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Abstract 

 

Based on studies conducted in several countries around the world, death rate caused by 

drowning is getting high year after another. One of the main reason was the time limitation 

the rescuer has to reach the drown people. An average of up to 7 to 10 minutes needed to 

reach the victim from the bay which is considered long enough for a person to be died 

before he/she get rescued. 

 

 

This project aims to design and build a hexa-copter with capability of carrying a payload of 

up to 1 kg. The payload will be mainly used for carrying a life ring. A wireless 

communication system is used to fully control the drone by an RC (Remote Controller) which 

can be used by the Baywatch to deliver the life ring with the minimal time. A comparison 

was conducted between the drone and the regular rescuer speed, and it was obvious that the 

drone won by ultimate minimal time consumed to reach the drown person. As of our online 

research, we couldn’t find any similar project application in PMU and Saudi Arabia yet. 

Upon the successful completion of this project, it can be introduced to be consider for 

implementation and commercial. 
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1. Introduction 

 1.1 Project Definition 

To design a hexa-copter drone that is controlled by an RC (Remote Control) in which it can 

carry and deliver a life ring to a certain location. The hexa-copter have five sub-systems in 

addition to the main one, which they are frame structure, motors and propellers, 

communication systems, camera for live streaming, a life ring and life ring controller. These 

subsystems will highly enhance the performance of the drone in which it will increase the 

speed, stability and efficiency.  

 

 

 

 

1.2 Project Objectives 

1. Applying the advanced technology in saving lives. 

2. Learn about the communication systems and control a drone 

3. Having the minimal time to deliver a life ring. 

4. Showing a live streaming of the delivery and while flying. 

 

1.3 Project Specifications 

a. Flying time is up to 15 minutes free load. 

b. Capability of carrying a payload of 1kg. 

c. Li-Po 6-Cells, 22.2 V, 16,000 mAh. 

d. Sized from motor to motor is 960mm and ground clearance 350mm. 

e. Wireless communication. 

f. Radio system with a control range: 0.6km on land, 1.0 km on air. 

g. Monitor the flying operation through a live streaming and an RC. 

h. Portable, having a light-weight, and environmentally friendly. 
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1.4 Product Architecture and Components 

 
Figure #1.4-1: shows the three subsystems of our project 

 

Figure #1.4-1 shows the block diagram of the project and the subsystems circled as four 

subsystems and the fifth one would be the drone structure. Three of which have been 

completed on the previous semester Spring 2018 which they are the frame structure, motors 

& propellers, and communication system. The other two which include, a life ring and a life 

ring controller, and camera for live streaming were completed in this semester Fall 2018 

during the course of assessment III. 

 

 
Figure#1.4-2: shows a photo of our real system 
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Figure #1.4-2 shows a photo of our real system after the completion of fixing the structure, 

motors, motor drivers, landing gear, battery, flight controller components, and wire 

connection/soldering. 

 

1.5 Applications 

The main application of our system is to deliver a life ring with a minimal time. Also, a live 

streaming by sending the information (video) from the camera which it displays on a smart 

phone through Wi-Fi. This application show a synchronise streaming of the drone movement.  

 

 
Figure #1.5-1: shows a similar application as our project’s [10] 

 

 

 

 

 

        
 

Figure #1.5-2: shows another application as our project’s[13] 
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2. Literature Review 

2.1 Project background 

The trend graph shows the drowning deaths and death rates over a period of time from 2002-

2011 in Australia as it’s decreasing in compared with the rate of the last decade.  

 
Figure 2.1-1: shows a trend over time of fatal drowning in Australia [15] 

 

Over the past few years, drowning deaths and death rates were increasing significantly. 

Researchers and engineers were trying to find a solution for this problem and trying to 

innovate & create an idea which can minimize this huge number of drowning death.  

 

Engineers and students have suggested some solutions for this problem which they have 

addressed them in the following: 

1. A lifeguard boat used by the Baywatch  

2. Very well-trained rescuers to be present and monitor the bay from a small tower. 

3. A number of Jet-ski ready to be used in case of emergency. 

4. Wearable alarm which can be used by the swimmers or wave riders to send a 

signal to the rescuers in case of drowning. 

These solutions can make a deferent in saving the drowning people, but we were thinking in 

something can reduce the time of rescuer to the shortest time. Therefore, we come up with the 

drone idea and we start searching and reading a lot to build our first lifeguard drone in Saudi 

Arabia.  
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Drones have become central to the functions of various businesses and our drone is used to 

save people’s lives. Our drone has some features such as:   

1. The lifeguard drone has great vision range and it is easy to maneuver and control.  

2. The lifeguard drone is equipped with a life ring, so that it can help to deliver the 

life ring in a shorter time to the victim. 

