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Abstract 

In many sectors that require physical work such as constructions and others, we can see these days 

that safety awareness has increased, and many types of equipment and machines have been 

invented and developed to serve the workers’ needs, and all of these types of equipment can save 

the workers’ time, help them finish the hard work, and decrease the number of accidents that might 

happen during their work. Despite all of that, we can still skim the news and read about the number 

of severe accidents that happen to the workers during their work in the construction sites. The 

accidents happen either because of miscommunication between the workers, or by human error, 

and this is a reason why the productivity of the sectors is not evolving the way it should, and this 

could also affect the economy. Thus, we came up with an effective way to prevent those accidents 

by protecting the workers’ lives and increasing the efficiency of their work. Basically, the project 

idea is a smart workplace jacket that is developed for the workers to wear during their work time. 

The jacket contains features that can save the worker’s time, have better communication with their 

colleagues, and minimize the risks that the workers might face.  

The jacket is equipped with smart LED lights that could have a certain unique color based 

on the profession of the worker or to which department the worker belongs to. Those LED lights 

are connected to the sensors that sense if the worker is in danger, then those lights turn on once the 

sensors send signals. Furthermore, there will be a GPS tracker attached to the jacket, so that we 

can detect the location of each worker, and in case of emergencies it will notify other 

workers/company of their current location and their status. We can implement the previous feature 

by creating an application to connect all the workers together, and the jacket will be connected to 

a smart helmet that contains a sensor that will calculate the luminosity and turn on the flashlight 

when the worker is in a dark place. The jacket will be equipped with water resistive components 

that will allow the worker to work under all weather conditions and all circumstances comfortably. 

We are planning to add more features in the application to make their work more 

organized such as having a check list of the things they need to construct or finish, and there will 

be a way to communicate through that application. Moreover, we are going to develop the jacket 

in the future to add more smart features that will assure the workers to work together safely and 

in harmony. 
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CHAPTER 1: INTRODUCTION 

Massive revolution can be seen today in many sectors including the construction sector. 

Kuwait and many other countries have dedicated a huge amount of financial support to keep up 

with and develop the newest and most advantageous technology that could make the employers’ 

life much easier and yet could increase the quality and the accuracy of their work. As we can 

observe in the past couple of decades in Kuwait and until nowadays, there is a huge number of 

new projects including houses, malls, universities, companies, factories, and hospitals that lay 

mostly on the construction plans which require an enormous number of employees including 

engineers of all professions, technicians, builders, etc. Companies and government sectors are 

now willing to provide an environment that contains a high amount of safety and security to 

maintain a better workplace for the workers, in addition to developing the organization of the 

work in the workplace in order to let the workers work in a dynamic way which ensures a better 

efficiency and quality and saves more time.   

On behalf of the high end of safety and security precautions that are provided by the 

companies and ministries, there is still a big number of accidents in the construction industry that 

are causing many severe accidents and life losses. The reason for having those amounts of 

accidents could be that workers have poor safety education and some of the supervisors are 

tolerating the workers who do not follow the safety rules. Also, some of the sectors are 

depending on older ways of work instead of benefitting from the new technologies that serve the 

workers and the workplaces. We can also see that teamwork is not a priority in many 

construction places as well as having poor communication between the supervisors and their 

employees which leads to having technical and personal problems which is unwelcome in the 

workplace.   

Our project focuses on developing a technology that contains a delicate yet easy to use 

design. The project mainly focuses on the safety of the workers and the workplace as it is 

designed to decrease the amount of accidents that might occur during work, as well as providing 

the supervisors with useful information of their workers and let them connect in order to 

distribute the tasks fairly and get the work done in a professional and organized way.  

The following sections contain the problem statement, and the idea development. They 

list the goals of our project, the objectives, and project and team BOCR (Benefits, Opportunities, 
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Costs, and Risks) analysis. In the conclusion part of this chapter, a short description will show 

the contents of the project report.  

1.1  Problem Statement   

In construction fields, there is a high chance of having on-site accidents and injuries, 

accidents occur due to the nature of worker activities and tasks. These accidents have become a 

real issue to the construction industries, which affects their reputation and their financial budgets, 

adding to that the loss of lives and the severe injuries and harms. According to the article we 

found in the ASCE library  the statistics from 1996-2007 showed that there is a high percentage 

of different types of accidents in construction sites, such as upper bodies injuries 53.4%, also 

falls are the most common accidents 33.2%, then being struck by falling building material, 

constructions parts or being crushed 25.2%, followed by the misuse or use of the construction 

tools 18.1% and lastly the highest and most common kind of injuries is fractures 52.6% [1]. 

From personal experience, one of the group members was building their house, and she went to 

the construction site with her father. She saw that the workers never used safety jackets and 

helmets. They did not have any walkie talkies at least to contact each other. Instead, they were 

calling each other in loud voices which was disturbing. Sadly, after the visit, she heard from her 

father that one of the workers fell off from the second floor and broke his leg and arm. This 

accident could have been prevented by having the workers at least wear safety jackets and 

helmets in addition to having strict rules from their supervisor to work safely and efficiently 

which saves lives and time. Generally, workers face a lot of accidents and injuries at their 

workplace, and some of these accidents can be fatal. A simple way to have the construction sites 

to be a safer environment with more efficient work for the workers is to provide them with a 

smart jacket that contains different features needed to help them work with a better quality, 

without facing accidents and to allow them to have better communication.  

1.2 Idea Development  

This project idea was chosen and developed by senior engineering students Nourah 

Alajmi, Mariam Alabdulhadi, and Zahrah Ahmed. Our idea began with brainstorming and 

researching about how to make the construction work more organized and ensure workers safety. 

After reading many articles, we found a couple of ideas using various types of sensors, GPS, and 
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solar power. Our project is a smart workplace jacket that includes sensors and is connected to a 

helmet to secure that the workers are getting work done efficiently and safely. Moreover, it is 

connected to a software that displays information about the workers’ status, their progress, and 

makes communication easier between them.    

1.3 Goals And Objectives 

The points below are to be achieved by the end of this capstone course, and they are as 

follows:  

• To enhance the usage of smart components in workers’ jackets  

• To merge the smart and recent technologies in our smart workplace jacket.   

• To design, create, and test the jacket’s performance and quality.  

• To reduce the number of errors that might occur in the workplace. 

•  To help save the workers’ time and effort by programming a software such that it shows 

the progress, check list, and monitor the workers’ locations. 

• To ensure the workers’ safety and prevent the accidents. 

• by adding sensors, and different systems (solar and tracking). 

• To build a new software that supports the workers in many ways by using Arduino. 

1.4  Project and Team BOCR Analysis   

The Benefits of the project, its Opportunities, Cost value, and the Risks that allow us to 

detect the challenges and perks of the project are demonstrated in Table 1.1 below.   
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Table 1: 1.1: The BOCR Analysis For The Project. 

Benefits   Opportunities   

·       Help the workers communicate better  

·       Have a safer working environment    

·       Reduce risks   

·       Assist the construction companies locating workers 

and their progress   

·       More efficient and organized work  

·       Can be used by many construction companies  

·       First smart workplace jacket   

·       Not heavy on the workers and the app is easy to 

understand  

·       Software can be developed more   

·       Multi-use jacket and helmet can be used for many 

purposes   

Costs   Risks   

·       Picking the best components for our project can 

cost us   

·       Hardware items are expensive   

·       Components availability in Kuwait or online  

·       Delay in shipments due to the pandemic   

·       Any damage in the components can cause us time 

delay and threat   

·       Hardware compatible software   

   

The Benefits of the team’s project, its Opportunities, Costs, and the Risks that make us be 

able to detect the challenges and perks of the project are represented in Table 1.2 below. 

Table 2: 1.2: Team BOCR Analysis. 

Benefits   Opportunities   

·       3 electrical engineering students with different 

interests  

·       each one of us has her own strength in knowledge and 

skills   

·       willing to learn more   

·       members are passionate about working on this 

project   

·       increase our knowledge and understanding of 

mechanical engineering  

·       learn about new software languages and 

programming skills  

·       implementing what we were taught in previous 

courses   

·       be prepared for field work later   

Costs   Risks  

·       stick to a certain budget  

·       learning new material and skills are costly   

·       meeting and following up costs us time since there is 

a time conflict with the classes  

·       first time working on a huge project   

·       no previous experience in mechanics   

·       distributing the work evenly   

·       time management between the members   
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1.5 Conclusion  

              To wrap up this chapter, we discussed the problem statement, and listed our goals and 

objectives for this project. Furthermore, the project and team BOCR analysis has been 

demonstrated in full detail. The first chapter is the introduction where we explain and give a full 

background regarding our problem statement and how our project solution is going to resolve the 

issue that we are facing these days, which is explained in detail in the problem statement section. 

Also, we listed the goals and objectives regarding our project idea and the BOCR analysis for 

both the project and the team are mentioned at the end of this chapter.    

         Moreover, the up-coming chapters will be explained briefly as follows. Starting next with 

chapter two, in literature review, we will elaborate with providing several project ideas similar to 

our project or that have the same features as our project. We will explain the differences and the 

similarities between the previously done projects by using a comparison table. Advantages, 

disadvantages, and costs of the projects will be discussed as well in detail in the chapter.   

         Chapter 3 covers the methodology, design, and analysis of this capstone project. In this 

chapter, we are going to create and show the design of our smart workplace jacket. Moreover, we 

will mention in detail and describe the components we are going to use specifically by 

mentioning where we are getting them from, how much they cost and if there are any other 

alternatives.    

         Furthermore, chapter 4 explains how the hardware and the software of the project will 

work. It shows the details of the project as it mentions how the hardware components are 

attached together and linked to the software.   

Chapter 5 will contain the survey we are going to do and how this jacket will affect the 

workers. Chapter five is evaluating the project as a whole. This chapter demonstrates how to get 

into the project’s consideration and where it is applied in certain areas by assessing several 

aspects such as the following: marketing, ethics, business, social, environmental, and economic 

aspects.    

