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Abstract 
               The underwater conditions are tough to explore by the humans. That’s the 

reason the underwater vehicles and automated machines were developed to explore 

different circumstances inside the oceans. It’s an easy way through automated tools to 

find out underwater hidden treasures.  The Project intends to utilize a camera for 

submerged vision route framework that will be introduced in a mechanized ROV. 

Submerged vision route strategy is utilized to explore and recognize a thing that has 

been as of now presented in the robot's database. The fundamental concentration of 

this venture will be designing and building an Underwater ROV; by using Acrylic 

sheets.   

                 This project  will  be  carried  out to tackle  some  of  the  many  problems  

that  scientist  have  been  facing when exploring areas of the ocean and based upon 

the following objectives including development of a ROV, in order to explore the 

ocean and search it's areas for specific depth that the human body can not reach and 

its become harmful for human to dive in the deep ocean, with different degrees of 

pressure,  so the ROV reduces threat on them by giving them an affordable and 

realistic solution.  Another objective is to create an interactive program that will allow 

us to secure the desired outcome by using Arduino-program.  

 

                     To accomplish needed results, several functions must be utilized like, 

Image handling alongside Kalman channel will improve and alter the blunders in the 

pictures from the camera.  This ROV can be later on created and used for more than 

one capacity Underwater vehicles are creating quite a long time and in the long run it 

will ascend to a tremendous change in its innovation because of the upgrade of 

numerous advances incorporated alongside it, for example, correspondence advances 

and equipment abilities. People have made propelled innovations to seek and expend 

assets when it goes ahead land more than the sea despite the fact that we are relying 

upon its assets more than the previous decades. The proposed research explains two 

phase of ROV underwater Vehicles working area, which is include both software and 

hardware plan to achieve the objectives of this project. This proceeds with need to 

discover new assets has made sea investigation congenial by numerous examines and 

researchers. 	



	

	
	

7	

	

Table of Contents 

ACKNOWLEDGMENT………………………………………….. 5 

LIST OF TABLES…………………………………………………7 

ABSTRACT………………………………………………………..6 

CHAPTER 1: INTRODUCTION………………………………….12 
1.1 Motivations and Rationale…………………………………………….12 
1.2 Problem statement and objectives…………………………………….14	
1.3 Problem formulation…………………………………………………..15	
       1.3.1 Computer vision…………………………………………………15  

             1.3.2 Navigation system……………………………………………… 16 

1.4 Significant of the project………………………………………………17	
1.5 Capability of the student………………………………………………17	

CHAPTER 2: LITERATURE REVIEW…………………………..19  
 2.1 Historical Background…………………………………………………19 

        2.1.1 History of ROV………………………………………………....19 

        2.1.2 History of AUV…………………………………………………21 

        2.1.3 History of Tracking Methods…………………..…………….…21 

2.2 Types of ROV……………………………………………………...…..22 

 2.3 Advantages and Disadvantages…………………………………….....23 

        2.3.1 AUV……………………………………………………………23 

        2.3.2 Vision Based Navigation……………………………………....25 

        2.3.3 ROV…………………………………………………….….…..26 

 2.4 Contemporary Issues……………………………………………….…26 

              2.4.1 Vision Based Autonomous Underwater Navigation System.….27 

             2.4.2 Control Programs………………………………………………28 

             2.4.3 Vision Control………………………………………………….29 

             2.4.4 Manipulator Control……………………………………………29 

       2.5 Previous Researches…………………………………………...……..30 

             2.5.1 Development of Autonomous Underwater Vehicles…………..30 

             2.5.2 Control Architectures for Underwater Vehicles………………..32 



	

	
	

8	

             2.5.3 Self-powered Underwater Vehicles Results from a Gyroscopic  

                        Energy Scavenging Prototype………………………................36 

CHAPTER 3: PROTOTYPE DESCRIPTION………………….…40 
      3.1 Construction………………………………………..............................40 

             3.1.1 Materials Used for Body Construction with specifications….…40 

             3.1.2 Electronic Construction with specification………………..……43  

       3.2 Operation………………………………………………………….......48 

             3.2.1 Software…………………………………………………………48 

CHAPTER 4: DESIGN & ANAYLSIS………………………..…..52 
								4.1 Design Concepts………………………………………………………52 
       4.2 Aqua Cooper Design………………………………………………….54 
              4.2.1 Body Design……………………………………………………54 
              4.2.2 Electronic Connection………………………………………….56 
       4.4 Project Constrains…………………………………………………….58 
Chapter 5: RESULTS & DISCUSSION…………………………..60 
CHAPTER 6: PROJECT MANAGEMENT………………………65 
    5.1 Cost Estimates…………………………………………………………..65 

    5.2 Timeline and Task Distribution………………………………………...66 

    5.3 Project Risk Assessment………………………………………………..69 

CHAPTER 7: CONCLUSION……………………………………73 

REFERENCE……………………………………………………..74 

APPENDICES………………………………………………………………………..82	
	

 

 

 

 

 

 



	

	
	

9	

List of figures 
 
Figure 1: STDV(manta AUV NUWC Newport) …...................................... 13 
Figure 2: Jadde-McGlamery model ….......................................................... 15 
Figure 3: Underwater vehicles structure …................................................... 19 
Figure 4: CURV vehicle …............................................................................ 20 
Figure 5: Basic control system ….................................................................. 22 
Figure 6: Camera and light setup (red box illustrates image frame) …......... 28 
Figure 7: Depth control – Pitch control scheme …........................................ 31 
Figure8: Control Architecture for underwater vehicles …............................ 33 
Figure9: Data and sensory material access system scheme …..................... .33 
Figure10: Architecture with additional high-level control functionality …... 33 
Figure11: AUV architecture integrated with task level control …................. 34 
Figure12: AUV standard system scheme …................................................... 35  
Figure13: AUV standard system real implementation …............................... 36 
Figure14: Power loss equation due to friction …............................................ 37 
Figure15: Acrylic sheets ……......................................................................... 37 
Figure16: Acrylic sheet implementation ….................................................... 39 
Figure17: Acrylic sheet scheme …................................................................. 39 
Figure18: Propellers …................................................................................... 39 
Figure19: Rods …........................................................................................... 40 
Figure20: Rods implementation …................................................................. 40 
Figure21: Zip ties……………………………………………………………..40 
Figure22: Zip tie implementation………………………………………….….40  
Figure23:  O-rings implementation …............................................................. 41 
Figure24: Meshes …........................................................................................ 41 
Figure25: Ranger bands ….............................................................................. 41 
Figure26: Ranger bands implementation ….................................................... 41 
Figure27: Weights implementation …............................................................ 42 
Figure28: Plastic Welder warnings …............................................................ 43 
Figure29: Camera…………………………………………………………....44 
Figure30:Accelerometer ….......................................................................... 44 
Figure31: Angular Rate Sensor ….................................................................. 44 
Figure 32: Comparison between LiFePo4 battery and LA battery …............ 45 
Figure33: Lithium iron batteries …................................................................ 45 
Figure34: Bruushless DC Motor …................................................................ 45 
Figure35: Brushless DC Motor  with Propeller …......................................... 45 
Figure36: BeagleBone Black …..................................................................... 46 
Figure37: DB-25 connector implementation …............................................. 46 
Figure38: Tether …......................................................................................... 47 
Figure39: Laser ….......................................................................................... 47 
Figure40: Software input / output diagram …................................................ 48 
Figure41: Overall software design ................................................................. 49 
Figure42: Acrylic part construction …........................................................... 50 



	

	
	

10	

Figure43: Electronics 1 …............................................................................. 50 
Figure44: Electronics 2….................................. ……………………………50 
Figure45: Electronics and acrylic part integration 1 …................................. 50 
Figure46: Electronics and acrylic part integration 2 …................................. 50 
Figure47: Electronics and acrylic part integration 3 …................................. 50 
Figure48: Electronics and acrylic part integration 4 …................................. 50 
Figure50: Functionality testing  …................................................................ 51 
Figure51: Prototype ….................................................................................. 51 
Figure52: ROV buoyance graph …............................................................... 53 
Figure53: ROV Stability graph …................................................................. 53 
Figure54: CAD body design 1 ….................................................................. 54 
Figure55: CAD body design 2 ...................................................................... 54 
Figure56: CAD body design 3 ….................................................................. 55 
Figure57: ROV electronic connection scheme …......................................... 56 
Figure58: DB-25 connector graph scheme …............................................... 56 
Figure59: Controller's connection graph ..…................................................ 57 
Figure60: Controller's connection scheme ..…............................................. 57 
Figure61: USB –Ethernet adapter …............................................................ 60 
Figure62: ROV cockpit interface scheme …................................................ 60 
Figure63: ROV six point check up test scheme …....................................... 61 
Figure64: ROV cockpit video feed ….......................................................... 62 
Figure65: ROV software scheme …............................................................ 62 
Figure66: Thrust simulation output ….......................................................... 63 
Figure67: Prototype – Aqua cooper ….......................................................... 64 
Figure68: Arduino scheme …........................................................................ 82 
Figure69: BBB scheme………………………………………………………85 
 
 

 

 

 

 

 

 

 



	

	
	

11	

List of Tables 
	
Table 1: AUV advantage and disadvantage …........................................................... 24 

Table 2: Vision based navigation system advantage and disadvantage...................... 25 

Table 3: ROV advantage and disadvantage …........................................................... 26 

Table 4: Nicholas proposed is based on control gyroscope (CMG) …...................... 36 

Table 5: Materials used and it's density …................................................................. 39 

Table 6: Different type of bonding agents …............................................................. 42 

Table 7: Different type of commercial cameras ….................................................... 44 

Table 8: Aqua Cooper Abilities …............................................................................. 64 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
	
	
	



	

	
	

12	

	
	
	

Chapter 1: Introduction 
 
 
	

1.1 Motivations and Rationale	

       Despite the fact that the ocean plays an important role in the formation of 

everything from the air we breathe to the climate changing patterns, we still don't 

have enough information about the ocean. The ocean has always been the most 

unexplored habitat; most of our knowledge of the ocean lies in shallow waters. 