3. The lifeguard drone is equipped with a camera for livestreaming.  

A rescue team could take 7 to 10 minutes where a lifeguard drone can take only up to one 

minute. Basically, this increases the efficiency and decreases danger to lifeguards. Here it 

shows the comparison of the suggested solutions and ours in term of speed, efficiency, and 

minimizing the victim and lifeguard risk.   

 

2.2 Previous Work 

 

After research conducted, we came across three similar projects of ours took place in three 

different countries. 

 Autonomous Hexa-copter software designed by University of Western Australia on 

October 2014. This system is currently in use with a variety of simultaneous projects, 

including field searching and multiple object tracking, all tied in together with a web-

based user interface. [1] 

 

 Usage of a hexa-copter platform for Chemical plume detection and photography  

by California State University Bakersfield on November 2014. To adapt a hexa-copter 

drone into a platform which can be used to locate the source of a chemical plume and 

to photograph the location. [2] 

 

 Quadcopter technology by Amity University on January 2015. Quad-copter. 3D 

mapping is used for new areas which need to be studied geographically for projects or 

other reasons. The second application is used to monitor farming progress and 

monitoring the farming growth. Lastly used for search for lost person and give 

coordination for rescue team to locate the person. [3] 
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2.3 Comparative Study 

A comparative study where conducted through different projects and funding are listed in the 

below table 2.3-1 as it shows three different projects in compare to our project which we have 

named it as a Lifeguard Drone using six motors as mentioned in the comparison. 

 

Table #2.3-1: shows a comparison study of our project and the three previous ones. 

Project Autonomous 

Hexa-copter 

hexa-copter 

platform 

Quadcopter 

technology 

Lifeguard Drone 

(Our Project) 

University Western 

Australia 

California State 

Bakersfield 

Amity UAE PMU, SA 

Motors # Six Six Four Six 

Rescue ring No No No Yes 

Live streaming Yes Yes Yes Yes 

Night LED No No No Yes 

Material Plastic Plastic Plastic Carbon fiber 

Landing Gear No Yes Yes Yes 

Naza 

Microcontroller  

Yes No No Yes 

GPS Yes Yes Yes Yes 

 

 

All these project are very good and we got benefit by studying their projects to overcome 

future mistakes. From the above table, there are many parameters in the comparison and our 

project has the preferences. However, we are focusing to have a lightweight drone so it can 

serve our purpose in lifting the live ring and deliver it with a minimal time.   
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3. System Design 

3.1 Design Constraints 

3.1.1 Design Constraints: Engineering Standards 

Flying a multi-copter through a corridor requires a minimal available working width as a 

safety margin is needed to allow small drift from the multi-copter due to external 

disturbances. For the harvest yield estimation UAV, a 2m wide corridor is assumed with on 

either side 0.5m margin for drift, leaving 1m for the width of the multi-copter. To be 

commercially viable, the multi-copter is required to have a high endurance to be able to 

inspect large areas. High endurance means large battery capacity and thus high battery 

weight. In addition, the payload and computer hardware also add significantly to the total 

weight. Due to the width restriction, a standard multi-copter would have small propellers 

(short radius R) compared to the weight W they carry, in other words a high disk loading DL 

(1) [4].  

 

𝐷𝐿 =
𝑊

𝜋𝑅2
= [

𝑁

𝑚2
]                    (1) 

 

Yet, during hover and slow forward flight, where thrust T (approximately) equals weight W 

(2), a low disk loading and thus low induced propeller wash velocity 𝑣𝑖 is preferred (3) in 

order to efficiently generate thrust T, keep the required power 𝑃ℎ𝑜𝑣 low (4) and have a long 

endurance.  

 

𝑇ℎ𝑜𝑣 = 2𝑚̇𝑣𝑖ℎ𝑜𝑣
= 2𝜌𝜋𝑅2𝑣𝑖ℎ𝑜𝑣

2 = 𝑊                    (2) 

 

⟹ 𝑣𝑖ℎ𝑜𝑣
= √

𝑊

2𝜌𝜋𝑅2
= √

𝐷𝐿

2𝜌
                  (3) 

⟹ 𝑃ℎ𝑜𝑣 = 𝑇ℎ𝑜𝑣𝑣𝑖ℎ𝑜𝑣
= 𝑊𝑣𝑖ℎ𝑜𝑣

= 𝑊√
𝐷𝐿

2𝜌
                  (4) 

 

The downside of using a large propeller is that its high inertia requires not only large power 

inputs to change its rotational velocity, but foremost reaction time. When the helicopter is 

flying in choppy winds, this delay in response can be devastating for the platform’s 
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performance, especially when flying through narrow corridors where the drift has to be kept 

minimal. Therefore, high agility requires small propellers.  

 

The compound hexa-copter has a hexa shape have one size control propellers to achieve high 

endurance (Fig. 3.1.1-1). The hexa shape expands the limited space needed for generating lift. 

