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Abstract

Unmanned underwater vehicles (ROV/AUV) are robotic systems that can float underwater, are autonomous and remotely controlled.
The first unmanned underwater vehicle on record was designed by Luppis Whitehead Automobile in the form of a torpedo in 1864.
The first vehicle designed in the same sense used today was designed by Dimitri Rebikoff in 1953. Today, unmanned underwater
vehicles are used in a wide range of areas such as underwater search and rescue operations, ship underwater maintenance and repair
operations, taking images from dangerous environments where divers cannot enter, military use, inspection of wrecks and underwater
cleaning.

The design stages of underwater vehicle control system are given in this study. The system consists of control cards, communication
modules, sensors, lighting and power electronics elements. The basic philosophies followed for the design of the system are
modularity and safety. This situation provides ease in the organization of the components in the underwater vehicle as well as the
modular structure, the test and repair stages are easily carried out. To ensure modularity, the system is divided into two
subcomponents as power and control units. In addition, a computer interface is used to control the underwater vehicle. With this
interface, data is exchanged with underwater vehicles so that the depth, water temperature and temperature of the sealed tube
containing the electronic components can be monitored. Another task of the computer interface is to transfer the camera image taken
from underwater to the user.

In this study, the remote control of unmanned underwater vehicles, the power system, communication infrastructure, the design of the
structure that provides the transmission of the image and sensor information taken from underwater is mentioned.

Keywords: Control, Modular Design, ROV (Remotely operated underwater vehicle), System Design, Software.

Insansiz Su Alt1 Araclarinda Haberlesme ve Gii¢ Sistemlerinin Tasarim

Oz

Insansiz su alt1 araglart (ROV/AUYV) su altinda yiizebilen, otonom ve uzaktan kontrol edilebilen robotik sistemlerdir. Kayitlardaki ilk
insansiz sualti aract Luppis Whitehead Automobile tarafindan 1864 yilinda torpido seklinde tasarlanmistir. Giiniimiizde kullanilan
manastyla tasarlanan ilk arag ise 1953 senesinde Dimitri Rebikoff tarafindan tasarlanmistir. Giiniimiizde insansiz su alt1 araglari su alti
arama kurtarma caligmalari, gemi su alti bakim ve onarim islemleri, dalgiglarin giremeyecegi tehlikeli ortamlardan goriintii alma,
askeri amagli kullanim, batiklarin incelenmesi ve su alt1 temizligi gibi ¢ok genis bir alanda kullanilmaktadir.

Calismada su alt1 araci kontrol sisteminin tasarim asamalari verilmistir. Sistem kontrol Kartlari, iletisim modiilleri, sensorler,
aydinlatma ve gii¢ elektronigi elemanlarindan olusmaktadir. Sistemin tasarimi i¢in takip edilen temel felsefeler modiilerlik ve
giivenliktir. Bu durum bilesenlerin su alt1 araci igerisindeki organizasyonunda kolaylik sagladigi gibi modiiler yap1 sayesinde test ve
onarim asamalar1 kolaylikla gerceklestirilir. Modiilerligi saglamak amaciyla sistem giic ve kontrol birimi olarak iki alt bilesene

ayrilmistir. Ayrica su alti araciin kontrolii igin bir bilgisayar arayiizii kullanilmaktadir. Bu arayiiz sayesinde su alti araci ile veri
aligverisi yapilmakta bu sayede derinlik, su sicaklig1 ve elektronik bilesenleri igerisinde bulunduran sizdirmaz tiipiin sicakligi takip
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edilebilmektedir. Bilgisayar ara yiiziiniin bir diger gorevi ise su altindan alinan kamera goriintiisiiniin kullaniciya aktarilmasini
saglamaktir.

Bu calismada insansiz su alti araglarinin uzaktan kontrolii, gii¢ sistemi, iletisim alt yapisi, su altindan alinan gorlintiiniin ve sensor
bilgilerinin kullaniciya aktarimini saglayan yapinin tasarimdan bahsedilmektedir.