Deeper waters remain a mystery even though we are depending on its resources for 

food, energy and many others.  

 

        The process of exploring the ocean is not random, it must be disciplined, 

systematic, and includes rigorous observations and documentation of biological, 

chemical, physical and archaeological aspects of the ocean. Through ocean 

exploration scientists have gained findings which are fundamental to reduce the 

unknowns in deep-water areas in order to gain high-value environmental intelligence 

needed to better understand environmental change, and deliver reliable and 

authoritative science, these finding will also help in addressing both current and 

upcoming science and management needs. The importance of deep areas of the ocean 

continues to increase, knowledge of these areas are still limited, scientists are faced 

with a lot of challenges when it comes to management, regulation and resource used 

in deep-water.  

	

           Throughout the years there have been some breakthrough in order to enhance 

ocean exploration process such as the development of submersible vehicles, the first 

American submarine was called "Turtle". David Bushnell and his brother Ezra created 

it. There was also the "Resurgam" submarine what was considered by some to be the 

world's first practical powered submarine. A team engine powered it and it could 

travel over ten hours on power stored in an insulated tank. The slow and continues 

development of underwater vehicles has driven persistent minimization and reduced 

the cost of more affordable, small in size and more powerful vehicles.  
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        The anticipated developments in underwater vehicles have represents a 

significant upgrade of the submersibles and came the development of torpedoes and 

they are truly the first Autonomous Underwater vehicles (AUV). Motivated by 

promising techniques as well as the challenges of underwater vehicles, academic and 

industrial researches are currently investigating numerous techniques for efficient 

vehicles which can assist in ocean exploration process. The following list represents 

many of the technologies that have been addressed over the past decades. 	

• Autonomy                                                          

• Energy                                                               

• Navigation 

• Sensors 

• Communications 

 

              The interesting aspect of this list is that although there have been many 

advances in these technologies, many still face a lot of limitations and challenges, 

which limits the capability of underwater vehicle systems. This project will be carried 

out to develop a vision based navigation robotic system that will explore the ocean and 

search it's areas for specific items that the human body can’t reach, items, which may 

include valuable resources such as sunken treasures, oil reservoir or black boxes of 

submerged planes. The challenge lies in designing the prototype; we need to have 

enough resources in order to develop and design an ROV from acrylic material. Since 

the scope of the project lies within deep ocean work, Remotely operated vehicles 

(ROV), was chosen as part of our project building block due to it being cost-effective. 

The scope of the project focuses on a system based on visual data captured by 

commercial camera to boost the intellectual mind of our ROV navigation.Visual data 

navigation system has proven to be more effective when carrying information about 

the surrounding environment. In the proposed algorithm we have decided to design an 

ROV by laser cutting acrylic sheets integrate it with a commercial camera that will 

display the surrounding environment so that the human operator will easily control and 

maneuver the vehicle. 

	

 

Fig(1): STDV (manta AUV NUWC 
newport)	
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1.2 Problem statement and objectives:	

          The future of the Remotely Underwater Vehicle (ROV) which also known as 

underwater drones, aim to deliver greater ability to provide a cost-effective solution 

for commercial and naval problems. Such attention was also given due to the ongoing 

advances in field of control system engineering and sensor technology, not forgetting 

the advances in the field of communication and the creation of the global positioning 

system (GPS) has also helped when integrating it with such vehicles to enhance it's 

performance. 

 

               ROV-based systems are considered to be a predominant tool due to it's 

helpful features from navigation and sampling which in result gives an image of large 

areas of the sea. The promises of future underwater vehicles technology and systems 

have pushed academic, industrial and business communities to investigate numerous 

techniques for efficient vehicles, which can assist in ocean exploration process. This 

project will be carried out to tackle some of the many problems that scientist have 

been facing when exploring areas of the ocean and based upon the following 

objectives: 

 

• Design	and	develop	an	ROV	by	laser	cutting	acrylic	sheets	and	based	on	

vision	navigation	system,	in	order	to	explore	the	ocean	in	areas	that	the	

human	body	can’t	reach,	to	reduce	the	threat	on	their	lives.	Since	it's	

smaller	in	size	and	space.	

• Integrate	an	interactive	program	that	will	allow	us	to	control	and	

secure	the	desired	outcome	by	using	–	C++-	based	Arduino.	The	

interface	will	also	allow	us	to	show	live	video	feedback,	in	addition	

display	momentary	data	(depth,	temperature	and	direction).	
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1.3 Problem formulation:	

1.3.1 Computer vision  

In this project part of Jaffe-McGlamery model was implemented in order to 

enhance underwater image processing. It focuses on color restoration that will help 

detect images easier. To achieve color restoration, the intensity of the light must be 

more than 150 luminous in order to achieve a relationship between the lights traveling 

from the light source then reflected on the object’s surface that enters the camera. 

Considering the attenuation from the object is represented in the following equation: 

 
 

Where l is the distance between the object surface and the camera, z is the 

distance between the source and the object, Ii(l,z)is the light intensity of wavelength 

i,ki is the reflectance ratio of the objects surface of wavelength I, and a is the angle 

between the ray vector of light from the source and the normal vector of objects 

surface. 

 

Another approach used is by detecting an object through feature-based 

approach. It analyzes the correspondence between the feature main points in the image 

in the database and the image detected through the camera. Comparing, and 

identifying similarities of the feature descriptors and their spatial distributions can 

make decisions made for the object recognition and edge detection. Lowe introduced 

an algorithm, which is considered the most reliable feature and object detector. The 

algorithm is known as Scale-Invariant Feature Transform (SIFT), the algorithm is 

simplified in four steps, which will be explained further. 

	

	

	

Fig(2): Jadde-McGlamery model	
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1.3.2 Navigation system  

Extended Kalman Filter 

In order to solve inefficient issues with navigation systems and avoid crashing into 

obstacles we shall use Extended Kalman Filter (EKF). Using constant speed and an 

updated velocity with heading and depth measurements. The following vector has 

been formulated to represent the estimated state of the vehicle: 

 

 

The first four elements in the equation above represent the position and yaw of the 

vehicle in world coordinate frame and the other four elements represent the linear and 

angular velocities in the vehicle coordinate frame. This state estimation is related with 

a covariance that is defined by the P matrix: 

                               	
	

Kalman Filter 

          Underwater optical properties may cause corruption and distortion to the 

images collected by the camera. Kalman filters are ideal for systems, which it's 

parameters are continuously changing. Kalman Filter is able to enhance and filter out 

the impurities caused by optical properties. Kalman Filter performance is simplified 

in three steps further explanation and equations will be shown in section 4: 

1. Initialization 

2. Correction 

3. Update values 

									-E-k=E-k+1	

										-I-k=I-k+1	
4. Repeat	Steps	2,3	
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1.4 Significant of the project: 

           The expected increase in research efforts in vision systems is due to its cost- 

effective and it's common inclusion on underwater vehicles as payload sensors and 

because of such aspects it will give a significant rise in improving underwater 

vehicles performance which implies an exponential increase in ROV navigation 

systems for the exploitation of scientific data and the near seabed operations. Vision 

has proven to have a number of advantages over other types of sensor for underwater 

application such as cable tracking, inspection, mosaicking, positioning and sensor 

fusion. This project, therefore will design an ROV by laser cutting acrylic sheets 

based on a vision navigation system integrated with a light weight camera which will 

allow the operator to control different aspects of the ROV and show live video 

feedback, in addition display momentary data (depth, temperature and direction). 

	

           This project aims to go further and originate a practical tool based on the 

designed scheme for ocean exploration. The project will, hence, deliver an 

implementation of algorithms based on vision-based with sufficient accuracy and 

updated rates since hardware capabilities have been improved. This project will be 

implemented by using C++ based Arduino which provides a friendly interface portal 

for the user to remotely control the vehicle and different aspects of the ROV. 

 

	

1.5 Capability of the student:  

          During our undergraduate studies in electrical & computer engineering, we 

have acquired a thorough knowledge in the field of control and robotics systems. We 

have been introduced to numerous topics including introduction to robotics, optical 

control, multivariable control, and digital communication and programming courses. 

We also had two courses in programming were we learned two very important 

languages which are Java, and C++ will be useful in our project implementation since 

the bulky part of it lies within the software representation. we have learned the 

techniques and practiced numerous real-life robotic implementation problems since 

robot design is not straightforward and required many iterations and prototypes and 
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due to that we are faced with many challenges such as how to debug, and 

quickly implement a real-time hardware system to test the algorithms, the same 

code then needs to easily port back to the design environment for additional 

optimization, which is the core problem we will be working on during this project.  

 

          The solid background, that we have been dedicating our time to establish 

through coursework and independent reading, will help us to undertake the capstone 

project and deliver the intended objectives. To put this theoretical knowledge into 

real-life applications, we joined King Abdullah University for Science & Technology 

in order to gain a high-level of knowledge and hands-on research experience in 

control and robotics systems. A comprehensive understanding of robotics and 

programming problems and techniques was developed through tutorial sessions, 

various reading and independent learning. We furthermore developed our 

programming skills in C++ and learned how to simulate some designed algorithms. 

We also had a C++ based Arduino workshop offered by one of the students at 

KAUST, which we will be used to deliver the outcomes of this project. The robust 

knowledge gained from this experience has encouraged us to pursue our capstone 

project and, hence, we will be able to squeeze the benefits and outcomes of this 

project. We accordingly coordinated with our site supervisors and Effat faculty to 

establish this capstone project in collaboration with KAUST	
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Chapter 2: Literature Review  
  
	
	
	

	
 

 

2.1 Historical Background 

 

2.1.1 History of ROV  

             The beginning of ROVs was full of failing trials and many problems, like 

leakages, sudden failures in navigation, they made laud noises, they were highly 

sensitive to sunlight that caused internal damages that were not discovered until the 

vehicle was out in the open sea. In 1953 Dimitri Rebikoff was considered on of the 

first to construct an ROV, which was used for archeological researches.  

