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Abstract—Nowadays, technologies demand for IoT applications is 

growing. Using underwater vehicles, concentration on Remotely 

Operated Vehicles (ROVs) controlling system, is an important 

issue because of high energy savings and efficient energy crisis 

reasons. ROV, is designed to operate both in outer space under the 

frozen crust of poles, as well as in the deep waters of the oceans. 

Angle (The ROVs name used in this research) is designed for 

outer-space transport, and comes with tools for depths underwater 

exploration, scientific study, equipment, oil sample recovery and 

deep water coral studies. Efficiently organized into departments 

by specialty, including design, manufacturing, electronics, 

software, and IoT-Based Controlling System, utilizes program 

management methods, along with document and source code 

management systems, to manage the product development cycle. 

Designs are produced completely in-lab, using custom-printed 

circuit boards, composites materials and other specialized 

equipment. Angle is the result of two years of planning, research 

and analysis, manufacturing, and testing under strict safety 

protocols. Its light weight, compact design and IoT-Based 

controling system allows for increased speed, maneuverability and 

power efficiency. This robot, along with a new custom-designed 

gripper and improved electronics, make it most advanced vehicle. 

Keywords: Underwater; ROV; Motors; Internet of Things; 

control 

I. INTRODUCTION 

Robotic technology is widely applied in various areas of life. 
There are used in the field of industry, observation, education 
and others. There are several types of robots that are generally 
divided into two groups namely manipulator robots and mobile 
robots [1]. Mobile robot is a robot that can move in place even 
though the mobile robot is also installed manipulator. Mobile 
robots can be grouped again into three namely land robot, water 
robot (underwater robot), and Flying robot (aerial robot) [2]. 
ROV is a type of submarine with a mini-size that is electrically 
controlled from the center, can maneuver according to human 
command with a hydraulic or electric thruster and operated by 
someone [3].  

The project of IoT-Based ROVs controlling system was 
founded in 2017 to build, apply and promote underwater robotic 
technology. From 2017 to 2020, the team was involved 
exclusively with ground based autonomous vehicles to great 
success. Since then, it has focused its effort on underwater-based 
autonomous vehicles. The challenge is to build a Remotely 
Operated Underwater Vehicle which can be controlled remotely 
via internet by a ground station located in the area of operation. 
The control system controls the different functions of the ROV, 

from controlling the propulsion system to switching of the 
light(s) and video camera(s) [4]. From simple relay control 
systems in the past to today's digital fiber optics, these systems 
are equipped with a computer and subsystem control interface. 
The control system has to manage the input from the operator at 
the surface and convert it into actions subsea. The data required 
by the operator on the surface to accurately determine the 
position in the water is collected by sensors (sonar and acoustic 
positioning) and transmitted to the operator [5]. Over the last 10-
15 years, computers utilized for these purposes have been 
designer computers with sophisticated computer programs and 
control sequences. Today, one can find standard computers in 
the heart of these systems. There has been a shift back to simpler 
control systems recently with the commercial advent of the 
Programmable Logic Computer (PLC). This is used in numerous 
manufacturing processes since it consists of easily assembled 
modular building blocks of switches, analog in/outputs, and 
digital in/outputs [6].  

According to the Coordinator and support action for global 
related activities and standardization it states IoT as a global 
network connection infrastructure, which connects physical and 
virtual objects through data capture exploitation and 
communication technology. The IoT infrastructure consists of 
existing networks and the following Internet development. It 
offers object identification, sensor identification and connection 
capability which is the basis for independently established 
cooperative service and application development, also 
characterized by high data capture autonomy level, event 
transfer, network connectivity and also interoperability [24]. IoT 
makes it possible to connect things like sensors and actuators to 
the Internet. IoT-Based ROVs controlling system allows 
complete control of the ROV from anywhere connected to the 
internet. In this operational research we try to introduce IoT-
Based ROVs controlling system and its successful results which 
conducted and tested on August 23, 2018 on the island of Kish, 
Iran. 