Anahtar Kelimeler: Kontrol, Modiiler Tasarim, ROV (Remotely operated underwater vehicle), Sistem Tasarimi, Yazilim.

1. Introduction

Studies on unmanned underwater vehicles (ROV-AUV) have shown a rapid increase, especially in recent years. Remote control
(ROV) and autonomous underwater vehicles (AUV) (Schjelberg & Utne, 2015) have begun to be used field of oceanographic
research, bathymetric measurements, underwater maintenance activities and military defense, equipped with a wide range of sensors
and auxiliary equipment in addition to their existing equipment (Yildiz, Yilmaz, & Gokalp, 2009).

ROV can also be called a remotely operated vehicle underwater or a mobile robot designed for underwater work environments.
The remote control of the vehicle is carried out via a power and communication cord through a user interface. The main drawback in
ROV use is that visual inference and evaluations have become more difficult due to the loss of human presence. However, in addition
to advanced imaging systems, autonomous vehicles with high mobility are being designed to overcome this problem (Ahmed, Yaakob,
& Sun, 2014).

The first ROV developers are still unknown, but pioneers in the ROV development process are considered to be an underwater
vehicle developed by Dimitri Rebikoff in 1954, called a torpedo and POODLE developed by Luppis - Whitehead Automobile in 1864.
The use of ROVs to operational size was carried by the U.S. Navy. U.S. Navy begins development of some kind of underwater robot
to recover underwater weapons lost during naval tests. The U.S. Navy has pioneered the operational use of underwater vehicles with
the Rescue of an atomic bomb lost off the Spanish town of Palomares in a plane crash in 1966 and Rescue of crew of submarine that
sank off Ireland (Moore, Bohm, Jensen, & Johnston, 2010).

In our country, the ROVs, which began to be used on experimental U.S. mine exploration ships in the 1970s, were first procured
from abroad in the 1990s and started to be used as a limited number of MK series in the Navy's mine exploration fleet. In 1996, the
Navy command, seeking domestic product supply due to restrictions on its supply, first examined the SUTA (Research Institute for
underwater technologies) ROV, but later decided to work with TUBITAK on this issue. ULISAR project under TUBITAK
organization can be given as the first serious study in this field in our country. The Multi-Purpose National Unmanned Underwater
Vehicle ULISAR, developed by Middle East Technical University with the support of TUBITAK, is a lightweight ROV that is
intended to dive up to 100 M and is controlled via acoustic link. July 1, 2006 - July 1, 2009, the project was carried out on an
academic basis and is the first important step in Turkey in this regard on the basis of conceptual proof. At the end of the project, the
desired goals were not fully achieved. however, capable of visual navigation on them, cameras, searchlights, sonar, sonar, modem and
other similar devices where acoustic sensors are installed, the relevant electronic cards are designed and prepared, where preparation
of the software on these devices so as to provide convenience to the user resides on an operator console system was created (Canli,
Kurtoglu, Canli, & Tuna).

Recently, demand for low-cost ROV by private companies, Professional Studies, University students and public organizations has
increased. This work includes an effective hardware-software combination that allows monitoring data collection or control of
underwater vehicles for military uses.

2. Material and Method

The main philosophies followed for system design are modularity and security. This makes it easy to organize the components in
the vehicle, and the testing and repair stages are easily carried out thanks to the modular structure. The underwater vehicle control
structure consists mainly of two sub-components, the power system and the communication system.

2.1. Underwater Vehicle Power Systems

In underwater vehicles, the thruster motors used in the vehicle must be strong in order for the vehicle to have a high mobility.
This leads to a high need for power in underwater vehicles. Power sources commonly used in unmanned underwater vehicles are
batteries and wired supply systems.

Lithium ion batteries are a good alternative to underwater vehicles because they have a high energy density and long cycle life,
and have been widely used in mobile phones and laptops for many years (Bradley, Feezor, Singh, & Sorrell, 2001).

