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Abstract: 
 

With the glass facades of modern skyscrapers, a task as simple as window cleaning has 

become risky. With so many windows, it has become both time and money consuming to hire 

human workers to do these types of jobs. Considering all these factors, a very serious question 

comes up. We already have robot vacuum cleaners keeping our floors clean, so why are we not 

using a flying robot to carry out the window cleaning and forever rid people of the stress, danger, 

and boredom of it? 

The motivation behind this project is to create an alternative to endangering human lives 

and designing a better solution and way to carry out the cleaning job. SkyBot is equipped with 

power, water, and cleaning supplies that are designed to work together so that the cleaning is 

carried out efficiently and effectively in a timely manner. 
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1. Introduction 

Technology advancements in today’s world provided researches with opportunities to explore 

and discover new technologies that can be used to assist humans or even replace them entirely. 

Today’s world is dominated by technology where technology is being used to even carry out the 

most tedious tasks. So why not utilize technology to do tasks where human lives are threatened 

such as cleaning the windows of huge towers (skyscrapers). Our project is devoted for the use of 

drones (robots) to replace workers in the cleaning process. The main target is to design a drone 

that can clean glass windows efficiently and rapidly. This chapter will discuss the main problem 

our project is trying to solve, and the project’s goals, objectives, and SWOT analysis. In addition 

to the inspiration behind the project's idea and its evolution.  

 

1.1 Problem Statement 

City living is growing at very high rates which calls for adaptation to fit this growth. So, cities 

will either need to expand horizontally so that they cover a bigger area, or they can grow vertically 

by building more skyscrapers (which is the case in today’s world). Glass, tall towers are one of the 

great symbols of the modern age. Most, if not all skyscrapers are composed of glass which raises 

the thought of ‘how is this glass cleaned’. When it comes to the tallest skyscraper that exists today 

which is Burj Khalifa in Dubai, it will take a team of 36 window cleaners three months to wash 

the 2,717-foot building [1]. This is both time consuming and dangerous for human workers. Our 

project focuses on these two problems and tries to solve them by creating a drone that cleans 

skyscrapers both safely and faster than human workers can. 

 

1.2 Solution  

Using our project (SkyBot), will make the job easier, safer, and cut costs spent on workers and 

insurance. Our drone will transform how the job is done, and enable companies to save time, 

improve safety, and cut costs all at the same time. Skyscraper windows will be cleaned safely in a 

reasonable amount of time. By using our project, workers will no longer face the threat of falling 

off skyscrapers and companies will no longer worry about losing a worker’s life and having to pay 

for life insurance. The drone is equipped with safety cables that secure the top of the building to 

prevent it from falling in case all rotors fail. That way it won’t fall and cause injuries below. 
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1.3 Goals 

By the end of Senior Capstone Design, the following goals are expected to be met: 

• To design a drone that uses steam to clean skyscraper glass windows. 

• To design a drone that is powered mainly by a cable.  

• To design a drone that is controlled manually via a controller.  

• To design a drone that can adapt to any skyscraper shape.  

• To design a drone that cleans skyscraper glass windows better than humans can.  

• To design a drone that can adapt to sudden temporary weather changes.    

 

1.4 Objectives 

By the end of Senior Capstone Design, the following objectives are expected to be 

accomplished: 

• To implement a complete Window Washing Drone.  

• To test and verify that the project reacts in real-time with appropriate delay. 

• To implement and design a prototype that can be stabilized and controlled to do the 

cleaning job required. 

• Testing and prototyping many different electrical devices such as micro-controller, 

motors, PV cells.  

 

1.5 Idea Evolution  

Since our team consists of two electrical engineers and two computer engineers, we wanted an 

idea that combines both electrical and computer engineering aspects in a way that will interest all 

team members. So, while searching for ideas, we came across a video online about a company that 

decided to make a window washing drone. Nevertheless, we found that the drone had some aspects 

that if changed, the drone will become a better and improved version of the existing version. And 

since we live in Kuwait (middle east) where its mostly cities filled with huge towers, we thought 

that Kuwait needs a similar invention that would aid the cleaning industry. And since this idea has 

not been implemented in the gulf region yet, we thought that it would be a good idea to create a 

new improved drone that will make a frequent needed job easier and faster. This project is both 

challenging and unique in a way that satisfies all team members curiosity and ambitions. Each 
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member of the team has a unique set of skills that complement each other and will be proven viable 

to this type of project. The flexibility of this project regarding cleaning or power aspects draws the 

creative side of each team member. 

 

1.6 SWOT Analysis 

The SWOT analysis shown in Table 1.1 was done for the team members. It identifies the 

members' strengths, weaknesses, opportunities and threats 

Table 1.1: SWOT analysis of the team. 

Strength Weakness 

• Each team member has a different, unique 

perspective that overcomes problems easily. 

• Ability to abide by required tasks and adhere 

to meeting times.  

• Team’s dedication and passion towards the 

project 

• Limited knowledge on certain electrical 

components that will be used. 

•  Limited knowledge of various 

computer/electrical components that could be 

use 

Opportunities Threats 

• Participating in events and official 

conferences. 

• Develop a sense of responsibility and new 

skills. 

• Conflict when testing different 

implementations.  

• Balancing different views of project 

application.  

• Ability to deliver the project in timely manner 

could be interfered by external obligations.  

 

The SWOT analysis shown in Table 1.2 identifies the projects strengths, weaknesses, 

opportunities and threats. This technique could summarize to both readers and team members 

the focus of this project and the SWOT factors that could be encountered. 
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Table 1.2: SWOT analysis of the project. 

Strength Weakness 

• Kuwait is a location filled with skyscrapers 

that needs cleaning so it’s a beneficial idea 

for a startup business (A cleaning service 

provider). 

• Satisfies the world’s demand for everything 

easy, fast and cost-efficient technology. 

• Cancels out the threat put on workers who do 

the job manually by dangling off towers. 

 

• Lack of information on online databases.  

• Not enough funding received from sponsors. 

• Might face a difficulty in implementation phase, 

with failure of some components.  

• Unpredictability of how the drone might act in 

case of un-predicted weather conditions. 

• Drone cannot keep running for a long period of 

time. 

Opportunities Threats 

• A new idea in the market with very few 

similar projects. 

• Project can be developed with more useful 

idea in the future. 

• Tweaking certain capabilities could create an 

entirely different purpose for the project. 

• Can be sold to many cleaning business 

companies. 

• Prototype functionality might not match the 

concept of the project. 

• Lack of availability of some of the electrical 

components in the local market. 

 

 

 

1.7 Conclusion 

This chapter highlighted the significance and quality of the idea being developed by explaining 

the problem our project is trying to solve. The proposed solution was clearly explained through 

the goals and objectives of the project. A SWOT analysis of the implementation of the project as 

well as the team members was provided in this chapter. A review of many implemented ideas that 

intended to satisfy people’s want and to solve any other problem will be presented in the next 

chapter. 
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2. Literature Review 

Literature review describes how our proposed research is related to previous research. It shows 

the originality and relevance of the proposed research problem. The review contains a summary, 

description, evaluation and clarification of the literature. It should contain a theoretical part of the 

research. This chapter focuses on drone applications in general and robots used for cleaning 

windows and how these applications inspired our improved and enhanced application. Each project 

will be summarized in detail where components and the designed implementations will be 

discussed. The chapter is divided to two parts:  literature survey, and the comparison between 

surveyed projects. 

 

2.1 Background and Introduction: 

Drones and Robots have been the talk of day for quite some time. Depending on your sources 

of information, you might have heard that they are weapons for war, a threat to personal privacy, 

they are used in spying, a revolutionary leap in video technology, or hazardous toys that can chop 

your fingers off. But with every change, comes refusal, and just like every innovation that tries to 

peek its way through the world has its pros and cons, the world will witness how drones will soon 

affect our everyday lives in numerous useful ways. People are already using them to deliver fast 

food, in agriculture to water the crops, and improve the productivity of farms. Below is a list of 

projects reviewed that are similar or has contributed to the development of our project: 

1. Windoro Robot 

2. Automatic Window Washer 

3. Portable Autonomous Window Cleaning Robot 

4. Farmer Friendly Drone 

5. FREYR Drone 

6. Ambulance Drone Support System (ADSS) 

7. Ambulance Drone 

8. Aerones Wind turbine de-icing drone 

9. Glass-curtain wall cleaning robot 

10. Ecoppia E4 Solar Panel Cleaning robot 

11. Drone Ambulance 

12. Autonomous Quadcopter for Surveillance and Monitoring  
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2.2 Surveyed Projects 

 

2.2.1 Windoro Robot  

 

The Windoro robot shown in Figure 2.1 was created by a company called Ilshim Global from 

South Korea and was developed with assistance from the Pohang Institute of Intelligent Robotics, 

PIRO [2]. 

 

Figure 2.1: Showing the Windoro Robot [2]  

 

The machine measures about 20 centimeters on a side and weighs in at 2.7 kilograms. It 

was designed to clean windows at homes and stores and not skyscrapers. Windoro relies on 

neodymium magnets (Neodymium is mixed metal which can be used to create powerful magnets. 

Neodymium magnets are the strongest known relative to their mass, with even small magnets able 

to support thousands of times their own weight). These magnets are used to pull the two modules 

on either side of the window together with enough force to allow it to stay vertical. The researchers 

chose this method instead of vacuum power because they found it wasn’t as safe or reliable and 

would always require the vacuum to be on just to keep the robot in place. 

With the magnets, the robot will stay on a window from 10 - 25mm thick, even when 

powered down. Windoro uses distance measuring sensors, altitude determination and collision 

detection to stay on track. One of the robot's two modules works as the navigation unit. It uses 

accelerometers to navigate and bump sensors to detect obstacles and window frames. The other 
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module is the cleaning unit, which has four spinning microfiber pads and a reservoir that dispenses 

detergent. These parts are shown in Figure 2.2. 

 

Figure 2.2: Commercial Windoro parts before assembly including the microfiber pads mentioned [3]  

 

The robot first moves up and down and left and right to determine the dimensions of the 

window. It then follows a zigzag pattern to cover the entire surface and returning to the starting 

point when it's finished. One battery charge lasts about 2 hours, and the robot can clean a surface 

of up to 12 square meters. The robot took approx. US$258,500 to develop. 

 

2.2.2 Automatic Window Washer  

The Automatic Window washer was created to clean windows through a simple magnetic 

attachment of a squeegee device to the exterior and interior portions of a window. The prototype 

can be shown in Figure 2.3 and the system structure can be seen in Figure 2.4. The system includes 

a temperature sensor and a clock circuit, where the temperature and the time are displayed on the 

screen of the device. The system automatically determines if it is raining and washes windows 

after rain [4]. 
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Figure 2.3: Automatic window washer prototype [4] 

 

 

Figure 2.4: Automatic window washer system structure [4] 

 

 The system shown in Figure 2.4 uses a stepper motor with an operating voltage of 5 V to 

24 V, and current is 1.2 A to 6 A. The motor is approximately 56 mm (length) x 56 mm (width) x 



 
24 

 

87 mm (height) in size. The system uses a plastic squeegee to clean glass where the base of the 

squeegee includes magnets and driving belts with magnets that attach through window glass. When 

the driving belts move up and down as the motor turns, the attached squeegee moves in a similar 

manner and removes dirt from glass. When the automatic window washer is activated, its screen 

displays time, temperature, function buttons, and outdoor weather. When the sensor detects 

raindrops, the washer screen indicates that it may be raining. When a certain amount of rain 

accumulates, it triggers the rain level sensor, and the screen confirms that it is raining. After the 

water level alarm is triggered, the trigger signal by the water level and raindrop sensor stops when 

rain has stopped. Then, the automatic window washer begins its glass cleaning function. 

 

2.2.3 Portable Autonomous Window Cleaning Robot  

The portable autonomous window cleaning robot uses four suction cups to climb windows and 

wipes the surface simultaneously with a rotational wiper. The robot can take steps, (move along 

the window panel), by alternatively releasing and pneumatically powering these two groups of 

vacuum cups and at the same time turning the body using specially designed belts and pulley 

system [5]. 

