first prototype as a demonstration of 
what I achieved in the next figure (Figure 5.7)  
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Figure 5.7 environmental kit prototype. 

 
 
5.3 Arduino UNO 
 
To show the data collected using the “Arduino UNO” we used the option “Serial Monitor” 
to display such data in a primary way at first as shown in the next figure (Figure 5.8). 
 

 
Figure 5.8 Data collected displayed on serial monitor. 

 
The image shows that the serial monitor is receiving data successfully and that it’s 
ready to send the data to the dashboard by the wi-fi module to visualize it on 
ThingSpeak. An accurate result of luminous, temperature, humidity, noise, and gas level 
are collected and displayed as shown in Figure 5.8. 



20  OSHAAS 

This kind of visualizing the data was an option presented in the first few weeks of the 
thesis as an option of displaying collected data which we had to change in further 
progress steps to have a better solution and better visualization of the data collected. 
 
5.4 Dashboard “ThingSpeak” 
 
In this section, I present a real example of the data collected and sent to the dashboard 
to visualize them as shown in the next figures 
 

1) Temperature: A reading of the surrounding temperature in two different forms 
with the date and time. 
 

 
Figure 5.9 Temperature value. 

The peaks up at 30 show when I go to a hot room and 27 when I go to a colder 
room and 25 when I go to a third room that is even colder as a proof of how fast 
and accurate the sensor works. 
 

2) Luminous: The reading of light is as shown in those images in two different forms 
with the date and time. 

  
Figure 5.10 Luminous value. 

 
The reading is 197.5 LUX, peaks are generated when covering the sensors with 
an object as a try-out. 
 

3) Gas: This gas level reading is measured with a gas lighter to see how fast the 
sensor will detect the gas and how accurate too in two different forms. 
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Figure 5.11 Gas level. 

The reading shows a 76 PPM, peak (300) is when putting the gas lighter closer 
to the sensor. 
 

4) Humidity: A measure of humidity was taken with the date and time is shown in 
two different forms. 
 

 
Figure 5.12 Humidity percentage. 

The peak at 30% was when moving from a cold room to a hotter one. 
 

5) Noise: A noise measure was taken by making different sounds with different 
objects at different levels to see how accurate and fast the sensor was. 
 

 
Figure 5.13 Noise value. 

 
The sensor that was available in the market was a digital sensor and it only 
detected a 0 value or a 100 value, which wasn’t the plan as I requested an 
analog one,  but because of the pandemic that was my only option. 
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6) Channel Location: The channel location was implemented manually after getting 
the exact location through Google maps as an additional option for a better 
design.  
 

 
Figure 5.14 Channel location. 

 
 
5.5 Mobile app “ThingView” 
 
As a part of the Pro, Elite subscription a mobile app option is presented to ease the 
process of the availability all the time from anywhere as you as a customer can always 
monitor and view the environmental kit. The next images are an example of a real 
reading that was taken through the mobile app. 
 

 
Figure 5.15 Temperature & Humidity on Thingview. 
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Figure 5.16 Luminous & Gas level on ThingView. 

The images are a live reading from the sensors used with the exact date, time, and 
value. 
Those readings enable the customer to monitor the environment in the desired room 
without having to be in the same place as the kit. 
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CHAPTER 6. BUSINESS PLAN 
 
In this chapter, we are going to discuss the service strategy, marketing strategy, and 
business model developed for this project and the values behind this project. 

6.1 Service strategy 
 
This service strategy includes the explanation of the segmentation of the target market, 
the concept of the service, and the development of the communication services. In 
order to have a wide perspective of the opportunity available for the Smart Mirror in the 
IoT market, and to accomplish the objective of introducing a solution to a social concern 
through offering smart services for the Smart Health sector, the idea is to have a 
segmentation of personal and institutional customers, more information will be shown in 
the Canvas model (Table 6.3).  
 

6.1.1 Target market segments  
 
People who work from home people who are afraid to go back physically to work offices 
during the pandemic of “Coronavirus” and small offices will be considered the target 
customers, the next table (Table 6.1) shows the target aged customers and the 
countries and areas targeted and the business size and future possible customers. 
 

Table 6.1 Market segmentation. 