Finally, the last chapter in this report will comprise an overall summary regarding our 

project and the main points that could assess us to develop it in the next course. Moreover, it 

confirms where we reached with the project’s progress, and we are going to conclude with the 

future work we are planning to add for the next course. 
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CHAPTER 2: LITTERATURE REVIEW 

This chapter is an analysis and discussion of information of existing published projects 

research. It mainly shows a background of the projects, important points, description, and 

summary of the project which helps us to compare between the projects and our project. In 

chapter 2, we will discuss in detail projects that contain the concepts and features that are going 

to be built in our project “Smart Workplace Jacket.” Two main parts will be explained in this 

chapter: literature survey and comparison between the projects. Finally, the chapter will be 

concluded with a recap and a summary of what was explained.  

2.1 Literature Survey   

In this section, 6 projects will be discussed in detail showing the parts that are similar to 

the smart workplace jacket. The projects have different concepts than the smart workplace 

jacket, thus, they contain Arduino, sensors, indoor GPS system, LED lights and an application.   

2.1.1 Smart Vest for the Safety of Personal Mobility Device Users 

For the users who use personal mobility devices, the smart safety vest is a project that is 

developed for safer transportation. Bikers, motorcycle and electric kickboard riders face serious 

accidents and according to a study in the article based in Korea, the number of those accidents 

are increasing every year. “ In the case of electric kickboard, a representative personal mobility 

device, accidents have steadily increased from 2015 to 233 in 2018. The electric bicycle 

accidents have also increased every year to 11,940 accidents in 2018.” In order to shrink this 

number of accidents, a smart vest was developed. According to the report, “ This study designed 

and implemented a smart vest with a direction indicating feature to indicate directions to 

surrounding vehicle drivers or other personal mobility users when changing directions.” The 

project lets the driver who wears the smart vest give a signal to other drivers when they need to 

turn left, right, or even give an alert to the drivers in case of a sudden stop.  

This project consists of a mobile application connected to the vest and a bracelet that is 

worn by the driver. The camera that is connected to the vest contains a built in camera that 

contains a camera that works as a black box for the driver’s safety. It is developed to record the 

road and save that recording in the mobile application. In addition, the application and the 



9 

 

camera are able to indicate the user’s moving distance on the map by a GPS sensor in the mobile 

device that could specify the location of the driver on the map. The vest also contains LED lights 

on the back of it. The driver wears a bracelet that is connected to the LED lights, and once the 

driver shakes the bracelet to the left or the right, the lights will turn on based on the direction the 

driver will turn to. The figure below shows how the application works with the camera, and how 

the bracelet works with the LED lights.  

To summarize, this project has some similarities to our Smart workplace jacket, the 

similarities are LED lights and an application that are connected to the jacket in order to reduce 

the number of accidents that people could face. The difference between this project and the smart 

workplace jacket is that our project serves the workers in their workplace like construction areas. 

Also, our mobile application is designed to connect the workers together and allow the 

supervisor to check the worker’s locations. It can also send alerts in case a worker needs help [2]. 

 

Figure 1: 2.1. Vest Design [2]. 

2.1.2 Smart Construction Vest  

A research we found was done in the Philippines called “Smart Construction Vest” made 

by three researchers from the School of Civil, Environmental and Geological Engineering at 

Mapua University. They made this research to show the effectiveness of the project “Smart 

Construction Vest.” The main problem was focused on the construction sites, where many 

hazards and accidents occur which could cause the worker to get injured or in the worst cases 
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could lead to death. In the research, the reasons for those accidents were explained as, “Many 

lives are already lost due to the negligence of safety protocols in the site. Last 2018, the primary 

cause of death in the workplace fell due to lack of personal protective equipment (PPE) and 

monitoring.” This means that those accidents made them come up with the idea of developing a 

smart vest that could detect hazards on the work site. The vest contains sensors (Lily Pad 

Arduino sensors) that could measure the temperature and the vital signs of the worker. Another 

use of the sensor is that it could detect early signs of a heart attack. The other component in the 

vest is Raspberry Pi sensors (1.00 m – 4.00 m range) that is able to sense if a worker falls, or if a 

worker enters a dangerous area. If those sensors sensed danger, they will immediately send 

signals that will give alerts to the worker.  A GPS system was built in the vest as well to check 

the worker’s position. 

Furthermore, the researchers made some surveys for their study to see whether the project 

was effective from experts' points of view. So, they gathered information by interviewing 3 

professionals from Malaysia and 3 professionals from the Philippines. The results of the study 

showed that the smart construction vest is effective in the safety aspect. In addition to the first 

result, the smart vest was approved so that it could avoid incidents and dangerous situations in 

construction fields [3]. 

 

Figure 2: 2.2. The Effectiveness of The Project Based on Experts' Opinions [3]. 
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Comparison: 

There are a number of similarities in this project with our Smart Workplace Jacket, as 

well as some differences between both of the projects shown in the following table. 

   Table 3: 2.1. Similarities And Differences Between Our Project and Their Project. 

Similarities Differences 

1- Both serve the workers in the workplace like the 

construction sites by concentrating on their safety and 

preventing accidents 

2- The projects contain a GPS system that tracks the 

movement of the worker. 

3- Both of the projects have sensors. 

  

1- Other than safety, our smart workplace jacket also takes 

care of the quality of the work. 

2- The GPS system in our project is connected to an 

application to make the tracking job easier, as well as 

using the application for making checklists, connecting 

the workers together, etc. 

3-The smart vest contains two sensors that could measure 

the temperature and the heartbeat of the worker and send 

signals and alerts in case an emergency happens. 

4- our project contains sensors that calculate luminosity 

of the surrounding and temperature of the worker. 

2.1.3 Prototype of Smart Clothing for Construction Work Health and Safety  

 

Figure 3: 2.3. Smart Safety Vest [4]. 

This project is based on the safety clothes which are made with electronic sensors and 

wearable devices. The clothes are able to detect the high temperature and other increased 
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parameters which are the indication of some issues or fault in the construction site. This project 

demonstrates the prototype of a smart safety vest that is improved to detect the temperature degree 

then inform the worker wearing it and workers/management about any abnormalities in the 

temperature. It could be used as an early warning platform in construction fields. Early detection 

of any heat stroke cases can make a huge change for construction workers as it determines their 

health state. Thus, it is expected that this smart technology will allow them to move a step forward 

in changing construction personal protective equipment globally, therefore they will contribute to 

the vision of a smart construction field [4]. 

 

Advantages: 

The project is focused on the application of Information technology in the safety field for 

safe operations of construction fields. The advantages of the techniques used for safety are as 

follows: 

• increase workers’ exposure to harmful or dangerous working environments. Construction 

safety management includes care and plan through the entire project life cycle from the 

early stages of  design to the execution part. 

• Information technology is emerging as a potential solution in changing the construction 

fields  to safer environments and result in less injuries. 

 

Disadvantages: 

The implementation of IT things with smart devices and internet of things is very 

advantageous but it lags somewhere as mentioned below: 

• It costs high to implement the IT things including data processing, data manipulating, 

algorithm development, data storage and decision-making systems. 

• Various smart monitoring systems are required to fulfil the predictive system for safety 

purposes which also needs to be given care and maintenance.  
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Comparison: 

Table 4: 2.2.  Features Included In The Project [4]. 

Technologies/ 

sensors 

Physiological 

monitoring 

Environmental 

sensing 

Proximity 

detection 

Location 

tracking 

Infrared X X X X 

RFID X X X X 

GPS   X X X 

UWB     X X 

Wi-Fi   X   X 

Pressure sensor   X     

Temperature 

sensor 

  X     

 

2.1.4 Automation in Construction : Wearable Technology for Personalized Construction 

Safety Monitoring and Trending: Review of Applicable Devices.  

This project is related to the safety monitoring of the construction system considering the 

health monitoring and prediction of health status of the wearable devices and sensors used. The 

safety operation of construction systems is related to the safe operation of its devices and safety 

maintenance of its processes and operators. The historical data of the wearable devices help in the 

prediction of health status and safety maintenance of construction systems [5]. 

Advantages: 

The main advantages of safety related wearable devices are as follows: 

• Humans are the main resources so keeping them safe during construction is the first 

priority. Therefore, wearable devices give continuous signals for the safety and signal of 

danger to the operator. 

• Any hazardous act is indicated by the sensors. 

• The condition of any part of the construction zones will be predicted using the historical 

data of the wearable devices and sensors. 

Comparison:  
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The comparison of different personalised wearable devices and sensors are as follows: 

Table 5: 2.3. Sensors Included In The Project [5]. 

Technologies/ 
sensors 

Physiological 
monitoring 

Environmental 
sensing 

Proximity 
detection 

Location 
tracking 

Infrared X X X X 

Magnetometer X X X X 

Radar X X X X 

RFID X X X X 

Sonar X X X X 

Bluetooth X X X   

GPS   X X X 

Accelerometer X X     

Gyroscope X X     

Ultrasound X   X   

UWB     X X 

Wi-Fi   X   X 

Capacitive sensor   X     

EKG/ECG X       

EMG X       

GSR X       

Humidity sensor   X     

Light sensor   X     

Noise sensor   X     

Pressure sensor   X     

Temperature 
sensor 

  X     
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Disadvantages: 

The disadvantages involved in wearable devices are as follows: 

• The cost of wearable devices is not affordable by all. 

• The equipment and device components are not available everywhere like in rural places 

so the facilities of safety are difficult to implement there. 

2.1.5 An Indoor Positioning System Based on Wearables for Ambient-Assisted Living 

 

Figure 4: 2.4. The Three Main Parts of The System [6]. 

 

This project is based on the WiFi fingerprinting-based machine learning technique for 

indoor positioning systems for wearable devices in urban areas or cities where the WiFi is 

available. A smart watch wearable device is used to find and locate the person using the strength 

of the WiFi signal. The project has provided a comparison table for the methods used for 

positioning systems [6]. 

