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ELECTRONIC DESIGN OF A FREE - RUNNING SHIP MODEL

SUMMARY

Within the scope of this thesis, the hull form of Sancar, a Platform Supply Vessel
(PSV) operated by Turkish Petroleum Corporation, was taken as a reference for the
development of a dynamic positioning (DP) system and an original electronic system
was designed for this purpose. The model, similar to the previous examples, was
constructed from wood and equipped with electronics. Although the software required
for the electronic and mechanical parts to work as a whole was developed by the
Marine Robotics Laboratory team at ITU Faculty of Naval Architecture and Ocean
Sciences, it is outside the scope of this thesis.

The ship has a propulsion system consisting of two propellers, total of four thrusters,
two at the bow and two at the stern, and two rudders. The main engines in the planned
DP system consist of Flipsky brand, torque-based, brushless motors with a closed-loop
control method, and these motors are controlled by VESC drives. In addition, the
thrusters at the bow and stern of the ship are supported by lower-power motors.

Due to the ship model is unmanned, a land station is also designed to manage the ship
operation. The communication infrastructure, power distribution and signal
management between the electronic systems on the model ship and the land station are
explained in detail. The ship communicates with the land station via Wi-Fi modems
via remote control. The ship's Wi-Fi modem is equipped with a omnidirectional
antenna, while the land station uses a 120-degree directional antenna.

The ship's motion control is carried out by control signals sent to the motor drivers via
a microcontroller. The model includes GPS and IMU sensors to provide real-time data
to the positioning system, and the data from these sensors is processed by the NVIDIA
AGX Orin computer. A FlySky brand remote control is also used for manual control
and security measures.

There are two lithium-ion batteries with 6S10P configuration on the ship for power
management. The power required by the electronic systems is provided by regulating
and isolating them via DC/DC converters. A central electronic control box has been
designed to ensure the safe and integrated operation of all electronic systems.

The designed electronic system can easily adapt to different mission scenarios and
sensor needs with its modular structure, thus increasing the expandability and long-
term usability of the system. The microcontroller-based structure used in the hardware
layer prepares the ground for fast and accurate operation of artificial intelligence
algorithms with its high-precision data acquisition and real-time processing capacity.

In this context, subcomponents such as communication interfaces, power management
circuits and sensor integration modules have been optimized to increase the
performance of the system. The overall design of the electronic system has been
structured to both consider energy efficiency and increase environmental durability. In
addition, the synchronous operation of the modules used in the system with the
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software increases fault tolerance and ensures stability. Thanks to its modular
architecture, the system allows easy upgrades and modifications without requiring a
complete redesign, making it adaptable to different mission profiles and hardware
configurations. This flexibility also facilitates the integration of additional sensors,
control units, or communication protocols depending on the specific requirements of
future applications. Moreover, the use of industry-standard components and
communication protocols improves interoperability and simplifies the transition from
prototype-level implementations to real-world deployments.

As aresult, this electronic infrastructure not only meets today’s need, but also prodives
scalable, reliable and high performance foundation for autonomous marine vehicles to
be developed in the future. When evaluated in terms of both academic research and
industrial applications, it can be said that this system offers a sustainable and strategic
solution in autonomous marine technologies.

XX11



SERBEST SEYIiR YAPABILEN BiR GEMININ ELEKTRONIK TASARIMI

OZET

Bu tez kapsaminda, dinamik konumlandirma (DP) sistemi gelistirmesine yonelik
olarak, Tiirk Petrolleri Anonim Ortaklig1 A.S. tarafindan isletilen bir Platform Tedarik
Gemisi (PSV) olan Sancar’in gévde formu referans alinmis ve bu amacla 6zgiin bir
elektronik sistem tasarlanmistir. Model, dnceki 6rneklere benzer olarak, ahsaptan insa
edilmis ve elektronik olarak donatilmistir. Elektronik ve mekanik pargalarin bir biitiin
halinde calisabilmesi igin gerekli yazilimlar iTU Gemi Insaati ve Deniz Bilimleri
Fakiiltesi’nde bulunan Marine Robotics Laboratory ekibi tarafindan gelistirilmis
olmasina karsin bu tez kapsaminin disindadir.

Gemide iki adet pervane, iki basta iki kigta olmak tizere toplam dort adet itici motor
ve iki adet diimen igeren bir sevk sistemi bulunmaktadir. Gelistirilmesi planlanan DP
sistemindeki ana motorlar, Flipsky marka, tork tabanli ¢alisan ve kapali dongii kontrol
yontemine sahip fircasiz motorlardan olusmakta ve bu motorlar VESC siiriiciileri
tarafindan kontrol edilmektedir. Ayrica, geminin bas ve ki¢ kisimlarindaki iticiler,
daha diisiik giice sahip motorlarla desteklenmistir.

Gemi modeli insansiz oldugundan, gemi operasyonunu yonetmek icin bir kara
istasyonu da tasarlanmistir. Model geminin iizerinde bulunan elektronik sistemler ile
kara istasyonu arasindaki haberlesme altyapisi, gli¢c dagitimi ve sinyal yonetimi detayl
olarak agiklanmistir. Gemi, kara istasyonu ile uzaktan kumanda araciligiyla Wi-Fi
modemler iizerinden haberlesir. Geminin Wi-Fi modemi, yonsiiz bir anten ile
donatilmis olup, kara istasyonu ise 120 derece yonlii anten kullanmaktadir.

Geminin hareket kontrolii, mikrokontrolcii araciligiyla motor siiriiciilerine génderilen
kontrol sinyalleriyle ger¢eklestirilir. Model lizerinde konumlandirma sistemine ger¢ek
zamanlt veri saglamak tlizere GPS ve IMU sensorleri yer almakta, bu sensorlerin
verileri ise NVIDIA AGX Orin bilgisayar1 tarafindan islenmektedir. Manuel kontrol
ve glivenlik 6nlemleri i¢in ayrica FlySky marka uzaktan kumanda kullanilmaktadir.

Gii¢ yonetimi i¢in gemide iki adet 6S10P konfigiirasyona sahip lityum iyon batarya
bulunmaktadir. Elektronik sistemlerin ihtiya¢ duydugu gii¢ ise DC/DC doniistiiriiciiler
tizerinden regiile ve izole edilerek saglanmaktadir. Biitiin elektronik sistemlerin
giivenli ve entegre bigimde ¢alismasini saglamak tizere merkezi bir elektronik kontrol
kutusu tasarlanmistir.

Geleneksel otonom gemi modelleme ¢alismalarinda pervane, itici ve diimen sistemleri
ayr1 ayr1 test edilerek dinamik 6zellikleri analiz edilmektedir. Bu tez ¢aligmasinda ise,
dinamik konumlandirma yetenegine sahip bir otonom yiizey aracinin gelistirilmesine
yonelik ilk adim olarak pervane testleri gerceklestirilmistir. Testler, ITU Gélet’inde
yapilmasi planlanan saha denemeleri Oncesinde, Ata Nutku Gemi Model Deney
Laboratuvari'nda kontrollii kosullarda yiiriitiilmiistiir. Bu testler sirasinda farkl
pervane hizlarindaki performansi analiz edilerek; hiz, itme kuvveti ve enerji tiikketimi
gibi temel parametreler Olciilmiistiir. Elektronik sistem, bu test siiresince motor
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stirticiileri ile mikrodenetleyici arasindaki sinyal iletimini kararli bir sekilde saglamas;
sistemin gercek zamanli ¢alisabilirligi basariyla gozlemlenmistir.

Elde edilen veriler, pervane devri ile gemi hiz1 arasindaki iliskiyi ortaya koymus ve
elektronik kontrol altyapisinin giivenilirligini test etmek agisindan dnemli bir temel
olusturmustur. Bu veriler, ileri asamalarda gelistirilecek olan konumlandirma ve
yonlendirme sistemlerinin hem elektronik entegrasyonu hem de kontrol
algoritmalarina yonelik yapilarin kalibrasyonu icin degerli girdiler sunmaktadir.
Boylece bu calisma, sadece hareket performansi degil, ayn1 zamanda elektronik
tasarimin dogrulanmasi agisindan da biitiinsel bir degerlendirme imkan1 saglamaistir.