Six control propellers (C1, C2, C3, C4, C5, and C6) around a central payload box. In addition 

to the configuration, the method of control is also an innovative feature: the propellers are 

counter-rotating (C1, C3, and C5) and clockwise-rotating (C2, C4, and C6) at a constant 

speed to deliver most of the lift required in hover, but not all. The control propellers are 

commanded by the autopilot, which is actually configured to behave as a hexa-copter with an 

adapted flight model. The lift propellers rotating at high rotational velocity act as gyroscopes 

when the multi-copter performs maneuvers resulting in unwanted roll/pitch moments that 

need to be accounted for in the flight model. In addition, when the multi-copter is tilted, the 

thrust vector of the lift propellers tilts as well, lowering the vertical thrust component. By 

accounting for these effects in the flight model of the hexa-copter used for attitude control, 

the unwanted lift propeller effects can be minimized when combined with a suitable 

controller.  

 

 
Figure #3.1.1-1: shows the hexa-copter configuration 

 

 

3.1.2 Design Constraints: Economic 

We have an economic constraint of a total of SR9000. Each of us contributed SR3000 of our 

own money to be pooled together in attempts to create this project. Already, about SR 8000 

has been used for buying the frame, motors, propellers, flight controller and landing gear. 

This gives us a remaining SR1000 to work with. Besides this, we have a working Quadcopter 

that is a great deal for us to practice maneuver. Though researched, the hexa-copter has been 

used before and as such, could be damaged beyond what we see.  
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Table #3.1.2-1: A Summary of Economic Constraints. 

Economic Constraints Summary  

1. Keep total costs under SR9000  

2. The frame structure and the communication system (RC) are the most expensive piece.  

3. Motors and LiPo battery are the second largest expenses.  

4. Landing gear and propellers are the most minor expenses.  

5. End-goal is to have cheap, straightforward replacement parts.  

 

Optimally, we did not need nearly this amount of money. The three large purchases are the 

frame structure, radio control, and the LiPo battery. The microcontroller, life ring holder, and 

servo motors are the minor expenses. Then the motors and propellers are more than the 

Landing gear, but less than that of the hexa frame kit.  

 

The hope of the project, given an ample amount of time, is for us to create a new application 

of the hexa-copter in PMU and Saudi Arabia. So, it would be optimal that our project would 

become a product to establish, that have arcade components. This would be the perfect 

controlled environment while bringing in profits for our establishment customers. In such a 

setting, we want our product to be as cheap as possible.  

 

The cheaper we can make the product, the easier it is to replace. This would appeal to both 

us, the ones making and testing the product, and the company, the ones buying and paying for 

maintenance of the product. Instead of trying to convince a company to buy an extremely 

large and expensive piece of equipment, we would be selling an extremely portable, 

relatively inexpensive, product that needs just a small, windowed room. [11] 
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3.2 Design Methodology 

 
Figure #3.2-1: shows the architecture diagram of our project. 

 

Figure #3.2-1 shows the block diagram of our project. The methodology we followed in 

arranging our subsystems is to have a nearly real arrangement of the physical order of our 

project. As an example, the diagram shows the six motors are separated equally and all 

connected to the motor drivers. Also, we have considered the base of our project which is the 

hardware starting from the frame structure, landing gear, motors & motor drivers, and finally 

the flight controller kit & configuration of the software.  

3.3 Product Subsystems and Components 

3.3.1 Product Subsystem 1: Frame structure 

There are several types of frame structures for a hexa-copter drone. These are the alternative 

options we considered for our subsystem: 

1. A plastic frame  

 
Figure #3.3.1-1: shows a plastic frame for a hexa-copter [5] 
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2. Carbon fiber 

 

 
Figure #3.3.1-2: shows a carbon fiber frame for a hexa-copter [6] 

 

For our project, we were looking for strength combined with light weight. Therefore, we have 

chosen that our frame should be a carbon fiber. Also, the carbon fiber has a shock observance 

unlike the plastic which is in compare with carbon fiber heavy and it can break easily.  

 

3.3.2 Product Subsystem 2: Motors and Propellers 

For the motors and propellers, we have searched for the most appropriate components for our 

project which satisfied our requirements. We were required to have strong motors with high 

revelation and thrust. As a minimum of our need is 350 kV for each motor. kV refers to 

R.P.M./Volt. It is how motors are rated and does not mean Kilo-Volts. If we have a 12V 

electronic speed controller (ESC), the speed will be 12 times that number. The higher 

the kV rating the faster the R.P.M of the motor. The lower the turns, the higher the R.P.M. of 

the motor. We have encounter different types of motors. [16]  

 

For the Motors, there are two types: 

a. Brushless motors. (Selected one) 

We have chosen brushless motors with 390 kV since it matches our requirement of payload 

lifting capability and because their durability, versatility, and ability to generate a lot of 

power. Also, have no brushes to wear out nor brushes to replace and it has a high efficiency 

performance. [7] 
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Figure #3.3.2-1: shows a block diagram of a brushless motor 