Advantages: 

The main advantages of WiFi-based wearable devices are as follows: 

• The WiFi facility is almost everywhere in the cities, so implementation of this safety 

device is possible. 

• A simple device which is a smart watch is used as a wearable device. 

• The system is strong and credible for getting the location of a user in a room level. 
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• The platform does not need deployment for any infrastructure, inconspicuous, and one 

device is needed for the system to work.  

Disadvantages: 

The disadvantages involved in wearable devices are as follows: 

• The cost of a wearable smart-watch is not affordable by all. 

• The WiFi facilities are not available everywhere like in rural places so the facilities of 

safety are difficult to implement there. 

Comparison: 

Table 6: 2.4. Comparison of Sensors and Features Included in The Project [6]. 

Method cost Scalability Obtrusive Connection Interoperable Extensibility 

IR, magnetic switches & 

ad-hoc sensor 
Medium Medium Medium Not 

specified 
yes yes 

Wearable, environmental 

and cameras 
Expensive Medium Medium Wireless yes yes 

RFID card Average  High Medium RFID Yes No 

Wearable camera, 

microphones and sensors  
Expensive High High ZigBee Yes Yes 

Wearable camera  Expensive High High Not 

specified 
No Yes 

Capacitive sensors  Average Low Medium USB No No 

WiFi  Cheap High Low Mobile 
phone 

Yes Yes 

Badges  Average Medium Low Ultrasounds Yes Yes 

Zigbee sensors  Expensive Medium Low Zigbee Yes Yes 

IR  Not 

provided 
High Medium Not 

specified 
Yes Yes 

WiFi (Proposed) Cheap  High Low WiFi Yes Yes 
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2.1.6 Smart Army Jacket 

 

Figure 5: 2.5. Army Jacket Design [7]. 

 

This jacket is designed especially for the soldiers in the battle fields, they designed the 

jacket and the fabric following the military conditions and rules. they included smart technology 

such as temperature sensors and heartbeat monitoring sensors, GPS and GSM, etc. As for the 

GPS, it is used for when the soldier is in a dangerous situation and needs help he can send an 

emergency message including his  exact location to the stations so that they send help [7]. 

Advantages: 

The advantages of this project: 

• Designed using breathable fabric, its soft shell fabric with fleece lining guarantees  you 

do not lose heat. 

• Three heating settings (low - medium - high). 

• Heartbeat sensor. 

• Temperature sensor to check the temperature of the jacket internally and surrounding 

atmosphere. 

Disadvantages: 

The disadvantages of this army jacket: 

• The battery might be heavy on the soldiers. 

• The battery requires a high power supply to charge. 
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Comparison: 

 Both our project and their project include smart technology wearables in fields. As some 

sensors are mutual between us they have the heartbeat monitoring sensors, and for the fabric they 

developed a high quality fabric that is also waterproof and inflammable.  

2.2 Comparison Table  

 in this section we are comparing the projects we wrote about in the literature review 

section and comparing them with our project 

Table 7: 2.5. Projects Comparison. 
  

Title  GPS  
Solar 

Energy 
LED 

Light 

Sensor 

Temperature 

Sensor 

Heart-beat 

Sensor 
Bluetooth Wi-Fi Battery Cost 

Smart Vest for the Safety of Personal 

Mobility Device Users [2] 
          

Smart Construction Vest [3] X     X     

Prototype of Smart Clothing for 

Construction Work Health and Safety 

(Proceeding CIB W099 BBelfast 2015) [4] 

X    X   X   

Automation in Construction: Wearable 

Technology for Personalized Construction 

Safety Monitoring and Trending: Review 

of Applicable Devices. [5] 

X   X X  X X   

An Indoor Positioning System Based on 

Wearables for Ambient-Assisted Living 

[6] 

          

Smart Army Jacket [7] X         H 

Our Project X X X X X   X X L 
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2.3 Conclusion   

To conclude this chapter, we have researched about 6 various ideas where some of them 

are implemented. Every single project has got some advantages and disadvantages. Some of 

these surveys were implemented and the others will help us implement our project.  
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CHAPTER 3: METHODOLOGY, DESIGN AND ANALYSIS 

In the third chapter, we are going to explain the whole design and the components needed 

to build the project like the indoor GPS system, solar panels, Arduino, sensors, etc. The 

alternatives of the components will be mentioned and will be compared to the tested components 

in detail. Finally, a schedule of all components will be provided with the details of each 

component like the components’ codes and description, the quantity, cost, and the status. The 

chapter contains 4 sections which are system architecture, analysis and design, budget, and 

finally a conclusion that has a summary of all previous sections.   

  

3.1 System Architecture   

Starting with this section, we will describe the design and model of the smart jacket. The 

figure below shows the architecture of the smart jacket with all the components needed to build 

the jacket.  The jacket contains LED lights that are customized to show a light color that 

represents the profession of the worker, and the colors will be changed manually using buttons. 

A GPS tracking system is built in the jacket to track each of the workers. A tiny windows/ Linux 

device is also put in the jacket for software purposes. There will be 2 types of sensors which are 

the light and the temperature sensors. The light sensor works when the worker enters a dark 

place then a small led  automatically turns on so they can see other workers, while the 

temperature sensors will measure the worker’s temperature for safety purposes. Buzzers will be 

added to the jacket to start buzzing when an emergency occurs. Conductive threads and needles 

will be used to conduct the power needed for the devices to work. A microcontroller will be used 

for software purposes that will be then explained in detail. 
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Figure 6: 3.1. System Architecture of Our System Connection. 

  

All the components and their alternatives will be listed and described in detail in the 

following section.  

3.2 Hardware  

3.2.1 Light Emitting Diode (LED)  

Light emitting diode is a semiconductor light source or device with two electrodes (anode 

and cathode) that produces light when a current passes through it. The current passing in the LED 

goes in one direction from the anode to the cathode.   
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3.2.1.1 LilyPad LED 

 

Figure 7: 3.2. LilyPad LED [8]. 

Product Highlights: 

• Five LilyPad LEDs 

• Letting you snap the LEDs apart at your leisure 

• Wearable e-textile technology 

Dimensions: 

• Size: 5.5mm x 12.5mm 

• Thickness: 0.8mm PCB 

Description: 

The LilyPad LED (5pk) is a pack that contains five LilyPad LEDs that are attached 

together, which allows us to unattach the LEDs in order to sew them into clothes. Its design 

contains connecting pads to allow the users to sew them into clothing which makes it a wearable 

e-textile technology [8].  
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3.2.1.2  Lilypad RGB LED 

 

Figure 8: 3.3. LilyPad RGB LED [9]. 

Product Highlights: 

• LilyPad RGB LED 

• Can be used as a simple indicator 

• Offers pulsing red, green, and blue lights 

• Connected through a common cathode pin 

Dimensions: 

• Outer diameter: 20 mm 

• Thickness: 0.8mm  

Description: 

The LilyPad RGB LED is a simple indicator that gives different colors by pulsing the red, 

green, and blue channels. The LilyPad RGB LED contains sew tabs that are connected to the 

board that contains the labels R, G, and B [9]. 

3.2.1.3: Selected LED Lights 

Table 8: 3.1. Selected LED Lights. 

LED Price Selected 

LilyPad LED 2.95$ yes 

LilyPad RGB LED 3.5$ no 

We chose the LilyPad LED because it's smaller,comes in a pack of five, specified 

color and it's cheaper.  
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3.2.2 Indoor GPS Tracking System  

3.2.2.1 Pozyx Creator Kit  

 

Figure 9: 3.4. Pozyx Creator Kit [10]. 

Product Highlights: 

• Able to follow several tags. 

• The positioning is accurate in both 2D/3D and indoor/outdoor. 

• Great motion detector (using 9-axis sensor fusion) 

• The range is accurate between tags. 

• Can work with Raspberry Pi and Arduino. 

Description: 

The pozyx creator kit is an ultra-wideband technology that has an indoor and outdoor 

accurate positioning system. The protocol used in this kit is wireless two-way ranging. The 

creator kit has five anchors as reference points and four developer tags. one of the tags is used as 

the master tag and can be connected to the computer and it communicates wirelessly with the 

other tags in a scheduled positioning. The positions of the other tags are known by the master tag 

and it makes them accessible over the libraries or the software. The pozyx creator ket covers 

areas from 400m2  to 800m2 with an update rate up to 60Hz for the tags combined. Positioning 

data can be extracted and fed to my application [10]. 
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3.2.2.2 Indoor Tracking RTLS UWB Kit 

 

Figure 10: 3.5. Indoor Tracking RTLS UWB Kit [11]. 

Product Highlights: 

• Covers an area of 400 m2 (4,305 sq ft) 

• A true 360° omni range UWB anchor 

• The recharge of tags is wireless  

• Huge scale that covers the area and tags  

• Active PoE for continuous power integrity health-checking 

• A lead time of one week for installing the system. 

Description: 

The real time location system (RTLS) kit comes with pre-configured hardware 

components  and only an indoor tracking system and it's ready to use. Also it includes tags to 

track objects which are two Leonardo Asset tags and two Leonardo iMU. Moreover, the studio 

software of the real time location system enables commissioning, wireless configuration, fast 

deployment and monitoring services [11]. 
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3.2.2.3: Indoor GPS Tracking System  

       Table 9: 3.2. Selected Indoor GPS Tracking System. 

Indoor GPS Tracking System  Price Selected 

Pozyx Creator kit  1050 € yes 

Indoor Tracking RTLS UWB Kit 2850 € no 

 

We chose the pozyx creator kit because it covers larger areas which is what we need, it 

has an accurate 3D and 2D outdoor and indoor positioning, accurate motion sensing and it's a lot 

cheaper than the other one which is better for us as students.  

 

3.2.3 Single Board Computer  

3.2.3.1 LattePanda  

 

Figure 11: 3.6. LattePanda [12]. 