Fig(3):Underwater vehicles structure 
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              The American Navy had a big interest in ROVs. They needed them to 

located missing torpedoes in the bottom of the ocean. They made a contract with 

VARE industries to develop a vehicle that would serve their need. They eventually 

designed an ROV and called it the Cable-Controlled Underwater Research Vehicle 

(CURV). The CURV was a success; it was able to retrieve an atomic bomb from the 

bottom of the ocean near Span in 1966. But still, it was too large and inefficient.  

 

 
 

              In the med 70s, the offshore oil and gas industry took in interest in ROVs. 

Hydro Products based in the USA were the first company to develop offshore ROVs, 

which are named RCV-225 and RCV-150.  Years late, ROVs have reached the peak 

of their performance to the point were it became the new technology that most water 

based industries needed. Around the late 90s, there was an estimate over 100 vehicles 

manufactured, developed and used.  

              Chris Nicholson was the first one to truly construct a small sized and low 

cost (compared to other companies) vehicle. After his revolution all industries were 

using his ROV that was called MiniRover. Due to its affordable price and small size it 

was used for dam and tunnel inspection, security operations, fishers and even for 

nuclear plant inspection.  

 

 

 

Fig(4): CURV vehicle 
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2.1.2 History of AUV 

             The development of AUV started with basic research back in 1940s. But 

implementation was minor, unsuccessful and limited. In 1957, Stan Murphy and his 

team from the department of applied physics at the university of Washington made an 

AUV named Special Purpose Underwater Research Vehicle (SPURV). This vehicle’s 

purpose was to collect oceanographic data from the arctic region.  

              The true advancement in the AUV technology had happened in 1970 when 

operational systems were developed, which was integrated making AUVs advanced 

for that decade.  

 

2.1.3 History of Tracking Methods  

               The “ROV of 90s” program started in 1988, the program’s goal was to 

inspect underwater pipelines using AUVs. Parameters and characters like shape, color 

and size of the pipelines were saved in a database. Single charge coupled device 

(CCD) Camera along with echo sounders and a compass were used to detect 

pipelines. After the AUV collects images, captured 2D image data and the models of 

the pipelines in the database, which were entered before are compared using image-

processing operations based on edge detection and rectangle matching.  

 

              Tracking using a single CCD Camera as a vision sensor was developed in 

1997 by Balasuriya el al. It was used to locate underwater cables, which then would 

indicate the position of the AUV accordingly.  In addition to CCD cameras, acoustic 

sensors were used to indicate the depth where the cable is located with respect to the 

AUV. After images were captured, image processing had to be done due to the 

degrading that has been caused due to particles in the water and scattered lightening.    

 

              A year later, in 1998 Along with Balasuriya, Ura developed another method 

for tracking, which eliminates the use of acoustic sensors. The data extracted from the 

CCD camera are labeled which then the location in the image is converted into 

parameters for navigation. Zingaretti and Zanoli proposed a detection and tracking 

algorithm later that same year.  They increased the accuracy of the image exploited by 

using Kalman filtering which removes disturbances in the image that are due to  
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irregular motions which accrue with waves. For this algorithm to work, the 

pipelines must be viewed from the top.  

 

             Another technique was developed in 2001 that uses 3D geometric model for 

the environment underwater with extended Kalman filter applied to estimate the 

position of the AUV position and orientation in real time. Asif and Arshad in 2006 

proposed a method to track and detect in complicated marine environment. This 

proposed method uses gray scale conversion technique to enhance the quality of the 

image, then apply Perona filter to reduce nose and disturbance. This method reduced 

computational time significantly.  

 

 
 

2.2 Types of ROV  

Generally speaking, there are five types of underwater ROVs and one class of 

autonomous underwater vehicle [3]. 

1-Small electric ROVs are the smallest type of ROV. They do not utilize a 

hydraulic pump and are  limited  to  depths  of  1,000  feet  or  less.  These  

ROVs  can  only  be  used  for  remote observation. 

 

2-High-capability  electric  ROVs  also  do  not  utilize  a  hydraulic  pump,  

and  its  tasks  are therefore  limited  to deep sea observation  and 

illumination.  Most high-capability  ROVs are suitable for depths of 

20,000 feet. It is primarily used by the scientific and military industries. 

 

3-The general class ROV is electrically driven, but may contain a primitive 

manipulator  and sonar. A small, five horsepower electric motor is 

responsible for underwater locomotion. 

Fig(5): Basic control system 
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4- The work class ROV is the smallest iteration of hydraulic ROV. It is 

outfitted with a seven- function manipulator, a five-function  grabber, and 

can be modified for specific applications. This type of ROV is 

commonly used in deep water drilling and construction applications. 

 

5-The heavy class ROV is the most capable type of industrial underwater 

ROV. These ROVs are outfitted with several multi-function manipulators 

and grabbers, as well as motors capable of generating several hundred 

horsepower. These ROVs possess the ability to lift 12,000 lb. from the 

sea floor to the surface, but are limited to working depths of 10,000 ft. 

 

6- Autonomous  underwater  vehicles (AUVs) are developed  for military 

usage and have not yet been marketed to other industries. They primarily 

stalk enemy ships, protect harbors, and mine  sweep. These  vehicles  do  

not  require  a  tether  or  the  extent  of  user  manipulation needed for 

ROVs. AUVs are expected to become available for commercial 

applications once they have developed a niche in deep sea drilling and 

construction. 

 

 

 

 

2.3 Advantages and disadvantages 

        Stating the advantages and disadvantages of each of the following technologies 

help in developing more efficient ROVs by comparing it to other technologies, which 

might have a strong aspect that can be integrated in an ROV. 
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2.3.1 AUV 	
	

 Advantage 	 Disadvantage 	
	

• Navigates though underwater 

environment without any human 

guidance.	

• AUVs are desirable due to it's 

untetheredness. 	

• Widely used for survey mission, 

oceanographic mapping and for  

infrastructure inspection. 	

• It can carries a single camera, 

integrated with the vehicle in order to 

perform underwater imaging.	

• AUVs encompasses an excellent 

navigation algorithms in order to find 

target locations.	
• High reliability and improved data 

quality. 

• AUVs can follow rough terrain with 

the optical positioning of sensors.   

• It is cost-efficient since it does not 

require bulky and complex support 

equipment integrated with the 

system.  

	

	

• In most missions we need to include 

artificial lighting which adds to the 

weight and power demand of the 

system.	
• Most of the time AUVs may not have 

enough power to overcome external 

obstacles such as tides and currents. 

 

• AUVs do not communicate 

underwater until they surface to use 

GPS. Many times it does not have 

enough power to transmit the 

required data in real time. 

• AUVs suffer from limited speed, and 

providing accurate localization.  

	
	
	
	
	
	
	
	
	

Table(1): AUV advantage and disadvantage	
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2.3.2 Vision based Navigation System 	
 	

 Advantage 	 Disadvantage 	
 	

• Visual data can easily be 

processed to perform vehicle 

navigation. 	

• Effective non-machine interface.		

• The visual data required from 

optical system are easily 

interrupted by humans.	

• It only requires a single camera 

so, it's cost-effective. 	

• Optical imaging which is used in 

the system has a high update rate 

which allows for a high update 

navigation data.	

• When working underwater, 

optical imaging system can 

provide high resolution data. 	

• Optical imaging has been proven 

to be very flexible when operating 

different applications underwater 

such as: cable tracking.	

• Optical imaging system can 

provide a 3D positioning and 

basic information in a fixed work 

frame without the aid or artificial 

landmarks. 	

	

	

• Detection  range is very limited 

due to the poor visibility 

condition of underwater 

environment. 	

	

• The price of an optical system 

sensors are not fixed it may 

changes depending on the 

conditions.	

• The cost of the image digitizing 

and computation cost are the 

constrains of the system, instead 

of the optical imaging system 

itself. 	

• The camera is piloted, at an 

altitude which provides a 

satisfactory underwater imaging, 

but it can be easily disrupted by 

external forces and will affect the 

image range.  

• Vision positioning can be limited 

for larger scale, in the sense it can 

provide accurate positioning only 

for areas which are short distained 

and predetermined.  

	 Table(2): Vision based navigation system advantage and 
disadvantage	
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2.3.3 ROV  
	

Advantage 	 Disadvantage	
	
• ROVs can operate without any 

time constraints. Because it is 
powered by a source located on 
the surface.	

	
• ROVs can cover wide areas 

similar to the human divers.	
	

• It provides a close-up 
examination of the sea bed	

	
• An ROV can be modified to be 

able to collect samples from the 
ocean.	

	
• Mobility of the ROV will allow 

the users to examine the seabed 
within a close up range.	

	
• The maximum depth of an ROV 

is limited by the length of the 
umbilical cable.	

	
• It requires a boat availability 

during the expedition process, 
due to acquiring a number of 
equipment.   	

	
• The equipment used for ocean 

exploration are found to be 
expensive and not widely 
available.	

	
• In areas with strong water 

currents might found to be 
difficult to operate.	

	
• Sampling is not-random, areas 

are selected by the operator for 
observations.	

 
2.4 Contemporary Issues 

												The	ocean	has	always	been	the	most	unexplored	habitat;	most	of	our	

knowledge	of	the	ocean	lies	in	shallow	waters.	Deeper	water	remains	a	mystery	

even	though	we	are	depending	on	its	resources	for	food,	energy	and	many	

others.	Over	the	past	years,	the	need	for	underwater	vehicles	has	increased.	

Since,	the	process	of	exploring	the	ocean	is	not	random,	new	advances	in	

technology	have	been	created	in	order	to	enhance	ocean	exploration	process.	

The	development	for	advance	ROVs	has	also	increased	in	the	past	years,	the	

industry	had	made	a	significant	step	change,	due	to	advances	in	automation	

control,	vision	navigation	systems,	and	new	algorithms	in	the	artificial	

intelligence	space.		