Gelecek caligmalarda, sistemin diimen dinamiklerini ortaya c¢ikarmak amaciyla
kontrollii deneysel ortamlarda diimen testleri yapilacaktir. Bu testlerin sonucunda,
pervane sistemi icin tasarlanan kontroldrden bagimsiz olarak diimen sistemi i¢in 6zel
bir kontrolor tasarimi gergeklestirilecek; bu kontroloriin yapist ve kazang degerleri
diimen performansina gore ayri ayri belirlenecektir. Tahrik ve diimen sistemi
kontroliiniin beraber saglandiginda, zor deniz durumlarinda dahi yol izleme ve
manevra kabiliyetinde etkili sonuglar vermesi beklenir. Bu ¢aligmada elde edilen
bulgularin, kiigiik 6lgekli gemi modelleri i¢in tam otonom kontrol mimarisinin
modiiler ve yinelemeli gelistirilmesine 6nemli katkilar saglayacag: diistiniilmektedir.

Bu calisma, otonom gemi sistemlerinin temelini olusturan elektronik altyapinin
tasarimina odaklanmakta olup, gelistirilen sistem; yalnizca mevcut kontrol ve
haberlesme ihtiyaglarii karsilamakla kalmayip, ayn1 zamanda gelecekteki ileri seviye
yapay zeka uygulamalarina da entegre edilebilecek esnek bir yapi sunmaktadir. Bu
sayede, daha gelismis sensdr entegrasyonlar1 ile birlikte Pekistirmeli Ogrenme,
Bulanik Mantik ve Yapay Sinir Aglar1 gibi modern yapay zeka algoritmalarinin
uygulanmasina uygun bir elektronik ortam hazirlanmaktadir. Sistem, dinamik ¢evre
kosullarina uyum saglayabilecek, coklu veri kaynaklarindan anlamli bilgi ¢ikarimi
yapabilecek ve karar destek mekanizmalarini akilli hale getirebilecek bir donanim-
yazilim biitiinliigli saglamaktadir. Boylece, yalnizca konumlandirma ve yon kontrolii
degil, ayn1 zamanda cevresel farkindalik, engel tespiti ve adaptif gorev yonetimi gibi
yiiksek seviye otonom fonksiyonlarin elektronik olarak desteklenmesine olanak
tanimaktadir.

Tasarimi yapilan elektronik sistem, modiiler yapisiyla farkli gorev senaryolarina ve
sensor  ihtiyaclarina  kolaylikla  adapte  olabilmekte, bdylece sistemin
genisletilebilirligini ve uzun vadeli kullanmilabilirligini artirmaktadir. Donanim
katmaninda kullanilan mikrodenetleyici tabanl yapi, yliksek hassasiyetli veri alim1 ve
gercek zamanli isleme kapasitesiyle yapay zeka algoritmalarinin hizli ve dogru
calismasina zemin hazirlamaktadir. Bu kapsamda, haberlesme araytizleri, gii¢c yonetim
devreleri ve sensdr entegrasyon modiilleri gibi alt bilesenler sistemin performansini
artiracak sekilde optimize edilmistir. Elektronik sistemin genel tasarimi, hem enerji
verimliligini gozetmekte hem de g¢evresel dayanikliligi artiracak sekilde arttiracak
sekilde yapilandirilmistir. Ayrica, sistemde kullanilan modiillerin yazilim ile senkron
caligmasi, hata toleransinmi ylikselterek kararliligi saglamaktadir. Sonug olarak, bu
elektronik altyapr yalnizca giliniimiiz ihtiyaglarina cevap vermekle kalmayip, aym
zamanda gelecekte gelistirilecek otonom deniz araglari i¢in 6lgeklenebilir, glivenilir
ve yiiksek performansh bir temel olusturmaktadir. Gerek akademik arastirmalar
gerekse endiistriyel uygulamalar agisindan degerlendirildiginde, bu sistemin otonom
denizcilik teknolojilerinde stirdiiriilebilir ve stratejik bir ¢6ziim sundugu sdylenebilir.
Sistem mimarisinin modiiler yapida tasarlanmis olmasi, yeni sensdrlerin, yazilimlarin
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ve kontrol algoritmalarinin entegrasyonunu kolaylastirmaktadir. Bu yoniiyle, hem
arastirma laboratuvarlarinda deneysel ¢alismalara hem de endiistriyel iiriin gelistirme
siireclerine entegre edilebilecek esneklige sahiptir.

Sistemin agik donanim ve agik yazilim mimarilerine uyumlu olacak sekilde
tasarlanmis olmasi, giiniimiiz teknoloji ekosisteminde olduk¢a 6nemli bir avantaj
sunmaktadir. Bu tlir agik yapilar, sistemin yalnizca belirli markalara veya tescilli
teknolojilere bagimli kalmadan calisabilmesini saglamakta, farklt donanim
platformlar1 ve yazilim altyapilariyla sorunsuz entegrasyonunu miimkiin kilmaktadir.
S6z konusu mimari esneklik, 6zellikle farkli 6l¢eklerdeki projelerde, arastirmalarda
veya endiistriyel uygulamalarda sistemin kolayca yeniden yapilandirilmasina imkan
tanimaktadir. Donanim ve yazilim bilesenlerinin modiiler sekilde tasarlanmis olmasi,
kullanicilarin - kendi ihtiyaglarina uygun olarak belirli birimlerde degisiklik
yapabilmesine ve sistemin fonksiyonelligini artirmasina olanak vermektedir.

Bu yapimin sagladigi teknik esneklik, 6zellikle {iniversiteler ve arastirma kurumlari
icin biiytlik bir firsat olusturmaktadir. Akademisyenler ve arastirmacilar, sistemin agik
yapist sayesinde kendi Ozgiin algoritmalarin1 entegre edebilmekte, deneysel
calismalarin1 dogrudan ger¢cek donanim {izerinde gerceklestirme sansina sahip
olmaktadir. Bu durum, hem yliksek lisans ve doktora diizeyindeki projelerde hem de
ulusal ve uluslararas1 Ar-Ge faaliyetlerinde 6zgiirliik ve yaraticiligi desteklemekte,
akademik tiretkenligi artirmaktadir. Ayrica, agik kaynakli sistemlerin genis kullanici
topluluklart sayesinde olusan bilgi paylasimi ortami, yazilim gelistirme ve sistem
entegrasyonu siireglerini hizlandirmakta ve kullanicilarin karsilagtigi sorunlara daha
hizl1 ¢oziimler bulunabilmesine olanak tanimaktadir.

Sanayi agisindan bakildiginda, acik mimariye sahip sistemler {iriin gelistirme
siireclerinde énemli Slciide esneklik saglamaktadir. Ozellikle kiiciik ve orta dlgekli
isletmeler (KOBI’ler), bu sistemleri kullanarak yiiksek maliyetli tescilli ¢dziimler
yerine, daha erisilebilir ve 6zellestirilebilir platformlar lizerinde Ar-Ge ¢alismalarini
siirdiirebilmektedir. Boylece, firmalar hem iiriin ¢esitliligini artirmakta hem de daha
kisa siirede pazara cikabilecek prototipler ve nihai dirlinler gelistirme imkéni
bulmaktadir. Bu da rekabet giicliniin artmasina, teknolojik yeniliklerin hizla
endiistriyel uygulamalara doniistiiriilmesine ve ticarilesme siirecinin hizlanmasina
katki saglamaktadir.