Product Highlights:  

• 8GB Memory 

• Integrated Arduino Coprocessor ATMEL 32U4 

• Powered by PD adapter / 12V DC / 7.4V battery 

Specification: 

• CPU: Intel Core m3-8100y 

• Core: 1.1-3.4GHz Dual-Core，Four-Thread 

Dimension:  
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• 115mm * 78mm * 14 mm 

Description:  

LattePanda has a great  performance, palm-sized single board computer with low power 

depletion that runs a full Windows 10 pro or Linux operating system and  that will give us strong 

processing power with its 8GB RAM storage. It will also give us a stable wifi connection. It runs 

Windows 10 so we can download any softwares that we require for our systems such as our 

indoor gps, which makes it an impeccable decision in terms of its specifications and price as the 

main robotics controller [12]. 

3.2.3.2 Selected Single Board Computer  

Table 10: 3.3. Selected Single Board Computer. 

Model CPU Core Memory Storage Operating 

System 

Selected 

LattePanda 

Alpha 800s 

Intel Core 

M3-8100Y 

2 8 GB 0 GB N/A no 

LattePanda 

Alpha 864s 

Intel Core 

M3-8100Y 

2 8 GB 64 GB Windows 10 Pro 

Activated 

yes 

  

We chose the LattePanda Alpha 864s (Windows 10 Pro Activated) as it has better storage 

and supports two OS systems. 

  

3.2.4 Light Sensors  

3.2.4.1 Arduino LilyPad Light Sensor 

 

Figure 12: 3.7. Arduino LilyPad Light Sensor [13]. 
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Dimensions: 

• 20mm outer diameter 

• Thin 0.8mm PCB 

Description: 

This sensor is made to be sewn to clothes; the voltage output is proportional to the light 

intensity (0-5 V); Designed to be compatible with Arduino. With exposure to daylight, the sensor 

will be equal to 5V, and by covering the sensor with your hands, the sensor will be equal  to 0V. 

In an indoor lighting place, the sensor will output between 1-2 V [13]. 

3.2.4.2 SparkFun LilyPad Light Sensor 

 

Figure 13: 3.8. SparkFun LilyPad Light Sensor [14]. 

Product Highlights: 

• Sewable Light Sensor breakout board 

• ALS-PT19 light sensor built in and ready to use right away 

Dimensions: 

• 20mm outer diameter 

• Thin 0.8mm PCB 

Description: 

Each sensor, in this SparkFun LilyPad Light Sensor, outputs voltage between 0-3.3 V as 

it depends on the amount of light brightening up on it. the more the light is applied on the sensor, 

the more the current will flow to the microcontroller the sensor is connected to via the signal. If 

the sensor received no light, the current wouldn’t flow through it. In an indoor lighting place, the 

sensor output is around 1-2 V [14]. 



30 

 

3.2.4.3 Selected Light Sensor  

Table 11: 3.4. Selected Light Sensor. 

Light sensors Price Selected 

Arduino LilyPad Light Sensor  $6.36 yes 

SparkFun LilyPad Light Sensor $3.5 no 

We chose the Arduino LilyPad Sensor as it matches the criteria of our project and it is 

compatible with it.  

3.2.5 Temperature Sensor  

3.2.5.1 LilyPad Temperature Sensor  

 

Figure 14: 3.9. LilyPad Temperature Sensor [15]. 

Product Highlights: 

• Temperature sensor designed for LilyPad E-Textile technology 

• Analog interface for use with any microcontroller that has an ADC 

Dimensions: 

• 20mm outer diameter 

• Thin 0.8mm PCB 

Description: 

This sensor detects and changes in temperature. The MCP9700 is a tiny thermistor that is 

considered a type of temperature sensor, as it will output at 0 degrees C 0.5V, and at 25 degrees 

C,it will operate at 0.75V.Moreover, it is able to sense physical touch based on the body’s heat 

[15]. 

3.2.5.2 Selected Temperature Sensor 

We selected this sensor as it is easy to sew it in the jacket, and it is compatible with the 

project needs. 
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3.2.6 Button Board   

3.2.6.1 Arduino LilyPad Button Board 

 

Figure 15: 3.10. Arduino LilyPad Button Board [16]. 

Product Highlights: 

• Momentary push button designed to be sewn to your clothes  

• Designed for the use with the Arduino Lilypad Main Board  

Dimensions: 

• 8x16mm  

• Thin 0.8mm PCB 

Description: 

The design of the LilyPad Button Board provides the consumer with a discrete button 

with no sharp edges. The button board is a momentary push button as it works by simply pushing 

it to close and releasing it to open. Its design contains connecting pads to allow the users to sew 

them into clothing [16]. 

3.2.6.2 Gravity: Analog ADKeyboard Module V2 

 

Figure 16: 3.11. Gravity: Analog ADKeyboard Module V2 [17]. 

Product Highlights: 

• Supply voltage: 5/3.3V 
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• Interface: Analog. 

Dimensions: 

• Size:55x33mm 

Description: 

An analog input is used in this keyboard so that it reads the five key states, and this saves 

IO resources for the Arduino [17]. 

3.2.6.3 Selected Button Board 

Table 12: 3.5. Selected Button Board. 

Button board Price Selected 

Arduino LilyPad Button Board  
 

$1.95 yes 

Gravity: Analog ADKeyboard Module V2 $5.50 no 

We got the Arduino LilyPad Button Board as it is more suitable and cheaper. 

3.2.7 Buzzers   

The buzzer is any device that has audio signalling. Usually the buzzer is used as alarm 

devices, timers, and confirmation of user input such as a mouse click or keystroke. 

3.2.7.1  Arduino LilyPad Buzzer 

 

Figure 17: 3.12. Arduino LilyPad Buzzer [18]. 

Product Highlights: 

• Buzzer designed to be sewn to your clothes 

• ROHS Compliant 

Dimensions: 

• 20mm outer diameter  

• Thin, 0.8mm PCB 
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• 0.002kg 

Description: 

 The Arduino LilyPad Buzzer is developed to be a wearable e-textile technology.  Its 

design contains connecting pads to allow the users to sew them into clothing. It is considered a 

tiny buzzer for the system of Lilypad, yet it is loud enough for the user to listen, however not 

very loud. An inductive buzzer means that it is going to perform as a short to ground if we are 

not actively driving it [18]. 

3.2.7.2 Selected Buzzer  

We went with the Arduino Lilypad Buzzer as it has a good price, designed to be fit on 

clothes and goes well with our needs in this project. 

3.2.8 Conductive Threads   

3.2.8.1 Conductive Thread - 360 Yards 

 

Figure 18: 3.13. Conductive Thread [19]. 

Product Highlights: 

• Large spool to get into wearable electronics 

• Made from stainless steel fibers 

• Resistance: 28 Ohms/ft 

• RoHS compliant 

Description:  
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This Conductive Thread is 360 yards made out of stainless steel fiber. It is used as a way 

to attach several electronics onto wearables. The thread does not contain any Nylon, specifically 

the core is not made of Nylon [19]. 

3.2.8.2 Selected Conductive Thread  

We ordered this conductive thread as it is made of stainless steel fiber, long enough to 

sew most of our components to the jacket, and has a suitable price. 

3.2.9 Conductive Needles   

3.2.9.1 Needle Set for Conductive Thread 

  

 

Figure 19: 3.14. Needle Set for Conductive Thread [20]. 

Product Highlights: 

• Large, so it is easy to thread. 

• Used for e-textile projects 

• Various sizes for many types of stitching components 

Dimensions: 
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Figure 20: 3.15. Dimensions Of The Needle Set [20]. 

Description:  

This set of needles is frequently used in e-textile projects as it is used to sew the clothes 

with the conductive thread. The sizes of the needles are two 39mm, 0.67mm needles and three 

48mm, 1.23 needles [20]. 

3.2.9.2 Selected Conductive Needles 

Our team decided to buy this set as it comes with different sizes and it is mainly used for 

sewing conductive threads with wearables. 
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3.2.10 Microcontroller Module  

3.2.10.1 Arduino LilyPad Microcontroller Module (ATmega328) 

 

Figure 21: 3.16. Arduino LilyPad Microcontroller Module [21]. 

Product Highlights: 

• Arduino based microcontroller 

• Easily integrated 

• Contains ATmega328 along with the Arduino bootloader 

• Ranges from 2-5V 

• has  large pin-out holes 

Features: 

• Great Performance, with less Power AVR® 8-Bit Microcontroller  

• Enhanced RISC Architecture  

• Strong Endurance and Non-volatile Memory Segments  

Dimensions:  

• 50mm outer diameter 

• Thin 0.8mm PCB 

Description: 

The Arduino LilyPad Microcontroller Module (ATmega328) is a microcontroller that is 

Arduino-programmed. It is designed to be sewn into clothes and to be used in e-textile projects. 
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This microcontroller works similarly to other Arduino boards, but this one could be sewn in 

clothes using a conductive thread [21]. 

3.2.10.2 Selected Microcontroller Module 

We selected this component as it is Arduino programmed, made to be sewed into 

wearables, and for its price compared to its features. 

3.2.11 USB ATmega32U4 Microcontroller  

3.2.11.1 Arduino LilyPad USB ATmega32U4 Microcontroller  

 

Figure 22: 3.17. Arduino LilyPad USB ATmega32U4 Microcontroller [22]. 

Product Highlights: 

• Wearable technology with USB 

• Directly connecting to Li-Po battery using JST socket 

• Switch to turn on/off the power 

• Rechargeable batteries using the board 

Dimensions: 

• Outer diameter: 50mm 

• Thin: 0.8mm PCB 

Description: 

This microcontroller is a sewable technology e-textile. There is an additional piece in the 

hardware that we are required to program which is the micro-USB cable, as the IC has built-in 

support for the USB. It is supported by  Arduino IDE [22]. 
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3.2.11.2 SparkFun Qwiic Pro Micro USB-C (ATmega32U4) 

 

Figure 23: 3.18. SparkFun Qwiic Pro Micro [23]. 