 

Figure 2.5: The developed Portable Autonomous Window Cleaning Robot [5] 

 

The robot which can be seen in Figure 2.5 is a compact 37x18 cm rectangular device 

weighing about 3.5 kg which is able to move around the window and clean the glass with its soaked 

in detergent sponges. It sticks to the window glass with 8 vacuum cups separated into two groups 

of 4 pneumatically connected cups. The internal components are shown in Figure 2.6. 
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Figure 2.6: Internal Components of the portable autonomous window cleaning robot [5] 

 

This robot is operated by a single electrical motor and system of suctions cups. The single motor 

can advance the robot body in a preprogrammed swinging pattern on the plane of the window pane 

and simultaneously clean the window with the sponges attached to the swinging robot body. It can 

be operated in automatic and manual mode where the manual mode is a backup in case the 

automatic mode stopped functioning. This robot can clean both office or home windows, and high-

rise buildings. 

 

2.2.4 Farmer Friendly Drone  

The Farmer Friendly Drone is a quad copter. Quad copters generally use two pairs of identical 

fixed pitched propellers; two clockwise (CW) and two counter clockwise (CCW). These use 

independent variation of the speed of each rotor to achieve control [6]. The architectural diagram 

of the spraying drone is shown in Figure 2.7 where 4 ESC (Electronic Speed Control) circuits can 

be seen, as well as the microprocessor used (Arduino UNO). 
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Figure 2.7: Architectural diagram of the Farmer Friendly Drone [6] 

 

This Farmer friendly drone has the following specifications: Is a Quad-copter, Uses 4 propellers, 

4 drone motors, 4 ESC, an arduino UNO, Gyroscope, Battery-11.1V, USB cable, Pump motor, 

Radio Frequency 4-Channel Board and Remote. Figure 2.8 shows the sequence diagram of the 

entire project and the order of which each certain specification works. 

  

Figure 2.8: Sequence diagram of the farmer friendly drone [6] 
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2.2.5 Freyr drone  

This pesticide/fertilizer spraying drone is a Quad-copter controlled by an android app 

interfaced with the Freyr drone. For the user to use this drone, it must be connected to WIFI in an 

android based mobile. This machine uses a LiPo rechargeable battery that is connected to run the 

motors. The microprocessor used is an Arduino MEGA which is interfaced with the android app. 

The prototype for the Freyr drone can be seen in Figure 2.9. In addition to being controlled with 

the android app interfaced to the Arduino board, it is also controlled by GPS, accelerometer, wifi 

module, gyroscope, and a wireless camera that can transmit and receive. The downward airflow 

generated is the propellers lifts the drone, moves forward and helps in spraying the 

fertilizers/pesticides [7].   

 

 

Figure 2.9: FREYR drone prototype [7] 

 

2.2.6  Ambulance Drone Support System (ADSS)  

This drone shown in Figure 2.10 is designed to rescue people who are having emergency cases 

of Asphyxia. Asphyxiation is a condition of severe deficiency of oxygen to the body that arises 

from the abnormal breathing. In certain cases, the body needs an immediate oxygen supply which 

means that even first aid measures are not enough. Therefore, the ambulance drone support system 

is very important because it can reach the patient at a shout time. Other than that, this drone carries 
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an oxygen cylinder that can hold a lot of oxygen supply to support the patient until the ambulance 

arrives. There are different types of oxygen cylinders with different size, weight, capacity and 

height.  These are the components were used in this drone:  [8] 

• Brushless Direct Current (BLDC) motors  

• Electronic speed controls  

• Fiber glass propellers  

• GoPro camera with gimbal  

• 8000mAh battery  

• A 6-channel Transmitter (Tx) & Receiver (Rx)  

• Flight control system (KK2.1), and GPS system 

 

Figure 2.10: Quad-copter configuration [8] 

 

2.2.7  Ambulance Drone  

The drone that used is the F550 hexocopter. The drone can fly up to 30 minutes and it will be 

supplied with a GPS. Providing the drone with the location will be through a mobile application 

that will be built to meet certain requirements. The drone used for this project can be seen in Figure 

2.11. When an emergency happened at a certain place, the person who is sitting beside the patient 

will only have to download the application and press the button 'Emergency' which is found in the 

application. After that, the location coordinates of the emergency will be sent to the server. Then, 

the server will hold the coordinates and then send them to the station. The station will get the 

coordinates from the server and it will be updated by the coordinates every five seconds from the 
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server, in case the patient place is changed. In the station, there will be a database which will 

contain all the information about all people who live within the country. This information is the 

number of the patient, the address, and the email address. This information is stored in the database 

in case the emergency is very dangerous and the doctor in the hospital want to talk to the person 

setting beside him to tell him what to do until the drone is arrived. The station will be able to 

determine which drone is the nearest to the patient and after that the coordinates will be sent to 

that drone to try to save the patient life [9]. 

 

 

Figure 2.11: DJI F550 Hexocopter.Drone [9] 

 

2.2.8  Aerones Wind turbine de-icing drone  

The aim of this drone was to design and develop safer and faster method to be an alternative 

method replacing the human workers having to climb the wind turbines in the extreme cold 

weather for de-icing. Therefore, a tethered drone was the preferred design. This drone is shown in 

Figure 2.12 [10] 

 
Figure 2.12: Aerones Drone system breakdown [10] 
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The main component of the system is a square shaped frame that is equipped with up to 36 

propellers. The maximum height that it can fly tethered is between 350 and 400 meters. When it’s 

connected with the pump system and under load, the maximum height is 200 meters. Aerones 

drone is designed with the following systems:  

1- Propellers: propellers are made from carbon fiber.  

2- Sensor: on board there are 2 accelerometers, 5 gyroscopes for precise angle determination. 

There are no magnetometer or GPS installed because these sensors can be jammed making 

the system hack able and unstable.  

3- Controllers: There is two redundant controllers installed, one being a back up to the main 

controller. The flight controller gets input from all the other components and on-board 

sensors. It is responsible for regulating motor speeds; provide steering, and controls 

cameras, autopilot, and other autonomous parameters. 

4- Parachutes: there are three parachutes installed on board that are activated immediately in 

case the drone free falls. It takes only 5 meters to set up the parachute, so there is a high 

possibility to save the system in case of emergency.  

5- Redundancy: There are 16 plug batteries thus the system tends to be without a single point 

of failure. Control redundant signal is provided via a cable, which is not jam-able. If the 

signal is lost the drone is controlled with a Radio Frequency remote control unit.  

6- Tethered system: the drone is connected to the ground with an electricity cable that 

provides power for as much as needed. In case there is a connection problem to the power 

unit, the drone can fly with the on-board batteries for up to 20 minutes. The tether affects 

the thrust capability. The cable weight and resistance also affect flight height.  

7- Cameras: there are thermal and RGB (Red, Green, Blue) cameras installed for hotspot 

identification and to facilitate the operator’s vision to aid piloting.  

8- Radar: increases the awareness of surroundings and ability to avoid obstacles even in thick 

smoke or fog.  

In the operation mode the drone is connected to a trailer on the ground that has a takeoff 

and landing platform. At the base there is also the pumping equipment that includes the pump, 

diesel generator and a grid connection. The Aerones drone can be connected directly to the wind 

turbine for electricity needs. Drone operations architecture is shown in Figure 2.13. 
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Figure 2.13: Aerones Drone operations [10] 

 

2.2.9  Glass Curtain Wall Cleaning Robot   

The cleaning robot designed uses the thrust generated by the rotation of four propellers to 

make the robot adsorb to the wall for cleaning. In terms of movement, the robot itself does not 

have walking mechanism, and the movement is finished by an auxiliary movement mechanism 

installed at the top of the building, the body of the robot is linked to it with a steel cable, and the 

auxiliary movement mechanism itself can move horizontally. The up-and-down movement of the 

cleaning robot is realized by the retracting of the wire rope, and the lateral movement of the 

auxiliary movement mechanism realizes the left-right movement. The overall structure of the 

system is shown in Figure 2.14 [11]. 
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Figure 2.14: The overall structure of the Glass Curtain Wall Cleaning Robot system [11]] 

 

The cleaning executive structure of the robot is composed of a roller brush and two flexible 

scrapers. The robot relies on the rolling friction between the roller brush driven by brushless DC 

motor and the glass wall to clean the stain. And the three - dimensional model of the cleaning robot 

is shown in Figure 2.15. 

 

Figure 2.15: The 3D model of the Glass Curtain Wall Cleaning Robot [11] 

 

2.2.10  Ecoppia E4 Solar Panel Cleaning Robot  

Ecoppia E4 robot shown in Figure 2.16, is a robot for fixed tilt solar power installations. 

Since it is very important to keep solar panels clean so that it can produce a lot of energy, and we 

do not see humans going up the panels to clean them, this robot cleans up to 1,200 modules in a 



 
33 

 

single nightly operation. Instead of wasting water for cleaning, this robot uses soft microfiber and 

controlled airflow which helps with moving the dust particles downwards and off the panels. This 

robot can keep the panels clean even in the harshest dessert conditions [12]. 

 

 

Figure 2.16: Ecoppia E4 robot [12] 

 

This robot moves along a firm aluminum frame using wheels that are coated with certain 

material which ensures the robot’s safe movement along the panels and no harm will happen. Each 

robot is powered by 5 electric motors which is subdivided into 2 motors that drive the horizontal 

way, two moving in a vertical way and one motor that operates the microfiber element. Since it is 

important to maintain a smooth movement along the solar panels, this robot ensures that by using 

a sophisticated winch system with two flexible coated silicon rubber wires that operate angularly 

from opposite sides of the winch cylinder to the center point of the microfiber cylinder frame. This 

robot maintains fast cleaning in the biggest amount of space possible. It cleans 54 square foot every 

30 seconds [12]. 

 

2.2.11  Drone Ambulance  

 The Drone Ambulance is a quadcopter drone designed to provide additional help for 

ambulances and paramedics in order to make their jobs more efficient. The drone is proposed to 

reach the located site as a first-response unit and measure patient’s real-time health parameters. 

The drone is equipped with a medical box that consist of sensors, such as temperature sensor, 

electro-cardio-gram (ECG) sensor, and heartbeat sensor. The data from the sensors are collected 
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through Zigbee technology, and then displayed to the receiver-end through a LabVIEW software. 

In Figures (2.17) and (2.18), the system block diagram of transmitter and receiver are shown, 

respectively [13]. 

 

Figure 2.17: Block diagram of transmitter for Drone Ambulance [13]  

  

Figure 2.18: Block diagram of receiver for Drone Ambulance [13] 

Components for the quadcopter fabrication are: Aluminum rails, four brushless DC motors 

(BLDC), four propellers, LiPo battery, Electronic Speed Controller (ESC) with input DC voltage of 6-

16.8V, Flight stabilizer kk2.1 board, remote with 6 channels of 2.4GHz. Also, other components, sensors, 

and software for the model are: Arduino Uno microcontroller, ECG sensor, heartbeat sensor, temperature 

sensor, LCD display, and LabVIEW software. In Figure 2.19, is the quadcopter model is shown [13]. 

 

 

Figure 2.19: Quadcopter model of the drone ambulance [13] 
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2.2.12  Autonomous Quadcopter for Surveillance and Monitoring  

The quadcopter, Figure 2.20, is designed to survey and monitor desired areas through aerial 

photography. In Figure 2.21, the block diagram for the working principle of the quadcopter is 

shown [14]. 