 

b. Brush motors 

Have less efficiency and electrically noisy. The switching action of the commutators 

constantly creating and breaking inductive circuits creates a great deal of electrical and 

electromagnetic noise. Lifespan as they are in perpetual physical contact with the 

shaft, brushes and commutators wear out. [7] 

 

 
Figure #3.3.2-2: shows a block diagram of a brush motor 

 

 

 

 

For the propellers, there are three types of materials for propellers:  

a. Plastic 

One of the advantages of plastic propellers is that they are cheap. However, the price should 

be considered but not over the quality and requirement. Some disadvantages of plastic 

propellers that they are way heavy and easy to break. 
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Figure #3.3.2-3: shows plastic propellers 

 

 

b. Carbon fiber. (Selected one) 

We have chosen carbon fiber propellers 15” in our project since they proportionally fit with 

our motors’ kV and are very light in weight.  Also they are very strong and hard to break. In 

addition to that, they have less vibration, and perform well under high RPM (work well with 

high kV motors). 

 

 
Figure #3.3.2-4: shows carbon fiber propellers [8] 

 

 

c. Wooden propellers 

This kind of propellers are very heavy and mostly used in big air-plane and air-craft. Where 

the strength is more valued over the weight. 

 

 

 
Figure #3.3.2-4: shows wooden propellers [9] 
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3.3.3 Product Subsystem 3: Communication System 

Radio Controller:  

For the communication system, an RC (Radio Control) is used for drone in general. RC 

comes with different types and features. The most important feature is how many channels it 

contains. Some RCs contain 4, 6, 8, 10 and 12, based on your requirement you select the most 

appropriate one. RC comes with a receiver. The receiver then connected to the flight 

controller and set it up with the RC. Here is one of the most advanced RC shown in Figure 

#3.3.3-1. This RC is very advanced and has more feature than needed for our project. Also, 

its price is way beyond our budget. 

 
Figure #3.3.3-1: shows the advanced radio control 

 

We have chosen the 10 channels RC and the brand is Futaba. With this number of channels, it 

gives us the flexibility to add more features and upgrade our project without having the 

limitation of a certain channel to use.  

 
Figure #3.3.3-2: shows the selected radio control for our project 
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Flight Controller: 

a. Arduino board 

Arduino board is a very powerful controller and gives more options for the programmer to 

add more features and program it according what’s desired. The board itself is very cheap in 

compare with other controllers. However, the time spent on programming the board only may 

takes very long and its complexity are to be avoided for the time being at least. 

 
Figure #3.3.3-3: shows Uno type of Arduino controller  

 

b. Naza controller. (Selected one) 

Naza is very well-known controller for drone in general. The price of Naza kit is quite 

expensive. However, it’s very easy to be used and installed. Also, no need to program the 

controller, only to configure it with its software. It is not an easy mission however, it 

consumes less time in comparison with programming Arduino board.  

 
Figure #3.3.3-4: shows V2 type of Naza flight controller 

 



 

 21 

3.3.4 Product Subsystem4: Camera for Live Streaming  

GoPro Hero 4 camera. (Selected one) 

For the live streaming, we have searched for the most appropriate components for our project 

which satisfied our requirement. In addition, we were required to have high quality camera 

resolution. We have chosen GoPro hero 4 since it is a small and very light camera with high 

resolution and can stream a live streaming video to any device such as (phones, laptops, and 

smart TVs). 

 

 
Figure #3.3.4-1: shows GoPro Hero 4 camera  

 

 

3.3.5 Product Subsystem 5: A life ring and a life ring controller  

 

a. Life Ring. 

Life ring is designed to be thrown to a person in the water, to provide buoyancy and prevent 

drowning. We have searched for a lightweight life ring to combine it with our hexa-copter. 

 

 
Figure #3.3.5-1: shows a life ring shape.  



 

 22 

b. Life Ring Controller 

For the holding and dropping mechanism of the life ring. We come up with an idea after 

deeply thinking, discussing, and brainstorming. Our idea was to do some modification on the 

landing gear and to get benefit from them. The landing gear is connected with servo motors 

and when we send the signal to the servo, they open or close the landing gear. However, the 

life ring was attached to the landing gear while it is open. The mechanism for dropping was 

by sending a signal to close the landing gear, and then the life ring will slide then drop to our 

target.   

 

Figure #3.3.5-2: shows the landing gear shape.  

 

3.4 Implementation 

From an online research conducted about the drone and its application, we found similar 

project with similar application. After, subsystems were identified and studies each as an 

individual, list the proper specifications based on the conduced research and our studies, we 

have concluded our target and set our product specifications. 