Product Highlights: 

• SparkFun Qwiic Pro Micro USB-C (ATmega32U4) 

• Arduino-compatible board 

• Offers On-Board USB-C connector for programming 

• Operates at 5V and 16MHz 

• Quickly reset the board with "Reset Button" 

Specifications: 

• PTH Pads w/ Castellated Edges 

• 10-bit ADC pins: 9 

• Digital I/OS (5 are PWM capable): 12 

Dimensions 

• 0.3 x 0.7 inch 

Description: 

This type of USB-C (ATmega32U4) operates just like the older version. It has the equal 

size as the original Pro Micro but with added features like shrank down components such as a 

reset button, USB-C, and running at 5V and 16MHz [23]. 
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3.2.11.3 Selected USB ATmega32U4 Microcontroller  

Table 13: 3.6. Selected USB ATmega32U4 Microcontroller. 

USB Microcontroller Price Selected 

Arduino LilyPad USB ATmega32U4 Microcontroller $25.95 yes 

SparkFun Qwiic Pro Micro USB-C (ATmega32U4) $19.95 no 

 

The team chose the Arduino LilyPad USB Microcontroller as it works well with our 

project requirements.  

3.2.12 Bluetooth 4.0 Microcontroller    

3.2.12.1 Bluno Arduino Mega 2560 BLE Bluetooth 4.0 Microcontroller 

 

Figure 24: 3.19. Bluno Arduino Mega 2560 BLE Bluetooth 4.0 Microcontroller [24].  

Product Highlights: 

• Bluetooth 4.0 micro-controller compatible with Arduino Mega 

• ATmega2560 microcontroller with 54 digital I/O ports 

• Integrates TI CC2540 BT 4.0 chip for wireless programming via BLE 

• Transmission distance: 70m in free space 

Specifications: 

• Microcontroller: ATmega2560 

• Clock frequency: 16MHZ 
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• Working voltage: +5V 

• External input voltage: 7 ~ 12VDC (recommended), 6 ~ 20VDC (range) 

• Digital I/O outputs: 54 (14 PWM outputs) 

• Analog inputs: 16 

Dimensions: 

• Size: 108mm x 54mm 

Description:  

The Bluno Arduino Mega 2560 BLE Bluetooth 4.0 Microcontroller has all the previous 

resources of the Mega series, and contains additionally a wireless communication function through 

Bluetooth. It is designed with 54 digital  input and output ports, where 15 of the ports could be 

used as PWM outputs. Furthermore, there are 16 analog input ports and 4 UART, which are 

hardware serial ports. It can directly install programs by using USB without any outer flashing 

devices, and that goes to its great bootloader. This microcontroller has 2 choices for the supply 

power for the system, involving the  USB power supply or any outer supply of power [24].  

  

3.2.12.2 Bluno Arduino Uno BLE Bluetooth 4.0 Microcontroller 

 

Figure 25: 3.20. Bluno Arduino Uno BLE Bluetooth 4.0 Microcontroller [25]. 

 

Product Highlights: 

• Board integrating BT 4.0(BLE) module into Arduino Uno 
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• On-board BLE chip: TI CC2540 

• Support AT command to config the BLE 

Features: 

• Wireless programming Via BLE 

• Supports bluetooth HID 

• Transparent communication through Serial 

• Compatible with the Arduino Uno pin mapping 

Specifications: 

• DC supply: USB powered or external 7V~12V DC 

• Microcontroller: Atmega328 

Dimension:  

• Size: 60 x 53mm 

• Weight: 30g 

Description: 

This microcontroller is one of the early boards that integrates Bluetooth 4.0 module, 

which makes it a good prototype for software and hardware programmers to work wirelessly in 

that platform [24]. 

3.2.12.3 Selected Bluetooth 4.0 Microcontroller 

Table 14: 3.7.  Selected Bluetooth 4.0 Microcontroller. 

Bluetooth 4.0 Microcontroller  price  selected 

Bluno Arduino Mega 2560 BLE Bluetooth 4.0 Microcontroller $29.90  yes 

Bluno Arduino Uno BLE Bluetooth 4.0 Microcontroller $24.9 no 

The project team selected Bluno Arduino Mega 2560 BLE Bluetooth 4.0 Microcontoller 

as its features are better and are more compatible with our project.  
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3.3 Software   

In this section, we will mention the system we are going to use and the programming 

language and they will be explained in full detail as the code will be provided once we are done 

programming the rest of the components as they arrive. There are many languages to program, 

Java, Javascript, C, C++ and  etc.  

3.3.1 XCode 

 

 
Figure 27: 3.21. Installing XCode. 

 

Xcode is Apple’s integrated development environment (IDE). It runs for all apple devices 

used to produce applications, as it works on both MacOS and IOS operating systems. The 

software is available on the app store, it is free so anyone can download it and test it out, and it 

comes with some helpful tools that makes it easier on the person trying to program. For example, 

it contains debugging, which finds errors in the code as the bug is a mistake in the code, supports 

the language swift which is very simple to write then we can upload the application to the chosen 

apple device we select, and you simply can control the workflow of the app and test it out before 

sharing it on the app store. Moreover, it also supports the C language and C++ or you could mix 

Figure 26: 3.22. After Running The Software on Our Device. 
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between the languages. It is easy to use especially for students and new programmers because 

while you are writing the code it will detect the source and will check if there are any errors and 

highlight them for the user and sometimes it provides a way to fix it [26]. 

3.3.2 Arduino 1.8.13 (IDE) 

 

Figure 28: 3.23. Arduino IDE Software Logo. 

Arduino IDE software is also free and is open source on many operating platforms such 

as MacOS, Linux and Windows. Furthermore, its base language is written in Java, but it supports 

other programming languages such as C and C++ programming languages. The Arduino 

software supports all versions of the arduino boards to make it easier for the users to upload their 

code to the arduino boards. Moreover, the software includes the most used functions, menus, text 

console and editor, and a message section that shares some comments when you are running the 

code and also it displays the error message. Any program that is written by the arduino software 

is called a sketch as the user late on has the ability to copy/paste and replace/search the text code 

[27]. 

3.3.3 Selected Software 

We selected the Arduino software as it is compatible with Android/ IOS, or 

Linux/Windows/MacOS, as the Xcode operates for Apple IOS users only. Although there are 

several types of microcontrollers and platforms to compute, yet the Arduino IDE simplifies the 

procedure of  working and using the microcontrollers is general. Arduino provides some great 

advantages over the others such as it is inexpensive compared to others. Secondly it is a cross- 

platform as we mentioned it works for many operating platforms. Most microcontrollers are 

limited to windows, and Xcode is limited to MacOS. Third point is it is a very clear and 

understandable environment for programming, even if it is very simple to use for first time users, 

it is also advanced enough for experienced programmers. Finally, the Arduino software is an open 

source with extensible hardware and software, and it can be expanded by using the C++ libraries.   
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3.4 Budget   

Table 15: 3.8. Budget List and Status of The Components. 

Item Code (Source)  Item Description  Qty.  Cost   Status  

RB-Spa-1378  LilyPad LED White (5pk)  2  $2.95  Received 

RB-Spa-1379  LilyPad LED Yellow (5pk)  2  $2.95  Received 

RB-Spa-1374  LilyPad LED Blue (5pk)  2  $2.95  Received 

RB-Spa-1386  LilyPad LED Red (5pk)  2  $2.95  Received 

- Pozyx Creator kit  1  $1,286.6 Received 

SKU:DFR0547  LattePanda Alpha 864s (Win10 Pro activated) 

– Tiny Ultimate Windows / Linux Device  

1  $449  Received 

RB-Spa-72  Arduino LilyPad Light Sensor  

  

1  $6.36  Received 

RB-Spa-167  Arduino LilyPad Button Board  1  $1.95  Received 

RB-Spa-782  Arduino LilyPad USB ATmega32U4 

Microcontroller  

1  $25.95  Received 

RB-Spa-174  LilyPad Temperature Sensor  1  $4.50  Received 

RB-Spa-1302  Arduino LilyPad Microcontroller Module 

(ATmega328)  

1  $15.95  Received 

RB-Spa-71  Arduino LilyPad Buzzer  1  $4.25  Received 

RB-Spa-85  Conductive Thread – 360 Yards  1  $47.95  Received 

RB-Spa-1131  Needle Set for Conductive Thread  1  $1.95  Received 

RB-Dfr-580  Bluno Arduino Mega 2560 BLE Bluetooth 

4.0 Microcontroller   

1  $29.90  Received 

Amazon Helmet  1 $ 35 Received 

Bahaseen Reflective Working Jacket  2 $ 50 Purchased  

  

Total:  

$1971.16  without delivery 

expenses  
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3.5 Project Design and Prototype 

 In our design at the beginning we thought that we could place the buttons on the sleeves 

and the LEDs on the shoulders, but we thought that it wouldn't be helpful for the workers since 

they will use their hands to work. So, the idea of placing the components on the sleeves and 

shoulder wouldn't be effective and it might get damaged while working, and that's why we 

decided to place them on the front and back of the jacket.   

 

 

Figure 29: 3.24. Front view of the jacket. 
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Figure 30: 3.25. Back view of the jacket. 

 

Figure 31: 3.26. Inner view of the jacket. 

3.6 Conclusion  

To wrap up, this chapter showed the hardware architecture of the smart jacket and its software. 

All the components that are used to build the project were explained in full detail. Alternatives of 

each of the components were also given in order to compare between them and the needed 

components. The software system of the project was also fully explained. Then, we provided a 

table that contains the components’ description, quantity, cost and status. Then, a total cost of all 

the components was provided. Finally, we managed to provide pictures of the overall prototype 

design of the jacket that shows each component and where they were placed. 
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CHAPTER 4: IMPLEMENTATION 

This chapter covers the implementation and the developments of the prototype of the 

project. We will discuss the design and the hardware implementation of the jacket, we will also 

explain the software system and the application. The connection and the functionality of each 

component of the jacket will be explained in detail. Also, the software connection will be 

provided and the language chosen for the codes of the application will be discussed, in addition 

to the full code of the application. Finally, the difficulties we faced during the implementation 

will be discussed, then we will explain how we overcame those difficulties.  