SEGMENTS Personal Institutional 

Age Target All workers are targeted but 
for the Elite subscription we 
specifically target people 
above 50 for the health issues 

 

Countries & Areas 
Targeted 

Main target starting in 
Barcelona and through all 
Catalonia after that rest of 
Spain 

Our main goal will be 
small and medium 
enterprises that could be 
interested in our product, 
IoT & Health products 
shops targeted 
customers as 
distributors 

Future Possible 
Customers 

All individual workers working 
from home and offices around 
the world 

All building managing 
companies and 
companies, offices in 
general like “WeWork”  
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6.2 Service concept 
 
The environmental sensors kit and the “Health Kit” could support different types of 
services to allow a better quality of life. The “Health Kit” is already available in the 
market by the manufacturing company (Libelium), That’s why we added this specific 
feature to our service that we provide through the “Elite” subscription to open a new line 
of business was relevant to think of a new customers segment with specific needs since 
we aimed to introduce an improvement in the IoT life and how to apply the amazing 
features of those technologies in our life and how to take the most advantages out of it 
and that was our way of introducing such an improvement by connecting it also with the 
health, productivity, quality of life in general, Therefore that’s how we came up with this 
service concept. 
 
This kind of service allows customers to: 

● To monitor the environment in the desired office or room or places in general 
● Better quality of life 
● To be connected all the time through different options like a mobile application  
● Real-Time readings and accurate too with a semi alarm system using the global 

average readings for a good environment that should be around workers for 
better productivity. 

● Creating a new meaning of smart offices and smart homes throughout this type 
of service. 

 
 
 

6.3 Strategic analysis 
 
In this part, we present a simple explanation of strategic analysis using the SWOT 
analysis method. This kind of strategy develops a good perspective on the market 
strategy.  
 
Table 6.2 SWOT Analysis. 

STRENGTHS WEAKNESSES 

● Cheap product comparing to 
the service provided 

● Availability 24/7  
● Easy to manage 
● Available on mobile phones as 

an app 
● Small kit, flexible to implement 

anywhere needed  
● New service that isn’t available 

in the market on a large scale.  

● Easy to break if implemented 
in a wrong place 

● Not developed yet for a larger 
slice of customers (Big offices) 

● Need to be monthly checked-
up because of hardware 
cleaning and changing parts if 
needed. 

OPPORTUNITIES THREATS 
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● Every single worker is a 
possible customer especially 
during the current pandemic 
situation   

● Big offices and building 
managers companies are 
possible customers 

● The Barcelona Government 
supports every smart solution 
a lot of their offices can be a 
possible customer. 

● Such a new service could 
create new competitors  

● The environmental kit isn’t a 
100% accurate 

● As its new kind of services 
there is not enough experience 
in that field 

 

6.4 Business model 
 
This Canvas analysis presents the business ideas developed to improve people’s 
quality of life through different main factors like health care service and environmental 
sensors kit. 
All of this available in small offices, homes, wherever fits the requirements for deploying 
the kits as presented in the next table (Table 6.3).  
 
Table 6.3 Canvas Model. 

Key  
Partners 

Key Activities & 
Processes 

Value 
Proposition 

Customer 
Relationship 

Customer Segments 

● Individuals  
● Barcelona 

Government. 
● IoT & Health 

shops 

● Health service 
● Application 

maintenance. 

● Managing 
worker’s 
health from 
home 
especially 
older 
people 

● Easy to 
handle with 
minimum 
individual 
training. 

● Product 
website and 
mobile app  

● Customer 
services and 
technical 
support. 

● All workers no 
matter their age. 

● Barcelona 
Government as 
they support IoT 
and smart 
solutions for a 
smart city.  

 Key Resources  Channels  
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 ● IT personal 
(software and 
hardware 
development 
teams) 

● Financial 
resources 

● Technical 
resources. 

 ● Website 
“ThingSpeak” 

● Social Media 
(Facebook, 
Twitter, 
YouTube, etc) 
Advertisemen
ts 

● Customer 
service live 
chat. 

 

Cost Structure     Revenue Streams 

 
● IT Equipment 
● Tools and 

hardware pieces 
● Cloud services 

(monthly fees). 