 

As a target of the duration of flying, we have set it to be up to 15 minutes free load with usual 

expectation of having this number reduced once attached payload to it. This duration might 

be more than what is required for our application, however, we have chosen to be in a safe 

side and ready for any upgrade in future project or for any additional function added to the 

existing ones. 
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Upon this, we have chosen a battery in which it withstand the amount of power required for 

the set time. With powerful battery as the chosen one, it gives more power where strong 

motors having high kVs can easily fit in the circuit without causing too much drop and 

maintain the circuit stability. 

 

These motors have high RPM and thrust where a combination of six motors with the proper 

size of propellers which it can be from 15 to 18in will give the ability to left up to 1 kg or 

more of payload in addition to the weight of the drone itself. The battery was chosen to be Li-

Po 6-Cells, with delivering voltage of 22.2V and 16,000 mAh. With these battery 

specifications, it will not require any type of step down or up voltages or current to connect 

other parts or components of the drone in the circuit. 

 

The height and width of the drone is very convenient of such an application and can be easily 

used anywhere. Out of its hexa-drone kid, the Tarot T960 considered to be the biggest in size 

and highly recommended drone professional for high use. The diameter of our drone in term 

of height from the ground is 350mm and as a hexa shape width from motor to motor is 

960mm.  

 

In addition, the communication system was chosen upon the set range we set in our 

specification which having a coverage of signal range of 0.6km on land, and 1.0 km on air. 

With this range, it is more than the required range of coverage for our application.  

 

A camera of 270 degree more or less degreed angle had been added for the live steaming sub-

system. Furthermore, a life ring holder controller with its servo motors had been added as an 

independent sub-system. In each sub-system, we have considered at least two options of 

components as we measure its availability, cost, quality, and suitability. 

 

As showed in part 3.3, for all sub-systems there were some options and from which we have 

chosen. Overall, our system as all is portable, and having a light weight as well as 

environmental friendly since it uses a rechargeable Li-Po battery as the power source of the 

drone. 

 

We were given a shared room with two storage cabinets to put all our components in and 

have the space to work freely at any time of our convenient. This help us with our team 

meetings. We brought our own hand tools, and borrow the soldering machine from the lab.  
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Every day we meet after our classes and assemble a certain part of the project, with following 

the agreed and discussed methodology of implementation. Part of the system were verified 

through the software program. For example, the rotation of the motors, we used NAZA 

program to configure the appropriate rotation. And for other sub-systems, we follow the 

designed circuit and some of the component user manual.  
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4. System Testing and Analysis 

4.1 Subsystem 1: Frame Structure 

Objectives: To fix and install the frame and make sure that each arm is connected well. 

Setup: We used robotics lab to fix our hexa-copter, this room is well equipped with the 

needed tools (Screwdriver, Allen key … etc.) for setup our frame structure. 

Results: We have completed install the frame of hexa-copter and fixing the arms with the 

landing gear. In addition, we make sure that all arms are straight and not bended. Also, we 

have confirmed that the size and dimension of our drone from motor to motor is 960mm and 

ground clearance 350mm.    

 

 
Figure #4.1-1: shows the frame structure  

 

 

4.2 Subsystem 2: Motors and Propellers 

Objectives: To confirm the position and connection of the motors and motor drivers in the 

frame as well as the propellers. 

Setup: For the setup we have used the robotics room, because it has the soldering machine 

for soldering the wires between motors and motor drivers. 

Results: We have completed soldering wires for motors and motor drivers. We have tested 

the motors rotation and we fixed any wrong rotation to the right directions. Moreover, we 

have verified that the motors are straight, a line, and the space between the motor & base 

should be 0.2 cm for smooth rotation. 
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Figure #4.2-1: shows testing the rotation of the motors using NAZA software 
  

 

4.3 Subsystem 3: Communication System 

Objectives: To verify that the control system is capable to communicate with our hexa-

copter and follows the command.    

Setup: For testing the communication module, we used to work at robotics room to configure 

the remote control with RC-receiver. Moreover, the transmitter and receiver need to be tuned 

to the same frequency to be communicated well. [12] 

Results: We finished testing the communication system and now we are able to control the 

landing gear after we have configured it through the NAZA software. We have configured 

more features to be remotely control the drone as an example the GPS mode in this semester 

under Assessment III course. The below figure# 4.3-1 shows the connection of the NAZA 

microcontroller and the RC receiver. From M1 to M6 where used in our project for motor 

drivers since the drone is hexa.  

 

 

Figure #4.3-1: shows the connection of the microcontroller and RC receiver [14] 
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4.4 Subsystem 4: Camera for live streaming 

Objectives: To make sure the connection between the camera which is the transmitting 

device and the smart phone which is the receiving part is linked and synchronized with no 

time delay of sending and receiving data.   

Setup: We have used a camera case holder and mounted it on the drone positioned to face the 

bottom of the drone where the most important part to show the life ring dropping operation 

and have it dropped at a certain spot.  