Sistemin bu agik ve modiiler yapisi, liniversite-sanayi is birliklerinin giiclenmesinde
de stratejik bir rol oynamaktadir. Akademik kurumlarin sahip oldugu teorik bilgi
birikimi ile sanayi kuruluslarinin uygulama deneyiminin bir araya gelmesi, yerli ve
milli teknoloji iiretimini destekleyen sinerjik projelerin hayata gegirilmesini miimkiin
kilmaktadir. Ayrica, bu tiir is birlikleri sayesinde yiiksek teknolojiye dayal: iirlinlerin
gelistirilmesi siirecinde, ortak platformlarin kullanimiyla maliyetler diisiiriilmekte ve
zaman yOnetimi daha etkin yapilabilmektedir.

Sonug¢ olarak, sistemin ac¢ik mimarilere uyumlu tasarimi; akademi, sanayi ve
ticarilesme siireglerinde 6nemli avantajlar sunar. Bu yaklasim, inovasyonu tesvik eden
ve teknolojik bagimsizligr destekleyen stratejik bir adimdir. Ayn1 zamanda, farkl
paydaglar arasinda bilgi ve kaynak paylasimin1 kolaylastirarak siirdiiriilebilir
kalkinmaya da katki saglar. Ac¢ik sistemler, gelecegin is birligine dayali teknoloji
ekosistemlerinde kilit rol oynayacaktir.
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1. INTRODUCTION

1.1 Literature Review

Free-running ship models are a profound method to assess the hydrodynamics of ships
at model scale. Despite captive tests such as resistance, propulsion, seakeeping, and
maneuvering, free-running model tests offer extensive test capabilities including all
the aspects of ship hydrodynamics. Once launched in lake or sea, hydrodynamic
performance of the full-scale ship can be predicted from the model with certain

extrapolation models.

Recent projects have been carried out in Istanbul Technical University in an aim to
conduct free-running model tests. On top of the wooden bare hull, free-running models
require additional capabilities: electronic hardware and codes that run the hardware.
In this regard, the first free-running model ship was produced at the Faculty of Naval
Architecture and Ocean Engineering under the ITU KATMANSIS project [1]. A 7m
long model of the DTMB5415 warship form was tested at ITU Lake and its
maneuvering characteristics were examined. The electronic system connections of this

ship are given in Figure 1.1.

Prop Servos Rudder Servos

Trimble GPS
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Syncronized Data
Hardware
Interrupt for Data
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Figure 1.1 : Electronic system connections of the 7m long DTMB5415 warship [1].



A few years after this ship, a 1/80 scale (approximately 4.5 m) free-running model of
the Duisburg Test Case (DTC) container ship was produced within the scope of a

TUBITAK 1001 project [2]. The project was focused mainly on two aspects:
e measuring the underwater noise of the model and
e testing the maneuvering capabilities of the ship.

The results obtained with numerical approaches were then verified with tests
conducted at ITU Lake and the validity of the applied numerical approaches was

tested. The electronic design of the ship is given in Figure 1.2.
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Figure 1.2 : Electronic system design of 4.5m long DTC container ship [2].

Ships that can be controlled by remote control are considered as the first step of the
transition to autonomous ships, which has been on the agenda in recent years. Ship
motion control is an important issue in terms of the navigation performance and cost
of unmanned ships. Conventional ships are propelled with a single rudder and a single
propeller (i.e. 2 actuators). When a full ship is considered to have at least 3 degrees of
freedom in the horizontal plane, conventional propulsion systems are referred to as
“underactuated”. There is no single control test platform specifically developed for the
unmanned ships. For a study conducted in 2017 [3], the design and production
processes of a test platform where standard tests can be performed automatically on a
free-mode ship were described. Ship behavior can be observed during the tests, and
control parameters can also be changed. The electronic design scheme of the ship

model is given in Figure 1.3.
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Figure 1.3 : Electronic design software of 3m long KCS container ship model [3].

In addition to these projects, a study have also contributed significantly to the
development of electronic system design for free-running ship models. A notable
example is the 3-meter-long model ship developed at Mokpo National Maritime
University in South Korea [4]. This model was equipped with GPS, IMU, AIS,
wireless LAN, and servo motors, and was designed for both manual and autonomous
operation. The ship’s control was managed via a laptop onboard, using TCP/IP signals
and a PMAC-based motion controller. All control and navigation data were processed
and transmitted to the shore station in real time, and emergency fallback was ensured
through PWM-based RC override. The modular structure allowed the integration of
new sensors and actuators, offering a versatile test platform for advanced maneuvering
and collision avoidance experiments. Figures 1.4 shows the electronic hardware design

of the study.
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Figure 1.4 : System flow in a model ship [4].



Another advanced study was conducted at the University of Southampton, where a
3.06-meter-long autonomous Ice-Class tanker model was designed and tested [5]. This
model emphasized long-duration autonomous navigation in lakes and was equipped
with a BeagleBoard-xM processor, Arduino-based sensor acquisition, GPS, strain
gauges, and energy monitoring systems. The propulsion system utilized a Maxon DC
motor with a high-efficiency PWM motor controller. The control software was built
on the Robot Operating System (ROS), supporting modular tasks such as straight-line
motion, turning circles, and zig-zag maneuvers. A Simulink-based mathematical
simulator was also developed to validate the experimental results and to analyze
energy efficiency improvements by testing different trim conditions and bow designs.

Figure 1.5 illustrates electronic control system of the study.
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Figure 1.5 : Control system architecture of the tanker ship [5].

This thesis based on the electronic design of a free — running ship model to be tested
in a lake. The free — running model is constructed to develop dynamic positioning
systems for full — scale ships. The primary goal in the thesis was perform conceptual
validation; therefore, it was decided to use a scale model platform at the initial stage
as a proof-of-concept. In this context, the model ship with free movement capability;

e The first step is to control it via remote control,

e In the second step, it is aimed to make it able to maintain its position

automatically by using a dynamic positioning system.

The only requirement for the model ship in the remote control phase, which is the first
phase of the project, is a remote control system that allows it to be managed by an

operator at the ground station.



In the second stage, the needs for both the ground station and the electronic equipment
on the ship increase significantly. The number of communication equipment must be
increased in order to transmit the data produced by the ship to the ground station in
real time and to verify that it maintains its position within the specified limits. In line
with these needs, additional equipment such as computers, modems and antennas must

be used at the ground station.

In this thesis, the electronic equipment of the model ship developed within the scope
of the project is detailed. The electronic equipment generally consists of two main

parts:
e The equipment on the model ship itself,
e Equipment on the ground station.

Designed at a scale of 1/20,174, the model ship was manufactured in the wood
workshop of the Ata Nutku Ship Model Experiment Laboratory within the ITU Faculty
of Naval Architecture and Ocean Engineering. In terms of electronic equipment, the
PSV Sancar model, which photographed in the laboratory environment is depicted in

Figure 1.6, is equipped with the following components:
e two main propeller motors,
e two rudder mechanisms,
e two tunnel type thrusters at the bow,
e two tunnel type thrusters at the stern.

All of these hardware are designed to operate independently of each other. Two basic
principles have been observed to ensure high precision operation of the dynamic

positioning system:
o All actuators must be able to be controlled independently of each other.
e All systems must operate on the closed-loop control principle.

Having a total of eight different actuators on board is important for analyzing possible
failure situations. The two basic principles mentioned above provide high precision

and also facilitate the failure modes and their analysis.



Figure 1.6 : PSV Sancar model ship.

The ground station has a complementary structure to the ship operating in the water,
and is a center where the ship is remotely controlled, monitored, and the data produced
by the ship is simultaneously transferred. While the ship's energy needs are provided
by the batteries on it, the ground station's power needs are directly met by city
electricity. The selection of electronic hardware and related equipment was made
considering that the tests would be conducted at the ITU Lake. However, preparations
were made for the possibility of conducting the tests at a different location, and
flexibility was provided to support such changes in the electronic equipment. The
remote view of the ITU Lake and an image obtained from previous tests are presented
in Figure 1.7.