   ● Incomes from 
selling the 
products  

● Incomes from 
additional 
services such as 
the mobile app 
and the monthly 
maintenance  

● Fees from 
subscriptions 
(monthly). 

 

6.4.1 Canvas model most important points 
 
In this part, I focus on the most important points that need more description and 
illustration to be clearer. 
 
Key Partners: IoT & Health products shops also target customers as distributors that will 
help a lot in distributing the product to bigger numbers of customers. 
 
Customer Relationship: The customer relationship with us as product owners won’t stop 
at the point of buying the product only no, it will also continue through our customer 
service and technical support and through emailing them with different new features and 
new offers through our channels, emails, social media (Facebook, Twitter, YouTube, 
etc) and advertisements. 
 
Cost structure: There are different variables that need more details in the sense of 
financial cost, for example, the fixed costs are 

● IT Equipment 
● Tools and hardware pieces 
● Cloud services (monthly fees)   
● Office material 
● Workers’ Salaries 
● Office rent.    

And the operative costs are  
● Advertising & marketing 
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● Electricity 
● Internet 
● Taxes. 

 
6.5 Target Customers 
 
Individuals in general whether it’s for one office or one room or inside a house because 
also during the “Coronavirus pandemic” people started working from home or more 
options can be included to all of that, as Barcelona Government support every smart 
solution a lot of their offices can be a possible customer. IoT & Health products shops 
are also targeted customers as distributors, also it’s planned in the future to even go 
bigger and start selling to bigger customers like building managers and companies like 
WeWork many options and new features would be available in the future for this kind of 
services that wouldn’t only enhance the quality of productivity in (offices, homes, 
.............. etc. 
 
6.6 Subscriptions Types 
 
The subscription of this service will be divided into 3 types that are monthly paid 
 

1. Basic Subscription 
2. Pro Subscription 
3. Elite Subscription. 

Basic Subscription: We will provide the environmental sensors and the dashboard 
service provided on the customer’s PC. 

Pro Subscription: We will provide the customer with the environmental sensors and 
the dashboard service on the customer’s PC and monthly check-ups on every bought kit 
and access to the dashboard on mobile phones to be able to monitor the desired place 
from far away anytime anywhere 24/7. 

Elite Subscription: We will provide the customer with the environmental sensors and 
the dashboard service on the customer’s PC and monthly check-ups on every bought kit 
and access to the dashboard on mobile phones to be able to monitor the desired place 
from far away anytime anywhere 24/7, plus the “Health kit” with training on how to use it 
in the simplest way for anyone to use. 
In the next table (Table 6.4) we present the type of subscription with the description of 
each type and the cost too. 
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Table 6.4 Subscriptions types. 

Subscriptions  Description Cost (Including kit 
price) 

Basic 
Environmental kit and dashboard 
service 

60€ 

Pro 
Environmental kit and dashboard 
service through website and mobile 
app and monthly check-ups 

80€ 

Elite 
Environmental kit and dashboard 
service through website and mobile 
app and monthly check-ups and the 
“Health Kit” and training on using it. 

120€ 
 
NOTE: The price of 
the subscription is 
without the price of 
the “Health Kit” itself 
which will be paid only 
once. 
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CHAPTER 7. User Guidelines 
 

This is the manual guide of how and when to use this service in more detail and in more 
steps to follow up as an individual user. 

 

7.1 How To Use 
The main idea is to have the dashboard in hand and easy to use anytime whether 
through PC or mobile phone to monitor the environment around to provide a good 
quality of the environment around the customers, so the user can see throughout the 
dashboard in a clear easy way whenever something goes out of the charts to be able to 
fix it before it goes even worse and worse, in some cases our kit could also save lives 
and money. 
  
Steps:  
The first step is to implement the environmental sensors kit in the right place 
(recommended in the middle of the room in a mid-high place) by the customer or the 
specialist. 
The second step is to connect the kit with a 5V power supply that would be enough to 
supply the kit with its needs. The third step is to connect the kit with the dashboard by 
connecting it with the desired Wi-Fi and set up the dashboard by the specialist team. At 
the end having a private channel view or a public one is an option left for the customer 
desire 
 
Note: We give the customer a small training to explain how to use the kit and the 
dashboard and we give him access to all the features according to his/her subscription. 
In case the customer has the (Elite) subscription we also give him/her training on how to 
use the “Health Kit” to be able to monitor his/her health and the health of people around 
him/her.  
  