Results: This subsystem was successfully completed and tested on the drone and before 

fixing it. Also, we were able to save the data received by the camera in the same linked smart 

phone with a quality filming of 4K.   

 

 

Figure #4.4-1: shows the camera used in this project linked to a smart phone 

 

4.5 Subsystem 5: A life ring and a life ring controller 

Objectives: To have a strong holding mechanism ably to hold the life ring and release it 

when a signal given from the RC with proper functionality and smooth operation with no 

obstacle and delay.    

Setup: In this subsystem, we have used the landing gear to be the life ring holder after some 

modification on it. The life ring was put in a certain way where if the landing gears open, the 

life ring will be hold as close to the structure. And if we close the landing gear, the life ring 

will be dropped.  
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Results: The subsystem was successfully completed and tested on the robotic room where we 

used to work on our project in. Below Figure #4.5-1 shows the life ring and the life ring 

holder subsystem while testing.  

 

 

Figure #4.5-1: shows the life ring and life ring holder subsystem while testing 

 

 

4.6 Overall Results, Analysis and Discussion 

 

Overall, we have tested all our subsystems and they were as what expected. Starting with the 

frame structure, we have connected each bolt and made sure that all are tight and align so the 

weight of our drone is distributed equally. Moving to the motors, we have chosen the motor 

based on our requirement. Therefore, we got brushless motor with a 390 kV to be able to lift 

the payload on our drone. We made the connection to the motor drivers (ECS) after we made 

some soldering and we attach each motor to its arm with the correct rotation. We faced some 

problems such as the motors mounting, where it was touching the frame base and prevent the 

motor to rotate smoothly. However, we overcome this issue by an idea to use some washer so 

the spacing increased around 0.2 cm and this issue was resolved. Lastly, the communication 

was wireless through frequency waves between the transmitter and the receiver unit. We 

configure our RC to the receiver, and we were able to control the landing gear opening and 

closing.   
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5. Project Management 

5.1   Project Plan 

 

a. We breakdown the tasks in a list and identify the tasks and the requirements. 

b. We map tasks and responsibilities to all team members and clarify and understand all 

the tasks and responsibilities. 

c. Every week one of the team members is assigned to make sure that the progress of the 

assign week is met on time. 

d. Every two weeks, one of the team members is assigned to write the progress report 

and send it to our instructor (Prof. Yahya). 

e. Every two weeks, we meet with the advisor (Prof. Nizar Tayem) and co-advisor (Mr. 

Ahmed Abul Hussain) for discussing the progress of the project and create solution 

for any problem with the project.  

 

f. We set a deadline for every task assigned, and the one who is working in particular 

task should meet our plan.  

g. Make a channel of communication between us, to discuss any challenges and future 

upgrading.    

 

1.2  5.2 Contribution of Team Members 

Table #5.2-1: Effort contribution of the team members  

Task Abdulrahman Abdullah Abdulaziz Task Total 

Search & choosing 

the components 

30% 40% 30% 100% 

Acquiring the 

components 

40% 40% 20% 100% 

Design Subsystems 35% 35% 30% 100% 

Testing Motors and 

connections  

30% 20% 50% 100% 

Write Reports & 

Preparing the 

Presentations 

40% 40% 20% 100% 

Configuring the 

Software 

25% 25% 50% 100% 
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5.3 Project Execution Monitoring 

a. Every two weeks we make a meeting with our advisor (Prof. Nizar Tayem) and co-

advisor (Mr. Ahmed Abul Hussain). In order to discuss our last update and what’s can 

be done better if possible. 

b. We meet in weekly bases three times a week (Mon, Tue, and Wed) usually takes from 

two to three hours working on the project making the connections and discussing the 

project. In addition, we discuss the materials which we needed, and if there is any part 

missing & need to be ordered. Moreover, we discuss the future work, what we need 

and what we have to order online for the missing parts which are not available locally. 

c. Every week we test the parts on Tuesday evening and make sure it’s working fine and 

smoothly such as motors, sending and receiving signal from the RC, and battery 

operation.  

d. We make flying sessions to ensure that our drone can fly accordingly.  

e. We test the remaining subsystems such as the live streaming and the live ring release 

mechanism controller.  

5.4 Challenges and Decision Making 

a. Some of the components were not allowed to be available due to some restrictions. 

We planned to go to UAE to bring these components. 

b. Some parts of the motors was touching the base of the arm and prevent it from 

rotating smoothly.  We have added some washers to make a small gap, so the rotor 

run smoothly.  

c. Landing gear was not suitable for our drone. We figured out a way to connect it to 

our frame and having a great mechanical movement. 

d. One of the sellers was not replying fast and delaying the delivery of the items. We 

have contacted the website to cancel that item from that seller, so we have contacted 

another seller in order to buy the same item from another person. 

e. Due to the high price of the project, we were not having any spare parts. As a result, 

on the last flying session (We were testing the live streaming on air) we have broken 

one propeller and we ordered another set of propellers but it will take time to be 

delivered. 
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5.5   Project Bill of Materials and Budget 

Our estimated budget for the project is 9000 SR, and everyone in the group contribute 3000 

SR.  Our final cost for the all the materials is 8997 SR so it was as of our estimation budget. 

