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autonomous underwater vehicle.

An autonomous underwater vehicle (AUV) is a type of autonomous underwater robot equipped with
various sensors to perceive environmental conditions. It operates by making appropriate decisions based &
on the detected conditions according to a predefined mission plan. AUVs are capable of capturing images,
processing these images, performing object recognition, and interacting with surrounding objects using
manipulators.
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team structure.

o

The team is responsible The team is responsible for The team oversees the The team is responsible for The team designs and
for designing all the creating the necessary visual general management the development of relevant develops electronic
physical aspects of the and physical elements such of sponsorships, media software modules for the components that facilitate
vehicle, simulating the as digital presentations, relations, finances, and team flow of tasks within the communication between
designed components, and catalogs, and brochures for strategies. vehicle. all sensors on the vehicle
manufacturing them. the team'’s introduction, and and meet the power
overall design. requirements of the
Technical Mentors Academic Advisor
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turkuaz.

From 2018 to 2022, Turkuaz, developed, became the
world champion.

H#SAUVC2022

4 Champion

#HRoboSub2021

FINALIST










robosub.

Since 1997, the competition held at TRANSDEC, owned by the US Navy, in San Diego, California, has been
a prestigious event in the field of autonomous underwater vehicles. The competition is organized by the
AUVSI association and Robonation.

The ITU AUV Team represented Turkey and Istanbul Technical University (ITU) as the only team from Turkey
participating in RoboSub2021, thus making its mark on the international underwater robotics community. In
2024, we continue our efforts with the aim of participating in RoboSub, our biggest goal.




jf |/ S S\ ) o opEAN @ Rrami 2023
T | ROBOTICS LEAGUE LA SPEZIA 16-21 JULY 2023

Brought to you by SPARC

Brought to you by Organized by Platinum Sponsor Silver Sponsor Bronze Sponsor  Sup|
T @Msralcs < o ECH Q
1eee Oceanic .
‘ g Englneenng Society FINCANTIERI u

8{) BlueRoborics

"

held for the first time e
1s tasks that contqin issio
itions in La Spe o* chalfénging tasks such as variable depths, currerits,
Ves 0 ing ¢ i i

: ky waters. One of t% tasks invo en e'ecti
Hostlng mostly post e-level tearr mE
competition in 2023 and completed itin 2n pla%

y]




teknofest.

Our team was awarded the “Most Original Design” award, o
to the absence of ranking prizes, at the Unmanned Underw
The three main reasons for being awarded this prize are our
algorithm design.




mechanic.
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Maximum Weight
26 Kg

m Maximum Speed
4 Kn

46 cm
4 | Diving Depth
300 m N
A
@ Carrying Capacity
100 N
Mission Duration
4 Hour 62cm

design.

Our vehicle consists of three main components structurally: chassis, electronic housing unit, and mission
equipment. The positions of the components have been determined taking into account the distribution of
the frame and the centers of gravity.

A
\/

94 cm
By aligning the VCG (Vertical Center of Gravity) and VCB (Vertical Center of Buoyancy) points, the vehicle
is prevented from tilting in a static state, and by aligning the LCB (Longitudinal Center of Buoyancy) and
LCG (Longitudinal Center of Gravity) points, trim is ensured in a static state. In this way, the vehicle remains
stable in a static state. During design and modification, the positions of VCG, VCB, LCB, and LCG of the
vehicle are calculated simultaneously with a MATLAB code. This allows the balance state of the vehicle to
be observed mathematically.
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dynamic stability.

For autonomous underwater vehicles, dynamic stability emerges as a crucial design element. The stability
analysis of Taluy was conducted by examining the GZ curve. The area under this curve represents the
vehicle’s capacity to stabilize itself. The metacentric center (M) coincides with point B since the volume
remains constant. Unwanted forces encountered underwater are balanced by the vehicle’s own righting
moment. Dynamic stability is found by multiplying the area under the GZ curve within a specific angle
range by the weight.

0

ps = w [ez do
0

These assessments are of critical importance to measure the vehicle’s stability performance and make
necessary adjustments. The analyses revealed that the righting moment at critical angles was quite high.
15
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sealing. v

111l
For sealing, one rear and front flange and one middle flange to form the connection between these 2 tubes
are used. The connections between the two cylinders, as well as between the front and rear covers and
the cylinders, which will also provide sealing, have O-ring seal (O-ring) channels. The dimensions of the
seal channels were designed using the channel design tool of Trelleborg, a company producing sealing
products, to ensure production compliance with standards. The design of the seals was made considering
the amounts of channel filling, compression ratios, and elongation ratios. The front cover is produced as a
half-spherical dome head. By utilizing the principle of refraction of light underwater, a wider field of view
is obtained. There are four square holes on the middle flange. These holes correspond to 11 penetrator
passage holes in the covers. The cables of the equipment outside the vehicle that need to come into
contact with water are provided through penetrator passages and connected to the electronic cards inside
the tube.
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power distribution box.

The motor drivers of the vehicle can reach very high temperatures whegh opefatingfat high power levels.
This situation not only affects the performance of other electronics insfie thgvehicfe tubds but also
increases the tube pressure, creating a risky situation. Therefore, by hgusinggthe m@tor diivers in a separate
aluminum enclosure, the operating performance of the vehicle has b&en grdatly inprovel. This enclosure,
produced in a 3-axis CNC, is specially designed for the positioning of the PCB designed by the electronic
team. All thrusters are gathered in a single enclosure, and the necessary power distribution is supplied
from the battery inside the vehicle. In this way, the heat generated inside is transferred to the water through
thermal pads.
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vehicle electronics.