II. ELECTRONICAL COMPONENTS 

For the third generation of this ROV (Angle III) after two 
unsuccessful attempts, the team focused on the implementation 
of a sonar system, implementation of a new microcontroller and 
redesigned main board. As well, voltage regulation was broken 
up from one large central voltage regulator to multiple smaller 
regulators. Control stations vary from large containers, with 
their spacious enclosed working area for work class systems, to 
simple PC gaming joysticks with PHDs (personal head-mounted 
displays) for some micro-ROV systems [7]. All have in common 
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a video display and some form of controlling mechanism 
(normally a joystick, such as at Figure 18).  

On older analog systems, a simple rheostat controls the 
variable power to the electric motors, while newer digital 
controls are necessary for more advanced vehicle movements. 
With the rise of robotics as a sub-discipline within electronics, 
further focus highlighted the need to control robotic systems 
based upon intuitive interaction through emulation of human 
sensory inputs [8]. Under older analog systems, a command of 
'look left/go left' was a complex control command requiring the 
operation of several rheostats to gain vector thrusting to achieve 
the desired motion. As digital control systems arose, more 
complex control matrices could be implemented much more 
easily through allowing the circuit to proportionally control a 
thruster based upon the simple position of a joystick control [9]. 

A. Main Board 

For the initial electrical design, a Printed Circuit Board 
(PCB) was custom designed and fabricated to integrate all of the 
various electrical subsystems (Fig. 1). The Main Board can be 
divided into several different areas: the micro-controller, 
communication conversion, voltage regulation, and connection 
ports. For the new board, only one micro-controller was used for 
the sensors. The Main Board offers voltage regulation and 
Bucking down from 12V to 5V for the devices, which use lower 
voltages. It has TTL to RS232 and TTL to USB conversion. 
LEDs are used to indicate USB activity and motor controller 
power status. A system of two LEDs and a physical switch 
prevents the input power from being applied backwards [10]. 

 

Figure 1.  The Main Board 

B. Actuators 

The actuators used for this year’s competitive design were 
the Roboteq AX500s (Fig. 2). These motor controllers drive the 
thrusters with a 16 kHz pulse width modulation (PWM) and are 
capable of sustaining a current of up to 15A. They also include 
features such as battery voltage detection, set current limiting, 
and battery regeneration. 

 
Figure 2.  Roboteq AX500 

C. Sensors 

The actuators used for this year’s competitive design were 
the Roboteq AX500s (Fig. 2). These motor controllers drive the 
thrusters with 

1) Pressure Sensor 
One of the most significant impact of the underground 

system IDs that are in the control of pressure detection 
mechanism detects the depth or indeed. Floating in the system 
to get your height position detection for robot buoyancy or put 
pressure on the ROV's hull, which allowed interval and other 
specifications for which it has been designed to use sensor fusion 
of pressure sensor name. Function of this system procedure with 
regard to the blue pressure through a small tube with the 
transistor-level sensors in the relationship [11]. These sensors 
are depending on the variety and accuracy of required energy or 
mass and volume share. On the other hand, some of them also 
for the functioning of circuits intended to be calibrated output 
and analog output signal according to the need for reinforced or 
digital delivery [12]. 

 
Figure 3.  Stovepipe Port Case 

A wide range of pressure sensors were studied each of which 
had a specific accuracy error in this interval linear sensors. and 
according to depth, incremental time exponential error will be 
relatively the same direction according to the majority in 
increments of 10 feet and float as well as the limited space of the 
selected best option that is in the form of the specification is 
given briefly. In addition to the pressure sensor detects the depth 
and subsurface positioning systems will also be used to the other 
hand, is one of the features of AI systems, closed loop control to 
combine the simplicity and efficiency of manual control is. In 
this way, the processor will automatically control the engine 
with the subsurface in depth fixed prior to it she intended and 
the user only has to control the heading will be responsible to 
control the depth of confusion to the highest standard [13]. 
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2) Temperature Sensor 
Because of the importance of obtaining an estimate of the 

probability of power system fault or stream processor. The heat 
generated from the engine or the battery towards the square, with 
it’s of the flow will be, so it can be a good estimate of can be 
achieved and if over heat the system, standby mode on the 
device or the cooling system designed to activate it [14]. On the 
one hand with increase the processor chips are contained in 
section by virtue of a lack of the proper function of the 
temperature inside the compartment of the processor or cause 
complete failure if the system will be. This causes the 
temperature of the high importance of this monitoring tool is 
another special feature of the environment from the impact of 
the system's performance is crucial in the event of improper 
design or create specific conditions during the coming move will 
get faulty electrical system and mechanical components and 
fittings corrosion on recourse to be discussion of moisture or 
direct entry of water into the pressure Chamber [15]. 