Table(3): ROV advantage and disadvantage	
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2.4.1 Vision Based Autonomous Underwater Navigation System 

         When implementing any underwater mission, accurate information about the 

vehicle position is very important in order for it to be controlled and reaches it's final 

recovery. The traits of an underwater environment are very difficult and challenging 

for a vehicle to navigate. Water can restricts the range of acoustic and optical sensors 

and it limits communication bandwidth due to the attenuation of acoustic and 

electromagnetic radiation when underwater. The vehicle autonomy can be achieved 

when a number of computations is performed onboard.  

 

          Another challenge that is face with underwater navigation system is intrinsic 

ambient pressure, while the vehicle is underwater it's left to face the underwater 

pressure, it increases approximately 1 atmosphere every 10 meter of depth and this 

pressure has a greater effect on it's acoustic sensor and design. Another issue that 

affects the accuracy of vehicle navigation is the existing of waves and current that 

will affect the vehicle motion. Since most of the problems can not be improved 

directly the focus relies on improving the navigation sensors and the techniques used 

in which data is being gathered from. In general the more accurate the sensor is the 

more expensive will be. This lead to increase research efforts to developed lower cost 

sensors with high data interpretation by using high computation technology such as 

multi sensor data fusion (MSDF).  Over recent years computer vision had been the 

focus of many research since it had increased the hardware processing capabilities 

and the need for more accurate sensor solutions, Many researches had been 

considering the possibility of using computer vision in order to track cables on the 

seabed for applications such as maintenance and inspection.  

 

          Cameras are found most useful for all underwater vehicles performance in order 

to provide feedback to the operator. Vision based navigation system requires the 

usage of one or more video camera on top of the vehicle along with other tools 

integrated all together depending on many factors such as depth, a light source  

availability. By performing vision processing within the same context, the required 

navigation task can be completed.	
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2.4.2 Control programs 

													Instead	of	attempting	to	create	a	fully	autonomous	ROV	control	program,	

scientists	have	decided	that	since	the	environmental	conditions	and	the	possible	

failure	modes	and	responses	will	require	them	to	build	an	enormous	program	

and	if	such	program	was	to	be	build	the	human	operator	might	find	it	hard	to	

use.	They	decided	that	the	ROV	tasks	should	be	designed	as	a	sequence	of	

smaller	simpler	steps	that	can	be	easily	automated	which	will	reduce	the	

complexity	of	the	''autonomous''	software	dramatically.	In	summary	the	human	

operator	is	the	decision-maker.	Commands	such	as	''grab''	is	an	automated	step	

which	will	enable	hands-free	piloting,	such	these	pre-programmed	steps	

command	can	be	executed	via	a	computer	mouse	or	voice	command	or	computer	

keyboard.	This	technology	will	greatly	reduce	the	lost	time	due	to	damages	that	

might	occur	on	ROV	tools.	

	

	

	

	

	

	

Fig(6): Camera and light setup (red box illustrates image frame) 
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 2.4.3 Vision control 

															The	most	challenging	ROV	task	the	one,	which	requires	a	

manipulator	in	order	to	secure	the	required	outcome	such	as	tool	placement.	In	

order	to	complete	such	task	it	requires	an	automated	navigation	and	control	

system	that	will	deliver	a	high	level	of	operation	within	a	changing	underwater	

environment.	The	most	recent	exploration	of	robotic	vehicles	are	the	

autonomous	underwater	vehicles	(AUV)	integrated	with	a	vision	navigation	

system	that	has	enabled	new	ROV	automation.	This	hybrid	system	allows	the	

ROV	to	recognize	objects	incorporated	with	motion	sensors.	This	hybrid	system	

has	also	unleashed	two	new	innovation,	Vision	technology	and	ROV	motion	

dynamics.		

Vision	technology:	simultaneous	location	and	mapping	(SLAM)	technology.	SLAM	

tracks	the	3D	position	of	a	moving	camera	from	a	fix-coordinated	system	to	the	

viewed	object.	ROV	motion	dynamics:	these	are	taken	from	motion	sensors,	

which	allows	an	ROV	autonomous	control	system	to	fully	understand	the	

surrounding	environment	and	approach	the	required	target,	motion	sensors	

such	as	a	microelectromechanical	(MEMS)	attitude	and	heading	reference	

system	(AHRS)	and	others.		

	

2.4.4	Manipulator	control	

														The	development	of	an	advanced	kinematic	control	software	for	ROV	

manipulator	evolved	from	the	need	to	simplify	the	operation	of	the	

manipulators,	therefore	improving	operational	efficiency.	ROV	manipulators	

have	six	degree	of	freedom:	three	Cartesian	(X,Y,	Z)	and	three	angular	(	pitch,	

roll,	yaw).	The	modern	manipulator	consists	of	(master/slave)	correspondent,	

which	allows	the	ROV	to	fully	control	all	six	degrees	of	freedom	in	real	time.	In	

many	tasks	the	Cartesian	and	angular	motions	are	not	desirable	to	be	controlled	

at	the	same	time,	such	task	rely	heavily	on	the	skill	of	the	operator	which	came	

the	need	to	automate	as	much	of	the	process.	Ultimately,	the	result	was	to	the	

proprietary	kinematics	software	system	that	will	allow	the	operator	to	control	

one	of	the	motions	such	as	the	Cartesian	motion	while	the	software	

automatically	controls	orientation	or	the	opposite.	
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2.5 Previous Researches 

 

2.5.1 Paper 1 Development of Autonomous Underwater Vehicles.  

             In this research paper, Andear Badillo and Ivan Ceron provide a broader 

perspective about AUVs specifically the benefits, challenges and risks of using AUVs 

for ocean exploring. In addition, they indication the types of navigation systems and 

control systems that are mostly used in commercial AUVs. The paper starts by 

introducing and categorizing underwater vehicles based on controllers, types of 

sensors used and robotic system instilled. They then differentiated between ROVs and 

AUVs by giving the definition of an ROV and what features make it different from an 

AUV. To develop an AUV, it requires a preinstalled intelligence that is synced with a  

group of sensors which are linked to actuators that outtake the action required to get 

to the desired destination.  

 

             The rate of development and use of AUVs have been increasing in a very 

slow rate due to the risks and challenges that developers have came across. To archive 

a good AUV design four main factors must be considered. First, reliability. The 

vehicle must perform the desired task with the less error possible. Second, 

Modularity. The software used needs to be flexible to updates in the system for 

modifications after running tests and for updating features that will help in future 

development. Third, Robustness. An autonomous vehicle must have the ability to 

avoid obstacles that hinder its movement. Fourth, Endurance.  Not just in the material 

used for the exterior, but also in the internal design of the AUV. It must be designed 

to consume power in an efficient matter, which is appropriate compared to the power 

given.  

 

          The function of software and mechanical parts together are critical in 

preventing any types of failures in an AUV.  Most companies prefer using ROVs due 

to the high economical losses that are caused due to a malfunction in the software that 

results the vehicle to plunge to the bottom of the ocean or simply damaging the 

vehicle that will heavily cost to send for repair. Therefore control systems are 

important. One of the most critical systems is the attitude control system due to its 

important role in regulating the speed, depth and pitch. The disturbance caused by the 
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waves and the non-linear dynamics of the AUV are factors that need to be 

measured precisely when designing an attitude controller.  

 

 

          

 

 

 

 

 

 

           

            There are two CPUs that have been used in this design. In order for the 

mission controller (high level system) to send high level commands which are know 

as set points to the attitude controller (low level system) that defines the depth and 

position of the AUV, two CPUs are needed. PID (proportional integral derivative) 

controllers and PD (proportional derivative) controllers are often used in designing an 

AUV. This methodology is fairly accurate due to the capability of minimizing the 

error associated with the ocean’s waves. Sensors and actuators must be fast working 

in order for the PID coefficient to be calculated. Fuzzy logic system is added to 

further develop the AUV attitude controller. The fizzy system is based on a group of 

rules (if – else – then) that is applied on the current status of the AUV.  This system is 

the second most regularly designed method to adjust the position of the vehicle. Easy 

implementation and testing, robustness and simplicity are just few advantages of the 

fizzy logic control system.  

 

              In this paper, vision systems have been divided into two main categories 

based on the functionality of the vision navigation system. First is to help in 

navigation. Second is to record and document data, mainly images. In the first 

category, often designers use more than one camera to get broader angels and 

different views depending on the environment, to detect and avoid obstacles and to 

estimated the distance from on object. It is challenging for vision based navigation 

systems to just base their maneuvering on cameras and video cameras due to the 

disturbances that can be caused by the limited amount of sunlight and high turbidity 

Fig(7): Depth control – Pitch control scheme 
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levels.  In the second category, the AUVs have been used to map out the 

bottom of the sea using Mosacing method. In addition, it is mostly being used in 

the oil industries to discover offshore rig leaks that are hard for human divers to get 

to. Using AUVs helps in estimating the damages and makes the process of repair 

easier.  

 

           In conclusion, AUVs have been developing in a slow rate due to their risks. 

Therefore, when designing an AUV there are important factors that must be 

considered. Start by the purpose of the vehicle then work on designing an internal 

system that will server your goal and purpose. By doing that you have an outlook to 

what sensors you might need to use and what type of camera will be used.  

 

 

 

2.5.2 Paper 2 Control Architectures for Underwater Vehicles. 

               In this research Kimon valavanis, Denis Gracanin, Maja Matijasevic, 

Ramesh Kolluru and Georgios Demetriou will deliberate about the types of control 

architectures that are commonly used in controlling AUVs with the application. 

AUVs are centered on built in intelligence and automated control systems therefore, 

when designing control systems the most common problems in developing AUVs 

systems are due to high-dimensional sensory data, real time execution constraints, 

power and communication limitations. On the other hand, there are lots of advantages 

it will enable AUV designers to achieve flexible communication, well-organized 

solutions to sequential planning and resource allocation, information combination and 

recognition in the process of multi-sensor maneuver, planning for a specified task, 

and adaptation to system and environment deviations.  

            First types of control architecture are “Hierarchical Architecture”. The method 

of hierarchical architecture takes a top to bottom approach to divide the system in 

several levels. The higher levels are functional for the overall mission goals, and the 

lower levels are responsible for resolving specific problems to achieve the mission.  