4.1 Hardware Components Implementation 

4.1.1 Latte Panda 

  

Figure 32: 4.1. Latte Panda Pinout Diagram [28]. 
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The Latte Panda is the single board computer used for the jacket which was chosen 

because it has a high quality processing. In the area U2, there are 20 digital pins (A0 - A5, D0 - 

D13) that can be used as either an input or an output, and each or those operate at 5 volts. Each 

of the pins has an inner resistor that is equal to 20-50k ohms that is disconnected by default, and 

every single pin can output or receive 40 mA, yet it should not exceed 40mA on any input or 

output pins as it may cause permanent damage to the ATmega32u4 [28]. The following points 

are some special functions for some of the pins: 

• The analog Inputs are: A0 - A5, and A6 - A11 (on D4, D6, D8, D9, D10, and D12). The 

LattePanda contains 12 analog inputs (labeled as A0 - A11), that can also be used as 

digital I/O inputs/outputs. There is a 10 bit resolution for each pin. The voltages of the 

pins measure from ground to 5 volts all by default. 

• The serial: D0 (RX) and D1 (TX) are used to receive (RX) and transmit (TX) TTL serial 

data. 

• In the D13 pin there is a built-in LED light driven by this digital pin number 13. 

• The reset pin works by causing a low line in order to reset the microcontroller. Usually it 

is used to attach a reset button to shields so it can block functions. 

 

Figure 33: 4.2. The pins used to connect the components to the latte panda device. 
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Figure 34: 4.3. Actual latte panda with the tag and the wiring to connect it to the rest of the 

components. 

We used the latte panda device over the microcontrollers, although we ordered them, yet 

it suits our project needs whether we need wireless communication, application, website or 

simply share the data adhered from the sensors in another place that is why we chose it as its 

processing is faster and better. 

4.1.2 LED Lights  

We used packs of LED with different colors in order to differentiate from which 

department the worker came from or work for and to spot the workers at night without having 

the LED light affecting the light sensor.  
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Figure 35: 4.4. LED Stripes at the back of the jacket. 

As shown in the figure above the stripes are as follows (yellow, blue, red) and they are 

used to indicate and label the workers as a team for certain job tasks or to divide them into 

departments and groups. The pins used to program them are D2, D3, and D4; each color in the 

same order  has its own pin in the latte panda device. The colors change by pressing the switch, 

which will be explained shortly. Also, the figure below shows how the wiring is done from the 

inside of the jacket. 

 

Figure 36: 4.5. The wiring of the back LEDs. 
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Figure 37: 4.6. The night LED in the front pocket. 

The night LED is used so that when it is night or in a dark area we can notice the 

workers. We did it by combining two different colors of LEDs and it will work along with the 

light sensor below, as we programmed it this way, which will be discussed later in this chapter. 

Also, this is connected to pin number D7 in the latte panda. 

4.1.3 Light Sensor  

 

Figure 38: 4.7. The light sensor. 

This is the light sensor which will detect if its day time or night time which will be 

displayed in the application. When it is day time the LED on the pocket will be off but when it's 

night time it will turn on. The light sensor is connected to the pin number A1.  

4.1.4 The Switches  

We used the switches in our project to make it easier and simpler for the workers to 

identify each other, to do the checklist, and to make an emergency alert to the other workers and 

the supervisor, which will be monitoring them using the application.  
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Figure 39: 4.8. Switch to change the LED colors in the back of the jacket. 

It works such that when you press once it will turn yellow, twice it will be blue, three 

times it will turn red, and four times to turn all the lights off or to reset it. This switch is linked to 

pin number D5 in the latte panda board. The supervisor can assign the colors of the LED to a 

specific team, areas, or sectors.  

 

Figure 40: 4.9. Two press button switches. 

The switches in the figure above are used for two things; one button is for the emergency 

(on the left) as it will activate the buzzer to notify other workers and send an alert through the 

application. The other one (on the right) is used to complete the checklist; such that when you 

press and hold for 2 seconds it will mark the first job task as complete, then when pressing the 

second time it will mark the second job as complete, and the same for the third press. The worker 

will press three times to mark everything as complete and the fourth time to reset the checklist. 

The emergency switch is connected to the pin number D10, as the checklist switch is connected 

to the pin number D9 in the latte panda board. 
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4.1.5 Buzzer  

 

Figure 41: 4.10. The buzzer attached on the inner of the jacket. 

This buzzer will work in case of emergency to notify other workers that someone needs 

help, and send alerts through the application. The buzzer is connected to the pin number D8 in 

the latte panda device. 

4.1.6  Temperature Sensor  

 

Figure 42: 4.11. The temperature sensor. 

We added the temperature sensor to check on the workers temperature and thus assure 

they are safe and healthy or if their temperature is too low/high. That is why we attached the 

sensor inside the jacket to have a more accurate reading of their actual temperature level. This 

sensor is connected to the pin number A0 in the latte panda board.  

4.1.7  GPS Tracking Tags  

We ordered a GPS tracking system (Pozyx) to locate the workers in the construction sites 

or working area. In order to track them, each jacket has its own tag as shown in figure 4.12, for 

this prototype we tried two tags for two workers as shown in the figures (4.3 and 4.12). The tags 

require power to function. For the second jacket, we used a power bank because it has a tag only, 

whereas for the one in figure 4.3, it is attached with the latte panda that needs greater power so 
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we used a lithium battery as in figure 4.16. Furthermore, the tags are spotted by the anchors that 

are placed on the walls of the area where the workers are tracked. 

 

Figure 44: 4.12. The GPS tag connected to power. 

4.1.8  GPS tracking Anchors  

The GPS tracking anchors are crucial elements used in the tracking system. Their main 

job is to connect to the tags that are sewn to the worker’s jacket to track the movements of the 

worker. The anchors we have are 4 and we managed to distribute them evenly along the walls of 

a hall so that they could be connected together. They were all connected to power and then they 

were connected to a screen where we can see the whole place where we need to track the 

workers. After we checked that all anchors are hung in the right places and they all work, we 

Figure 43: 4.13. The tag attached to the 
latte panda, connected to a lithium battery. 
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managed to connect the tag to the anchors and start tracking the tag by having one of the group 

members to walk around the hall while the other members are observing the movements through 

the screen and making sure the anchors and tag are working smoothly.  

 

Figure 45: 4.14. Anchors hung on the wall. 

4.1.9  Lithium Battery 

The lithium battery is the battery we chose to give the components the power needed for 

them to function. Before choosing the lithium battery, we tried using other types of power like a 

power bank and using the power of the house, but those types of power never worked out 

because the power bank did not have enough power to operate the components. The other type of 

power is able to give power to the components but it was not convenient for the jacket because it 

will be connected to ground power and the workers will not be able to walk around using the 

jackets. Therefore, we chose the lithium battery because it is portable, rechargable, and is able to 

supply all the components with power, although its quality is not the best. We also chose these 

batteries because their size is small and it fits the jacket. The quantity of the batteries is 3 each 

with 1500mAh rated capacity. In order to check if the batteries provide enough power, we made 

a simple calculation. By having a battery charge of 1500mAh and a voltage of 11.1V, the result 

in Watt-hours will be 16.65Wh of energy. Regarding the power consumption we managed to 

sum up the current consumption of the components in order to provide the suitable battery. The 

currents values were as follows: 

• Temperature sensor = 0.05 A 

• Light sensor = 0.015 A 
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• LED lights = 20*number of lights = 20*32 = 0.640 A 

• Buzzer = 0.075 A 

• LattePanda = 0.416 A  

The sum of all is 1.196 A = 1196 mA. If we run the above components for 1 hour we get: 

1196mA *(60min*60sec) = 4305.6 mAh. The battery we chose is 1500mAh, so we can run the 

system for around half if all the components are working all the time. 

 

Figure 46: 4.15. The lithium batteries connected to the jacket. 

4.1.10  Helmet 

 

Figure 47: 4.16. The helmet used in our project. 

The helmet is used to insure the workers’ safety from accidents and extreme sun heat. As 

a team, we chose a helmet that has a cooling fan which can be controlled through a button so that 

the worker can control the fan rather than working all the time when getting sunlight.. The 

helmet already comes with solar panels which convert sunlight  into electrical energy and turn 

the fan. Moreover, if the fan is turned off the battery we connected to it can save up energy to use 

the fan when there is now sunlight. 
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Figure 49: 4.17. The helmet connection. 

The first thing we tried was to connect the helmet with the jacket by wires so that the 

power feeds the helmet and jacket at the same time, but we managed to use a separate battery 

and solar power for the helmet in order to let the fan operate all time freely. It is also 

inconvenient to wear a jacket that is connected to the helmet with wires which could make it 

harder for the worker. Also, if the jacket and the helmet were connected together they will need a 

Figure 48: 4.18. The actual connection 
inside the helmet. 



59 

 

big amount of power, so it is better to provide separate power supplies for each of the jacket and 

the helmet in order for them to work properly. 

4.2 Software Installation and Application  

4.2.1 Arduino  

To comprehend what is programming and learn a new language it requires that we 

explore how to run, replace/change some lines, break it down, and add and  develop it until it 

meets the idea we plan to make. This software was designed from the very beginning as one of 

the early programming languages which is inspired by Logo and Basic programming languages. 

Processing helps in visualizing the fundamentals of programming. It is also a cross-platform as it 

operates on Linux, Windows and Mac systems. Moreover, it is accessible to students and  is 

open source and free. 

 

Figure 50: 4.19. Processing 3 Installed on Our Macos Device. 

We had to follow certain steps to install the software required to program the latte panda. 