 

Figure 4.  Stovepipe Port Case 

This causes the internal moisture in the container monitoring 
is one of the most important cases to be considered was the 
power group. Due to the special design of the equipment 
compartment and alienation from one another inside the 
subdivision requires the measurement of the moisture content of 
each section of the main compartment alone, in addition to these 
sensors have a small feature was chosen at the same time the 
calculation of both the temperature and the humidity is able to 
exhibit and connect it by strengthening the interface circuit of 
the analog signal input and convert it to digital signals to 
communicate directly with the central processor is. In the Fig. 5, 
the sensor specification is given briefly [16]. 

 

Figure 5.  Temperature Sensor - Humidity 

3) Sensor Vision or Camera Imaging 
With all of the limitations when selecting a camera suitable 

for this task, there is a very high price "cameras" right opinion 
in two team dealt much with the functionality of a camera that 
was a high price in return, as well as larger dimensions, and was 
also the biggest disadvantage of this type of camera. The 
designer team of choice it will give up its need to card capture 
analog images must be the side with the High definition digital 
form has become a high frequency frame grabber it will send to 
the processor [17]. The second type of cameras that had studied 
the advantages and disadvantages about as well as it was before. 
Small dimensions and direct digital output from this type of 
camera is the most important quality was superior to the other 
images in the disconnection and the angle of view relative to the 
previous camera was much more down appreciably. But finally 
the team decided to use the camera of this type the Fig. 6 briefly 
profile it States. 

 
Figure 6.  Sensor Vision or Camera Imaging 

 
Figure 7.  Sub Simulator Software 

 
Figure 8.  A/D Stack 

 
Figure 9.  Main CPU 
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Figure 10.  GUI Software, Open CV Library 

D. The programming codes 

This program was produced by the Code Wizard AVR 
V2.05.3 Standard Automatic Program Generator 

© Copyright 1998-2011 Pavel Haiduc, HP InfoTech s.r.l 
Project [18] 

E. Monitoring 

Software design based on IoT starts by creating a program 
algorithm from both systems. System program algorithms on 
this research will be presented in the form of flowcharts. The 
following (Fig. 11) is a flowchart of robot system programs [25]. 

 
Figure 11.  Flowchart robot system program 

The following (Fig. 12) is a flowchart of monitoring system 
program. 

 
Figure 12.  Flowchart monitoring system program 

III. MECHANICAL COMPONENTS 

The 6061-T6 aluminum hulls (Fig. 1) were designed to allow 
for component positioning that increases the distance between 
the center of gravity (CG) and buoyancy (CB), increasing the 
restoring moment and static stability of University of Alberta 2 
ARVP the vehicle. Two separate battery hulls were designed as 
a safety feature to isolate the electronics in the main hull from a 
potential battery failure. The hulls were welded using GTAW 
welds and are sealed with O-rings squeezed between the flanges 
and endcap surfaces. During testing and competition, the main 
hull seal is tested for integrity by creating a slight vacuum and 
monitoring internal pressure via an external vacuum gauge. To 
decrease assembly time and improve the assembly ergonomics 
the screws used in the main endcap were changed to a larger size 
and the nuts were switched from jam nuts to wing nuts reducing 
the number of tools required for assembly to 1. The hulls and 
endcaps were also given a blue rubber coating to improve 
corrosion resistance and vehicle aesthetics [19]. 

80/20 beams were chosen for the frame and provide a means 
for the mounting of external components. The benefit of using 
80/20 beams is that they allow for components to be easily 
moved around to statically trim the vehicle as well as allowing 
for the addition of future modular components. The 80/20 
beams, which are connected to the hull via welded aluminum L-
brackets, run along the top, sides, and bottom of the vehicle (Fig. 
1). 