The power required by the vehicle can also be transferred to the underwater vehicle using another method, cable, since the
vehicle's battery life is a disadvantage due to the limited battery life in long-running operations. with the cable method, underwater
vehicles can perform their duties without time constraints. When this type of configuration is used, losses occur in the cables used to
provide power. In order to overcome this situation, the transmitted voltage level is kept high and the losses on the cable are
minimized.
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In the system subject to this study, the vehicle is designed as wired. Since the electronic components are working under water, the
voltage level has been tried to be kept at a safe level by considering possible insulation problems. So the voltage is selected as 48V
and the system is designed accordingly. The designed vehicle needs 48V/25A power at full performance. Since the components used
in the vehicle require 12V and 5V voltages, the required voltage levels have been adjusted to the desired level by using appropriate
DC-DC converters within the vehicle. The voltage conversion takes place in two stages. In the first stage the voltage is reduced from
48V DC to 12V DC. At this stage, two DC-DC converters were used and the load on them was shared equally to prevent overloading
of DC-DC converters. In this way, a reliable structure has been obtained. In the second stage the voltage is reduced from 12V DC to
5V DC. Two DC-DC converter used at this stage was used to provide the 5V DC voltage needed by electronic components. In
addition, the designed system has Engine Driver (ESC) modules for driving the engines and led driver modules for controlling the
lighting system. the design of the power system has been terminated by mount an emergency stop button to cut the power of the
system in case of any danger and a fuse to prevent damage to the system in case of possible short out. The block diagram for the
designed system is shown in Figure 1.
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Figure 1. Power distribution schema block diagram

2.2. Water Vehicles Communication Systems

The fact that seawater behaves in very limited bands and permeable to a certain extent within the electromagnetic spectrum
makes it very difficult to use wireless communication in underwater communication. In addition, acoustic communication systems
have been developed for wireless communication under water (Freitag & Catipovic, 1989; KAHVECI, 2013; Llor & Malumbres,
2010).

In this study, wired communication system from communication systems was discussed and the necessary designs were made in
this direction. The system consists of sensors, camera, control board and communication module.

Underwater vehicles can be equipped with a wide range of sensors in accordance with the tasks they will be used. Sonar,
magnetometer, barometer, conductivity and temperature sensors are examples of these. Within a decade, developed commercially
available, precise, high update rate navigation sensors such as Doppler sonars, optical gyroscopes and inertial measurement units
(IMU) (Ahmad, Ghazilla, Khairi, & Kasi, 2013; Hoflinger, Miiller, Zhang, Reindl, & Burgard, 2013). so,it has outperformed
traditional underwater sensors such as acoustic positioning systems and magnetic compasses (Kinsey, Eustice, & Whitcomb, 2006).
The sensors used in the designed system are Temperature Sensor, Pressure sensor and IMU. The temperature sensor has been used to
measure ambient temperature. The pressure sensor was used to obtain the depth information of the vehicle, while the IMU was used to
provide a feedback signal to the PID control system, which was used to control the balance of the vehicle.

Since wireless communication is not possible under water, communication is carried out on a wired basis. For long-distance
wired communication, communication modules suitable for the system should be used to deliver data to the control element without
loss. The Fathom-s tether interface card was used to provide communication between the control unit and the computer interface. This
card provides the necessary communication and video signals for the underwater vehicle through a single communication line. The
received data is transferred to the computer via USB-TTL conversion at the above-water control station and can be monitored via the
interface.

Since the Fathom-s card used in the system supports an analog camera, an analog camera selection has been made to be suitable
for use with this card. A camera with high performance in low light is selected so that the user can control the vehicle in low light
conditions.
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The tasks of the control unit, consisting of a microcontroller card, are to read the data from the sensors on the vehicle, provide
control of the vehicle, and transfer the resulting sensor data to the user. Arduino Mega 2560 microcontroller board was used in the
designed system. The most basic task of this card is to balance the vehicle with the PID control system by using the data it receives
from IMU. The PID control method is a feedback control mechanism commonly used in industrial control systems (Johnson &
Moradi, 2005; Maalouf et al., 2013; Shen, Cao, Zhou, Xu, & Gu, 2013). A PID controller calculates an “error” value by taking the
difference between the measured value and the desired reference value. The PID Controller aims to achieve the measured value to the
desired reference value by controlling the process input (Ang, Chong, & Li, 2005; Knospe, 2006). The error value used in balance
control consists of the difference between the angle values read from the IMU and the reference value. The PID control system aims
to bring this error value to the reference value by driving the engines associated with PID algorithms. The underwater engines used in
the system are driven by PWM method. The PID control algorithm is shown in Figure 2.