We looked into the processing website, went through tutorials [29], then saw the getting started 

section in order to download the apps before we start working as it shows in the figure above 

(Figure 4.2). For arduino IDE software, where we downloaded the version 1.8.13 online, we will 

use it to program the Latte Panda. The team members followed the steps required to link the 

device and we downloaded firmata, which is like a library or class to control GPIO Arduino for 
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both Arduino and the processing so that they can communicate when we start with programming 

each component to the Latte Panda board. The figures below show the steps that we tried to 

make as not all the components are received yet [30]. 

 

Figure 51: 4.20. The Arduino Software Installed. 
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Figure 53: 4.21. Connecting and Specifying the Board We Are Using. 

 

Figure 52: 4.22. Attempt to Upload a Sample Program. 
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4.2.2 Blynk Application  

 

Figure 54: 4.23. The project application. 

Blynk is an application that is made for the internet of things. It is designed to connect to 

hardware components which could control them remotely by displaying a screen for the 

consumer to choose from the features and choices of controlling the hardware, to display the 

sensor data, store data, and more. The platform of the application contains the Blynk app, Blynk 

server, and Blynk libraries. The application contains widgets which are easy for the consumer to 

create their own interfaces. The Blynk server communicates between the mobile application and 

the hardware. It is an open source which can work on many devices. Finally, for the Blynk 

libraries, they are made to connect to the server and to control the commands between the server, 

app, and hardware.  

There are several features for the app. Which are as follows: 

• it could be connected to the cloud by Ethernet, Wi-Fi, USB,GSM, and bluetooth. 

• It has the same API and UI for all the devices and hardware. 

• Contains virtual pins that could be easily controlled without the need for coding. 

• Has various widgets that are easy to use. 
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• Contains Bridge Widget that makes communication from a device to another. 

• Contains SuperChart widget to monitor the history data. 

• Push notifications, emails, and many more could be sent and received by the app. 

Blynk mainly works by connecting the hardware to the internet. There are other types of 

hardware that work by Ethernet and wi-fi that could be connected by the USB to the desktop. 

The application works on iOs and Android [31]. 

 

Figure 55: 4.24. LCD screen settings in our app. 
 As shown in the above this is how we add the components to our app. We have to select whether 

it is a digital, analog or virtual pin. Our app helps the supervisor see what tasks are done, which 

team/department does the worker belong to, day/night, the worker’s temperature and if the worker is in 

danger it will alert in the red screen at the bottom.  

4.2.3 POZYX Website 

As was mentioned before we use the POZYX creator kit as our GPS tracking system, we 

set up an account and inserted all the information needed for the GPS tracking system to work. 
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We started by inserting the house scheme we are working at in the website. Then we took four 

anchors and hung them on different walls approximately 2 m from the ground. We used two tags 

on two different jackets just to show how the system works. After we turned on all the anchors 

and tags in the website and we discovered them, calibrated the X-Y coordinates, inserted the Z 

coordinates manually and then discovered the tags. Then we moved the anchors over the house 

scheme to Fit the floor plan. Afterwards we renamed the tags based on the workers jacket and the 

anchors based on the areas or zones. Finally, we tested the system by moving around while 

wearing the jackets to see how it works [31]. 

 

 

Figure 56: 4.25. The pozyx web shows the location of the workers. 

4.3 Conclusion  

In conclusion, we covered in this chapter all the hardware and the software components of the 

prototype which were filled with detail about each. We started with the hardware components by 

discussing how, where, and why we chose each of them, as well as the software and the application used. 

In the next chapter we will evaluate our project by discussing the different aspects and show the result of 

the survey. 
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CHAPTER 5: EVALUATION 

We will provide evaluation of the project in this chapter. The examination shows if the 

features of the project met the needs. A survey is conducted to serve our project by checking for 

the people’s opinions and points of view towards the project by asking them different questions 

and asking for their opinions in different aspects. Several aspects of the project will be discussed 

like business, marketing, ethical, social, and environmental aspects. Finally, the project’s 

timeline will be provided at the end of this chapter.  

5.1 Project Aspects 

5.1.1 Business Aspect 

For the business aspect, the smart workplace jacket could be a beneficial add up to the 

engineers and workers in their workplace and to the construction field as a whole. The project 

provides safety to the workers as well as it could organize the tasks which makes the workers 

work harmonically, and this leads to an increase in the efficiency of the work and will decrease 

the amount of effort and time. The profits of the fields and companies will expand due to those 

features and the productivity will increase.  

5.1.2 Economic Aspect 

Our smart workplace jacket can serve for marketing and economic purposes. It could be 

used and it is sometimes needed in companies and some of the government sectors. The 

companies could distribute the jackets among their workers and give them some instructions on 

how to use the jacket and the application that is easy to use, which will reach the goal of the 

companies of getting more work done in a short amount of time and then will increase the profit. 

The increase of the profit of the companies and government sectors will for sure affect the 

economy positively and would also grow the economy in the future.  

5.1.3 Ethical Aspect 

The projects should have ethical aspects that show the safety, efficiency, and other 

specifications of the project. One of the project’s main purposes is to assure the safety of the 

consumers to decrease the amount of accidents that could occur in the workplace. A button is 
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added to the jacket in case of an emergency, and a mobile application is developed to make sure 

every worker is working safely. The developed mobile application is made to help the workers 

communicate easily. A smart helmet that is attached to the smart jacket is planned to be added in 

the future for geminated safety. 

5.1.4 Social Aspect 

Our project is made to ensure better communication between workers. When the jacket 

and the application are used in a proper way, people around the construction area will not suffer 

from high voices and the workers will get the work done easily because they can always contact 

each other by the jacket and the application. Another purpose for the project is to protect the 

workers and the people from accidents that happen due to lack of communication between the 

workers and also due to human error. This leads to less accidents and more lives will be saved.   

5.1.5 Environmental Aspect 

The workplace jacket motivates the fulfillment of the work in different facilities. This 

helps the working environment to become more productive. Moreover, the jacket is designed to 

operate for a long period of time without the need for maintenance as it is designed to bear harsh 

weather and the components are chosen to be water resistant.  

5.2 Survey 

We conducted a survey to collect data and to see what people think about our idea. The 

survey includes 10 questions related to our project as shown in the figures below. We sampled 

the data from 150 people and the data shown below. 
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Figure 57: 5.1. The Data Collected for The First Question. 

 

Figure 58: 5.2. The Data Collected for The Second Question. 
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Figure 59: 5.3. The Data Collected for The Third Question. 

 

Figure 60: 5.4. The Data Collected for The Fourth Question. 
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Figure 61: 5.5. The Data Collected for The Fifth Question. 

 

Figure 62: 5.6. The Data Collected for The Sixth Question. 
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Figure 63: 5.7. The Data Collected For The Seventh Question. 

 

Figure 64: 5.8. The Data Collected for The Eighth Question. 
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Figure 65: 5.9. The Data Collected for The Ninth Question. 

 

Figure 66: 5.10. The Data Collected for The Tenth Question. 

5.3 Conclusion 

 In conclusion, the evaluation of the project is explained. Different aspects were discussed 

in detail which are the business, economic, ethical, and social aspects. Then, the survey of 10 

questions we conducted for our project was analyzed and explained by taking answers and 

opinions from a sample of 150 people.  
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CHAPTER 6: CONCLUSION AND FUTURE WORK 

This chapter includes the summary of all chapters and their main ideas. The project idea 

and progress of the project will be explained. Furthermore, the future work of the project will be 

clarified  also and to conclude with the final words.   

6.1 Project Idea  

 The workplace jacket was our choice for the capstone project. It is a smart jacket that 

contains a touch of technology that could serve workers and engineers. This jacket is developed 

to contain many of the worker’s needs like buttons, sensors, LED lights and a mobile application 

to keep them safe and to make the work more efficient. The business, economic, ethical, and 

social aspects that were discussed earlier show the importance of having this smart jacket in the 

construction sites.  

6.2 Project Progress 

6.2.1 Capstone 1 progress 

In capstone 1, we did research about the project idea to check whether it is effective for 

the worker’s safety and for the work’s efficiency. After we agreed on the effectiveness of the 

project, we tried to brainstorm many ideas and we made several samples of the project until we 

came up with the final sample with its features. Furthermore, more research was made to find the 

best components for the project as well as finding similar projects to compare with our project. 

Then, the components were found and ordered which are the buttons, sensors,  microcontrollers, 

indoor GPS system, buzzers, LED lights, a linux device, and a jacket. Some of the components 

arrived and some are still in the shipping process. A survey was conducted to help us with the 

progress of our project.  

6.2.2 Capstone 2 progress 

All the implementation of the project was done in capstone 2. The gadgets we ordered 

were received and sewn to the jacket all in suitable places where they work properly. After 

sewing the components in the right places, we started to work on the software where we 
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programmed a code that connects the components with the application. We faced some issues 

regarding the components and the code as some of the components did not work properly, and 

the code was a bit difficult to program because we are all electrical engineering students. We 

overcame these problems by finding the main issue and solving it. Moreover, the application was 

made using a program called Blynk as discussed before. Finally, more information was added to 

the report along with some adjustments to given information.  

6.3 Future Plan  

In the future, we will plan to add more features to the project. We might use wireless 

charging instead of lithium batteries. Sensors and other components might also be upgraded for 

better efficiency, smaller size, and more accurate readings as well as implement more safety and 

health sensors such as a heart rate sensor. The application will be upgraded to track a larger 

number of workers, update the checklist such that it shows who are the workers who worked on 

it, and more will be done in order to create an application for the workers to communicate with 

each other other than just the supervisor monitoring the workers. All this work will be done in an 

application that is made from scratch with a customized software as we used a ready made 

application. Furthermore, the helmet could be more useful by adding different types of sensors 

for more safety and security, as well as better lighting in the night time. Finally, we could make a 

jacket that is waterproof instead of it being water resistant by having waterproof components.  