The higher level directs commands to the lower level and, as an outcome, receives 

(sensory) information back from the lower level. The data flow reductions from the 

bottom to the top of the hierarchy. The advantage of this architecture is that is 
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exemplifies a well- defined compactly coupled assembly. This makes it easier 

to check controllability and stability of the system. There are also disadvantage 

of this architecture, which is the lack of tractability, and outcome, it is difficult to 

update or modify the system. Since there is no direct communication between high-

level control and low-level parts (sensors, actuators), response time (sensor input-

system action) are longer, As a result, systems using this architecture are not very 

efficient to you.  

 

 

 

 

 

   

 

 

 

           Second types of control architecture are “Heterarchical Architecture”. The 

method of heterarchical architecture takes a bottom to top approach without dividing 

the system into several levels. It is the opposite of the hierarchical architecture, which 

practices a parallel structure where system modules are able to directly communicate 

among themselves, without levels. The advantage of this architecture is its flexibility 

and the elimination of levels between models within the system. Since the data and 

Fig(8): Control Architecture for underwater vehicles 

Fig(10): Architecture with additional high-level control 
functionality 
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sensory material can be simply accessed from any system part, which makes 

the system suitable for parallel processing. The few disadvantages of this 

architecture is because it lacks of supervision, the communication among the system 

can be very complex and intensive, in addition controllability might not be stable.   

         Third types of control architecture are “Subsumption Architecture”. The method 

of subsumption Architecture is based on behaviors working in a parallel nature. 

Behaviors are many layers of a certain control architecture that is based on sensors in 

performing an action. A high level behavior can overpower a low level behavior and 

after the high level behavior is done executing, the low level behavior returns control. 

The advantage of this architecture contains high flexibility, robustness, and low 

computational operating cost. This architecture demonstrations the true meaning of 

dynamic reactive behavior. On the other hand, the disadvantages of this architecture 

include challenging and difficulties in synchronization and timing between behaviors, 

due to the large number of behaviors the system gets more complex, and a absence of 

high level control causes difficulties to verify the system and test its stability and 

accuracy. As a result, realistic AUV implementations use altered subsumption 

architecture with additional high-level control functionality.  

 

         

 

 

 

 

 

 

       Fourth types of control architecture are “Hybrid Architecture”.  The method of 

hybrid architecture is based on the amalgamation of the three previous architectures 

hierarchical, heterarchical, and subsumption architectures. The system is split into two 

Fig(11): AUV architecture integrated with task level control 
functionality 
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levels, higher and lower levels, which use different levels of abstraction. The 

higher level uses the hierarchical architecture to apply strategic, mission level 

functionality. The lower level uses one of either heterarchical or subsumption 

architecture to control hardware subsystems (sensors and actuators). The advantage of 

this architecture is that it reserves the advantages of hierarchical architecture and the 

flexibility at the lower level is accomplished. On the other hand, the disadvantage of 

this architecture is that the substantiation of the system is still not straightforwardly 

achieved. Although, this system is composed of a mission management component 

and a diagnostic component. The AUV is capable of mission planning, path planning, 

energy system management, collision avoidance, threat detection sensors, radio 

communication, and a navigation system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig(12): AUV standard system scheme functionality 
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2.5.3 Paper 3 Self powered Autonomous Underwater Vehicles Results from a 

Gyroscopic Energy Scavenging Prototype.  

          In this paper, Nicholas Townsend describes his energy scavenging system that 

he installed in an AUV to test if he could harvest energy without additional power 

sources. To achieve higher mission time, endurance must increase. Sensors, actuators, 

internal parts all require power and the majority of AUVs use batteries as the main 

power supply. Yet, batteries have short life span in addition they require charging 

(needs external power).  

 

 

            The system that Nicholas proposed is based on control gyroscope (CMG) 

principles that utilize the response of a welded wheel on the body of the AUV to 

generate energy from the movement of the ocean’s waves. This method uses the 

reaction of a spinning wheel under an input torque to give an output torque, which is 

greater, without external appendages, and additional hydrodynamic drag the wheel 

starts to spin. The average of wind power density is greater than 50 W/m2 for more 

Table(4): Nicholas proposed is based on control gyroscope (CMG)	
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than 80% of the year and the global oceans containing a wave energy density 

greater than 2 kW/m for 90% of the year.  There are a few disadvantages in 

using this method. In order for the AUV to recharge it needs to go to the surface of 

the ocean where the waves are stronger. This can expose the AUV to extreme 

sunlight, which can damage the vehicle. In addition, extremely strong waves can 

unbalance the AUV can cause it to drift losing its control.  

         The prototype is mostly a standard AUV system. It was designed to have a 

cylindrical body. The wheel was welded in the central of the AUV body to decrease 

mass and swept volume. Also it gives the wheel the freedom to move 360o 

unrestricted. A ring was welded on the precession axis to deliver power in order to 

allow the motor to move. A DC generator was used to convert mechanical power to 

electrical power. Tests have been done with wave amplitudes (0.1 and 0.05m) 

including spin rates (1000, 5000, 9000 rpm). Through a National Instruments 

compactRIO, data was logged at 100Hz. The power generated was calculated by 

measuring the voltage (Vr) across a resistor (Rr) connected to the terminals of the 

generator iP = Vr
2/Rr.  

 

 

              In conclusion, Nicholas got no results with low spin due to small torque that 

leads to no significant power generation. Theoretically, when increasing the spin rates 

more power is generated. But practically, the difference between 5000rpm and 

9000rpm does not appear to represent a significant change in the power generated. At 

these spin rates, the system response can become nonlinear and it is anticipated that 

Fig(14): Power loss equation due to friction 
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the flywheel orientation is not always optimally aligned with the wave-

stimulated excitation, decreasing the energy. The system requires power to 

primarily accelerate and then maintain the flywheel spin rate, overcoming friction, an 

estimate of the input power to accelerate the flywheel and the power to overcome 

friction and maintain the flywheel rpm was calculated. Assuming a constant energy 

loss, the power loss due to friction (to maintain the flywheel rpm) was estimated as:   

                                                    𝑃 =  !
!

 𝐼!!𝑤!𝑓/𝑡 

Where  !
!

 𝐼!!𝑤!𝑓/𝑡 represents the stored kinetic energy in the flywheel. The system 

takes 470 seconds in order for the wheel to stop spinning. The power loss due to 

friction was estimated as: 

                         P = (0.5 X 0.00482 X (5000 X 2𝜋/ 60)!/ 470 = 1.4W  
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Chapter 3: Prototype Description  

 

     3.1 Construction  

The physical construction is divided into two main parts. The main body 

structure and electronics.  

 

      3.1.1 Materials Used for Body Construction with specifications  

           1. Frame 

                  The main material used to construct this ROV is acrylic plastic. In order 

for the ROV to smoothly maneuver in water it needs to have a density near the 

water’s density. Based on the chart below, acrylic was chosen. Metal was avoided due 

to its heavy weight although it is cheep and stronger than acrylic. 

Material  Density (g/𝑐𝑚!) 

PVC 1.4 

Acrylic 1.19 

Aluminum  2.70 

Water  1  

 

 

         Therefore, acrylic plastic is the best component to construct an ROV. 

We used 6mm acrylic sheets that have been cut by laser machine according to our 

design. The Parts where designed with CAD software. The CAD was made with a 

mater student at KAUST since we don’t have enough experience to design on CAD. 

 

 

 

 

 

 

 

Fig(15): Acrylic sheets 

Fig(16): Acrylic sheet implementation Fig(17): Acrylic sheet scheme 

Table(5): Materials and it's density	
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           2. Propellers 

                    In this design we used three different propellers. The main objective 

when choosing a propeller is delivering desired speed at minimum torque.  With this 

in mind minimum energy is achieved with the perfect thrust.  

 

 

 

 

 

 

           3. Rods 

                     Two lightweight metal rods are used to strengthen the body of the ROV 

and help it stay in tact. If the ROV hits a hard object it prevents it from causing the 

whole body to collapse.  

 

 

 

 

 

 

 

 

        

  4. Zip tie 

                   Zip ties are an easy and cost efficient way 

to keep the wires collected together and tightly attached 

to the ROV body to avoid any wire getting loose in 

windup in the propellers.  

 

 

Fig(18): Propellers 

Fig(19): Rods 

Fig(20): Rods implementation 

Fig(21): Zip tie 

Fig(22): Zip tie implementation 
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           5. O-rings  

                The O-rings are an important part in isolating the 

electronics in the acrylic tube to prevent water leaking in. There are 

four O-rings in this design, two for the battery caps and two on both 

sides of the electronics tube.  

 

 

           6. Mesh 

               To keep the wires from together, mesh is a cheep 

      and lightweight solution. It keeps the wires compact together and it is 

highly flexible which will allow the tether and wires to bend freely. 

 

 

 

           7. Ranger bands 

               Tough rubber bands made from bicycle tires, which are elastic and are able 

to handle high pressure. They are used for keeping the battery tubes attached to the 

main body.  

 

  

 

 

 

 

 

 

 

 

 

 

Fig(23): O-rings implementation 

Fig(24): Meshes 

Fig(25): Ranger bands 

Fig(26): Ranger bands implementation  
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           8. Weights  

           Due to hefty currents that are caused by waves and drafts, the ROV must he 

heavy enough to stand these elements. By adding weights on both sides of the ROV it 

will give it more stability. Also it will prevent the ROV from tilting forward and 

backwards. The weight of the propels and electronics tube will tilt the ROV 

backwards therefore, to make the weight at the front area 

proportional to the weight at the back these 2 KG were added at both 

left and right front ends.   

 

 

 

 

            9. Bonding Agent  

                When we started designing, we decided to use acrylic cement as our 

bonding agent, due to its lightweight and withstand to high pressures. We faced a 

problem when ordering acrylic cement online. Because it is highly flammable, 

shipping companies do not allow overseas shipping. Locally, it is not used often 

which made it nearly impossible to find. Therefore, we bought a 3 types of bonding 

agents and tested them: 

 

 

 

Fig(27): Weights implementation 

Table 6: Different type of bonding agents 
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           According to the table above, when comparing the 3 types of bonding agent to 

the acrylic cement which is the material we couldn’t find. 