 

 

Figure 2.20: The Autonomous for Surveillance and Monitoring quadcopter [14] 

 

 

Figure 2.21: Working principle of Surveillance drone [14] 

 

The hardware design consists of: 4 brushless motors operated between 7.4-14.8 volts, 4 

propellers, 3-cell Li-Po battery, 4 electronic speed controllers (ESC), and APM 2.8 flight controller 

board [14]. 
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2.3 Comparative Table 

Table 2.1: Comparative table 

Project 

Name 

Implementation/Features Weight Battery  Micro-

controller 

Propellers Motors 

Windoro 

Robot 

• Uses accelerometers  

• Has 4 spinning microfiber pads  

• Distance, bump, altitude, and collision 

sensors 

• Cleans 8 centimeters/sec 

2.7 Kg 2 hours - - - 

Autom-tic 

Window 

Washer 

• Temperature sensor  

• Rain detection 

 

- - - - Stepper 

motor 

Portable 

Autonomous 

Window 

Cleaning 

Robot 

• Uses suction cups to climb 

• Detergent sponges 

• Both Autonomous and Manual operation 

 

3.5 Kg  

 

- - - - 

Farmer 

Friendly 

Drone 

• Sprays pesticides through a nozzle - 11.1 V Arduino 

UNO 

4 propellers 

(20 cm) 

4 drone 

motors, 

1 pump 

motor 

FREYR 

DRONE 

• WIFI module, gyroscope, GPS, 

accelerometer, magnetometer, wireless 

camera 

- LiPo Arduino 

MEGA 

2560 

4 propellers Servo 

motors 

ADDS • Go Pro camera 

• Flight time 15 min 

• GPS System 

2.346 Kg 8000 

mAh  

- Fiber glass 

propellers 

(BLDC) 

motors 

Ambulance 

Drone 

• DJI F550 Hexocoopter 

• 20-30 Minutes flight time 

• Pix Hawk flight controller 

- Zippy 

Compac

t 6200  

NAZA-M 

LITE  

4 propellers 6 

motors 

Aerones 

Wind 

Turbine De-

icing Drone 

• Uses 2 accelerometers 

• 5 Gyroscope  

• 3 parachutes 

• Thermal and RGB cameras. 

• Radar 

- Up to 

20 

minutes 

2 redundant 

controllers 

36 propellers 28/36 

motors 

Glass-

Curtain 

Wall-

Cleaning 

Robot 

• Electronic governor 

• Flexible scraper 

• Roller brush 

• Ultrasonic sensor 

 

- - - 4 propellers BLDC 
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2.4 Conclusion 

This chapter summarized a study of different projects that were implemented to be used for 

purposes similar to our project. A total of 12 similar projects were surveyed, most of which were 

not exactly like ours. The reason for that is because this idea was not implemented by many 

engineers as we can notice. Therefore, information was quite challenging to acquire from these 

projects. Nevertheless, the conducted literature review will help in the development of our project 

by aiding the team members see attempted solutions to possible arising problems as well as seeing 

what is missing in other projects that we can add to our project in order to make it a better version 

of the similar previously made projects. Therefore, the literature review serves as a key to 

developing a highly effective solution. The next chapter will help us see the features, components 

needed, and the design of tangible media. 

 

 

 

Ecoppia E4 

Solar Panel 

Cleaning 

Robot 

• Uses microfiber instead of water 

• Eco-friendly. 

- Uses 

solar 

power 

 

- - - 

Drone 

Ambulance 

• ESC sensor 

• Temperature sensor  

• Zigbee technology 

- LiPo 

battery 

Arduino 

UNO 

4 propellers 4 

BLDC 

motors 

Autonomous 

Quadcopter 

for 

surveillance 

and 

monitoring 

• Camera 

• GPS 

• 4 ESC 

• APM 2.8 flight controller board 

- LiPo 

battery 

Arduino 

UNO 

4 propellers BLDC 

 

Skybot • GoPro Camera (live streaming) 

• Uses a power washer 

• Soap and Water are used to clean 

• Flight time: 15 - 20 minutes 

 

Carries up to 11 

Kg 

LiPo 

battery 

– 

22,000 

mAh 

- 8 propellers 3 servo 

motors 
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3. Design and Analysis 
 

As there are uncountable ways to design a cleaning drone, this chapter will discuss the main 

proposed design ideas that will explain the main components used for this project, the system 

architecture, including a detailed explanation on the importance of each component and a 

comparison between different types and why some components were chosen instead of others.  

The decisions taken regarding each component is stated and justified right after the analysis of its 

possible alternatives.  

 

3.1  Proposed Design 
 

After reviewing different projects and components, we knew that we needed a drone that keeps 

its stabilization, be able to handle heavy weights and sudden weather changes. And because most 

of the reviewed projects were robots, we could see that our project idea is very new, we had to do 

individual research about types of drones that lead us to types of drones that we compared between. 

And per that comparison, we found that the DJI S1000 drone is better to be used in our project for 

several reasons the most important one being that it is the most powerful DJI drone and it can carry 

heavy weights.  

None of the cleaning methods reviewed in chapter 2 seemed efficient or effective enough so 

we thought about numerous improvements to achieve the cleaning output we desired. Both a 

pressure washer and a steamer were thought about, including whether to connect a hose from 

ground to have an unlimited water supply or to have a tank attached to the drone.   

 

3.2  System Architecture 

 
System architecture is considered as a representation for our system. The architecture shows 

all the components which we are going to use in order to build our system. It also shows the 

relationship between the components, the data flow between the components, the interaction 

between the user and the system as a whole.   

The systems architecture for our drone which can be seen in Figure 3.1 can be explained as 

follows. The drone is manually controlled by a user from the ground through a controller. By using 

this controller, the user communicates with the receiver which is connected to the flight controller 

which in turn is connected to the drone. The communication between the controller and the receiver 

is done by a radio signal sent from the controller to the receiver. When the receiver receives the 
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required signal, it in turn send a D-bus signal to the flight controller and a PWM (Pulse wave 

modulation) signal to the desired servomotor. While, the flight controller sends a ‘speed request’ 

to the ESC (Electronic speed controller) to control the speed of the motors running the drone 

propellers. The ‘speed rate’ means that thee ESC does calculations and sends the calculated rate 

to the motor. A one-way communication also happens between the Gyroscope/flight controller and 

GPS/flight controller. The gyroscope acts as an electronic compass that balances the drone. While 

the GPS keeps sending coordinates to the flight controller of the exact location of the drone; this 

information will be needed when and if the drone is called to go home. A separate system is also 

setup for the purpose of video streaming. A camera connected to the drone live streams footage to 

the controller. The camera application is installed on a smart device and anything regarding the 

camera can be controlled by the user through that application. The battery that powers the drone 

is connected to the flight controller itself. 

 

Figure 3.1: Systems Architecture of SkyBot 

A D-bus signal was chosen as the way of communication between the receiver and the flight 

controller instead of a PWM signal in order to avoid unnecessary connections. This is because we 

have 6 channels that needs to be communication to the flight controller (pitch, yaw, raw, safety, 

home, landing gear activation), if we wanted to use a PWM signal, we would have 3 wires for each 

channel so a total of 18 wires. By using a D-bus signal which is a signal that allows communication 

between multiple processes that happen concurrently on the same machine; we only used 3 wires. 

The flow diagram of SkyBot can be seen in Figure 3.2. It summarizes the way SkyBot operates.  
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We first start the drone; the drone setup begins. It checks if it the GPS is working, if yes, it checks 

whether it’s receiving XYZ position coordinates, if  yes, checks if the ESC motor module is 

working, if yes, it checks whether the drone battery is charged, is yes, then a green light turns on 

which indicates that the flight controller is ready to receive. After that, the remote starts, and 

command are transmitted and received by the receiver. The receiver both communicates with the 

two parallel (separate) operations our drone does (Flying and Cleaning). To start flying, the 

receiver gets a signal from the controller, sends it to start the motors of the drone to start flying. 

Regarding the cleaning process, three important aspects are taken into consideration, soap, water, 

and air. Three different servomotors control each of them. The first servo motor is connected in a 

way such that it switches between water and soap as needed, so it basically acts like a valve. The 

second servomotor is connected to the high-pressure water gun to turn it on or off. While the third 

one is connected to the air blower to turn it on or off. If the user wants to use any of these, all they 

have to do is press a button in the controller, signal goes to receiver, if received successfully, 

communicated immediately to servomotors and turns either the high-pressure soap, or water on or 

off, or the blower on or off.  
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Figure 3.2: Flow Diagram of SkyBot 
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3.3 Components 
 

The list of components below is based on what was found from research on the most efficient 

and effective way to implement our project ‘SkyBot’. 

 

3.3.1 Drones 

 

Drones are known as unmanned aerial vehicles (UAVs). A drone is essentially a flying 

robot that can be remotely controlled through software-controlled instructions in their embedded 

systems, working alongside onboard sensors and GPS (Global Positioning System). 

 

3.3.1.1 DJI Phantom 2 Quadcopter  

 

The DJI Phantom 2 line of quadcopters shown in Figure 3.3 have LED lights placed under 

each of its four arms. Two of these lights shine red and are used to relay orientation. The other two 

lights can be red, yellow, or green, and blink to communicate operational information. Blinking 

red, for example, means that the Phantom is low on power, while alternating blinks of red and 

yellow means that the compass needs recalibration. But once the lights blink a steady green that 

means it is ready to fly. We did not choose this drone because it can easily be thrown off by wind 

[15]. 

 

 

Figure 3.3: DJI Phantom 2 Quadcopter [15] 
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3.3.1.2 DJI F550 Hexacopter  

 

     The drone shown in Figure 3.4 is the type of drone that has six propellers. These propellers are 

arranged in a circular shape above the main body of the Hexacopter. The body can to carry a 

camera, mike and features two legs shaped like skis. These two legs allow the drone to be stable 

while taking off and landing. The six propellers also give the drone more maneuverability than the 

quadcopter [16]. This drone can handle at least 1 kg of weight, it has a good safety according to 

smoother flight, better wind resistance and in case one of the motors died, it can still be 

controllable, and it can land as soon as possible.  

 

Figure 3.4: DJI F550 Hexacopter [16] 

 

3.3.1.3 Spreading wings DJI S1000  

 

The DJI S1000 shown in Figure 3.5 is an octocopter which means that the drone has eight 

functioning propellers powered by 8 motors. This means that this kind of a drone has more flying 

capability than both quadcopters and hexacopters, which means that it combines the flying speed, 

and maneuverability of quadcopters and hexacopters. The DJI S1000 drone has a large carrying 

capacity up to 11 Kg. All 8 arms and the framework are made from carbon fiber that makes it a 

very lightweight option with high structural stability and strength. With a 15-minute flight time, 

this gives an efficient performance, but if we need more, we can couple it with a DJI flight 

controller like A2. With arms that fold in to save space, the S1000 is built to be taken wherever 

we need to go. Then when you want to fly, you are ready to start shooting in just 5 minutes [17]. 
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Figure 3.5: DJI S1000 Octocopter [17] 

 

3.3.1.4 Selected Drone  

 The DJI S1000 was chosen for our project. Despite being the most expensive option, it is 

the most efficient, powerful and strong drone. It serves the purpose of our project perfectly as it 

can handle enough weight, harsh weather conditions and sufficient flight time.  

 

3.3.2 Flight Controllers 

 

A flight controller (a.k.a FC) is basically a circuit board with sensors that detects orientation 

changes of the drone. It also receives user commands and controls the motors in order to keep the 

drone in the air. Most flight controllers have basic sensors such as Gyroscopes and Accelerometer. 

Some FC might include more advanced sensors such as Barometer (barometric pressure sensors) 

and magnetometer (compass). Flight controller is also a hub for many other peripherals, such as 

GPS, LED, Sonar sensor etc. 

 

3.3.2.1 Pixhawk Autopilot flight controller  
 

Pixhawk flight controller which can be seen in Figure 3.6 is one of the high-performance 

autopilot-on-module. It is suitable for multi rotors, fixed wing, helicopters, boats, cars and any 

robotic platform that moves [18].  
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Figure 3.6: Pixhawk Autopilot flight controller [18] 

 

3.3.2.2 NAZA - M LITE flight controller  

         

 The NAZA – M LITE flight controller which can be seen in Figure 3.7 has a main 

Controller (MC) which is the brain of the system, it communicates with all ESCs and RC 

transmitter to carry out the autopilot functionality. It has a built in Inertial Measurement Unit 

(IMU) that consists of one accelerometer, one gyroscope and a barometer for sensing the attitude 

and altitude [19]. 