To statically trim the vehicle a variable ballast mechanism 
(Fig. 1) was created. Incremental masses are placed on either 
side of the CG. Sliding the variable ballasts forwards or 
backwards allows for fine adjustment of pitch and heel. Adding 
small increments of mass to all four ballasts allows the vehicle 
to be adjusted very close to the 0.5% buoyancy mark reducing 
the amount of load on the vertical thrusters [20]. The variable 
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ballast mechanism can be adjusted on the fly in the test pool to 
quickly balance the vehicle before running the thrusters. 

 
Figure 13.  View from below (The whole complete body) 

Thrusters were chosen for the method of propulsion because 
of their high availability and ease of control compared to other 
methods such as fishlike fins, or servo-actuated control surfaces. 
Six Seabotix BTD150 thrusters are arranged around the major 
axes of the vehicle to provide 5 degrees of freedom including all 
three translations (heave, sway and surge) as well as two 
rotations (yaw and heel). Sway was chosen over pitch control to 
aide in fine positioning over the marker bins and PVC counselor. 

An array of 4 SQ26-11 hydrophones were mounted to the 
80/20 beam frame using custom brackets. Two hydrophones 
were mounted on the thruster arms and face forwards and other 
two were mounted on the rear and face downwards. The goal of 
this hydrophone placement was to maximize the distance 
between the hydrophones. The angle of the brackets can be 
adjusted to change the hydrophone angle if required. 

The cameras are mounted externally to the 80/20 beams to 
allow to have vision both forward and down for the tasks. 

A set of two modular claw units were designed to grab the 
PVC Counselor and restrain it in the required 3 degrees of 
freedom (Fig. 2). The task was analyzed and several key design 
features were implemented in order to maximize the probability 
of successfully grabbing the briefcase. The claws are actively 
controlled by the field commander via 4 Traxxas 2075 
waterproofed servos mounted to each claw. By arranging the 
servos on opposite sides of the claw mounts, only 1 pulse width 
modulation channel was required to control the 4 servos cutting 
down on cables and controller complexity. To trigger the claw, 
a waterproofed momentary bump switch was placed under the 
main housing of the claw mechanism. A trigger plate was then 
placed above this switch to give it a wider area of sensitivity. 
The bump switches on each claw unit relays information back to 
the onboard embedded computer to help assess whether or not 
the treasure has been grabbed correctly and to prevent the claws 
from misfiring in other stages of the competition. The 
modularity of the claws will allow them to be easily adapted to 

future treasure geometries. The claws also serve the dual 
purpose of holding and releasing markers into the bins. 

The electrical components are housed within the main hull 
by means of an electronics rack). The modular design of the 
electronics rack allows easy removal of the electronics when 
they need to be tested on the workbench and provides a 
substantial amount of room for future components. This year, 
the rack was completely redesigned from a single plate to triple 
plate design. The plate is also firmly attached to the backplate, 
which allows the entire rack to be easily slid into and out of the 
hull with minimum disturbance to the cables. This was a 
problem in past years as the wires could easily snag when the 
rack was being moved, leading to serious dependability issues 
[21]. 

A solid model of the vehicle and all of its submodules was 
created in PRO/Engineer to ensure proper design space was 
allocated for all current and future internal components. A 
complete engineering drawings package including assembly 
guide was created from the solid model and provided a means of 
communication during the manufacturing phase of the project. 

In this section, a brief description of the various parts of a 
robot ROV, along with several different images of the robot can 
be expressed. 

Robots in total of the three engines can be built that its two 
Thai parties, and duty of left, right, forward and backward is 
responsible for ROVs and a ROV in the engine is placed in the 
middle of the task down and raise the robot is responsible [22]. 

Two separate parties in two hubs motor that is made by 
fiberglass, and one by a coupling and sealing a ball Feld to be. 

A. Mechanical Validations 

Several calculations were performed to validate the 
mechanical design before manufacturing was started and are 
summarized in Table 1.2 below. Validation ensured that all the 
critical requirements were met and prevented costly iteration at 
the manufacturing stage. 

The 2014 mechanical AUV improvements extend upon past 
achievements and provide a platform that meets all the 
requirements of the ARVP’s primary objective. The modularity 
of the design will allow for the easy addition of components to 
complete the team’s additional objectives in future years. This 
year, the main objective was to increase the reliability of the 
platform as that had been a struggle with previous years [23]. 