Devcon Plastic Welder is the most suitable bonding agent 

due to its high durability and fastest setting time compared 

with the other two different brands.  The disadvantage of 

using this brand is the hazardous issues that this can cause. 

This can cause lung cancer and is able to burn through human 

skin.  

 

 

 

            3.1.2 Electronics Construction with specifications 

    

1. Camera  

         Choosing the best camera depends on the operating voltage, the less 

voltage the better. In addition to low lux light sensitivity, this means the 

camera is able to function in dim lighted areas. We have compared 4 

different types of cameras: 

Brand Advantage Disadvantage  

Geo Vision CAMCCR25 - Cheep  

- High resolution 

 2.0 Lux sensitivity  

Sony SN555 - Light weight  

- .1 Lux 

sensitivity  

- High Resolution  

- Needs Constant 

12V  

- Expensive  

Go Pro Hero 2 - 1080p  

- 170 FOV 

 Expensive  

Genius HD webcam  - 1080p  

- 160 FOV 

- Light weight  

- Cheep 

- 30 fps 

Sensitive to deal with  

Fig(28): Plastic Welder warnings 

Table (7): Different type of commercial 
cameras 
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           Based on the comparison, we have used the Genius HD 

webcam. We took the cameras cover off and used the electronics only 

without the housing.  

 

 

 

 

 

 

 

 

2. IMU Sensor  

          Inertial Measurement Unit (IMU), it collects angular velocity and 

linear acceleration data that is sent to the processer. This sensor actually is 

composed of two main sensors, the accelerometer and angular rate sensor. 

The first type generates three analog signals designating the accelerations 

along each axes. Due to thruster system and physical limitations, the most 

important acceleration is caused by gravity. The second types outputs three 

analog signals. These signals portray the vehicle angular rate about each of 

the sensor axes. 

 

 

 

 

 

 

 

 

 

3. Battery  

          Lithium iron phosphate (Li-FePO4) batteries are used in this design. 

The reasons behind this choose is due to it power density, in addition to 

Fig(29): Plastic Welder warnings 

Fig(30): Accelerometer Fig(31): Angular Rate Sensor 
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their long life cycles, which are cause by their constant discharge 

voltage that is around 3.2V. Also it has 2,000 – 7,000 at 100% depth 

of discharge (DOD). Another advantage is their lightweight, which makes 

it perfect to use in small applications. 6 batteries are used to get 9V output. 

Each 3 are connected in series. They are able to work for 3 continuous 

hours with 3300mAh. 

 

 

 

 

 

 

 

 

 

 

4. Motor  

         We have used three brushless DC motors. At the end of each motor 

is one propeller. DST motors has been chosen due to their lightweight and 

small resistance. It weighs 65g with 0.27 ohms. Their Kv is 700 RPV, that 

means when no load is added and the motor is given a pulse of 1 voltage it 

rotates 700 times. Brushless motor are different than brushed motor when 

it comes to efficacy only.  Brushless motors are 85-90% efficient where 

brushed motors are 75-80% efficient. This results in more total power 

being used into rotational force and not into heat.  

 

 

 

 

 

 

 

 

Fig(32): Comparison between LiFePo4 battery and LA battery 

Fig(33): Lithium iron batteries 
LiFePo4 battery and LA battery 

Fig(34): Brushless DC Motor  Fig(35): Brushless DC Motor  with Propeller 
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5. BeagleBone Black   

          This is a low cost and open source processor, which has an Arduino 

integrated within.  This allows the processor to have more input and output 

pins, also it allows the user to creatively use this processor for different 

means. It boots under 10 seconds in addition to its small size compared to 

it capabilities. Its only 

3.4”X2.1” and has 512 MB of 

internal memory also it has a 

slot for adding extra memory 

storage for large codes.  

 

 

 

 

 

 

6. DB-25 Connector  

        This female connector is used to connect and power the electronics in 

the electronics tube.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(36): BeagleBone Black 

Fig(37): DB-25 connector implementation 
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7. Tether 

         Tether is composed of two long wires twisted together, it is 

connected to the communication box and the other end is connected to the 

ROV. The tether is 300m long with 1.5 twists per inch.  

 

 

 

 

 

 

 

 

 

8. Laser  

        Two lasers are used with 10cm distance between them. They are used 

to measure the distance of an object in front of the ROV.  

 

 

 

 

 

 

              

             9.  LED 

                    Four LEDs have been implemented for this design. LEDs consume less 

power and are very light weighted therefore; we have decided to use them. Each LED 

can go up to 250 luminous. It is important that the LEDs are very bright because in 

dark areas without enough lightening the camera will not be able to see anything, 

which will result in loosing control of the ROV.  

 

Fig(38): Tether 

Fig(39): Laser 
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     3.2 Operation 

3.2.1 Software  

       For programming our Controller that is an 

 Arduino, we used C++. The commands used  

are part of a large library that KAUST RISC 

 (Robotics, Intelligent Systems & Control) 

 Lab has. Theses codes already exist. 

 What we did was integrate these codes 

 with our robot and adjust them to function 

with  our electronics, sensors and 

outputs. This diagram demonstrates the 

output and input of the software and 

its connection to the main processor 

then to the physical ROV parts. 

Due to the codes being KAUST 

property we were not allowed to 

copy nor reuse any of their codes, 

but we were able to demonstrate 

the basis of the coding in this 

diagram.  

 

 

  

 

 

 

 

 

 

 

 
Fig(40): Software input / output diagram 
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         This is the overall design for the software. The user must use a static IP 

address to access the open source interface. Where the user will be able 

to get live feed data from the ROV and control it. 

 

       Now a USB and Ethernet cables must be connected to the laptop, the 

USB cable gives power to the communication box and the Ethernet connects the 

ROV with the laptop.  

        There are tow types of command a user can enter either static command, 

which are commands that are off and on function like LED and lasers. The other 

type is variable commands where the user can control speed, depth and the 

direction.  In this part the user is dealing with our Cockpit interface.  

 

       After the user chooses a command, it goes to the command manager 

where the code stored for that command is executed from the Arduino. 

Depending on the types of command the thrust managements sends a signal to 

which motor that will adjust which thrust. For example, if the command was 

static the thrust value is the same. But if the user decided to turn right the thrust 

manager adjusts the motors in order for the ROV to turn right without tilting nor 

flipping over.      

 

 

 

 

 

Fig(41): Overall software design 
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Overall Construction Steps  

 

• Constructing together the body of the ROV from the acrylic parts. 

 

 

 

 

 

 

• Attaching the electronics together  

 

 

 

 

 

 

 

 

• Integrating the electronics with the main ROV body 

 

 

 

 

 

 

 

 

 

 

 

Fig(42): Acrylic part construction 

Fig(43): Electronics 1 

Fig(44): Electronics 2 

Fig(47): Electronics and 
acrylic part integration 1 

Fig(46): Electronics and 
acrylic part integration 2 

Fig(48): Electronics and acrylic part integration 3 

Fig(49): Electronics and acrylic part integration 4 
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• Testing the functionality of the electronics with the body 

 

 

 

 

 

 

 

 

 

 

 

 

• Concealing the electronics in the pressure tube.   

• Sealing the batteries 

• Overall system run  

 

	

	

	

	

	

	

	

	

	

	

	

	

	

Fig(50): Functionality testing   

Fig(51): Prototype 
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Chapter 4: Design & Analysis 

 
4.1 Design Concepts  

 

Electronic Rack is where the main electronic parts are kept. It must be sealed to 
protect the electronics for getting wet. The hull is a tube epoxied to a thin rear end cap 
The other end of the hull is epoxied to a forward sealing o-ring that will seal the front 
end cap of the ROV. The front-end cap provides a single interface for power and data 
to pass through the hull.  

Thruster propulsion is providing through three brushless DC motors ending with a 
propeller. Each propeller is different than the other. Two are used to navigate on a 
horizontal axes, while the other one is used to navigate on a vertical axes.  It is the 
main power consumption in the system. When moving with constant speed, the thrust 
produced by the motors is equal to the drag of the vehicle:  

 

                                  Thrust = Drag = !
!
𝜌s2AcD  

 

Where 𝜌 is water density, s is speed, A is surface area, cD is drag 
coefficient.  

 

Buoyance The magnitude of the buoyant force, B, exerted on a body, floating or 
submerged, is equal to the weight of the volume of water displaced by that body. This 
means that for the ROV to float it must have a greater weight (W) than the buoyant 
force (B).    
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Stability underwater is affected by the position of the center of mass (Cm) and 
buoyance (CB) for static objects.  If Cm and CB are not vertically aligned instability 

will accrue.  

 

 

 

 

 

 

 

 

Coriolis is internal force that acts perpendicular to the direction of motion. The force 
is proportional to both velocity and rotation of the coordinate. The effect of the 
Coriolis force is that the direction of the ROV is deflected.  

 

Added Mass When a body transports underwater, the surrounding fluid is accelerated 
alongside the ROV. This affects the dynamics of the vehicle in a way that the force 
essential to accelerate the water can be modeled as added mass.  

 

Fig(52): ROV buoyance graph 

Fig(53): ROV Stability graph 
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4.2 Aqua Cooper Design 

 
       4.2.1 Body Design  

              The body was designed using CAD; due to out lack of 

experience at CAD a master student from KAUST helped us execute the 

idea.  

 

 

 

 

 

 

 

 

 

 

 

Fig(54):  CAD body design 1 

Fig(55): CAD body design 2 
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        The design is made from 4 main parts: 

• First, the outer shell where all the other acrylic parts will be attached 

to it and all the wiring will be strapped on.  

 

• Second, the electronic rack where the camera, processor and 

controller will be located. This area is the most critical area to design. 

A small error can damage the all the electronics.  

 

• Third, the battery tubes. They are where the batteries are housed and 

sealed to protect it from water leakage. The batteries are sealed 

separately for two main reasons.  Electronics emit heat and that can 

damage the battery, also for weight balancing batteries are a great 

way to balance the ROV.  