 

Figure 3.7: NAZA-M LITE flight controller [19] 

 

3.3.2.3 APM flight controller  
     

  The APM flight controller shown in Figure 3.8 is used to control wing planes, RC cars 

and multi-copters. It has high accuracy GPS, and the functionality of return to home. It is easy to 

setup yet expensive to purchase, but it does come with a barometric pressure sensor, a 

magnetometer, an accelerometer and a GPS [20]. 
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Figure 3.8: APM flight controller [20] 

 

3.3.2.4 Wookong-M flight controller (WK-M)  

  

DJI Wookong Multi-Rotor stabilization controller shown in Figure 3.9 is a complete flight 

system for all multi-rotor platforms (also available for helicopters). WK-M allows the use of 

regular ESC commonly used in RC helicopters without any wiring modification. It also utilizes 

high quality components precisely calibrated with temperature compensation in all gyroscopes and 

sensors. Altitude mode maintains precise altitude hold for indoor flight while GPS mode provides 

great position hold outdoor.  External LED flight mode indicator light can easily be observed by 

pilots under any condition. The system is easy to install with user friendly software allowing online 

firmware and software upgrade [21]. 

 

 

Figure 3.9: WK-M flight controller [21] 
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3.3.2.5 A2 Flight controller  

 

DJI A2 multi-rotor stabilization controller shown in Figure 3.10 is a complete flight control 

system for various multi-rotor platforms, for commercial and industrial AP applications. It allows 

for precise positioning and perfect flight control in harsh environments. It has high-performance 

antenna, low noise anti-interference RF design, accurate position and speed calculating. All these 

features make the positioning performance of the GPS Pro nearly perfect; the IMU (Inertial 

measurement unit) can provide stable output even in high vibration and large movement 

environments because of the high accuracy performance, large measuring range, a unique damping 

design and calibration algorithm. The built-in receiver system directly supports the popular 

transmitters, and it also supports a variety of external receivers. The A2 has a full metal case design 

and utilizes high quality components precisely calibrated with temperature compensation in all 

gyroscopes and sensors, industry renowned flight algorithm in flight control and UAV field [22]. 

 

 

Figure 3.10: A2 flight controller [22] 
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3.3.2.6 Selected Flight Controller   
  

Depending on our needs for the project, being amateurs at flying drones and the 

recommendation of the manual of the DJI S1000 drone, we chose the A2 flight controller.  Its 

weight is 224g, power consumption is max. 5W. (0.3A at 12.5V) It has a built-in receiver, multiple 

control modes, low voltage protection, and intelligent orientation control, all of which serve a need 

in our project. 

 

3.3.3 Cameras 

 

For our project, the purpose a camera is to live stream footage to the user so that the cleaning 

process can happen as effectively as possible. In the early stages of our project, we were looking 

at very advanced technologies like cameras that uses depth sensing technology. Cameras that use 

a depth sensor like the intel RealSense D400 series is intended to be used for natural gesture-based 

interaction, face recognition, video conferencing, and 3D scanning. Intel RealSense Technology 

can be used to give devices depth perception capabilities that will enable them to ‘see’ and interpret 

the world around them. But as we went on with our project we thought of other simpler, more 

affordable options like the GoPro series cameras. 

 

3.3.3.1 Intel Real-Sense D430 

The Intel RealSense Depth Module D430 shown in Figure 3.11 is a high-quality depth 

camera imaging sub-system featuring a wide field of view, global shutter image sensors and an IR 

(infrared) projector for adding texture to surfaces that lack visual detail or to provide better depth 

sensing in low-light conditions. When paired with an Intel RealSense Vision Processor, the D430 

can output depth data over USB. [23] 

 
Figure 3.11: Intel RealSense D430 Module [23] 
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3.3.3.2 Intel RealSense D415  

The Intel RealSense Depth Module D415 shown in Figure 3.12 is a high-quality depth 

camera imaging sub-system featuring a rolling shutter, standard field of view, stereo image 

sensors, an RGB (Red, Green, and Blue) sensor and an IR projector for adding texture to surfaces 

that lack visual detail or to provide better depth perspective in low-light conditions. The depth 

sensor inside the RealSense D415 is limited to a 69-degree field of view horizontally, and ten 

meters of depth, which is a narrow range [23].  

 

 
Figure 3.12: Intel RealSense D415 Depth Camera [23] 

 

3.3.3.3 GoPro Hero 6 

The GoPro Hero 6 camera which can be seen in Figure 3.13 is water proof without a 

housing camera, shoots 4K60 and 1080p240 videos even in low light conditions. After researching 

about this camera, we found that this camera lacks a very important feature we need which is live 

streaming. [24] 

 
Figure 3.13: GoPro Hero 6 Camera [24] 
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3.3.3.4 GoPro Hero 7 

The GoPro Hero 7 camera which can be seen in Figure 3.14 is a water proof without a housing 

which is very beneficial for our project since we want to protect components from the water splash 

off the window while cleaning. It also has an Electronic Image Stabilization system, known as 

Hypersmooth, it predicts movements and correct for camera shake to deliver a smooth footage. It 

has a live streaming feature, and shoots 4K60 video and 12MP photos. It has a weight of 116g 

which is light weight and suitable for our project [25]. 

 

Figure 3.14: GoPRO Hero 7 Camera [25] 

 

3.3.3.5 Selected Camera 

Despite previously choosing the Depth module D435 considering the features it offers are 

suitable for our purposes. Seeing that being a modest senior project, it is smarter to choose a more 

affordable option that serves our needs so we chose the GoPro Hero 7 seeing that it is an easy to 

connect camera, has live streaming unlike the GoPro Hero 6, has the hypersmooth electronic image 

stabilization system, so it does the required job considering all aspects. 
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3.3.4 Microcontroller 

The microcontroller is basically a compact integrated circuit designed to govern a specific 

operation in an embedded system. A typical microcontroller includes a processor, memory and 

input/output (I/O) peripherals on a single chip. Despite the previous plans of using a 

microcontroller to operate and control the cleaning components of the system, we later figured out 

a better option which is simply utilizing the built-in microcontroller in the receiver to control the 

cleaning mechanism. In addition to utilizing the extra channels we had. 

 

3.3.4.1 Arduino UNO 

The Arduino UNO shown in Figure 3.15 is a microcontroller board that is low cost, credit-

card sized board. It has 14 digital input/output pins, 6 are used as PWM outputs, 6 analog inputs, 

a CPU speed pf 16MHz, a USB connection, a power jack, a current of 40mA per pin, and an 

operating voltage of 5V [26]. 

 

 

Figure 3.15: Arduino UNO board [26] 

  

3.3.4.2 Arduino MEGA 

The Arduino MEGA shown in Figure 3.16 is a microcontroller board that has 54 digital 

input/output pins, 16 are used as PWM outputs, 16 analog inputs, a CPU speed of 16MHz, a USB 

connection, a power jack, a current of 40mA per pin, and an operating voltage of 5V [27]. 
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Figure 3.16: Arduino MEGA board [27] 

 

A comparison between the Arduino UNO and Arduino MEGA can be seen in Table 3.1. 

 

Table 3.1: Comparison between Arduino UNO and Arduino MEGA 

Product Arduino UNO Arduino MEGA 

Processor ATmega328P ATmega2560 

CPU Speed 16 MHz 16 MHz 

Operating Voltage 5V  5V 

Digital IO/PWM 14/6 54/15 

DC Current per 

I/O Pin 
40 mA 40 mA 

 

3.3.4.4 Selected Microcontroller 

 Utilizing the built-in microcontroller in the receiver was the better and smarter choice to 

do to control the cleaning mechanism.  

 

3.3.5 Cleaning method  
 

The cleaning method we choose for our project will be very critical. A lot of major aspects 

relating to other choices that need to be made in our project relates to the choice of the cleaning 

method. While choosing the cleaning we need to consider safety, water consumption, power 

consumption and how the cleaning method relates to the stability of our drone during the job.  
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3.3.5.1 Pressure washer  

A typical pressure washer has either a gas-fueled engine or electrically powered motor that 

powers a water pump. The pump accelerates the water, supplied from a hose, to produce high 

pressure. The washer is hooked to a high pressure-rated hose, and to produce more pressure at the 

nozzle some include tighter internal machinery [27]. Table 3.2 shows possible options of power 

washers considered for this project.  

 

Table 3.2: Table showing possible options of power washers 

Type 

WORX Hydroshot 

 

MASO 

 

Makita 

 

Voltage 20V 12V 21V 

Weight 2.1 Kg 1.42 Kg 3.94 Kg 

Price 56 Kd 15 Kd 49 Kd 

 

3.3.5.2 Steamer  

The advantage of steam cleaning is that it uses heat instead of chemicals to effectively force 

out dirt, grease and other stain-causing substances. The steam's extreme heat also kills bacteria, 

germs, mold, dust mites, and more by only using water. Steam cleaning is eco-friendly – no 

chemicals. Steam evaporates quickly, so surfaces (in our case, windows) dry faster than when 

cleaned with water. It’s excellent for those difficult-to-clean cracks and is perfect to dissolve hard-

to-remove substances like glue. Nevertheless, Steam cleaned surfaces will still need to be wiped 

with a cloth – the steam loosens the dirt but doesn’t remove it. There are two types of steam 

cleaners: A cool steam cleaning machine makes steam without boiling the water. The steam 

contains more water. A dry steam cleaning machine makes steam from boiling water. The steam 

contains less water but is very hot [28].  Table 3.3 shows possible steamer options. 
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Table 3.3: Table showing possible option steamers 

Type 
Bissell Steam Shot 

Cleaner 
Bissell Spinwave 

Heating time 60 seconds 5-6 minutes 

Watts 1000 Watts  2000 Watts 

Water tank 1 Liter 1.5 Liter 

Operation time - 45 Minutes 

Price 13 Kd 35 Kd 

 

3.3.5.3 Sprayer  

 The simplest, most affordable, traditional way of cleaning is by using a regular spray gun 

that sprays water which can be seen in Figure 3.17, which will of course be followed by cleaning 

substance (i.e. soap) and followed by a sweeping component to dry the water. 

 

 

Figure 3.17: Spray gun 

 

3.3.5.4 Selected Cleaning Method 

 A pressure washer (WORX Hydroshot) was chosen as the most suitable cleaning method 

for our project. The pressure washer chosen will make sure that windows are clean, and because 

of its long nozzle we make sure that the drone is away from the splash back of water from the 

windows. The pressure washer chosen has multiple spray angles (0, 15, 25, 40, and shower) as as 
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well as two speed controls for versatility and increased run time. Despite our previous choice of 

using a steamer which was and still is the better cleaning option, we decided to make our SkyBot 

fully portable, and we could not find any steam cleaners that are cordless, so we decided against it 

and went with the other better option which is the pressure washer. 

 

3.3.6 Cleaning supplies 

In collaboration with the cleaning method, a method to dry the leftover water drops is necessary 

to ensure proper, 100% effective cleaning. The cleaning supplies chosen depends strictly on the 

cleaning method chosen.   

 

3.3.6.1 Roller brush 

A roller brush just like the one shown in Figure 3.18. After spraying water and soap, the 

roller brush works on mixing them together and cleaning the window.  

 

Figure 3.18: Glass Cleaning Roller Brushes 

 

3.3.6.2 Microfiber pads 

Microfiber cloths are made from very small fibers. They’re often made of a blend of 

polyester and polyamide or nylon. This means the cloths are made of plastic. The polyester and 

polyamide are combined in such a way that the fibers are split. In addition to creating more fiber 

surfaces with which to clean, this makes the cloths very porous. Because of these two factors, 

using microfiber cloths for cleaning can noticeably reduce the amount of cleaning products we 

use, which can save a lot of money in the long run. This is because the split fibers they’re made 

up create more surfaces that can hook onto dirt, dust and even bacteria. A dry or damp microfiber 
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cloth can be used for a lot of different cleaning tasks, like dusting surfaces, cleaning windows and 

mirrors, and shining stainless steel. A comparison between cotton cloth and microfiber cloth can 

be seen in Figure 3.19 [29]. 