Figure 1.7 : ITU Lake (left). Image from a previous study in the lake (right).
1.2 Purpose of the Thesis

The main objective of this thesis is to design a modular and expandable electronic
control system for a small-scale free-running ship model with dynamic positioning
(DP) capability and to experimentally evaluate the functionality of this system in the
field.



The specific objectives targeted within the scope of the study are as follows:

e To create an embedded system-based electronic infrastructure that can provide

real-time control, communication and sensor integration,

e Todevelop a control box that can precisely control actuators such as propellers,

thrusters and rudder,

e To ensure that the battery, motor driver, microcontroller and sensor

components to be used on the ship model work in an integrated structure,

e To verify the performance of the created system with free-running tests

conducted in a laboratory environment,

e To provide a hardware and communication infrastructure that can form the
basis for future artificial intelligence-supported autonomous control algorithms
such as image processing-based environmental awareness and obstacle

detection.

In this context, the developed system aims to provide a test platform that can be used
in academic research and to contribute to the development of small-scale autonomous

ship systems in the maritime sector.

1.3 Autonomy Level

This thesis is evaluated by considering the autonomy levels defined by IMO [6-7] and
Indian Register of Shipping [8], the free mode ship model. The model is placed
between Level 2 (Operational Assistance) and Level 3 (Remote Control) due to its
remote control system. The ship can access basic movement commands remotely and
implement these commands through electronic systems. In addition, with the dynamic
system system that varies, certain changes are provided with the ability to perform
without human intervention. This structure provides a appropriate basis for

transitioning to higher autonomous levels in the future.

1.4 Evaluation of the Planned Dynamic Positioning System

Within the scope of this thesis, the implementation of the dynamic positioning (DP)
system is a study planned to be carried out in the future stages of the project. The aim

of the designed system is to ensure that the ship model can automatically maintain its



position according to the data received from the GPS and IMU sensors. These data
will be processed with control algorithms and commands will be given to the BLDC

thrust motors and rudder servo motors.

Dynamic positioning systems in the ship industry are classified by the IMO and

classification societies as follows [9-10]:

e DP-0: There is no automatic position protection feature; manual control is

applied.

e DP-1:There is an automatic position protection system, but there is no

redundancy or fault tolerance.

e DP-2: It has redundant systems and can continue to operate in the event of a

single fault.

e DP-3: It is resistant to serious faults with high level of redundancy and

physically separated systems.

The planned system is initially planned to be designed within the scope of DP-1 level.
At this level, the ship will be able to automatically maintain its position in calm
environmental conditions, but there will be no redundancy or fault tolerance in the
system. This basic structure will form an infrastructure for the integration of more

advanced dynamic positioning systems in the future.

1.5 Industrial Impact of a Modular, DP - Capable PSV Electronic Architecture

This master's thesis provides multi-dimensional contributions to the Turkish maritime
sector with its modular and expandable electronic architecture that provides dynamic
positioning capability to a small-scale Platform Supply Vessel model. Thanks to the
low-cost COTS components integrated into the wooden hull, shipyards can rapidly
develop original autonomous system prototypes, while the propeller speed-speed
database obtained from tank and pond tests facilitates the calibration of real ship
hydrodynamic simulations and shortens the design cycle. The power architecture,
created with 24V, 12V and 5V isolated DC/DC converters, rail type fuses and 80 A
distribution bars, provides a safe electrical scheme adaptable to full scale ships; while
the CAN bus backbone and PoE supported Wi-Fi infrastructure constitute a reference

for remote monitoring and digital twin applications with uninterrupted data transfer



between ship and shore. The development of a DP capable, free-navigation model for
the first time in Turkey enables the laboratory scale reproduction of the PSV Sancar
used in oil exploration operations, bringing a strategic opening to the domestic
autonomy ecosystem. The high processing power of Jetson AGX Orin opens the door
to artificial intelligence-supported navigation studies with the plug-and-play
integration of sensors such as cameras, LIDAR and DVL. The ROS 2 compatible
modular software-hardware design facilitates seamless interoperability of components
from different suppliers on the same platform; while the rich data lake consisting of
real-time telemetry, energy consumption and location data serves the development of
fuel optimization, predictive maintenance and safe operation algorithms. The free-
floating model reduces R&D costs by reducing the risk of electronic integration and
control algorithms before the full scale prototype is built; the centralized electronics
box architecture shortens maintenance and repair processes and saves operating

expenses.






2. SHIP MODEL PRODUCTION

For this thesis, the hull design supporting the dynamic positioning system was derived

from the hull form of the Sancar, a Platform Supply Vessel (PSV) operated by Turkish

Petroleum. The model ship was constructed from wood and electronically equipped

within the scope of this thesis. The main and model-scale dimensions of this hull form

are presented in Table 2.1. The overall appearance of the final manufactured PSV

model is shown in Figure 2.1. The production stages of the developed model are also

provided below.

Table 2.1 : PSV hull form.

Parameter Symbol (unit) Model Full scale
Scale K 20,714 1
Waterline length Lwe (m) 3,09 64
Beam B (m) 0,8013 16,6
Draft T (m) 0,3101 6,425
Wetted surface area S (m?) 4,07 1748,1
Displacement volume vV (m3) 0,612 5440
Block coefficient Cs () 0,797 0,797
Service speed V (m/s) 1,19 54
Froude number Fr () 0,216 0,216

The PSV model was constructed at the ITU Ata Nutku Ship Model Laboratory
Workshop at a scale ratio of 1/20,714, in accordance with the recommended

procedures and guidelines of the ITTC [11]. The production stages consisted of the

following steps, respectively:
e rough model fabrication (Figure 2.2),
e CNC machining (Figure 2.3),
e priming (Figure 2.4),

e painting and marking (Figure 2.5)
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These stages were carried out with precision in the laboratory’s production workshop.
Figures 2.2, 2.3, 2.4 and 2.5 show images of the corresponding production steps.
Initially, using the lines plan of the model, Ayous timber planks with a thickness of 5
cm were glued together with marine adhesive to form the rough model. To ensure
durability against external environmental conditions, the bonding of the timber layers

was performed with great care (Figure 2.2).

Next, the outer surface of the rough model was machined using a 5-axis CNC machine
with an accuracy of 1 mm, resulting in the raw outer shell of the model (Figure 2.3).
In the following stage, to improve watertightness and resistance to external conditions,

the outer shell underwent varnishing and priming processes (Figure 2.4).

Figure 2.1 : View of the completed PSV Sancar model.

Figure 2.5 illustrates the painting process of the model’s outer shell, including the
addition of stations, waterline, and wave height marks at the bow in preparation for

experimental testing

Figure 2.2 : Rough model fabrication of the PSV hull.
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Figure 2.3 : CNC-machined wooden ship hull model.

Figure 2.4 : Finished PSV hull after CNC and priming.
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Figure 2.5 : Appearance of a PSV after painting and marking.
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3. ELECTRONIC SYSTEM DESIGN

In this section, the electronic system design of the free-running ship model with
dynamic positioning (DP) system is discussed in detail. The design includes the
integration of actuators, sensors and control modules, motor systems and power
distribution elements. The purpose is to reveal the functional and structural features of
each module to ensure high maneuverability and stability of the ship model.

3.1 Equipment Elements

The electronic equipment selected for the project was evaluated in two separate groups
according to their areas of use. The electronic equipment on the model ship is
presented in Table 3.1, while the equipment used in the ground station is listed in Table
3.2.

The ship's communication with the land station is carried out via remote control. Real-
time data transfer is made from the ship to the computer at the land station. There are
Wi-Fi modems on both the ship and the land station to provide this communication.
The modem on the ship was chosen as an omnidirectional antenna type that provides
360-degree coverage due to the possibility of the ship turning in any direction. Since
the modem used on land only needs to be directed towards the pond area, a 120-degree
directional antenna was preferred. Omnidirectional antennas are expensive and have
limited range, but they can send and receive signals from all directions. Directional
antennas are more economical and can be used at longer distances. However, they can
only exchange signals at a certain coverage angle. Although it is possible to use
omnidirectional antennas on both sides of the ITU Lake, it was decided that the current
antenna selection was the most suitable option when the dimensions of the pond and

economic factors were taken into account.
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Table 3.1 : Ship electronic equipment and actuators.