Figure 2. PID control algorithm

Communication with the above-water control station is provided by the UART protocol. UART is one of the simplest and most
widely used serial communication techniques. Almost all microcontrollers have UART hardware built into their architectures. Today,
UART, GPS receivers, bluetooth modules, GSM and GPRS modems, wireless communication systems, etc. It is used in many areas
such as (Chun-zhi, Yin-shui, & Lun-yao, 2011; Norhuzaimin & Maimun, 2005). In Figure 3, the block diagram for the
communication system is given.

G e

Figure 3. Communication infrastructure of the vehicle

The last part of the system is computer software. Thanks to the designed computer interface, the vehicle can be controlled with
any commercially available joystick. The computer interface, in which the image taken from the vehicle camera is transmitted to the
user, and the sensor data contained on the vehicle can be monitored instantly, has been prepared in Visual Studio in C#. The interface
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provides communication with the underwater vehicle via the UART Protocol (Pardue, 2007). Computer interface is shown in Figure
4.

B TACLAD MOVA UNDTRAATIR TEAM

Figure 4. Computer interface

3. Results and Discussion

The power needs of the designed underwater vehicle were supply wired and a design was made in this direction. Since 1200W,
the maximum power required by the vehicle, will be transferred to the vehicle with a voltage of 48V, the cable section required at a
distance of 25m for a maximum voltage drop of 3% is calculated as follows;

For P = 1200W;
_ 100#P+L 100 %1200 * 25
T k*%exU2 56%3 %482

According to the calculation, the minimum cable cross-section that should be used for a voltage drop of 3% was calculated as
7.75 mm? according to this calculation, the vehicle has the ability to operate in an area of 25 m radius. The image of the vehicle's pool
tests is shown in Figure 5.

= 7.75 mm?

Figure 5. Image of the designed vehicle's pool tests

In addition, the cable in which the vehicle's image and communication signals are carried is the CAT-6 communication cable. The
Fathom-S communication module used on the vehicle provides lossless data communication wired from a distance of 100 m.

The power needed to feed the vehicle in unmanned underwater vehicles can be supplied in two ways as a battery and wired feed.
Both systems have advantages and disadvantages in themselves. This causes the weight of the vehicle to increase when internal
batteries are used to feed the vehicle. In vehicles using a battery, a high power requirement of the vehicle causes the battery to be
consumed quickly. As a result, vehicles cannot be used in long-running operations. However, the battery usage will ease the vehicle's
cable load, making the vehicle more flexible and agile. If the power requirement of the vehicle is transported by cable, the vehicle can
be used in long-term operations without time limitation since the power is supplied from outside. However, the need for high currents
when the vehicle is working causes a voltage drop in the cables.

Since increasing the cable section to prevent voltage drop will restrict the vehicle's mobility, these two options must be examined
and the appropriate selection must be made in accordance with the tasks in which the vehicle will be used.
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4. Conclusions and Recommendations

Recently, demand for low-cost ROV by private companies, professional studies, university students and public organizations has
increased. In this study, which was prepared to meet this demand, stages of implementing electronic and remote control components
of unmanned underwater vehicles were given. Designed with modularity, this system is revealed by enabling the units undertaking
different tasks and functions to operate as a whole. The design of the control structures of unmanned underwater vehicles is difficult,
but due to the increase in the use of unmanned underwater vehicles in recent years, it is one of the current issues. The designed control
system is unique to the vehicle and can be mass-produced. In this way, it can easily become a tool that can be worked and improved.
In addition, additional equipment can be added to the vehicle, providing autonomous capabilities, and can be used in national and
international unmanned underwater competitions.
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