 

 

Figure 3.19: Cotton & Microfiber comparison [29] 

  

3.3.5.3 Squeegee  

A squeegee which can be seen in Figure 3.20 is a scraping implement with a rubber-edged 

blade set on a handle, typically used for cleaning windows because it’s used to remove or control 

the flow of liquid on a flat surface [30] 
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Figure 3.20: A squeegee cleaning a window [30] 

3.3.6.4 Dryer 

A blow dryer, similar to the one used to blow away leaves during fall season can be used dry 

water off of windows after they are sprayed with water. The Blow Dryers considered for our 

project can be seen in Table 3.4 [31]. 

 

Table 3.4: Table showing blower dryers possible options 

Type 

Black Decker 
 

 

Greenworks 

 

Dewalt 

 

Battery 18V 40 V 60V 

Weight 1.7 Kg 1.5 Kg 4.4 Kg 

Price 42 Kd 35 Kd 88 Kd 

 

3.3.6.5 Selected Cleaning Supply 

We chose the black decker blow dryer because it can run up to 25 minutes, which is the same 

time that our drone can fly. It also has features like low noise (89 dB), blow speed which is 209 

Km/h, light weight and suitable price. 
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3.3.7 Power supply  

 

3.3.7.1 Cable  

Power comes via a cable running between the drone and a battery on the ground. This 

option will allow a longer flight time, but it will present a challenge for the stabilization of the 

drone. In case this option is chosen, an AC/DC converter would be used. 

 

3.3.7.2 Battery  

 If we decided to use a battery as the main power supply, our flight time will be cut down 

significantly seeing that the battery life for drones lasts between 15 to 20 minutes. Some of the 

batteries that might be considered as an option are shown in Table 3.5 [32]. 

 

Table 3.5: Table showing battery options that can power the DJI S1000 drone [32] 

Type LiPo 6S1P 25C LiPo 6S 30C LiPo 6S 100C 

Weight 2.5 Kg 1.8 Kg 1.5 Kg 

Size 
195 mm x 91 mm x 64 

mm 

145mm x 70mm x 84 

mm 

162mm x 45mm x 

102mm 

Voltage 22.2 V 22.2 V 22.2 V 

Battery Capacity 22,000 mAh 15,000 mAh 12,000 mAh 

Features 

Provides stable voltage 

until the end of the 

flight. 

Higher discharge rate 100% waterproof 

Price 110 Kd 76 Kd 150 Kd 

 

3.3.7.3 Selected Power Supply  

 Despite a cable being the better and more efficient option (can be considered for future 

updates to the project), because of our choice of creating the first completely portable drone, a 

battery was chosen as the main power supply for the project. Efficiency of using a cable comes 

from longer flight time, so while choosing a battery, we aimed to choose a battery that will provide 

us with the longest flight time. Considering that, we researched about batteries suitable for the DJI 

S1000 drone and found three options. The battery capacity is what mainly decides the flight time, 

nevertheless, the higher that battery capacity the more the weight. So the option that balanced 

between both weight and flight time was the Tattu 22,000 mAh, 2.5 Kg LiPo battery. 
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3.3.8 Water supply   

 

3.3.8.1 Hose 

Water is fed through a hose from a hose that’s back on ground as seen in Figure 3.21 [33] 

  

Figure 3.21: Hose attached to drone [33] 

This is the preferred way as seen by the team members, because it allows for ultimate operation 

time considering that we will not have to accommodate for time lost to re-fill for example a water 

tank that is considered as a limited water source. 

 

3.3.8.2 Tank  

 A water tank is attached to the drone as shown in Figure 3.22. The same tank used for a 

car’s windshield water can be used.  

 

Figure 3.22: Water tank attached to drone 
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3.3.8.3 Selected Water Supply  

 Despite water fed through a hose being the most efficient method to supply water for our 

project, it was not chosen because of the completely portable decision. So, we went with water fed 

from a tank which was a great option as well. Two tanks are attached to the drone with each a 

maximum capacity of 7L, weighing 160 grams each, and a square shape with dimensions 16cm x 

16cm. One would be holding water and one would be holding soap. 

 

3.3.9 Motors 

 

3.3.9.1 DC Brushless motor  

 A brushless DC motor can be seen in Figure 3.23. Brushless motors fall under the DC 

motors. The way a brushless DC motor works is that it is flipped inside out which means that it 

eliminates the need for brushes to flip the electromagnetic field. The permanent magnets are on 

the rotor and the electromagnets are on the stator. After that these electromagnets are charged by 

the computer in the stator to rotate the rotor 360-degrees. These motors are more efficient than the 

brushed motors because brushes eventually wear out, which makes the life of the motor shorter. 

Some of the advantages of the brushless DC motors: Less wasted heat, fewer maintenance 

required, operating on higher speed than other DC motors, long lifespan because it does not use 

brushes that wear out, lightweight and noiseless, and less expensive to manufacture. These are the 

motors used in the DJI S1000 drone for the propellers [34]. 

 

Figure 3.23: Brushless DC Motor [34] 
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3.3.9.2 Stepper Motor  

 A stepper motor can be seen in Figure 3.24. The stepper motors fall under the category of 

DC motors that move in discrete steps. Stepper motors have multiple coils that are in groups which 

are called “phases.” The stepper motor rotates by giving energy to each phase in sequence, it can’t 

run at high speeds [35] 

 

 

Figure 3.24: Stepper Motor [35] 

 

3.3.9.3 Servo Motors  

 Inside a servo motor is a small DC motor, a potentiometer, and a control circuit which can 

be seen in Figure 3.26. The motor is attached by gears to the control wheel. As the motor rotates, 

the potentiometer's resistance changes, so the control circuit can precisely regulate how much 

movement there is and in which direction. When the shaft of the motor is at the desired position, 

power supplied to the motor is stopped. If not, the motor is turned in the appropriate direction to 

reach the desired position. The desired position is sent via electrical pulses through the signal wire. 

The motor's speed is proportional to the difference between its actual position and desired position. 

So, if the motor is near the desired position, it will turn slowly, otherwise it will turn fast. This is 

called proportional control. As mentioned, servo motors are controlled by sending an electrical 

pulse of variable width, or pulse width modulation (PWM), through the control wire. There is a 

minimum pulse, a maximum pulse, and a repetition rate. A servo motor can usually only turn 90° 

in either direction for a total of 180° movement. The PWM sent to the motor determines position 

of the shaft and based on the duration of the pulse sent via the control wire; the rotor will turn to 

the desired position. The servo motor expects to see a pulse every 20 milliseconds (ms) and the 
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length of the pulse will determine how far the motor turns. For example, a 1.5ms pulse will make 

the motor turn to the 90° position. Shorter than 1.5ms moves it in the counter clockwise direction 

toward the 0° position, and any longer than 1.5ms will turn the servo in a clockwise direction 

toward the 180° position. When these servos are commanded to move, they will move to the 

position and hold that position. If an external force pushes against the servo while the servo is 

holding a position, the servo will resist from moving out of that position. The maximum amount 

of force the servo can exert is called the torque rating of the servo. Servos will not hold their 

position forever though; the position pulse must be repeated to instruct the servo to stay in position 

[36]. 

 

 

Figure 3.25: Inside a Servo Motor [36] 

 

3.3.9.4 Selected Motor  

After comparing the Stepper Motor and Servo Motor we chose to work with Servo Motors. 

With the knowledge we gained after research, and depending on our needs of the motors, which 

are to control the switching between soap and water, to turn the power washer on and off, and to 

turn the blower on and off, we found that a servo motor would be a suitable choice. The chosen 

servo motor is shown in Figure 3.26. Most of the servo motors available for small projects operate 

from 4.8V to 6.5V, the higher the voltage higher the torque that can be achieved, but most 

commonly they are operated at +5V.  And almost all the available ones for small projects can 

rotate only from 0° to 180°. Our project only needs to rotate half circle because it will only switch 

on or off a certain component. For our application, the desired torque at which the motor operates 

is perfectly suited with the one offered by MG996R Motor. This servo offers a 2.5kg/cm torque 

which means that the motor can pull a weight of 2.5kg when it is suspended at 1cm. So, if we 

suspend a load at 0.5cm then the motor can pull a load of 5kg similarly if we suspend the load at 
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2cm then it can pull 1.25 Kg load. This motor has a weight of 55g, stall current of 2.5A (6V), stall 

torque 1Kg/cm at 6 V, operating current of 500 mA – 700 mA, operating voltage of 4.8V – 7.2V, 

metal gear, and dual bearings. [37] 

 

 

Figure 3.26: Servo Motor used in SkyBot [37] 

 

3.3.10 Transmitter 

 The remote controller (Transmitter) that came with drone is the Futaba 8J which can be 

seen in Figure 3.27 [38]. It transmits a radio signal to the receiver. It has 8 channels, current drain 

of 140 mA, LCD display (Liquid Crystal Display). It’s a good choice seeing that we need several 

channels for both flying and cleaning.  

 

Figure 3.27: The Transmitter used for SkyBot [38] 
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3.3.11 Software 

In case an Arduino was to be used, the Arduino IDE (Integrated development Environment) 

would have been used. But since we decided against it, all setup, programming, and assigning 

channels was done through the DJI A2 Assistant Software. The logo of the software can be seen 

in Figure 3.28.  

 

Figure 3.28: Logo for DJI A2 Assistant Software [39] 

 

3.3.12  Safety Measures  

In case of catastrophic malfunction mid-flight, the drone is programmed to go home. 

Nevertheless, in case motors malfunction or preopercles are broken mid-flight, in the future works, 

Skybot can be equipped with a parachute that insures it does not put human lives in danger. And 

for a step further, our drone (when applicable) will be attached with ropes for any unexpected 

situations. 

 

3.4 Budget 

Calculating the cost of the components for the main capstone project, we obtained a total for 

about 953.5 KD The team realized initially that the project is extremely expensive, and a 

sponsorship is critical to ensure the project success. So, the team contacted several private and 

governmental entities to obtain a sponsorship, a sponsorship from Kuwait Investment Company 

(KIC) granted us a total of 500 KD. Table 3.6 calculates the total expense of SkyBot by breaking 

down the main components. The table excludes wires, aluminum stand that was built to mount 

cleaning supplies, and an extra propeller that was bought due to damage of the original while 

experimenting the drone, an Arduino, a steamer which were all disregarded due to change of design 

ideas.  
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Table 3.6: Table shows the entire cost for building SkyBot 

Item Quantity Price 

DJI S1000 Drone 1 420 KD 

Remote Controller 1 80 KD 

A2 Flight Controller 1 140 KD 

Battery 1 110 KD 

Battery Charger 1 60 KD 

Water tanks 2 32 KD 

GoPro Camera 1 59 KD 

Servo Motors 3 10.5 KD 

Power Washer 1 56 KD 

Blow Dryer 1 42 KD 

 Total 953.5 KD 

 

3.5 Conclusion 

 

This chapter focused on the required components to implement the cleaning drone project 

along with system architecture. A deep analysis of the alternatives of each component was done 

to justify the decision taken at the end of each section. After mentioning the components, a table 

of budget was provided to show the total cost of the project. Provided next is the implementation 

chapter that will show the steps done to implement the project. 
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CHAPTER 4 

DESIGN IMPLEMENTATION  
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4. Design Implementation 
 

In this chapter, we will describe all the steps that were achieved in the implementation of the 

prototype of our project SkyBot, using the components mentioned in the design and analysis 

chapters. We will first explain the assembly and configuration of the drone, and then we will 

explain how the components chosen like the camera, power supply, water supply and cleaning 

devices were connected to get a fully functioning cleaner drone. All the testing that was made will 

be included. And lastly, we will discuss the implementation of our prototype and what we were 

able to achieve. 

 

4.1 Hardware Implementation 

4.1.1 Drone Assembly  

 

The drone kit comes with the following components. 