Category Type Equipment Quantity
4-bladed 14cm diameter propeller 2
Actuator 4-bladed 7.9cm diameter propeller 4
Rudder in NACA0018 form 2
Actuators, 6384 190 kV motor 2
motors and drivers Motor DRF2814 350 kV motor 4
DS5160 servo motor 4
Driver VESC 6.9 motor driver 2
VESC 6.7 motor driver 4
Microcontroller STM32F104 microcontroller 1
~ Computer, Orin PC AGX Orin Al pc 1
microcontroller and
Sensors Transceiver MCP2551 CAN bus transceiver 1
IMU-GPS Xsens MTi 6710 IMU 1
Poe PoE adapter 1
mai]%rglrgzrrli[(rzg:iglne ?r::ec:f[s Modem Rocket M2 Wi-Fi modem 1
Antenna 13 DBI omnidirectional antenna 1
Battery Battery 6S10P Litium-ion battery 2
A 63A DC supported B-type otomatic fuse 2
16A DC supported B-type otomatic fuse 6
Terminal block Din rail terminal block 16
Busbar Power distribution busbar 2x13, 80A 3
Connector LP-28 waterproof connector - female 2
LP-28 waterproof connector - male 2
Auxiliary components PG-7 cable gland 4
Cable gland PG-9 cable gland 6
PG-11 cable gland 2
DC/DC voltage reguzlztor 24V DDR-60G- 1
Regulator DC/DC voltage regug{or 12V DDR-120G- 1
DC/DC voltage regulator 5V DDR-60G-5 1

Table 3.2 : List of electronic equipment used in the ground station.

Type Equipment Quantity
Computer Laptop 1
Modem Rocket M2 Wi-Fi Modem 1
Antenna 21DBI 120° Directional Antenna 1
PoE PoE Adapter 1
Remote Controller 2.4 GHz FlySky 1
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There are eight actuators on the model ship. The ship performs its main maneuvering
using rudders. The ship gains speed through two propellers located at the stern. The
thrusters, two of which are located at the bow and two at the stern, are used for dynamic
positioning or docking maneuvers. Additionally, the thrusters can be used when the
vessel requires sudden maneuvers. The general layout of the actuators in the PSV
Sancar ship model is shown in Figure 3.1.

Rudder

Rudder (port)
(starboard)

Propeller
(starboard)

2 stern
thrusters

2 bow thrusters 0———"‘/

Figure 3.1 : PSV Sancar model ship general layout.

Propeller (port)

3.2 Actuator, Motor and Drivers

The use of a Flipsky brand 6384-sized, 190 kV, three-phase, externally rotating
brushless motor is deemed suitable for use as the main motor. The peak power value
of 4000W provided by the manufacturer for the selected motor was chosen because it
covers the expected power values for the model scale and provides the required
propeller speed of 9 RPS (540 RPM) for the drive speed. The 6384 motors used as the
main machine have Hall Effect sensors embedded in them. Thanks to these sensors,
the motors can be driven in a closed-loop system. Commands from the user are first
transmitted to the motor driver via remote control. The processed signal is then sent to
the motor. The Hall Effect sensor communicates the current status of the motor to the
motor driver. The motor converts the received signal into power and rotates the
propeller. The closed-loop motor cycle diagram of the main machine is shown in
Figure 3.2.

Motor Driver Motor

— Signal—» >
€ VESC 6.9 Flipsky 6384 190 KV

A\

A

Hall Effect Feedback

Figure 3.2 : Main motor closed loop motor cycle diagram.
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As the driver, the VESC 6.9 was used, which has the capacity to transmit a peak power
value of 4000W. Known for being open source, VESC was chosen for this project for

the following reasons:
e torque control for motor operation and

e the ability to operate the main machine system in a closed-loop configuration

at appropriate PID values.

Images of the motor and driver used in the system are presented in Figure 3.3. In
addition, the technical specification of the motor are provided in Table 3.3 to give a
clearer understanding of the motor’s performance characteristics and suitability for the

control system.

[ »FLIR2SKY

OARD MOTOR |

" 4

Figure 3.3 : Flipsky motor (left) and VESC 6.9 motor driver (right). Hall effect
sensor is located inside the motor.

Table 3.3 : Motor data [12].

Specification Value
kV Rating 190 kv
Maximum power 4000 W
Maximum current B A
Voltage range 148V -588V
Maximum torque 9N.m
Motor resistance 0.05 Ohm
Number of poles 14
Blue =U (A)
: . . Yellow =V (B)
Wire configuration
Green =W (C)
Hall sensor wire : Red = 5V
Shaft diameter 8 mm
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Due to the small scale of the model, the hardware selection options for the tunnel type
thrusters located at the bow and stern are quite limited. Among these limited
alternatives, 2814 size, 350 kV, three-phase and underwater operation-friendly motors
were preferred. It has been observed that the 450 W peak power specified in the factory
data of the motors exceeds the required power when scaled to the model. Designed to
operate underwater, these motors are directly integrated into the propeller hub. VESC
6.7 model drivers with lower voltage and current carrying capacity were used for these
thrusters, which have lower power and size compared to the main drive motors.
Visuals of the motor drivers for a total of four thrusters, two at the bow and two at the

stern, and one thruster motor placed in the propeller hub are given in Figure 3.4.

| T II‘N.’f"I‘ﬂ“!IIv !

Figure 3.4 : Thruster motor drivers (left). Thruster motors are mounted on the
propeller hub (right).

Four servo motors each of which operates with 5V were preferred in order to provide

rudder movements. Two servos were used for each rudder to eliminate the mechanical

gap caused by the internal gear structure of the servos. The placement of the servo

motors used is shown in Figure 3.5.

- |

Figure 3.5 : Servo motor (left). Dual servo motor assembly for the starboard rudder
of the vessel (right).
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3.3 Computer, Microcontroller and Sensor

There is a need for a microcontroller that can provide signal transmission to the
actuators on the ship and integrate safety measures into the system. In this direction,
the STM32F104 based Nucleo development board was preferred due to its widespread
use and sufficient number of output pins. The visual of the board is on the left side of
Figure 3.6. The Appendix A presents the closed-loop electronic control system for the
dual-motor actuators, implemented using an STM32-based Servo MCU in the model

ship's electronics.

In order for the microcontroller to send commands to the motor drivers it is connected
to the signals must be converted to the appropriate format. This conversion process is
carried out by a transceiver module that supports the CAN communication standard.
In addition, this hardware makes the system resistant to electromagnetic interference
and environmental noise. The appearance of the relevant CAN transceiver circuit is
presented in Figure 3.7 (left); the module can be clearly seen in the yellow circle. In
addition, the project is aimed to have a structure suitable for field conditions, resistant
to vibrations and long-term use. In this context, instead of temporarily establishing
electrical connections on a breadboard, a more stable and secure solution and the
printed circuit board (PCB) design was preferred. Although breadboards are generally
used in the development and testing stages, they are not recommended in permanent
systems due to loose connections, their inability to carry high currents and their
sensitivity to vibration. Therefore, in order to increase the reliability of the system and
to demonstrate a professional engineering approach, a special PCB design was carried
out for the control and interface circuits in the electronic control box. This design can

be seen in Figure 3.7 (right).

In addition to the microcontroller, which undertakes relatively simple tasks, the model

ship also needs to have a host computer that can perform the following tasks:
e operating control algorithms of the dynamic positioning system,
e processing data obtained from GPS and IMU sensors,

e and providing a plug-and-play supported structure that will easily integrate
sensors such as cameras, LIDAR, DVL that can be included in the system in

future projects.
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In line with these needs, the NVIDIA AGX Orin computer unit, which stands out with
its low power consumption, high processing capacity and compact dimensions, was
preferred. The visual of this computer used is shown in the middle section of Figure
3.6.