6.4 Final Comment  

 The whole team enjoyed working on this capstone project over the last two semesters, 

although we struggled choosing the right components and we ended up purchasing some 

components that we did not use. Moreover, we faced some issues with the wiring and the code. 

Overall, the team gained experience and knowledge by doing research and helping each other 

understand the code, components, and the connection.  
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APPENDIX A (Flow Chart) 

 

APPENDIX B (Code) 
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/* 

LilyPad Temperature Sensor Example 

SparkFun Electronics 

https://www.sparkfun.com/products/8777 

 

This code reads the input of the temperature sensor, converts it to Farenheit and Celsius 

and prints to the Serial Monitor. 

 

Temperature sensor connections: 

   * S tab to A3 

   * + tab to A5 (or +) 

   * - tab to - 

 

Follow the tutorial at: 

https://learn.sparkfun.com/tutorials/lilypad-temperature-sensor-hookup-guide 

 

This code is released under the MIT License (http://opensource.org/licenses/MIT) 

******************************************************************************

/ 

 

// Connect the S tab of the Temperature Sensor to A3 

// If using the LilyPad ProtoSnap Plus, change to A9 

int sensorPin = A0;  // temp sensor  

int lightPin = A1;  // light sensor  

 

// Variable to store raw temperature 

long rawTemp; 

 

// Variable to store voltage calculation 



81 

 

float voltage; 

 

// Variable to store Fahrenheit value 

float fahrenheit; 

 

// Variable to store Celsius value 

float celsius; 

int light; 

   

int LED1 =2; // yellow team 

int LED2 =3; // blue team  

int LED3 =4; // red team  

const int buttonPin = 5;     // button pin  

const int buttonPin2 = 10;   // button pin  

const int ledPin =  13;      // for debugging 

 

// variables that will change: 

int buttonState = 0;         // variable for reading the pushbutton status 

int count_value =0;          // count how many times the button is pressed  

int prestate =0;             // prestate for the button 

 

int buttonState2 = 0;         // variable for reading the pushbutton status 

int count_value2 =0;          // count how many times the button is pressed  

int prestate2 =0;             // prestate for the button 

 

//blynk app  

#define BLYNK_PRINT Serial1  // import app lib 
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#include <BlynkSimpleStream.h> // import app lib  

// You should get Auth Token in the Blynk App. 

// Go to the Project Settings (nut icon). 

char auth[] = "fSZ0OS_X23SQD-HCzzcXsXLTmiKSRhyN"; 

BlynkTimer timer; 

WidgetLCD lcd(V0);   // first lcd on app to show if it is night time 

WidgetLCD lcd2(V1);  // second lcd on app to show if it is day time 

WidgetLCD lcd3(V10); // for testing  

WidgetLED led1(V2);  // yellow  

WidgetLED led2(V3);  // blue  

WidgetLED led3(V4);  // red  

WidgetLED led4(V6);  // job 1  

WidgetLED led5(V7);  // job 2 

WidgetLED led6(V8);  // job 3 

int checklcd1 =1;    // check led to send to app 

int checklcd2 =1;    // check led to send to app 

int checklcd3 =1;    // check led to send to app 

 

void setup() 

{ 

    // Set the temperature sensor pin as an INPUT: 

    pinMode(8, OUTPUT); // buzzer 

    pinMode(7, OUTPUT); // night light  

    pinMode(sensorPin, INPUT); // temp pin is an input  

    pinMode(lightPin, INPUT);  // light pin is in input 

    pinMode(LED1,OUTPUT);  // led in is output pin  
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    pinMode(LED2,OUTPUT);  // led in is output pin 

    pinMode(LED3,OUTPUT); // led in is output pin 

    pinMode(buttonPin,INPUT_PULLUP); // push button with pullup resistor  

    pinMode(buttonPin2,INPUT_PULLUP); // push button with pullup resistor  

    pinMode(9,INPUT_PULLUP); // push button with pullup resistor  

    digitalWrite(LED1,LOW);  // set led pin to low   

    digitalWrite(LED2,LOW);  // set led pin to low  

    digitalWrite(LED3,LOW);  // set led pin to low  

 

  digitalWrite(8,LOW);  // buzzer starts off 

   digitalWrite(7,LOW); // night light starts off 

 

  // Set pin A5 to use as a power pin for the light sensor 

  // If using the LilyPad Development Board or the + tab for power, comment out these lines of 

code 

  pinMode(A5, OUTPUT); 

  digitalWrite(A5, HIGH); 

 

  // Initialize Serial, set the baud rate to 9600 bps. 

  Serial.begin(19200); 

 

  // blynk app  

  Serial1.begin(9600); 

 

  // Blynk will work through Serial 

  // Do not read or write this serial manually in your sketch 

  Serial.begin(9600); 

  Blynk.begin(Serial, auth); 
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  timer.setInterval(1000L, myTimerEvent); 

  // timer.setInterval(1100L, blinkLedWidget); 

} 

 

void myTimerEvent() 

{ 

    // You can send any value at any time. 

    // Please don't send more than 10 values per second. 

    rawTemp = analogRead(sensorPin); 

 

    // Calculate the voltage, based on that value. 

    // Multiply by maximum voltage (3.3V) and divide by maximum ADC value (1023). 

    // If you plan on using this with a LilyPad Simple Arduino on USB power, change to 4.2 

    voltage = rawTemp * (3.3 / 1023.0); 

    // Serial.print("Voltage: ");  

    // Print voltage reading to serial monitor 

    // Serial.println(voltage); 

     

    // Calculate the celsius temperature, based on that voltage.. 

    celsius = (voltage - 0.5) * 100; 

     

    // Use a common equation to convert celsius to Fahrenheit. F = C*9/5 + 32. 

    fahrenheit = (celsius * 9.0 / 5.0) + 32.0; 

   

    Blynk.virtualWrite(V5, fahrenheit); 

} 
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void loop() 

{ 

    buttonState = digitalRead(buttonPin); 

 

    // check if the pushbutton is pressed. If it is, then the buttonState is HIGH: 

    if (buttonState == LOW && prestate == 0) { 

        count_value++; 

        // Serial.println(count_value); 

        // turn LED on 

        digitalWrite(ledPin, HIGH); 

        delay(100); 

        // turn LED off 

        digitalWrite(ledPin, LOW); 

     

        prestate = 1; 

    } else if(buttonState == HIGH) { 

        prestate = 0; 

    } 

 

    if(count_value>3) 

    { 

        count_value =0; 

        led1.off(); 

        led2.off(); 

        led3.off(); 
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    } 

   

    if(count_value == 1) 

    { 

        led1.on(); 

        digitalWrite(LED1,HIGH); 

        //lcd3.print(0, 0, "Woker is in team:");  

        //use: (position X: 0-15, position Y: 0-1, "Message you want to print") 

        //lcd3.print(4, 1, "Yellow"); 

    } 

    else 

    { 

        led1.off(); 

        digitalWrite(LED1,LOW); 

    } 

       

    if(count_value == 2) 

    { 

        led2.on(); 

        digitalWrite(LED2,HIGH); 

        //lcd3.print(0, 0, "Woker is in team:");  

        //use: (position X: 0-15, position Y: 0-1, "Message you want to print") 

        //lcd3.print(4, 1, "Blue"); 

    } 

    else 
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    { 

        led2.off(); 

        digitalWrite(LED2,LOW); 

    } 

   

    if(count_value == 3) 

    { 

        led3.on(); 

        digitalWrite(LED3,HIGH); 

        //lcd3.print(0, 0, "Worker is in team:");  

        //use: (position X: 0-15, position Y: 0-1, "Message you want to print") 

        //lcd3.print(4, 1, "Red"); 

    } 

    else 

    { 

        led3.off(); 

        digitalWrite(LED3,LOW); 

    } 

 

    buttonState2 = digitalRead(buttonPin2); 

     

    // check if the pushbutton is pressed. If it is, then the buttonState is HIGH: 

    if (buttonState2 == LOW && prestate2 == 0) { 

        count_value2++; 

        // Serial.println(count_value2); 

        // turn LED on 



88 

 

        prestate2 = 1; 

    } else if(buttonState2 == HIGH) { 

        prestate2 = 0; 

    } 

 

    if(count_value2>3) 

    { 

        count_value2 =0; 

        led4.off(); 

        led5.off(); 

        led6.off(); 

    } 

     

    if(count_value2 == 1) 

    { 

        led4.on(); 

        digitalWrite(LED1,HIGH); 

    } 

 

    if(count_value2 == 2) 

    { 

        led5.on(); 

    } 

 

    if(count_value2 == 3) 

    { 
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        led6.on(); 

    } 

 

    if(digitalRead(9) == 0) 

    { 

        lcd3.print(2,0,"Worker is in"); 

        lcd3.print(2,1,"Danger !"); 

        digitalWrite(8,HIGH); 

        delay(10000); 

    } 

    else 

    { 

        digitalWrite(8,LOW); 

        lcd3.clear(); 

    } 

 

    // Serial.print("Fahrenheit: "); // Print Fahrenheit temp to serial monitor 

    // Serial.println(fahrenheit);  

    // Print a blank line 

    // Serial.print("Celsius: "); // Print celcius temp to serial monitor 

    // Serial.println(fahrenheit); 

 

    light = analogRead(lightPin); 

 

    if(light<10) 

    { 

        lcd2.clear(); // Use it to clear the LCD Widget 
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        digitalWrite(7,HIGH); 

        lcd.print(4, 0, "It is"); // use: (position X: 0-15, position Y: 0-1, "Message you want to 

print") 

        lcd.print(4, 1, "Night Time"); 

    } 

      else 

    { 

        lcd.clear(); 

        digitalWrite(7,LOW); 

        lcd2.print(4, 0, "It is"); // use: (position X: 0-15, position Y: 0-1, "Message you want to 

print") 

        lcd2.print(4, 1, "Day Time");     

    } 

   

    // Wait 1 second between readings 

    Blynk.run(); 

    timer.run(); // Initiates BlynkTimer 

} 
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