 
Table 4.1: The components in the DJI S1000 box [40] 

 

First, the mount landing gear were assembled as shown in Figure 4.1  
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Figure 4.1: Landing gear [40] 

 

Then the mounting frame arms were connected as shown in Figure 4.2 

 

 

Figure 4.2: Mounting frame arms [40] 

 

The power cable was plugged into the center frame as shown in Figure 4.3. 
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Figure 4.3: Power cable was plugged [40] 

 

ESC cables were connected and secured as shown in Figure 4.4 

 

 

Figure 4.4: ESC cables connected and secured [40] 

 

Arms M1 and M2 are forward facing, arms M5 and M6 are the tail. Seen from the top, motors on 

arms, M1, M3, M5 and M7 rotate counter clockwise while those on arms M2, M4, M6 and M8 

rotate clockwise. Seen in Figure 4.5. 
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Figure 4.5: Motors rotation [40] 

 

Eight positions are reserved for mounting the flight control system, wireless video transmission 

module, receiver, and other times.  

The A2 flight controller is attached in the reserved position near the PMU module as seen in 

Figure 4.6. 

 

Figure 4.6: A2 flight controller [40] 

 

The GPS module is then attached to the GPS mount as seen in Figure 4.7 
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Figure 4.7: GPS module [40] 

 

Connecting main controller to center frame  

After finishing the flight control system connection according to the A2 flight control system 

user manual, the connecter set is linked to ESC signal outlet on the center frame then to main 

controller as shown in Figure 4.8. 

 

Figure 4.8: Linking the connecter set to ESC signal outlet on the center frame [40] 



 
73 

 

 

Figure 4.9: Linking the connecter set to ESC signal outlet to main controller [40] 

 

Connecting main controller and landing gear 

After that, we connected the landing gear to the main controller as shown in Figure 4.10. 

 

Figure 4.10: Connecting main controller and landing gear [40] 

 

Then the last step was to install and connect the battery to the drone as seen in Figure 4.11. 
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Figure 4.11: Battery connected to the drone [40] 

 

4.1.2 Cleaning Mechanism Implementation  

Implementing the cleaning mechanism was a very tricky and long process. At the early stages 

of our project, the first disregarded idea was having all cleaning equipment under the drone, and 

then using actuators to pull them out. This idea had would have cause a lot of problems including 

balancing issues while the drone is flying. The second disregarded idea was using a water hose 

connected to the ground to supply water to the drone. This idea would have had accompanied the 

use of a cable to supply power to the drone, which would have also caused a balancing problem. 

The third idea, which is the chosen idea, is creating a fully portable cleaner drone. This limited the 

use of cleaning supplies to only portable ones and made the balancing problem a little easier but 

made the job of protecting the equipment from water a little harder. Using design thinking and 

visualizing a way to put together the equipment, we found that if we chose a power washer and a 

blower that are long enough and connected in such a way that would minimize water splash would 

satisfy the goal of this project. Aluminum was chosen as the material for the frame structure of the 

cleaning supplies because it’s strong yet light weight. Figure 4.12 and Figure 4.13 show the 

cleaning supplies connected to the aluminum structure (before attaching it to the drone). After that, 

the entire structure is attached to the drone which can be seen in Figure 4.14. The camera is yet to 

be installed. 
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Figure 4.12: Cleaning supplies connected to Aluminum Structure 1 

 

 

Figure 4.13: Cleaning supplies connected to Aluminum Structure 2 
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Figure 4.14: Cleaning structure attached to the drone 

 

After this came mounting the camera on the drone. We thought a suitable place would at the exact 

front, so that whatever is being cleaned can be seen clearly. The GoPro camera can be seen 

connected to the drone in Figure 4.15 

 

Figure 4.15: GoPro Camera attached to the complete structure of the drone 
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Figure 4.16: SkyBot Flying 

 

4.2 Software Implementation 

Setting up the flight controller included both a hardware part and a software part, and then 

configuring the A2 flight control system was done using the A2 flight controller assistant software, 

including the mapping of the transmitter channels in order to fly the drone. Connecting the A2 

flight controller to the system was done by following the guide found on the DJI website. Figure 

4.17 shows the ports description of the A2 and what they are used for.  

 

Figure 4.17: Port description of the A2 controller [41] 

 

The A2 flight control system can use its own built-in Receiver and can support external 

receivers. Both receivers can be used with the Transmitter of Futaba, which is the transmitter used. 

The receiver we are using is the DSM2 external receiver. The transmitter and receiver have a max 

distance of 0.5 m, any distance bigger than that, they will lose connection. After that, the type 

DSM2 was chosen as receiver type in the Assistant software. The flight controller has built-in 
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inertial sensors, for the measurement of aircraft attitude; and a built-in pressure sensor for the 

detection of aircraft altitude. They were connected to the CAN1 port of the Controller Unit and 

mounted according to the required location and orientation. It should be noted that the IMU has 

been calibrated before delivery. The next thing we had to do was connect the GPS. It was mounted 

according to the manual directions. GPS-COMPASS PRO module has a built-in GPS and compass.  

After this comes the software configuration. Here everything including IMU orientation 

direction, mixer type of the aircraft, receiver type, and channel mapping was done. Then came 

compass calibration. The Compass assists the GPS to position the drone during flight. The compass 

is very sensitive to electromagnetic interference, which will cause abnormal compass data, and 

lead to poor flight performance or even flight failure. So, it was recommended to do the Compass 

Calibration outdoors after the controller unit finds 7 or more GPS satellites. After that the channels 

were mapped, were we used 5 for flying (pitch, yaw, raw, go-home, activating land gear) and 3 for 

cleaning (controlling the servo motors). And our drone has the feature that in case it loses 

communication or in case the battery is 30% or less, it automatically goes home. 

 

4.3 Prototype 

SkyBot, the prototype can be seen in Figure 4.18. For this part of capstone, our prototype is 

simply the drone itself. We worked on perfecting flying the drone. And we researched codes that 

will help us control the actuators using an Arduino. These actuators will be responsible for 

controlling the cleaning supplies. 

 
Figure 4.18: SkyBot the prototype 

 



 
79 

 

4.4 Power Calculations 

Our system has three main batteries powering the entire system. First one is the battery 

supplying the 8 drone motors, Flight controller, receiver, and 3 servo motors. Second one for the 

pressure washer, and third one is for the blower.  

 The battery powering the entire drone (flying system) has 22,000 mAh, 22.2V, 488.4 Wh, 

almost 200 Wh/Kg. And since we are running the system for 20 minutes only, and seeing that the 

system of 8 BLDC motors, 3 servos, 1 flight controller and 1 receiver is approx. Each BLDC motor 

takes 8.3A at 14.8V, so, 8.3A x 14.8V = 122.84 Watt x 8motors = 982.72 Watt 

The servo motors consume 2.5 A at 6V, so 2.5A x 6V = 15 Watt x 3motors = 45 Watt 

 The battery powering the pressure washer has 20V, 2Ah, 38Wh ratings. This also means 

that this system takes 26.6 Watt which we got by dividing Ah over the run time to get the current 

and multiply by 20V. 

 The battery powering the blower has 18V, 2Ah so 36Wh. This means that this system takes 

65 Watt. 

Total power consumed  = 1119.32 Watt 

Keeping in mind that this is not the take off power consumed, but it is the hovering power 

consumed. The takeoff power is about 4136.6 Watt. 

 

4.5 Water consumption  

The pressure washer has a maximum rating of 0.5 gpm (gallons per minute) which is 

approximately 2 lpm (liters per minute). Seeing that the pressure washer used in our project has 

adjustable speed controls, if we control the amount of water to 0.3 liters per minute and seeing that 

our tanks fill up to a max of 7L, if filled to 6L minimum, we can have the drone cleaning a 3m2 

area in 20 minutes assuming we are covering (cleaning) 15 cm2 per minute. 

 

4.6 Problems faced  

During the process of building the prototype, we started testing ways to clean so that we know 

which way is the most efficient and effective. We first tested a normal garden hose that we attached 

to the drone. That ended up being a failure and a propeller was broken during that experiment. We 

concluded it was because the hose was too heavy and not as flexible as it should be. We also tested 

a steamer on its own so that we can see its ability and effectiveness in cleaning windows. We 



 
80 

 

concluded that the steamer is the best cleaning mechanism possible, nevertheless, it is the most 

challenging. If we chose the steamer, we will have to accommodate to pressure change while flying 

to high altitudes, so we will have to compensate pressure change with more power. So, we went 

with the other good option which is a Power washer. A problem with using a valve to switch 

between water and soap also occurred because it required about 6-7V while the microcontroller 

inside the A2 flight controller only supplied up to 5V, this was an unanticipated set back. But it 

was solved by using a servomotor to control the valve instead. Problems with implementing the 

cleaning mechanism also arose. At the early stages of our project, the first disregarded idea was 

having all cleaning equipment under the drone, and then using actuators to pull them out. This idea 

had would have cause a lot of problems including balancing issues while the drone is flying. 

Protecting the drone equipment from water was an issue as well but was solved with the available 

resources and thinking we have. In future works, a lot of these problems can be easily solved. 

 

4.7 Conclusion 

In this chapter, we discussed the hardware and software implementation in detail to implement 

SkyBot in addition to both power calculations and water consumption. This chapter also discusses 

the problems faced and how they were solved. In the next chapter, we will discuss the evaluation 

of our project, by explaining its impact on environment, society, economy, and more.  

 

 

 

 

 

 

 

 



 
81 

 

 

 

 

 

 

 

CHAPTER 5 

EVALUATION 

 

 

 

 

 

 

 



 
82 

 

5. Evaluation  

 

In this chapter, the evaluation of the process and implementation of our project is conducted. 

The project’s evaluation has been conducted to ensure that our project has a good impact on all 

associations including business, economic, environmental, and social. It discusses the ethical 

values and analyzes the target market of our project. A survey was also conduced to see different 

people’s view and opinions about our project SkyBot. 

 

5.1 Economic Impact 

The business impact studies potential effects of a project such like safety, regularity, 

legality, and its finance. From the regularity side, since modern buildings are made of concrete 

and glass, Skybot will regularly be demanded by cleaning companies as well as individual entities 

who own high-rise buildings. From the finance side, SkyBot will not be very expensive nor cheap. 

Nevertheless, our project ‘SkyBot’ has some problems regarding safety, and legality. From the 

safety part, as engineers we try to design the project as safe as possible, but technology is not to 

be fully trusted. SkyBot is equipped and programmed to handle unpredicted situations as it is 

designed to automatically ‘go home’ in case of any abnormal situation. While from the legality 

side, we will encounter a privacy issue since our drone will be live recording through a camera, 

and people will not want to be recorded. But this problem can be handled by issuing a notice for 

the building wanting to be cleaned that during these certain times, a thorough cleaning of the 

building will take place. The economic impact studies the changes in business’ revenue, wage, and 

profit. Skybot is a very economical drone in the sense that of it saves the user’s time and effort 

since it is faster than a human worker in cleaning windows. As well as it saves money that 

companies usually spend on insurance on human workers. 

 

5.2 Environmental Impact 

Environmental impacts are impacts that affect the surrounding environment from the 

production of Skybot. Since the project is heavily dependent on electrical components and made 

from carbon fiber it will be difficult to minimize the adverse effect Skybot has on the surrounding 

environment. It is true that producing carbon fiber requires more power than producing steel, 

however, since carbon fiber is lighter, stronger, more durable, doesn’t corrode, degrade, rust or 

fatigue. That means it has a much longer lifecycle, so it potentially only has to be produced once 
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where a steel part would have to be replaced multiple times. Carbon fiber is recyclable which 

reduces the negative impact this project has on the environment. Since Skybot is powered using 

batteries, it can fly without using fuel, diesel or any other type that is toxic, which is very safe for 

the environment. No carbon dioxide will be produced if the drone is not using one of the types of 

fuel that can damage the plants or destroy the environment. 

 

5.3 Social Impact 

Social impacts are elements of the project that affect people, community and organizations. 

Skybot has a positive social impact by eliminating risk for human workers who usually do the job 

of cleaning windows. It will allow workers to do their job safely by controlling the drone from 

land instead of hanging off high-rise buildings and endangering their lives.  