Figure 3.6 : Images of the STM microcontroller (left), ORIN computer (center) and
Xsens GPS-IMU (right).

A ship with a model-scale dynamic positioning capability must have at least one GPS
sensor and one IMU (provided that the tests are conducted in an open area). In line
with this requirement, the integrated GPS-IMU unit from the Xsens brand, which

offers both sensors in a single structure, was preferred.
In the selection of this unit, features such as;
¢ allowing direct transmission of unprocessed (raw) data,

e accelerating the positioning process in the early stages thanks to the integrated

Kalman filter,
e and providing accuracy at a sensitivity level of approximately 0,2 meters.

were prioritized. This device used in the project has all the specified features and the
visual of the device is shown on the right side of Figure 3.6.

Figure 3.7 : CAN transceiver circuit (left, circled in yellow), PCB design (right).
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3.3.1 Communication and manual control

For manual control of the ship, a long-range 2.4 GHz FLYSKY RC type remote control
suitable for civilian use was used. The visual of the remote control used is given in
Figure 3.8 (left). The remote control receiver connections were implemented in a way
that,

e In emergency situations on the model ship, control commands will be given

priority,
¢ If no control command is received, the ship will be stopped safely.

During the operation of the ship on the water with remote control, data such as
instantaneous position, speed, and actuator signals must be transmitted to the ground
station. In order to transmit this data reliably with low latency and within a wide
coverage area, the Rocket M2 model Wi-Fi modem from Ubiquiti was preferred. The
Rocket M2 unit integrated into the model ship on the water operates with an
omnidirectional antenna with a gain of 13 DBI. At the ground station, a directional
antenna with a coverage angle of 120° and a gain of 21 DBI compatible with the
Rocket M2 unit is used, directed to the area where the ship operates. The Rocket M2
Wi-Fi modem images used at both points are in the middle part of Figure 3.8. The
system communication and flow structure are presented in the Appendix B.
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Figure 3.8 : Remote controller (left), Wi-Fi modem (center) and PoE adapter (right).

The power and signal connections required by the modem are provided via the PoE
adapter. While this adapter can receive energy directly from the socket when on land,
it is fed from the battery with a 24V regulator on the ship and transmits this energy to

the modem. The image of the adapter is shown on the right side of Figure 3.8.
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Figure 3.9 : Battery grouping (left) and BMS connection diagram (right).
3.3.2 Battery

In order to meet the energy needs of the model ship and to be compatible with the
electronic systems, a lithium-ion battery with a nominal voltage of 22,2V was
preferred in the 6S10P configuration. In order to prevent problems caused by charging
and discharging during long-term tests, a detachable 6S 40A BMS (Battery
Management System) was integrated into each battery. A total of two 6S10P batteries
were used to achieve a capacity of 1281,6 Wh, and thus the ship was aimed to complete
a full day of testing with a single charge. Figure 3.9 shows the connection diagram of
the battery and Figure 3.10 presents a photo of the battery itself. The technical
specification features of the battery are given in Table 3.4.

Table 3.4 : Battery technical specification table.

Battery Chemistry Lithium - ion
Number of cell connected in series 6
Number of cell connected in paralel 10
Capacity 29 Ah
Nominal voltage 22,2V
Maximum voltage 25,2V
Minimum voltage 18V
Rated current 145A without BMS /80 A with BMS (10s)
Continuous current 87A without BMS / 40A with BMS
Total energy 1281,6 Wh
Battery dimensions 140*250*90 mm
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Figure 3.10 : Battery pack.
3.3.3 Auxiliary components

Standard automation rails are mounted in two rows on the electronic control box used
on the model ship. 2,5 mm? and 1,5 mm? type terminals mounted on the rail were
preferred for cable connections and fuse operations. The visual of the single terminal
structure is in the middle of Figure 3.11, and the collective arrangement of the
terminals inside the control box is shown on the right side of the same figure. In
addition, C type and DC compatible automatic fuses were mounted separately for each
actuator and selected according to 1,5 times the anticipated current consumption. The

general view of this fuse system inside the ship is presented in Figure 3.12.
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Figure 3.11 : Power distribution busbar (left). Single terminal block on DIN rail
(center). Overall view of terminal blocks inside the vessel (right).

In order to ensure safe power distribution, dual rail type distribution busbars with a
capacity of 13x80A were preferred (see Figure 3.11 (left)). A total of three distribution
busbars were installed inside the panel for 24V DC, 12V DC and 5V DC lines
regulated with battery voltage.

For the mentioned regulated 5V DC, 12V DC and 24V DC power needs, DDR series
DC/DC converters of Meanwell brand with an input range of 18-36V were used. In

order to ensure the safe operation of sensitive electronic components, sensors and main
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control unit, isolated type voltage regulators were preferred. The layout of DC/DC

converters on the ship are shown in Figure 3.13.

Figure 3.13 : DC/DC voltage regulators. 24VDC (left), 12VDC (center), 5VDC
(right) [13].
Cable exist to the battery and motors located outside the electronic enclosure were
made using cable glands. During testing, ensuring the enclosure remained waterproof
was crucial so connectors were used to maintain sealing integrity. This approach
ensured that all electronic components remained dry. The cable glands and connectors

are shown in Figure 3.14.

Figure 3.14 : PG 7 type cable gland (left) and male/female LP28 waterproof
connector (right) [7].
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3.3.4 Electronic control box

All electronic equipment inside the vessel was consolidated, as much as possible,
within a compartment referred to as the electronic control box (also known as a
standard automation panel). The mentioned box has dimensions of 80 cm by 60 cm,
with a depth of 24 cm. All power and signal connections were made within this control
box. It was positioned near the vessel’s master station, and the overall layout of the
electronic control box is shown in Figure 3.15. As can be seen in the figure, cable exits

from the box were made through cable glands installed in side openings.

Figure 3.15 : Electronic control box.

The control box is designed in three rows. When viewed from the picture in the figure,
the lowest row contains power distribution bars and regulators. The upper row contains
the drivers of the motors that enable the propellers and thrusters to operate, and the
fuse that will shut down the system in case of danger. The top row contains Orin, the
microcontroller and the remote control receiver. The CAN receiver-transmitter, which
works in conjunction with the microcontroller and sends signals to the drivers, is
located on the second row, connected to a copper plate.
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3.4 DP System Power Connection

The Dynamic Positioning (DP) system developed for the Sancar PSV ship uses the
rudder, propeller, and front and rear thrusters to ensure that the model ship remains
fixed in the desired position and moves in a controlled manner in line with certain
tasks. The basic building blocks of the system include actuator units, microcontrollers,
computers, sensors and communication modules. Based on the previously presented
model, schematic details regarding the power connections of the hardware components
to be used in the Dynamic Positioning system of the PSV model ship will be included
under the heading "Power Connections". Power connections are of vital importance
for DP systems because they ensure that critical components such as motors, thrusters
and sensors are supplied with uninterrupted and sufficient energy during the mission.
The correct configuration of the power connections of the hardware is an important

element that directly affects both the stability and safety of the ship.

3.4.1 Actuator power connections

In the DP (Dynamic Positioning) system, actuators are mechanical units that provide
the physical movement of the ship, such as the front and rear thrusters and the rudder.
In order for these actuators to operate smoothly, the power connections must be highly
reliable. Because these components constantly require high amounts of energy, and
any interruption in energy transmission can disrupt the balance of the system and
prevent the ship from maintaining its position stable under the influence of

environmental conditions.