TABLE I.  SUMMARY OF MECHANICAL VALIDATION 

Calculation Objective Result Conclusion 

Buoyancy % buoyancy >= 0.5% 0.5 – 5% buoyancy 

with variable ballast 
mechanism 

Meets 

requirement 

Max 

Velocity 

Between 0.5 – 1.5m/s Approximately 0.8m/s Meets 

requirement 

Depth Reach depth of 16ft 

without yielding 

Factor of safety = 10 Exceeds 

requirement 

O-Ring Seal Maintain seal up to 

16ft 

Factor of safety = 190 Exceeds 

requirement 
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B. The Thrusters 

The thruster is such that the lowest friction with water when 
the propeller is able to spin. Since observation-class ROV 
systems use mainly electronic motors for thruster-based 
locomotion, a study of basic motor control is in order. A basic 
control of direction and proportional scaling of electrical motors 
is necessary to finely control the motion of the submersible. If 
only 'On' or 'Off' were the choices of motor control via switches, 
the operator would quickly lose control of the vehicle due to the 
inability to make the fine corrections needed for accurate 
navigation. In the early days of ROVs, the simple analog 
rheostat was used for motor control. It was quite a difficult task 
to control a vehicle with the operation of three or four 
independent rheostat knobs while attempting to fly a straight 
line. Later came digital control of electric motors and the finer 
science of robotics took a great leap forward [15]. The basic 
electronic circuit that made the control of electronic motors used 
in robotics and industrial components so incredibly useful is 
known as the 'H-bridge'. An understanding of the H-bridge and 
the digital control of that H-bridge will help significantly with 
the understanding of robotic locomotion. 

 

Figure 14.  Thrusters Design 

C. The Main Body 

Its body consists of 2 main parts to be one body that consists 
of two vertical page thruster in middle part and the parties that 
the vertical movement of the robot in the water thruster in its 
place and the latter part of the front of the cylinder is composed 
of a glass and more electronic equipment such as cameras and 
electronic circuits. Placed in the cylinder can be opened from 
both sides but One side says it will shut down for the other side 
and be opened up. This part of the sealing is done by the oaring 
and opening and closing the door the cylinder by Paige, Alan 
takes place but it should also be mentioned that the cylinder 
alone cannot be separated from the body and out [4]. The 
diameter of three millimeters has been built by the neon. The 
images below the cylinder body and stages of construction 
describes the glass. The first robot body from the right foam and 
fiberglass with mastic on the back of the original fiberglass 
shaped correctly, we'll be on the beauty of stained-glass 
Windows and a high resistance is the resistance. 

 
Figure 15.  The Main Body 

IV. TESTING & ANALYSIS 

The design process of both the hardware and software on the 
robot system and monitoring system has been done. Once all the 
parts have been designed it will be done the next stage that is the 
testing phase. In general, this testing phase is meant to know if a 
tool that has been created can work properly or not. Tests in this 
study include system implementation sections, monitoring input 
systems, monitoring systems on the cloud, robotic systems, and 
integration systems. As it shown in Figure 16. The Robot is seen 
exploring the Persian Gulf. This experiment was conducted on 
August 23, 2018 on the island of Kish. In a successful and 
experimental test, the robot was completely controlled at a great 
distance from a computer connected to a local station in Isfahan.  

 

Figure 16.  Operational demonstration of moving coral from the Persian Gulf  

 
Figure 17.  First Test during 2017 Karun Cup Competition 
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Figure 18.  During 2017 Karun Cup Competition 

V. CONCLUSION & FUTURE WORKS 

In today's world, the need to be present in remote places for 
doing researches presently is no longer an issue due to the busy 
schedules of researchers and scholars in research institutes. The 
power of Internet allows us to record, collect and analyze the 
required data by controlling various devices and vehicles 
remotely. The Angle made it possible for us to create a bridge 
between a remote research institute and the ROVs used for 
research and operational purposes, also minimizing the need for 
expert operators to be present at the intended site. IoT-Based 
ROVs controlling system provide us a remotely control on ROV 
in a real short-term operation. It is hoped that in the continuation 
of this research we will be able to have more control over the 
capabilities of our newer version of ROV and also able to use it 
in more complex operations. 

 
Figure 19.  Testing the latest and fourth model of Angle, built for deeper 

operations in ocean waters (Summer 2020) 
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