 

5.4  Ethical Evaluation 

Ethics are the moral issues that ensure engineers are behaving in a way that governs 

responsibilities towards the engineering profession and towards the society. Several values have 

been adopted by the group members to fulfill the ethical practice towards the engineering 

profession and the society. Towards the engineering profession, the group members hold 

responsibility that ensures the project is created at the highest professional standards possible and 

according to the IEEE standards. The team is determined to offer a product that facilitates the 

cleaning process that high-rise building owners need to go through and makes it easier, safer for 

everyone involved in the process. The team obeys the ethical constraints to avoid real or perceived 

conflicts of interests whenever possible and to be honest with any claims. Through dedication and 

commitment, the purpose of this project will be reached. Towards the society, the team mainly 

focuses on the safety which is a major factor. The group members ensure that safety measures are 

taken as the drone may be quite heavy, we guarantee it will not cause any harm to people.  To 

evaluate the ethics using Skybot, we can divide ethics into four main areas which are regulations, 

privacy, safety and noise. First, Skybot is programmed to land in the exact location where it flew 

from, this is to avoid landing in un-regulated areas of areas where it can be dangerous to human 

lives. Second, because the privacy factor is very important to people, and people usually do not 

like to share their personal lives or having a drone equipped with a camera in their face while in 

the office, we can assure that Skybot will not be saving any of the recorded footage. Third, safety 
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is one of the main priorities of this project. Flying a drone near populated areas or over people is 

not something easy and could be dangerous. That’s why providing the drone with the location and 

being sure that it flies high enough is effective. Finally, the drone might be little bit noisy, but it’s 

usually very high off ground so that will not be a very critical issue.  

 

5.5 Survey 

A survey was conducted to get the people’s opinion regarding our project Skybot, the 

survey was conducted as an online survey sent through a link to people whose education degree 

and profession vary between students, employees, and professors from different educational 

backgrounds. This allows analyzing a wider market as well as getting better ideas and having a 

clearer picture about our project. The survey questions will be provided along with results. (Survey 

form is provided in Appendix). 

The first part of our survey included Gender, Age, and Profession/Major. Results can be 

seen in Figure 5.1. 

 

 

Figure 5.1: Survey Part 1 (Age, Gender, Profession/Major) 

The second part of our survey included the questions listed below and the results can be 

seen in Figures 5.2 till 5. 

 

Q4. Are you familiar with the way windows of tall buildings such as skyscrapers, are 

cleaned? The results are shown in Figure 5.2. The results show that 85% are familiar with the way 

tall buildings are cleaned and 15% were not familiar.  
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Figure 5.2: Results for Question 4 of the Survey 

 

Q5. Buildings are cleaned by human workers who hang by a rope from the top of the 

building. Do you think that there should be an alternate way of cleaning skyscrapers? The results 

are shown in Figure 5.3. The results show that 94% agree that there should be an alternative way 

for cleaning tall buildings.  

 

Figure 5.3: Results for Question 5 of the Survey 

 

Q6. Do you think a ‘Cleaner Drone’ should do the job human workers currently do 

(cleaning buildings)? The results are shown in Figure 5.4. The results show that 83% agree that a 

drone should do the cleaning job instead of human workers.   
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Figure 5.4: Results for Question 6 of the Survey 

 

Q7. In your opinion, which is better, manual or automatic operation for the Cleaner Drone? 

The results are shown in Figure 5.5. The results show that 72% think that automatic operation is 

better for our drone. 

 

Figure 5.5: Results for Question 7 of the Survey 

 

 

 

Q8. In your opinion, what is the most important aspect of the Cleaner Drone? The results 

are shown in Figure 5.6. The results show that 35% think that extra features such as (live camera 

and sensors) are the most important aspects of our project. Follows by 28% thinking that the price 
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is the most important, followed next by weight, others (which some specified as durability and 

quality), and followed lastly by size.  

 

Figure 5.6: Results for Question 8 of the Survey 

 

Q9. For whom do you think this Drone would be useful? (You can choose more than one 

option) The results are shown in Figure 5.7. The results show that 44% think that cleaning 

companies will benefit the most from our project followed by corporation and office buildings 

with 34%, Malls with 12%, and educational institutions and buildings with 10%. 

 

Figure 5.7: Results for Question 9 of the Survey 

Q10. How much do you think such a drone is worth? The results are shown in Figure 5.8. 

The results show that 32% think that our drone should cost around 400 – 600 Kd. 26% think that 
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it should cost 800 Kd or above. 22% think that it should cost between 600 kd – 800 Kd. And 20% 

think that it should cost 200 Kd – 400 Kd. 

 

Figure 5.8: Results for Question 9 of the Survey 

5.6 Target Market 

The target market for our project ‘Skybot’ Our project SkyBot target market is mainly for 

cleaning companies who usually supply human workers for building owners who require regular 

scheduled cleaning. Instead of these companies supplying human workers, they can supply Skybot 

instead. This is very beneficial for the companies because they cut down on workers which saves 

them money they used for salaries and insurance as well. And according to the survey conducted 

by us, people seem to agree with the target market we want to hit. 

 

5.7 Conclusion 

This chapter included the evaluations for the impact of the project on different areas such 

as business, environment, economic, social impacts. This evaluation verified the viability and 

possibility of the project’s impact, after analyzing different associations and receiving feedback 

from the survey. It also included the target market and the ethical aspects. As we are done with the 

evaluation, after finishing most of our testing and prototyping, the next chapter will include a 

summary and conclusion of what was done. 
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6. Conclusion 

In this chapter, we will give a summary of what was provided in the previous chapters and how 

every information provided contributed in our succession of testing our prototype. We then explain 

few difficulties that we faced by trying to implement the prototype and how will we solve them to 

be able to implement our project Skybot. Lastly, we conclude this chapter by the future works that 

will be done to enhance our prototype and make it a complete project.  

 

6.1 Summary 

Throughout this report, we were able to see the importance of the existence of a drone like our 

project Skybot. Conventional ways of cleaning windows are very dangerous and inefficient in 

terms of time, resources like water, and money both spent on workers such as insurance and 

salaries and money spent on cleaning supplies and equipment. The existence of a drone similar to 

what we plan to implement will be very helpful for many organization and humans. Our drone, 

Skybot, will be able to clean glass windows on Skyscrapers or high-rise buildings in general in a 

very efficient way regarding both time and money. Our drone will be useful for already established 

cleaning companies who are looking for new innovative ways to conduct their job, or even 

entrepreneurs looking for an unconventional business idea as a startup. Surveying literature articles 

about robots and drones played a huge part in shaping the idea of our project and helped us have a 

clearer picture of what we wanted to implement. The literature review helped the team members 

to be able to see similar projects, and so we were able to think of other effective solutions that 

embodies features other projects failed to support. After considering the different existing solutions 

and settling on the desired project features, it was time to evaluate the different available 

components that can be used for the implementation. The design and implementation of a drone 

similar to the idea of our project Skybot was reached after checking multiple components and 

deciding on the best options. After getting the selected components, we were able to start the 

implementation of the prototype. The implementation stage was very challenging as it was the 

time to try to apply all the research that we have done. After finishing the implementation, the 

evaluation of project was conducted. We were able to find the business, economic, environmental, 

and social impact of our project, we also identified the ethical values followed by the project team 

members. A survey to get people’s opinion was conducted which helped us to decide on the 
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features we wanted to implement. The survey showed that people agree on the usefulness our 

drone.    

 

6.2 Problems faced 

Through implementation of our prototype we faced some difficulties that we aim to solve for 

the implementation of the complete project. The steamer was tested successfully although for 

certain altitudes only. If we decide to use a steamer we will have to adjust for pressure change 

while going up from the ground which we will have to accommodate for by supplying more power. 

We also tested the drone with a normal garden hose which caused our drone to lose its stabilization 

and one of the propellers to break. We figured that was because the garden hose is very heavy and 

inflexible and will constraint the movement of our drone. We will have to look for more solutions 

so that we won’t have to eliminate the use of wires and a hose so that we achieve the ultimate 

benefit from our drone. Because if we decide against using wires, we will have to supply power 

mainly from a battery and water through a tank, which will limit our flight time which will reduce 

the efficiency we are looking to achieve.   

 

6.3 Future Works 

For future works, our drone can be equipped with water proof servo motors for extra 

protection from water splashes. The drone can also be equipped with a parachute for safety. And 

for performance improvement, the GoPro camera can be replaced with an Intel Real Sense Camera 

which has very impressive features mentioned in the report. In addition to adding water level 

sensors to tanks so that we know whenever we are about to run out of water. 
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Appendix I  

*1. Gender  

Male 

Female 

*2. Age w 

20 or below 

21 - 25 

26 - 30 

31 - 35 

36 or above 

*3. Profession/Major w 

STEM (Science, Technology, Engineering, and Mathematics) 

Graphic Design 

Business Major 

Other 

*4. Are you familiar with the way windows of tall buildings such as skyscrapers, are 

cleaned? w 

Yes 

No 

*5. Buildings are cleaned by human workers who hang by a rope from the top of the 

building. Do you think that there should be an alternate way of cleaning 

skyscrapers?w 

Yes      No 
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6. Do you think a ‘Cleaner Drone’ should do the job human workers currently do 

(cleaning buildings)  

Yes 

No 

*7. In your opinion, which is better, manual or automatic operation for the Cleaner 

Drone? w 

Manual 

Automatic 

*8. In your opinion, what is the most important aspect of the Cleaner Drone? w 

Price 

Weight 

Size 

Extra features (live camera, sensors) 

Other (please specify) 

 

*9. For whom do you think this Drone would be useful? (You can choose more than 

one option) w 

Cleaning companies 

Corporation and office buildings 

Educational institute buildings 

Malls 

Other (please specify)  
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*10. How much do you think such a drone is worth? w 

200 Kd - 400 Kd 

400 Kd - 600 Kd 

600 Kd - 800 Kd 

800 Kd or abov 
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Appendix II  

const int num_ch = sizeof(pwmPIN)/sizeof(int);  // calculate the number of input pins (or 

channels) 

volatile int PW[num_ch];                        // an array to store pulsewidth measurements 

volatile boolean prev_pinState[num_ch];         // an array used to determine whether a pin has 

gone low-high or high-low 

volatile unsigned long pciTime;                 // the time of the current pin change interrupt 

volatile unsigned long pwmTimer[num_ch];        // an array to store the start time of each PWM 

pulse 

 

volatile boolean pwmFlag[num_ch];               // flag whenever new data is available on each pin 

volatile boolean RC_data_rdy;                   // flag when all RC receiver channels have received a 

new pulse 

unsigned long pwmPeriod[num_ch];                 // period, mirco sec, between two pulses on each 

pin 

 

byte pwmPIN_reg[num_ch];                        // each of the input pins expressed as a position on 

it's associated port register 

byte pwmPIN_port[num_ch];                       // identify which port each input pin belongs to (0 = 

PORTB, 1 = PORTC, 2 = PORTD) 

 

const int size_RC_min = sizeof(RC_min) / sizeof(int);           // measure the size of the 

calibration and failsafe arrays 

const int size_RC_mid = sizeof(RC_mid) / sizeof(int); 

const int size_RC_max = sizeof(RC_max) / sizeof(int); 

const int size_RC_failsafe = sizeof(RC_failsafe) / sizeof(float); 

// FUNCTION USED TO TURN ON THE INTERRUPTS ON THE RELEVANT PINS 

void pciSetup(byte pin){ 

    *digitalPinToPCMSK(pin) |= bit (digitalPinToPCMSKbit(pin));  // enable pin 

    PCIFR  |= bit (digitalPinToPCICRbit(pin));                   // clear any outstanding interrupt 

    PCICR  |= bit (digitalPinToPCICRbit(pin));                   // enable interrupt for the group 

} 

void pwmPIN_to_port(){ 

  for (int i = 0; i < num_ch; i++){ 

    // determine which port and therefore ISR (PCINT0_vect, PCINT1_vect or PCINT2_vect) 

each pwmPIN belongs to. 