7.2 Dashboard different additional features   
  
This part is additional information that the customer might benefit from using as his 
needs and requirements,  
 
One of the beautiful features of the channel is that there are few sharing options which 
are: to keep them private or public or to share it to be viewed with specific people, which 
is very useful. The next image is an explanation of the sharing option. Image Source [4] 
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The second feature is the importing/exporting of the data using any desired Time zone 
in a JSON, XML or CSV file format which is useful in keeping data for analytical reasons 
or so. The next image is an explanation of the importing/exporting option. Image Source 
[5] 
 
Note: In the end all of these features are not mandatory for this service it’s only 
additional features that could be used. 
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CONCLUSIONS 
 
I am proudly presenting my proposal  as a solution to one of the many problems that 
face workers and individuals. Especially those who work from home or from small 
offices or as freelancers and need to have a good environment to have better 
productivity. I named this work as “A Feasibility Study Of A Cost-Effective And Non-
Intrusive Service For Occupational Safety And Health”. An environmental kit was 
developed alongside an already existing “Health Kit” from the “Libelium” company to be 
presented as a service to people who are in need of that kind of services. Based on this 
segmentation and the purpose of providing an easy health and environmental monitor 
service to overcome their daily challenges to access technology with minimum skills. 
Reaching my goals of having a cost-effective and non-intrusive service for occupational 
safety and health was the most important goal for this thesis which was done by 80%, I 
was able to reach the cost-effective and non-intrusive part on my environmental kit but 
not with the “Health Kit” as it had to be intrusive and a bit expensive than expected.  
 
I was able to assemble a small environmental kit with four sensors for the temperature, 
humidity, luminous, gas, noise and to connect them with a dashboard to visualize the 
data collected, but what I wasn’t able to achieve at the first study I did was to expand 
my theory and my idea to cover a whole building and more than one room on one 
dashboard and that part is planned to be my future new features for this service to be 
added to.  
 
Focusing on such service is a great opportunity in the current and future market. The 
“Coronavirus” situation puts all workers in a position in which they might have to stay 
working from home for a year or more or even for some jobs like programmers will 
always work from home. The market is available and ready for such a service that we 
provide, such an opportunity should be best used and take advantage of the situation to 
rapidly invade the market easy and fast. In addition, the integration of communication, 
care, and health could help the business and in the long-term to have different lines of 
services to promote a better market value. 
This product is a low cost, easily affordable by a lot of customers. This product could 
increase the quality of life and productivity of workers around the world, it could change 
the lives of people who work from home. My technology can help the community for a 
better quality of life. 
 
In the future, the product can be enhanced to ensure that I gain more customers and 
keep the old customers interested. One of the things that can be added in the future is 
to go bigger and serve more and bigger customers and governments around the globe, 
it will require more work and more financial and that is left for the future. 
 
One of the sustainability considerations is that it had an impact on the environment as 
this product will for sure enhance the environment and will reduce the gas level and 
humidity by early detection of malfunctions inside offices or rooms for example. 
 
The product can go viral easily and that will impact the economy as one of the first of its 
kind as a service, also the impact on human life will be huge as it will enhance the 
quality of life and productivity too. In the end, after months of research and working on 
how to improve the quality of life, health, and productivity this product and this service is 
what I came up with as a possible contribution to the world.  
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ACRONYMS 
 
           API                            Application Programming Interface 
           CSV                          Comma-separated values 
           ECG                          Electrocardiogram 
           EMG                          Muscle/electromyography sensor 
 GSR                          Galvanic skin response 
           GPRS                        General Packet Radio Services 
           IoT                             Internet of Things 
           JSON                        Javascript Object Notation 
           LUX                           Luminous Flux 
           OSHAAS              Occupational Safety and Health As A Service 
           PPM                          Parts Per Million 
           SPO2    Oxygen in the blood 
           XML                          extensible Markup Language 
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