The cost of some parts is expensive, because some of the parts has restrictions in Saudi 

Arabia. As a result, we have traveled to UAE and buy them with higher price. 

Table # 5.5-1: Materials cost  

No.  Description  Quantity Unit Cost (SR) Total Cost (SR)  

1  Frame 1  1500 1500 

2 ESC 6 130  780  

3 Motors 6  203  1218  

4 Propellers 3  120  360  

5 Li-Po Battery 1  1400  1400  

6 Remote Control 1  1630 1630  

7 Battery Charger 1 300 300 

8 Terminals 2  30 60  

9 Landing Gear 1  515 515  

10 Flight Controller 1  634  634  

11 Camera  1 400 400 

12 Camera Case  1 50 50 

13 Life Ring 1 50 50 

14 Hand Tolls  1 100 100 

Total  8,997 
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6. Project Analysis 

 

6.1 Life-long Learning 

We have learnt and gain new knowledges and skills while we were working on our project. 

We improve our understanding in this project as following:  

a. Introduce to the NAZA flight controller. 

b. Functionality of major component (Gyroscope, accelerometer, ESC, motors). 

c. The RC operation. 

d. Type of motors and the KV meaning.  

e. New software tools of NAZA controller. 

f. project management skills, 

g. time management skills, 

h. Teamwork skills. 

We read and did our research on this project by looking to the similar projects and using 

internet to get some useful information. 

 

6.2 Impact of Engineering Solutions 

Our project will have a great impact on the society while it will save lives. Also, it is an 

environmentally friendly, so there is no any gases that will affect the atmosphere. Our project 

will help the lifeguards to rescue people in a short time and it will view a live streaming on 

what happening in the location of the drowning people.    

 

6.3 Contemporary Issues Addressed 

 

In the present situation, the drowning deaths rate is increasing. The issue is because the 

lifeguard takes too much time to rescue people from drowning. Therefore, our project will 

give a better improvement to rescue the drowning people with the minimal time. It is a safety 

related and it should be into consideration.   
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7. Conclusions and Future Recommendations 

7.1 Conclusions 

In conclusion, this project was quite different from any other project. We have applied most 

if not all the skills we learnt and gained during our time in PMU. Research skills, time 

management, technical skills, technical writing skills, planning and teamwork. As a result, we 

have successfully completed, tested, and presented the project. 

 

Starting from the research time, and selecting the components, buying the components, 

assembling them together. In addition to writing every two weeks progress reports and at the 

same time looking for more innovated ideas and upcoming some technical difficulties, we are 

proud to take such a challenging project. All team members are fully aware of all components 

of the project and their functionality. 

 

Furthermore, each member where involve by somehow in every single step of the project 

progress with variation of participation. Regarding the component, none of the component 

were bought in Saudi. The major parts were bought from Dubai. Abdulrahman and Abdullah 

made a car trip to UAE during the weekend to buy the major components. The components 

were bought from two different stores within the city of Dubai. Landing gear and flight 

controller, AbdulAziz made an online order from Amazon.com. Same goes with the camera 

and the life ring. We were told that these communication components like the RC (Radio 

Controller) and the hexa frame might not be allowed to enter the country. That’s why we 

brought them by ourselves. 

 

Several meeting with the advisors made a positive impact in accomplishing these results. We 

got so much help from our advisor and co-advisor regarding the project components and 

choosing alternatives since we were facing time limitation. They were always helpful with 

sharing their knowledge and experience in this kind of projects. Also, Prof. Nizar has 

assigned us a shared room with two private cabinets where we can work freely at our 

convenient time. 
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Class lectures in the first semester of this project are another factor in our success. So many 

information about the right needed skills to successfully do the project with the proper 

planning, teamwork, codes & standards, managing the project, and looking for the best and 

alternatives. Enough time were given by Prof. Yahya for the students to meet their advisors 

and work on the project which helped us a great deal on achieving the set goal and meeting 

the deadlines. 

 

We learned so many skills during this semester and the previous one. One of the most thing 

we learned is that noting impossible as long as it’s doable. Design, research, selections, time 

management and alternative choosing were the most enhanced skills we developed during the 

year.  

 

 

 

 

7.2 Future Recommendations 

For the future recommendations and based on our experience with designing, assembling and 

testing the project, we have some recommendation that we would have done during the time 

we worked on the project.  