    pwmPIN_port[i] = 1;    // pin belongs to PCINT1_vect (PORT C) 

    if (pwmPIN[i] >= 0 && pwmPIN[i] <= 7)                         pwmPIN_port[i] = 2;    // pin 

belongs to PCINT2_vect (PORT D) 

    else if (pwmPIN[i] >= 8 && pwmPIN[i] <= 13)                   pwmPIN_port[i] = 0;    // pin 

belongs to PCINT0_vect (PORT B) 

    // covert the pin number (i.e. pin 11 or pin A0) to the pin position in the port register.  

    if(pwmPIN[i] == 0 || pwmPIN[i] == A0 || pwmPIN[i] == 8)         pwmPIN_reg[i] = 

0b00000001; 

    else if(pwmPIN[i] == 1 || pwmPIN[i] == A1 || pwmPIN[i] == 9)    pwmPIN_reg[i] = 

0b00000010; 
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    else if(pwmPIN[i] == 2 || pwmPIN[i] == A2 || pwmPIN[i] == 10)   pwmPIN_reg[i] = 

0b00000100; 

    else if(pwmPIN[i] == 3 || pwmPIN[i] == A3 || pwmPIN[i] == 11)   pwmPIN_reg[i] = 

0b00001000; 

    else if(pwmPIN[i] == 4 || pwmPIN[i] == A4 || pwmPIN[i] == 12)   pwmPIN_reg[i] = 

0b00010000; 

    else if(pwmPIN[i] == 5 || pwmPIN[i] == A5 || pwmPIN[i] == 13)   pwmPIN_reg[i] = 

0b00100000; 

    else if(pwmPIN[i] == 6)                                         pwmPIN_reg[i] = 0b01000000; 

    else if(pwmPIN[i] == 7)                                         pwmPIN_reg[i] = 0b10000000; 

  } 

} 

// SETUP OF PIN CHANGE INTERRUPTS 

 

void setup_pwmRead(){ 

   

  for(int i = 0; i < num_ch; i++){              // run through each input pin 

    pciSetup(pwmPIN[i]);                        // enable pinchange interrupt for pin 

  } 

  pwmPIN_to_port();                             // determines the port for each input pin 

                                                // pwmPIN_to_port() also coverts the pin number in pwmPIN[] 

(i.e. pin 11 or pin A0) to the pin position in the port register (i.e. 0b00000001) for use in the ISR. 

   

  if(RC_inputs == 0 || RC_inputs > num_ch) RC_inputs = num_ch;    // define the number of pins 

connected to an RC receiver.                                           

}  

 

// the PCINT0_vect (B port register) reacts to any changes on pins D8-13. 

// the PCINT1_vect (C port register) reacts to any changes on pins A0-A5. 

// the PCINT2_vect (D port register) reacts to any changes on pins D0-7. 

 

// READ INTERRUPTS ON PINS D8-D13: ISR routine detects which pin has changed, and 

returns PWM pulse width, and pulse repetition period. 

 

ISR(PCINT0_vect){           // this function will run if a pin change is detected on portB  

  pciTime = micros();                                             // Record the time of the PIN change in 

microseconds 

  for (int i = 0; i < num_ch; i++){                               // run through each of the channels 

    if (pwmPIN_port[i] == 0){                                     // if the current channel belongs to portB 

       

      if(prev_pinState[i] == 0 && PINB & pwmPIN_reg[i]){          // and the pin state has changed 

from LOW to HIGH (start of pulse) 

        prev_pinState[i] = 1;                                     // record pin state 

        pwmPeriod[i] = pciTime - pwmTimer[i];                     // calculate the time period, micro sec, 

between the current and previous pulse 

        pwmTimer[i] = pciTime;                                    // record the start time of the current pulse 

      } 
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      else if (prev_pinState[i] == 1 && !(PINB & pwmPIN_reg[i])){ // or the pin state has 

changed from HIGH to LOW (end of pulse) 

        prev_pinState[i] = 0;                                     // record pin state 

        PW[i] = pciTime - pwmTimer[i];                            // calculate the duration of the current 

pulse 

        pwmFlag[i] = HIGH;                                        // flag that new data is available 

        if(i+1 == RC_inputs) RC_data_rdy = HIGH;                   

      } 

    } 

  } 

} 

// READ INTERRUPTS ON PINS A0-A5: ISR routine detects which pin has changed, and 

returns PWM pulse width, and pulse repetition period. 

 

ISR(PCINT1_vect){                                                 // this function will run if a pin change is 

detected on portC 

 

  pciTime = micros();                                             // Record the time of the PIN change in 

microseconds 

 

  for (int i = 0; i < num_ch; i++){                               // run through each of the channels 

    if (pwmPIN_port[i] == 1){                                     // if the current channel belongs to portC 

       

      if(prev_pinState[i] == 0 && PINC & pwmPIN_reg[i]){          // and the pin state has changed 

from LOW to HIGH (start of pulse) 

        prev_pinState[i] = 1;                                     // record pin state 

        pwmPeriod[i] = pciTime - pwmTimer[i];                     // calculate the time period, micro sec, 

between the current and previous pulse 

        pwmTimer[i] = pciTime;                                    // record the start time of the current pulse 

      } 

      else if (prev_pinState[i] == 1 && !(PINC & pwmPIN_reg[i])){ // or the pin state has 

changed from HIGH to LOW (end of pulse) 

        prev_pinState[i] = 0;                                     // record pin state 

        PW[i] = pciTime - pwmTimer[i];                             // calculate the duration of the current 

pulse 

        pwmFlag[i] = HIGH;                                         // flag that new data is available 

        if(i+1 == RC_inputs) RC_data_rdy = HIGH; 

      } 

    } 

  } 

} 

// READ INTERRUPTS ON PINS D0-7: ISR routine detects which pin has changed, and returns 

PWM pulse width, and pulse repetition period. 

 

ISR(PCINT2_vect){                                                 // this function will run if a pin change is 

detected on portD 
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  pciTime = micros();                                             // Record the time of the PIN change in 

microseconds 

  for (int i = 0; i < num_ch; i++){                               // run through each of the channels 

    if (pwmPIN_port[i] == 2){                                     // if the current channel belongs to portD 

       

      if(prev_pinState[i] == 0 && PIND & pwmPIN_reg[i]){          // and the pin state has changed 

from LOW to HIGH (start of pulse) 

        prev_pinState[i] = 1;                                     // record pin state 

        pwmPeriod[i] = pciTime - pwmTimer[i];                     // calculate the time period, micro sec, 

between the current and previous pulse 

        pwmTimer[i] = pciTime;                                    // record the start time of the current pulse 

      } 

      else if (prev_pinState[i] == 1 && !(PIND & pwmPIN_reg[i])){ // or the pin state has 

changed from HIGH to LOW (end of pulse) 

        prev_pinState[i] = 0;                                     // record pin state 

        PW[i] = pciTime - pwmTimer[i];                            // calculate the duration of the current 

pulse 

        pwmFlag[i] = HIGH;                                        // flag that new data is available 

        if(i+1 == RC_inputs) RC_data_rdy = HIGH; 

      } 

    } 

  } 

} 

 boolean RC_avail(){ 

    boolean avail = RC_data_rdy; 

    RC_data_rdy = LOW;                          // reset the flag 

    return avail; 

    } 

 

  float RC_decode(int CH){ 

   

  if(CH < 1 || CH > RC_inputs) return 0;     // if channel number is out of bounds return zero. 

  int i = CH - 1;                      

 

  int Min; 

  if(CH <= size_RC_min) Min = RC_min[CH-1]; else Min = 1000; 

   

  int Mid; 

  if(CH <= size_RC_mid) Mid = RC_mid[CH-1]; else Mid = 1500; 

   

  int Max; 

  if(CH <= size_RC_max) Max = RC_max[CH-1]; else Max = 2000; 

 

  float CH_output; 

       

  if(FAILSAFE(CH) == HIGH){                         // If the RC channel is outside of failsafe 

tolerances (10-330hz and 500-2500uS) 
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      if(CH > size_RC_failsafe) CH_output = 0;      // and if no failsafe position has been defined, 

set output to neutral 

      else CH_output = RC_failsafe[i];              // or if defined set the failsafe position  

  } 

  else{                                             // If the RC signal is valid 

    CH_output = calibrate(PW[i],Min,Mid,Max);       // calibrate the pulse width to the range -1 to 

1. 

  } 

  return CH_output;                                  

 

  // The signal is mapped from a pulsewidth into the range of -1 to +1, using the user defined 

calibrate() function in this code.  

 

  // 0 represents neutral or center stick on the transmitter 

  // 1 is full displacement of a control input is one direction  

  // -1 is full displacement of the control input in the other direction  

} 

 

//  Receiver Calibration 

// NEED TO SPEED UP 

 

float calibrate(float Rx, int Min, int Mid, int Max){ 

   float calibrated; 

   if (Rx >= Mid) 

   { 

    calibrated = map(Rx, Mid, Max, 0, 1000);  // map from 0% to 100% in one direction 

   } 

   else if (Rx == 0) 

   { 

    calibrated = 0;                           // neutral 

   } 

   else 

   { 

    calibrated = map(Rx, Min, Mid, -1000, 0); // map from 0% to -100% in the other direction 

   } 

  return calibrated * 0.001; 

} 

 

// Basic Receiver FAIL SAFE 

// check for 500-2500us and 10-330Hz (same limits as pololu) 

 

boolean FAILSAFE(int CH){ 

 

   int i = CH-1; 

   boolean failsafe_flag = LOW; 

         

       if(pwmFlag[i] == 1)                             // if a new pulse has been measured. 
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         { 

            pwmFlag[i] = 0;                            // set flag to zero 

       

            if(pwmPeriod[i] > 100000)                  // if time between pulses indicates a pulse rate of 

less than 10Hz    

            { 

              failsafe_flag = HIGH;                        

            } 

            else if(pwmPeriod[i] < 3000)               // or if time between pulses indicates a pulse rate 

greater than 330Hz    

            { 

              failsafe_flag = HIGH;                              

            } 

 

            if(PW[i] < 500 || PW[i] > 2500)           // if pulswidth is outside of the range 500-2500ms 

            { 

              failsafe_flag = HIGH;                         

            }    

         } 

        else if (micros() - pwmTimer[i] > 100000)     // if there is no new pulswidth measurement 

within 100ms (10hz) 

        { 

          failsafe_flag = HIGH;                       

        } 

 

    return failsafe_flag;    

} 

 

 //  Quick print function of Rx channel input 

  

void print_RCpwm(){                             // display the raw RC Channel PWM Inputs 

  for (int i = 0; i < RC_inputs; i++){ 

    //Serial.print(" ch");Serial.print(i+1); 

    Serial.print("  "); 

    if(PW[i] < 1000) Serial.print(" "); 

    Serial.print(PW[i]); 

  } 

  Serial.println(""); 

} 

void print_decimal2percentage(float dec){ 

  int pc = dec*100; 

  // the number and text will take up 6 charactors i.e ___3%_ or -100%_ 

  if (pc >= 0) Serial.print(" "); 

  if (abs(pc) < 100) Serial.print(" "); 

  if (abs(pc) < 10) Serial.print(" "); 

  Serial.print(" ");Serial.print(pc);Serial.print("% "); 

} 
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unsigned long pin_time; 

float pin_pwm; 

float pin_period; 

 

boolean PWM_read(int CH){ 

  if(CH < 1 && CH > num_ch) return false; 

  int i = CH-1; 

  boolean avail = pwmFlag[i]; 

  if (avail == HIGH){ 

    pwmFlag[i] = LOW; 

    noInterrupts(); 

    pin_time = pwmTimer[i]; 

    pin_pwm = PW[i]; 

    pin_period = pwmPeriod[i]; 

    interrupts(); 

  } 

  return avail; 

} 

unsigned long PWM_time(){return pin_time;} 

float PWM_period(){return pin_period;} 

float PWM(){return pin_pwm;} 

 

float PWM_freq(){ 

  float freq; 

  return freq = 1000000 / pin_period;  // frequency Hz 

} 

 

float PWM_duty(){ 

  float duty; 

  duty = pin_pwm/pin_period; 

  return duty; 

} 

 

 

 

 

 

 

 