For this reason, it is of great importance that the power connections of the actuator
components are redundant and equipped with various electrical protection measures
against failures. This ensures that the ship can maintain its stability against external
effects such as waves, wind and current. In addition, protective circuit elements such
as fuses, circuit breakers and voltage regulators are used against excessive current or

voltage fluctuations to ensure that the actuators remain within safe operating limits.

In Figure 3.16, the cable connections and voltage levels of the servo motors connected

to the thrusters and rudder are given in detail.
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Figure 3.16 : Motor and motor driver connection diagram connected to bow and
stern thrusters (left). Rudder servo connection diagram (right).

3.4.2 Processor, computer and sensor power connections

In DP systems, microcontrollers and real-time computers analyze the data from the
sensors and keep the ship's position precisely fixed. The uninterrupted and accurate
operation of these devices depends on a stable and continuous power supply. The
sensors and antenna structure used in the system provide continuous feedback to the
DP system by detecting environmental changes around the ship. If there is an
interruption in the energy connections of the sensors, the system may receive

erroneous data, which may lead to incorrect positioning of the ship.

Although microcontrollers and computer systems generally operate with low voltage,
if sufficient and reliable energy cannot be provided, the system may either stop
completely or become unstable. For this reason, it is of great importance that the
energy infrastructure in marine vehicles is designed as insulated, leak-proof and
redundant. In particular, in fully electric marine vehicles, the use of UPS

(uninterruptible power supply) is necessary to increase the security of the system.

In Figure 3.17, the power connection diagrams of the Jetson ORIN real-time computer
and the microprocessor, which have the capacity to operate all actuators in the DP

system simultaneously, are presented in detail.
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Figure 3.17 : Microcontroller, Orin and sensor connection diagram.
3.4.3 Communication and manual control power connection

PSV’s Dynamic Positioning (DP) system also allows the ship’s crew to perform
manual control and to communicate between different systems. Manual control via an
RC pilot is activated via the PoE adapter, especially when the automatic DP system is
disabled. It is of great importance that the power connections of both control units

operating in real time are active and operational at all times.

On the other hand, the communication unit perform continuous data transmission
between the central computers, sensors and actuators of the DP system. Any power
outage in this communication line may disrupt the data flow and cause the ship to lose
its balance and control. Therefore, the energy connections of both the communication
infrastructure and the manual control systems should be designed to be redundant and

dual-line.

The selected equipment for communication and manual control purposes had to be fed
with potentials of different values. In line with this requirement, the connections of the
added isolated and regulated 24V DC, 5V DC voltage regulators were made as in
Figure 3.18.

RC receiver module
Wi-Fi Modem Fseél-B
Rocket M2 I
l S5V DC
POE I
24V DC Voltage
Regulator 5V DC Voltage Regulator
A o
POE Adapter DDR-60G-24 DDR-60G-5

Figure 3.18 : Communication and manual power connection diagram.
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Although the connections made do not prevent signal transmission, a rail-mounted
grounding and common distribution busbar is also included in the standard panel as a
possible solution to the problem of grounds not being common that may arise from

isolated circuits.

3.5 PSV Model Ship Signal Connections

In Platform Supply Vessels (PSVs), signal connections play a crucial role in the
operation of Dynamic Positioning (DP) systems. The DP system is composed of
sensors, computers and actuators that work together to maintain the vessel’s position
Actuators include components such as thrusters, propellers, rudders, azimuth thrusters,
and propulsion systems that control the vessel’s movement. The operation of these
components is managed through signal communication. Apart from power
connections, the electronic links of onboard equipment on the model vessel differ in
terms of physical form, electrical characteristics, and sensitivity. Separating signal
connections from power diagrams is essential for enabling quicker intervention, fault

detection, and troubleshooting in the event of unexpected or emergency situations.

3.5.1 Actuator signal connections

Control of actuator mechanisms is achieved through the following signal connections:

3.5.1.1 Connection with control systems

The DP (Dynamic Positioning) control system uses a signal transmission line to
transmit the necessary commands to the actuators. The transmission line typically
carries data using digital signals or industrial communication protocols such as CAN
bus, Profibus, or Ethernet/IP. The control system continuously monitors the ship's
position and speed and sends the appropriate movement commands to the actuators

based on the obtained data.

3.5.1.2 Propeller propulsion systems

Azimuth thrusters or main propulsion systems regulate their speed and direction in
accordance with the commands transmitted from the DP system. Commands from the
control system are delivered to the TCU, which transmits them to the appropriate

actuators, ensuring proper speed and directional control.
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3.5.1.3 Rudder systems

Rudders are used to change the ship's direction according to signals sent by the DP
system. The DP control system can adjust the rudder angles to achieve the desired

course. These signals are transmitted to the SCU.

3.5.1.4 Torque and power management

The power and torque values of the signals sent to the actuators are also carefully
controlled. Especially in electric drive systems, not only speed signals but also
electrical quantities such as voltage or current under control. In this way, the correct

transmission of the required torque to the motors is ensured.

Actuator signal connections on PSV type ships have a very sensitive and complex
structure in terms of maintaining the dynamic balance of the ship. The accuracy and
security of the signals transmitted in these connections are of great importance so a
large part of the systems are designed in a redundant and fault-tolerant manner. In
Figure 3.19, the signal connections of all actuators connected to the DP system and the

signal diagrams of the rudder servos are presented with all signal details.
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Figure 3.19 : Actuator signal connection diagram (left). Rudder servos signal
connection diagram (right).
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3.5.2 Microcontroller, computer and sensor signal connections

In a PSV-type model vessel, the signal communication established between the
microcontroller, computer, and sensors is critically important for the effective
operation of the Dynamic Positioning (DP) system. Sensor data is processed to

stabilize the vessel’s position and movement.

3.5.2.1 Microcontroller and computer communication

While microcontrollers handle low-level tasks such as propeller and rudder control,
the Jetson AGX Orin-based Linux computer performs computations for more
advanced control and stabilization algorithms. Data transfer between the
microcontroller and the computer is usually achieved through industrial

communication protocols such as CAN bus, Ethernet or RS-485.

3.5.2.2 Sensors

XSENS-based IMU and GPS sensors are integrated into a single module and
communicate via CAN bus. IMU measures the angular movements and accelerations
of the ship, while GPS determines the absolute position of the ship. This information
is transferred to the DP system, ensuring that the ship's position is maintained with

high precision.

This structure minimizes signal delay and ensures reliable data transmission, thus
continuously optimizing ship dynamic control. Figure 3.20 shows the signal

connections of the Xsens MTi type sensor, microcontroller and host computer.

GPS-IMU
Xsens MTI1
Microcontroller
Com Port STM32F104
Main Computer Com Port

AGX Orin

Figure 3.20 : MCU, Orin and GPS-IMU signal connection.
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3.5.3 Communication and manual signal connections

The only device where power and signal lines cannot be transmitted separately
between communication units is the Rocket M2 modem. The main reason for this is
that many long-range devices designed for network connection and P2P (point-to-
point) communication use the PoE (Power over Ethernet) standard. PoE is a
technology that physically provides both data transmission and electrical power
transfer over an Ethernet cable. Figure 3.21 shows the signal connections for

communication related to the remote control system.