 

• Fourth, the inner body structure. Where the motors are placed and the 

wires are strapped. It also gives strength to the fixture of the ROV.  

 

            Based on these parts and previous concepts, we calculated the center of 

buoyance  (COB) and center of mass (COM). We located the thrusters carefully 

taking inconsideration these two factors. Also the weights added in the both sides of 

the outer body were to balance the weight of the thrusters and electronics so the ROV 

doesn’t title in a certain direction.   

 

 

 

 

 

 

 

Fig(56): CAD body design 3 
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4.2.2 Electronics Connection 

 

 

 

 

 

 

Fig(57): ROV electronic connection scheme 

Fig(58): DB-25 connector graph scheme 
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         The three batteries are connected in series then connected to the DB-25 

connector, which is connected to all three motors. Each motor is named after their 

location. Both starboard motors are located on the inner body frame that looks like a 

star. The vertical motor is the only motor that controls the vertical movement. The 

connector is also connected to the electronics rack. It connects the ROV with the 

interface, which the user is controlling. The controller’s connections:  

 

 

 

 

 

Fig(59): Controller's connection graph 

Fig(60): Controller's connection graph 
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4.3 Project Constrains  

 

Environmental constraints 

             The ocean has bee the most unexplored habitat even though we are depending 

on it resources each day more than ever, in order to harvest most of it's resources we 

need to gather as much information possible. Most of our information lies within the 

shallow waters; deeper waters remain a mystery and from this need came the 

invention of underwater vehicles, which will help in understanding the underwater 

harsh environment. We chose our project to help gather these information’s with the 

help of the ROV in order to left the hazard on the human kind. 

 

                   In our project we proposed an environmental design where we used LEDs 

to enhance the images quality underwater. Many researches have proven that the 

electric thrusters reduced the feeding activity of marine animals. In our project the 

sound of the thrusters was minimized and the human operator can control both the 

low light intensity and the electrical thrusters. 

  

                      The human operator can also control the intensity of the light if needed. 

In our project we have integrated a commercial camera with our design in order to 

enhance the analysis process of the underwater environment and enable other 

researches contribution to further develop it to an autonomous vehicle by using the 

camera as a way to vision navigate underwater. 

 

 

Economical constraints 

             Since the field of the underwater vehicles is considered to be a new field, we 

have faced a lot of difficulties in finding the right parts of the project. The solution is 

to have a solid and enough resources and materials to support our design and 

development of the underwater vehicle. Because we had enough information and 

materials in advance we have avoided a massive delay in our timeline by ordering all 

the missing parts online in advance. 
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Social constraints 

                 Since we had enough materials and resources we have created a list with all 

the parts needed to design our project. Since the Saudi market was not ready to 

indorse the field of underwater vehicles, we were not able to use local parts instead 

we had to order it online in advance and we made sure to have a backup part pre-

ordered too in order to avoid any delay in delivering our project. 

  

Health constraints 

                 This project was designed and developed to help the human kind explore 

the harsh underwater environment without risking their life. This project was 

developed with environmental friendly materials with low-noise and light so it does 

not disturb the harmony of the underwater marine animals and increase the 

temperatures. 
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Chapter 5: Results & Discussion  
	

 

• Getting started 
First in order to test the output of the prototype we have to plug in two important cables: 

• The Ethernet cable                                    

• The USB cable 

 

 

 

The USB cable acts as an on/off switch and turns the ROV on when plugged in and 

off when unplugged. After the prototype the user will interact with a friendly interface  

 

• User interface 

• Shows prototype connectivity  

• Latency   

• Current Draw  

• Battery voltage 
 

Fig(61): USB –Ethernet adapt 

Fig(62): ROV cockpit interface scheme 
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• Compass / heading  
             As you can see from the picture above at the top you can find the depth and 

heading hold. These are toggle on/off to maintain current depth and/or current 

heading.  

Since the command functions have been stored, the prototype can easily be controlled 

through the keyboard of the main computer. Your can easily change the gamepad 

through the configuration sittings. 

In this prototype the keyboard is the Arduino controller. We have tested the 

connections of the prototype before the testing dive and all of the parts and functions 

were working.  

 

Pre-Dive: 

                  Before we tested the prototype, we had to do a six point check up, so that 

the prototype will not  be affected when diving underwater. The six points are as 

described in the figure below. 

 

 
 

                    

                The key important factor for a good dive performance is to ballasting the 

ROV. Since we are in fresh water (Pool) there was no need for extra ballast (weights) 

unlike in salt water. The key here is to have an neutrally buoyant ROV so it's either 

tilted or sinking. In order to do so, we had to do a small test by placing the ROV into 

the water and adding weights one at a time until we were barely floating.  

 

Fig(63): ROV six point check up test scheme 
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Video feedback 

                 While the ROV was diving a problem with the video feed occurred ""black 

out"" where the screen when black. The problem was solved when our BB image 

software was updated. The video feed was on again.  

 

 

 

 

 

 

 

 

 

 

 

Thrust output: 

              The simulation of the ROV assumes that the thrust can be generated 

instantaneously, but in reality it is false because it is requires time to produce the 

required thrust. We have considered this as a small effect on the simulation results 

taking out the increase response time. The motor thrust output will continuously 

change. As part of our design shown in the graph bellow  

 
 

             

 

Fig(64): ROV cockpit video feed 

Fig(65): ROV software scheme 
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               The thrust management is considered the brain of the motor thrust output. If 

a command was initiated through the keyboard to the ROV to go up, the thrust 

management will adjust the other two motors in a way that the ROV does not sink or 

tilt. This will provide a maneuvering capability for the ROV. 

 

 

 

             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           Ultimately, this system has been successfully designed and developed for an 

underwater ROV, with simplicity and symmetry being the two prime concepts sough 

in the design. The mechanical and electrical configuration will provide a conductive 

platform for further development of the vehicle. Furthermore, the structure of the 

Aqua cooper ROV frame allows external components to b easily adapted for different 

type of applications.  

	

	

	

Fig(66): Thrust simulation output 

Fig(66): Thrust simulation output 
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Aqua	Cooper	Abilities	
Speed 2	knots		

Weight	 2.5Kg		

Dimension		 35cm	X	15cm	X	23cm		

Max	depth		 200m	

Batteries		 Rechargeable	Lithium	up	to	3	hours	of	power			

Lighting		 250	luminous		

Advantages		 - Easy	interface		

- Lightweight		

-	Affordable		

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

 

Fig(67): Prototype – Aqua cooper 

Table (8): Aqua Cooper Abilities cameras 
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Chapter 6: Project Management  
        
 6.1 Cost Estimate 
	
	

Number	 Item	 Vendor	 Quantity	 Price	/	item	

In	($)	

1. 	
Weights 

				

				Amazon	

	

2	

	

60	

2. 	
22BeagleBone 

Black (W/USB 

cable) 

	

Beagle	board	

	

1	

	

57.83	

3. 	 Electronic Tube eBay	 1	 24	

4. 	 Tenda Homeplug 

Adapters 

Aliexpress	 2	 102.1	

5. 	 DB-25 Connector eBay	 1	 7.25	

6. 	 Battery Tube 		Amazon	 6	 36	

7. 	 O ring Amazon	 4	Small	

4	Large	

11.99	

8. 	 Propellers Amazon	 3	 16.3	

9. 	 Camera Amazon	 1	 32.50	

10. 	 Motors Amazon	 3	 51.06	

11. 	 Controller board Amazon	 1	 66	

12. 	 Tether Amazon	 1	 314	

13. 	 Acrylic cement Amazon	 4	 60	

14. 	 Acrylic sheet  Amazon	 20	 199.8	

15. 	 Red Copper Head 

Tube Laser Dot 

Diode Module 

Dhgate	 4	 56.56	

16. 	 M5 Threaded 

Rods 

Amazon	 2	 26.72	

17. 	 Servo Amazon	 1	 12.88	

Total 1134.9	$	 							4256.73	SR		
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6.2	Timeline	and	Task	Distribution		
	
	
	
	
	
	
	
	
Timeline and Task Distribution (Capstone 1) 
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Timeline and Task Distribution (Summer) 
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Timeline and Task Distribution (Capstone 2)	

	

	

	

	
	

Task September  October November December 

Testing the component 	 	 	 	 	 	

Meetings with the Advisor  	 	 	 	 	 	 	 	 	 	

Prepare the structure of the 
ROV by the help of Laser 
cutting machine 

	 	 	 	 	 	 	 	

Timeline for KAUST trips	 	 	 	 	 	 	 	 	

Soldering  	 	 	 	 	 	 	

Construct the structure of the 
ROV 

	 	 	 	 	 	

Understand how Kalman filter 
works 

	 	 	 	 	

Working on the code  	 	 	 	 	 	 	 	

Connecting All system 	 	 	 	 	 	 	

Fixing any founded problems  	 	 	 		 	 	 	

Design overview 	 	 	 	 	 	 	 	

Biweekly and minutes 
 Reports 

	 	 	 	 	 	

Preparation for the 
presentation 

	 	 	 	 	 	 	 	

Final Report Document 	 	 	 	 	 	 	 	
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6.3 Project Risk Assessment 
	

																								1.Safety	 																												2.	Cost	

																									3.	Time	 																												4.	Availability	

																									5.	Maintainability	 	6.	Environmental	

																										7.	Technical	Maturity	

	

Safety: One of the team members subjected to electric shock, we can overcome this 

by wearing gloves and caution while dealing with the device. Also, exposure to the 

fall while working on the project, the team members must take caution and attention 

on the places that they stand in. 

 

Cost : Cost sometimes beyond the control of the team so the only way is to have 

sponsors to support them on the subject of cost. 

 

Time/Schedule: It may be running out of time for team members to finish in the 

specific time and date so, they must put a weekly plan with dates to complete the 

tasks related to this project. 

 

Availability: Team members could face problems in Availability of both the 

supervisor of the project and the tools they need to complete the project with, so they 

must take pre-dates from the supervisor and buy the tools of the work earlier. 