To accomplish challenging tasks in demanding environments, the vehicle is equipped with various sensors.
Our mainboard essentially serves as the main low-level processing unit, utilizing a Real-Time Operating
System (RTOS) to control safety features, communication with all sensors, control algorithms, and Input/
Output (10) operations. Among the sensors on the vehicle are active sonars, passive sonars, an Inertial
Measurement Unit (IMU), Doppler Velocity Log (DVL), pressure sensor, temperature sensor, and a range of
monocular and stereo cameras. Additionally, the mainboard is responsible for communicating with our
other circuit boards. These include providing data representing the status of the onboard main battery,
such as temperature, current, voltage, and State of Charge (SoC).
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battery.

The vehicle operates with a custom-designed Li-ion battery pack consisting of 4 series and 9 parallel cells.
Inside the battery pack, there is a fuse to prevent short circuits, and a Battery Management System (BMS)
is included to balance and charge the series cells. The battery pack utilizes Sony’s US18650VTC6 Li-ion cells
as individual cells. With a 4S9P configuration, the battery pack has a total energy capacity of 400Wh and
can provide 5300W peak and 2000W continuous power. The inclusion of 4 series cells, compared to our
previous 3 series battery packs, has reduced power losses by providing a higher voltage along with the
current drawn.
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acoustic.

Underwater acoustics is a significant field covering solutions for various challenges such as
communication, navigation, and range estimation. The vehicle is equipped with both passive and active
SONARSs to overcome these challenges. Along with our Acoustic Processing Board (APB), the vehicle’s
Passive SONARs (Hydrophones) can detect underwater sounds in the range of 25kHz to 50kHz with high
sensitivity. The board provides comprehensive solutions for signal processing with a specially developed
Acquisition Protocol (ACQ). The sampling frequency can be increased up to 2 MHz, and real-time
processing of 16-bit captured data is performed using Short-Time Fourier Transform (STFT). Direction

of Arrival (DOA) algorithms such as MUSIC and WAVES can calculate the arrival angle of the sound with
extremely low error levels.

27
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communication.

The vehicle consists of many separate electronic units responsible for different tasks. To establish robust
communication, RS-485 is used among the internal units of the vehicle. For faster coommunication, USB High
Speed is employed, keeping the communication line under as low Electromagnetic Interference (EMI) as
possible. The design of the vehicle allows for reducing EMI by placing sensitive digital/analog components
in the front enclosure and high-power-consuming components in the rear enclosure. During tests, a main
communication cable exits the vehicle to the surface with twisted pair cables driven by Fathom-X modules
at both ends, carrying Ethernet packets. Since the vehicle operates with ROS, access to the entire ROS
network is available via the Ethernet connection, allowing the surface computer to monitor sensor data

or send commands to the vehicle. The software also comprises safety components that will shut down
thruster operation in case of a communication failure to prevent emergencies.

Jetson
Xavier
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software.
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Localization provides the function of determining the position and orientation of the vehicle, enabling
safe movement, mapping, and environmental interaction. The vehicle’s localization is performed using
data from sensors such as IMU (Inertial Measurement Unit), DVL (Doppler Velocity Log), and a barometer,
as well as images from onboard cameras. These cameras track ground markers and use simultaneous
localization and mapping (SLAM) algorithms like ORB-SLAM. This data is combined using an Extended
Kalman Filter (EKF) with acceleration, velocity, and position data from the IMU, DVL, and barometer to
provide estimates of speed and position in all Cartesian and polar coordinates.
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wireless communication.

To maintain communication with the ground station, a buoy connected to the vehicle via a tether cable\j\' 71 |
has been designed. There is wired communication between the computer inside the vehicle and the buoy’
computer, while wireless communication is established between the buoy’s computer and the ground

station’s modem. This setup ensures data flow between the vehicle and the ground station. l

Additionally, the buoy tracks the guide light mounted on top of the vehicle using a camera placed
underneath it, and follows it using attached motors. This guide light provides relative position information
of the vehicle with respect to the buoy, and, combined with the GPS sensor on the buoy, enables precise
localization of the vehicle. This makes the localization process easier and more accurate.
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auto-leveling.

An automatic leveling algorithm has been developed to maintain the vehicle’s stability and
maneuverability. This system continuously measures the vehicle’s orientation and makes real-time
adjustments using four upward-facing thrusters and a PID (Proportional-Integral-Derivative) controller.
It effectively minimizes roll and pitch movements. This approach ensures that the vehicle maintains its
stability even in rough sea conditions, allowing it to perform its tasks with high accuracy and precision.
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creative.
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vision.

The creative team is the unit responsible for the formation of the team’s project presentation and
promotional content. Utilizing all available resources, they ensure the team'’s visibility and attract support

from investors. Comprised of unsung heroes, the team focuses on memorablevisual design, curiosit
all things good.
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action.

The team is responsible for creating graphic content during ijn process and defining the team's
visual communication direction by incorporating video and phxshoots hey handle the design and
printing of posters, catalogs, business cards, logos, and team uniforms. Ad nally, they capture team
performance footage and ensure it is edited and produced for suitable social media content.
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organization.
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guidance.

As the ITU AUV Team, we prioritize future genel
students working in this field, such as tean
School, and Besiktag Anatolian High School
students to spark their curiosity.
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our needs.

S

Production Cost
Hardware Requirements

Maintenance Fee

Printing Expenses
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Organization

Logistics Support
Accommodation Expenses

Competition Application Fee
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communication.

GSM
+90 545 596 20 65

E-mail

auv@itu.edu.tr

WEB

auv.itu.edu.tr

Social Media

Linkedin @ituauvteam
Instagram @ituauvteam
Twitter @ituauvteam

YouTube @ituauvteam

Address
iTU Ayazaga Kampusu BisikletEvi
34469 Maslak [ istanbul
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