Wi-Fi Modem
Rocket M2
‘ RC Receiver Module
POE FS6i-B
[-BUS
POE Adapter |

Microcontroller
STM32F104

Ethernet

Main Computer

.
AGX Orin OM Port

Figure 3.21 : Signal connections for remote control communication.
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4. FREE-RUNNING TEST RESULTS

Within the scope of this thesis, the devices used for the electronic equipment of the
PSV Sancar ship, the introduction of these equipment and the reasons for their use,
and power and signal connections were presented in detail. The mechanical structure
of the ship was previously completed and its electronic system was designed in this
study for the first free-running tests. The propulsion tests were carried out in the towing
tank of the Ata Nutku Ship Model Test Laboratory in accordance with the operation
[14-17]. The towing tank has a length of 160 m, a width of 6 m and a water depth of
3,5 m. The maximum speed of the towing vehicle is 5,5 m/s. The blockage effects (in
order to prevent the tank walls to interfere with the hydrodynamics of the ship) were
considered prior to the ship model’s construction and its dimensions were selected to
be the largest possible. According to the previously mentioned advisory guide, the
withdrawal tank depth and model draft rate are well above the minimum value
providing deep water capacity [14-17]. Thus, the tests were carried out without side
wall and bottom effects. The picture of the towing vehicle is presented in Figure 4.1.
The trim adjustment ensures that the electronic control box is perfectly centered and
horizontal to the body axis; thus, the power converters inside cool evenly, the
cable/connector voltages are balanced and the cover seals remain at the same height
against wave splashes. In this way, both thermal stability and water tightness are
maintained, and the risk of voltage drops or sudden resets in the sensor and actuator
feeds is prevented. The proper trim achieved with this ballast placement is shown in
Figure 4.2.
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Figure 4.1 : Photograph of the towing vehicle at ITU Ata Nutku Ship Model
Laboratory during experimental tests.

Figure 4.2 : Layout of the electronic control box and lead ballast blocks during the
trim-calibration procedure.

The control of the rudder angle required to keep the course is not among the objectives
of this test. Therefore, the rudder angle was set to zero in the tests. However, the model
was closed to lateral ship movements such as sway and yaw by the guides (due to the
asymmetrically bent rudder, which reduced the course keeping ability of the model)
[18].
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During the experiments, the model ship’s motors and steering system were controlled
through an electronic control box. This box has a structure that includes motor drivers,
sensors and communication modules. The control box generated control signals for
adjusting the ship's speed, direction, and maneuverability. These signals were then
used to operate the propeller and steering mechanisms. During the experiments,
operations were performed at different motor speeds and directions; parameters such
as the ship's speed, thrust force, power consumption and maneuverability were

measured. The obtained data were used in the analysis of the ship's dynamic behavior.

The data obtained within the scope of the propulsion experiments allowed the model
ship to analyze its hydrodynamic performance at different speeds. It was observed that
as the speed values (Vm) measured in the experiment increased, the Froude numbers
(Fr) corresponding to these speeds also increased; this situation shows that the wave
effect on the hull becomes more pronounced with increasing speed and the resistance
components change. The obtained data will be used both in modeling the dynamic
behavior of the ship hull and in the calibration of control algorithms to be developed
in the following stages. Additionally, the trends observed in the resistance
characteristics provide valuable insight for predicting fuel consumption and
optimizing operational efficiency under different sea states. These findings are also
essential for validating numerical simulations and ensuring the consistency between
physical model tests and computational fluid dynamics (CFD) analyses. Furthermore,
the experimental results can serve as a reference for evaluating the performance of

alternative hull designs or propulsion configurations in future studies.

The relationship between thrust, speed, and resistance helps develop accurate models
for maneuvering and positioning. Test results reveal nonlinear behaviors and optimal
operating ranges. The propulsion test results are shown in Figures 4.3, 4.4, 4.5 and
Table 4.1.
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Figure 4.3 : Sancar model ship free — running propulsion test results.
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Figure 4.4 : Quantitative evaluation of the R-RPS and velocity relationship in the
positive domain.
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Figure 4.5 : Quantitative evaluation of the R-RPS and velocity relationship in the
negative domain.

Table 4.1 : Measured relationship between propeller RPS and vehicle velocity.

I-RPM RPS R-RPS m/s
-3025 -1,2 -5,76 -0,58
-2400 -5,71 -4,57 -0,5
-1615 -3,85 -3,08 -0,37
0 0 0 0
1675 3,99 3,19 0,37
2175 5,18 4,14 0,47
2460 5,86 4,69 0,53
2915 6,94 5,55 0,64
3500 8,33 6,67 0,76
3700 8,81 7,05 0,83
4090 9,74 7,79 0,9
4270 10,17 8,13 0,99
4640 11,05 8,84 1,05
5300 12,62 10,1 1,16

The values presented in Table 4.1, were not measured directly but computed through
a set of transformations applied to the input rotational speed (I-RPM). The following
equations summarize the steps used to estimate motor speed, propeller speed, and the

resulting linear velocity:

Motor RPM = =EEM

(4.1)
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I-RPM is the electrical rotational speed input from the ESC, divided by 7 to obtain the
mechanical speed for a 14-pole (7 pole pair) BLDC motor.

Motor RPM
— (4.2)

RPS =

It converts the motor RPM to revolutions per second (RPS).
R — RPS = RPS x 0,8 (4.3)

0.8 is an efficiency factor that accounts for mechanical and transmission losses.
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5. CONCLUSION

In this thesis, the electronic system design of the PSV Sancar model ship was realized
and applied for the first time for free mode sailing tests. The mechanical structure of
the ship was previously completed, and the electronic hardware, power distribution,
sensor integration and communication infrastructure were structured in detail within
the scope of this thesis. The basic components of the system, microcontroller, motor
drivers, IMU-GPS sensors, battery systems and communication units, were combined

in a central control box.

The conducted free-running tests were carried out to observe the reliability of the
electronic system under field conditions, the continuity of the communication
infrastructure, and the performance of the motor-driver integration. During the tests,
the propeller RPMs and power consumption corresponding to the ship's speed were
measured; through these measurements, the real-time operability of the electronic
infrastructure was validated. Since maintaining a fixed heading was not a target during
the tests, rudder control was kept passive; however, the electronic infrastructure was

designed in a modular manner, enabling future integration of the rudder system.

The obtained data will be evaluated in order to understand the hydrodynamic response
of the ship's hull at different speeds and to form the basis for future control algorithms.
In this context, not only the motion performance but also the holistic performance of
the system's electronic infrastructure was analyzed through tests. As a result, this study
has presented a flexible, modular and expandable electronic system infrastructure that
can form the basis of dynamic positioning systems for a small-scale model ship. This
infrastructure provides a solid foundation for advanced autonomous control studies,
sensor fusion systems and artificial intelligence-supported algorithms to be carried out

in the future.

As a future work, it is planned to conduct rudder tests in controlled experimental
environments and to design an independent controller specific to these tests in order
to better understand the steering performance of the system. The electronic system

infrastructure developed within the scope of this thesis has been designed in a modular
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structure to form a foundation for future integration of advanced autonomous
navigation capabilities, such as image processing-based environmental sensing and
collision avoidance. If such a system is implemented, a POE-supported IP camera or a
USB/CSI-compatible imaging unit can be integrated into the ship model to obtain real-
time visual data. The electronic system infrastructure designed in this thesis consisting
of the high-performance NVIDIA Jetson AGX Orin, STM32-based microcontroller,
closed-loop BLDC drivers (VESC), and CAN bus-based communication architecture
provides a strong technical foundation for the implementation of such autonomous
functionalities. In the event that a study is carried out in this direction, the visual data
obtained from the camera can be processed using deep learning models (e.g., YOLOV5
or YOLOV8) on the AGX Orin. After detecting obstacles, safe navigation routes can
be generated using a suitable path planning algorithm (e.g., DWA or RRT). The
corresponding commands for these routes can then be transmitted to the
microcontroller over the existing CAN communication line to enable motor control.
The software foundation of such a system can also be expanded using a modular
framework like ROS 2 when necessary, allowing sensor data, perception, and decision-
making mechanisms to be managed in an integrated manner. Additionally,
environmental sensors such as LIDAR or ultrasonic sensors can be considered in the

future to detect obstacles beyond the camera’s field of view.
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APPENDIX A

The following schematic diagram represents the closed-loop electronic connection for
controlling actuators with two motors using an STM32-based MCU for the developed

model ship electronics.
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Figure A.1 : Schematic diagram of controlling actuators with STM32 based MCU.
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APPENDIX B

This flowchart outlines the communication architecture between the ground station

and the onboard systems of the model ship.
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Figure B.1 : Flowchart of all system.
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