 

Maintainability: Some of the pieces may be exposed to ruin, leading to disruption of 

work on the project, therefore the availability of spare parts could help , also,  the 

team should be ready to work for the maintenance of piece that can be repaired. 

 

Environmental: The underwater environment in which the ROV is operated is harsh, 

uncertain, and not accurately predictable, to solve this risk of the underwater 

environment the team should use several control system types for this purpose. 
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Technical maturity: The team could face problems related to the lack of experience 

in the field that they work on, therefore they need to have help from experts and ask 

their advisor in anything they faced. 

 

Technical Issues and Solutions: 

1. Drifting with the current: 

The ROV can face some problem in drifting with the current which can change the 

coordinate that want to achieve, to overcome this issue, add extra 2 Kg weight to 

prevents the ROV from drifting. 

 

2. Acrylic cement: 

The team could suffer from the absence of Acrylic cement; in this case team can use 

super glue as bonding agent then adding silicon as a water resistive layer. 

 

3. Blurry Images: 

Camera is a sensitive instrument, what about if it underwater Camera, there is some 

circumstances would cause problems like blurry images, due to that using Kalman 

Filter can be the solution for this. 

 

      4. Laser cutting machine: 

 

The availability of laser cutting machine could be a real problem facing the team 

therefore, as solution they were coming to KAUST three days in the week, cause they 

having it in the campus. 

             

         5. Depths and Temperature:  

 

Team could face problem when it comes to measure Sea depth and   temperature, to 

overcome this one, they could use the IMU sensor. 
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               ROV is a Remotely Underwater Vehicle tethered with umbilical cable and 

an operator operates it through navigation of the computer. The underwater 

environment in which the ROV is operated is harsh, uncertain, and not accurately 

predictable, to solve this risk of the underwater environment we used several control 

system types for this purpose. PID controllers, Fuzzy Logic controllers, and Neural 

Network controllers are investigated and researched and each of them has its own 

limitations.  

 

              More of thrusters malfunction is also an issue to be highlighted. ROV 

recovery or station keeping will be a challenging issue. Station keeping is to maintain 

a position in relation to another moving ROV. The ROV is supposed to try to remain 

stationary at the desired depth in presence of environmental disturbances such as 

wind, waves, current and unexpected environmental disturbances. One way to keep 

the ROV positioned at a certain depth is to use pressure sensor to sense the pressure 

of the water and hence estimate the depth. 

 

             In addition, coupling issue between the tether and cable with ROV body will 

be one problem in stabilizing the ROV itself as it doubles the vehicle load. The ROV 

size, weight and operating depth, as well as the underwater vehicle motors, 

subsystems, and payload, all combine to determine the ROV’s cable design. The cable 

can affect the stability of the ROV. It can also cause unbalancing of the ROV. To 

solve this issue, the size and weight of the cable need to be reduced as much as 

possible. Sometimes, it is proposed to operate the ROV sensors using batteries in the 

ROV to reduce the power supplied by the cable and therefore its size. 
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7. Conclusion 
           

          Underwater vehicles are developing year after year and eventually it will rise to 

a huge improvement in its technology due to the enhancement of many technologies 

integrated along with it such as communication technologies and hardware 

capabilities. Humans have created advanced technologies to search and consume 

resources when it comes on land more than the ocean even though we are depending 

on it's resources more than the past decades. This continues need to find new 

resources has made ocean exploration approachable by many researches and 

scientists.  

 

             This project aimed to design and Build an Underwater ROV; by using Acrylic 

sheets. This project will contribute in the field of ocean exploration using an ROV 

part integrated with a commercial camera attached to it. The project will then 

implement a real-time monitoring system that is able to simulate the designed 

algorithms. The user will be able to monitor the vehicle motion though the camera 

and analysis it while it explore the ocean bed.  

 

               Working in a such a huge project demand an excellent plan, to execute such 

an idea in the desired time frame also, to have all of the project component, to be as 

the same budget as the one that have been proposed. The design and construction of 

this project were done in only four months as its shown in section 6. Achieving one of 

the project objectives which is presenting an affordable and realistic solution for the 

ROV industry were so hard to do considering the current industry and the high prices 

of underwater vehicles, This project abidance by the given budget, where it's also 

saved more than 500 Saudi riyal of that budget. 

 

                  During the design phase of this project, the corruption and distortion that 

may occur to the images collected by the camera due to underwater properties will be 

tackled using one of the optimization techniques, as described earlier in section 4, 

which is the Kalman filter consists of continuously changed parameters, which will be 
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able to enhance and filter out the impurities caused by the underwater 

properties. This project will further design a simulation system using C++ based 

Arduino, which is a  

 

 

build-in tool used to design a program interface that takes advantage of Arduino's 

computing capabilities. During Arduino tutorials session conducted at KAUST, trial 

programs were implemented to learn how to design and assemble ROV components 

as well as how to recall an Arduino code file in order to modify the behavior of the 

Arduino system. This trial implementation verified the functionality of C++ based 

Arduino system as the code file and the interface design are well integrated, and thus 

it can be used to establish the proposed system. 

 

                Finally, This research can help in the ROV industry, by providing a 

complete working plan on how to monitor ROV vehicle to discover the ocean bed. 

Moreover, this project can be developed in a way that enable it to do more than the 

one mention in the research, such designing and building some extra structural parts 

for the ROV that the user can control to do any desired job .One of the Ideas to 

develop this project in future, is making the ROV capable of locating an object, which 

the parameters have been predetermined in the code file of the ROV. After detecting 

the location of the wanted object, a special designed gripper will clutch the object and 

swim back to the initial point where the ROV was released. Human remain on 

discovering hidden things in the underwater world, but with help of the new 

technologies and with some modifications, it will become faster and easier to find 

either the mysteries or treasures without harming or affecting the underwater life. 
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APPENDICES 
	

Arduino 
          The Arduino Uno is a microcontroller board based on the ATmega328 .It has 

14 digital input/output pins (of which 6 can be used as PWM outputs), 6 analog 

inputs, a 16 MHz ceramic resonator, a USB connection, a power jack, an ICSP 

header, and a reset button. It contains everything needed to support the 

microcontroller; simply connect it to a computer with a USB cable or power it with a 

AC-to-DC adapter or battery to get started.  

 

 

 

 

 

 

 
                                                                       Fig(68): Arduino scheme 
           "Uno" means one in Italian and it was named to mark the upcoming release of 

Arduino 1.0. The Uno and version 1.0 will be the reference versions of Arduino, 

moving forward. 
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Microcontroller                                                        ATmega328 

Operating Voltage                                                    5V 

Input Voltage (recommended)                                 7-12V 

Input Voltage (limits)                                               6-20V 

Digital I/O Pins                                                        14 (of which 6 provide PWM 

output) 

Analog Input Pins                                                     6 

DC Current per I/O Pin                                            40 mA 

DC Current for 3.3V Pin                                          50 mA 

Flash Memory                                                          32 KB (ATmega328) 

SRAM                                                                      2 KB (ATmega328)  

EEPROM                                                                 1 KB (ATmega328)  

Clock Speed                                                             16 MHz 

 

Power 
           The Arduino Uno can be powered via the USB connection or with an external 

power supply. The power source is selected automatically. External (non-USB) power 

can come either from an AC-to-DC adapter (wall-wart) or battery. The power pins are 

as follows: 

 

- VIN. The input voltage to the Arduino board when it's using an external power 

source (as opposed to 5 volts from the USB connection or other regulated power 

source). You can supply voltage through this pin, or, if supplying voltage via the 

power jack, access it through this pin.  

 

- 5V. This pin outputs a regulated 5V from the regulator on the board. The board can 

be supplied with power either from the DC power jack (7 - 12V), the USB connector 

(5V), or the VIN pin of the board (7-12V). Supplying voltage via the 5V or 3.3V pins 

bypasses the regulator, and can damage your board. We don't advise it.  

 

- 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw 

is 50 mA. 
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- GND. Ground pins. 

 

- IOREF. This pin on the Arduino board provides the voltage reference with   which 

the microcontroller operates. A properly configured shield can read the IOREF pin 

voltage and select the appropriate power source or enable voltage translators on the 

outputs for working with the 5V or 3.3V. 

 

Memory 
             The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 

2 KB of SRAM and 1 KB of EEPROM. 

 

Physical Characteristics 
             The maximum length and width of the Uno PCB are 2.7 and 2.1 inches 

respectively, with the USB connector and power jack extending beyond the former 

dimension. Four screw holes allow the board to be attached to a surface or case. Note 

that the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple 

of the 100 mil spacing of the other pins. 

 

CAD 
          Computer-aided design (CAD) is the use of computer systems to help enhance 

the creation, modification of a specific design. It is a software to increase the level of 

a productivity of a designer, it can be used by different majors. It is a way to create a 

database for manufacturing. CAD uses vector-based graphics instead of  traditional 

designing. In CAD we can use a 2-D space or a 3-D space for the design curves. 

 

This technology enables engineers and architects to design, it is being done by 

graphical user interface (GUI). 

 

BeagleBone Black 
            This is a low cost and open source processor, which has an Arduino integrated 

within.  This allows the processor to have more input and output pins, also it allows 

the user to creatively use this processor for different means. It boots under 10 seconds 

in addition to its small size compared to it capabilities. Its only 3.4”X2.1” and has 512 
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MB of internal memory also it has a slot for adding extra memory storage for 

large codes.  

 

 

 

 

 

 

 

 
                                                          Fig(69): BBB scheme 

 

Cockpit interface 
                  The cockpit is the UI and control system for any ROV or device. It's 

considered the core or the ROV or any underwater vehicle. It is a friendly interface 

that was built on a great web standard, it can work with a micro-controller. Through 

the cockpit the operator can control and change any parameters. It must be integrated 

with a commercial camera so that the it can fully interact with the operator and the 

surrounding environment to deliver the required information by a life streaming of 

video and data. The amazing part is it can a backup the operators data and video to the 

cloud. Another, feature is that it has a GPU based video filters and computer 

augmented video. This technology can enhance the performance and analysis of the 

underwater environment. 

 

 

 

	

	