 

The first one is to have a well-designed mechanical arm to hold the life ring. In addition, this 

arm should be connected to the microcontroller of the flight in which it’ll be part of the 

communication subsystem of the drone. A wireless communication configuration shall be 

established and tested to ensure the mechanism of the arms are working as required and 

operating well without causing any disturbance while flying.  

 

The second thing would be using a thicker soldering wires for all wiring part on the drone. 

This will limit the cable cut during the testing sessions as we have faced some due to the 

weak wire soldering.  

 

The third one will be a switch which control the power outage of the battery. By this method, 

the risk of the spark coming out of the battery leads will be minimized and will be more 

convenient for the user to switch on/off without having to connect or disconnect the battery 

wires every time manually.  
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The fourth one is having extra spare parts like an extra motor, motor driver, propeller CW 

and CCW just in case any break during the testing session a replacement will be ready. We 

have broken one of the motor’s propellers during the last testing session and unfortunately, 

we do not have a spare part nor the time to order a replacement from an online website. So, it 

is always recommended to have extra pieces of the parts which might get damaged during 

testing and assembling. 

 

The fifth one is to have the testing sessions in a proper area. A wide and grassed area would 

be the most proper one as the grass is softer than a solid floor. It will observe some of the 

shock when the drone fell and minimize the breaking chances. Also, when testing at night, 

the place should be lighted well and you should always have your testing sessions on a good 

weather, never do in a windy one. The control of the drone is so difficult on a windy weather.  

 

The sixth one will be adding LED lights. This will enhance the night missions and make the 

drone very visible when used at night. Two colours of LED would be recommended to be 

used. This will also can show the front and back side of the drone while flying which will 

give easy control for the person who’s flying it.  

 

The eighth one will add more feature to the night mission. The camera can be replaced with a 

night vision camera. This will give more ability to see and video the flying during night use. 

 

The ninth one is to add extra life rings. So, instead of delivering one only, it will deliver three 

at the same trip. The dropping mechanism of the rings should be one by one. This can be 

accomplished by the design of a mechanical arm when it can hold the three life rings. 
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Appendix A: Progress Reports 

For the First semester: Design Method & Proj Mgmt 
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Comments   We have faced some difficulties with ordering the components online. 

We tried with more than 4 sellers in different websites. However, we 

have taken the decision to make a trip to UAE and buy the major 

components from there. Most of our components have some restriction 

of being entered to the country. However, we managed to bring them 

in.   (Week 7&8) 

 We have faced some difficulties with the motors they were not smooth 

while rotating, we have tried to file the part which makes the motor 

rough to rotate.  (Week 9&10) 

 We have encountered some difficulties with fitting the motors into its 

holding fiber base. A rotating part of the motor was stuck and gives 

some difficulties with having the motor rotating smoothly. We have 

tried to file that part which makes the motor rough to rotate. However, 

it didn’t work. Then we have decided to add double washers from the 

bottom and it worked. Also, we have extended the battery wires as well 

as the others which will be connected to the flight controller.    

 (Week 11&12) 
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For the Second Semester: Learning Outcome Asse. IIIEEN 
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Comments  a. We have completed all planed tasks , the first attempt flying 

session was not as expected where we failed to make it fly due 

some motors where rotate faster than the others, and the battery 

was in the wrong place. 

b. The second attempt flying session was as expected where we 

success to make it fly and land safely. 
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 Appendix B: Bill of Materials 

 

Table # Appendix B-1: Materials cost  

No.  Description  Quantity Unit Cost (SR) Total Cost (SR)  

1  Frame 1  1500 1500 

2 ESC 6 130  780  

3 Motors 6  203  1218  

4 Propellers 3  120  360  

5 Li-Po Battery 1  1400  1400  

6 Remote Control 1  1630 1630  

7 Battery Charger 1 300 300 

8 Terminals 2  30 60  

9 Landing Gear 1  515 515  

10 Flight Controller 1  634  634  

11 Camera  1 400 400 

12 Camera Case  1 50 50 

13 Life Ring 1 50 50 

14 Hand Tolls  1 100 100 

Total  8,997 
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 Appendix C: Datasheets 

Motor dimention and spacification [18] 
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Naza microcontroller specification [17]  
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Naza Assembly & Connection [17]  
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Propellers data sheet [19] 
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 Appendix D: Program Codes 

 
Figure D-1: Configure the microcontroller for Hexa rotor 

 

 

 
Figure D-2: Set the GPS by using Naza application  
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Figure D-3: Configure the RC (Radio controller) for controlling the Direction of the 

drone 

 

 

 

 

 

 

 
Figure D-4: Calibrate the drone angles by using the application where we set the XYZ 

of the Gyroscope and Accelerometer.  
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Figure D-5: Shows the Speed controller of the motor in the Application 

 

 
Figure D-6: Shows the RC gears calibration. 
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Appendix E: Operation Manual 

For deeply steps of operation manual please refer to reference [17] 
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