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autonomous underwater vehicl

AUVs are autonomous underwater robots that, using various onboard sensors, per
conditions and make appropriate decisions based on predefined mission flows.
autonomously, capture and process images, perform object detection, and inter
objects through their manipulators.

environmental
can navigate
ith surrounding




us.

ITU AUV Team was estakh

, who sought to %

Wote rtbotics expetience with autono

combine their two yearsjof gies after
beginning their work in 2016. As one of the few teams representing our ¢ t
competitior h as Rob , SAUVC, and RAMI, as well as national like Teknofest, we

continue our work with de




team structure.

Mechanics

Responsible for the entire

physical design of the vehicle,

as well as the simulation and
manufacturing of the

designed components.

prepares the necessary visual
and physical materials for the
team’s promotion—such as
digital presentations, catalogs,
and brochures—and is
responsible for their overall

design.

Team Responsible

Yagmur Yasmin Emri

S

Organization

manages the overall
administration of
sponsorships,

finances, media and the
team'’s strategies.

Technic Mentors

Sencer Yazici
Batuhan Ozer
Emre Orkun Kayran

Selen Cansun Kirgoz

6

responsible for developing
the software modules
related to the mission flow of
the vehicle.

ANV

Electronics

designs and develops the
electronic components that
ensure communication for
all onboard sensors and
meet the power
requirements of the
propulsion system.

Academic Advisor

Dog. Dr. Bilge Tutak



turkuaz.

Turkuaz, developed between 2018 and 2022, won a
world championship.”

H#SAUVC2022

E CHAMPION

HRoboSub2021

FINALIST
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design.

Structurally, our vehicle consists of three main components: the chassis, the electronics enclosure
unit, and the mission equipment. The positions of these components have been determined by
considering the distribution of buoyancy and the center of mass.

By aligning the VCG (Vertical Center of Gravity) with the VCB (Vertical Center of Buoyancy), the 94 cm
vehicle is prevented from developing a roll angle while stationary. Similarly, aligning the LCB

(Longitudinal Center of Buoyancy) with the LCG (Longitudinal Center of Gravity) ensures that no trim

occurs in a static state. In this configuration, the vehicle remains statically stable.

During the design and modification process, the positions of the VCG, VCB, LCB, and LCG are

calculated simultaneously using a MATLAB script. This allows the stability state of the vehicle to be

mathematically monitored throughout the design process.

|
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counter

moment
KM 288.5 mm
GM GM 84.6 mm
KB 288.5 mm
KG 203.9 mm
KG

baseline

righting
moment
° 3 K GZ Curve
dynamic stability o —
[ J ' | | '
e B s S S
Dynamic stability is a key design element for autonomous underwater vehicles. The stability analysis of Taluy : ; j :
was conducted by examining its GZ curve. The area under this curve represents the vehicle’s ability to restore B0 f-------- pesss=es AR otk Toooooooo reescsosdpssesses
itself to a stable orientation. Since the displaced volume does not change, the metacentric point (M) £ ; ‘ : :
coincides with the center of buoyancy (B). Undesired forces encountered underwater are counterbalanced by = 45[-------- R SER Rk R e
the vehicle’s own righting moment. Dynamic stability is determined by multiplying the vehicle’s weight by the © 5 ;
area under the GZ curve within a specific angle range. Sl SRR R e
9 | 1 1 . ]
DS = W [GZ df sl N s B
0 ' | | ' '
0 L . L L
These evaluations are crucial for assessing the vehicle’s stability performance and implementing 0 15 30 465 60 75 20

necessary adjustments. The analyses show that the righting moment is significantly high at critical
angles. 16



mass
added mass

damping
‘ environmental forces
E—
General Equation of Motion: My +C(v)v +D(V)V +g(n) =T
(U] [ x| F, bbb bbb bob
1% y F)', 1 1 1 1 1 1 1 1
w % E | _ _ 1 2 3 4 5 6 7 8
v= |, n=, T= || =BT B=lp b b b bbobob
q 0 M 222 222 22
4 1 2 3 4 5 8
r ¥ M, i
allocation matrix.
body-frame position and thruster matrix o
velocity matrix orientation matrix bbb bbb b b
Damping and hydrodynamic viscous effects: D(V):—DlV—DZ |V|V 6 6 6 6 6 6 6 6
ThrusterForces T =KV 1 2 3 4 5 6 7 8
i t i

bi j: represents the
force/moment contribution

mOtion & maneuverability. of each thruster relative to

the axes.

The motion of an autonomous underwater vehicle with six degrees of freedom is defined by the Newton—
Euler equations. These equations account for the vehicle’s mass, added mass effects, hydrodynamic forces,
damping, and environmental disturbances. The vehicle’s motion is modeled using an allocation matrix that
describes how the forces generated by the thrusters are distributed over the hull. With eight thrusters (4 in
the Z-axis and 4 in the X-Y plane), both linear and angular velocities are controlled. This formulation
enables precise characterization of the vehicle’s translational (surge, sway, heave) and rotational (roll,
pitch, yaw) motions.
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sealing.

For waterproofing, a front and rear flange, along with a central flange that connects the two tubes, were
used. These flanges, which ensure both the structural connection between the cylinders and the sealing
between the end caps and the tubes, contain O-ring grooves. To ensure that the groove dimensions
conformed to manufacturing standards, Trelleborg’s seal design tool—commonly used for designing sealing
products—was utilized. The grooves were designed by considering the O-rings’ fill ratio, compression ratio,
and stretch ratio.

The front end cap was manufactured as a hemispherical dome, providing a wider field of view underwater
by taking advantage of light refraction principles. The central flange features four rectangular cutouts, and
the covers of these cutouts contain eleven penetrator pass-through holes. Cables of the external
components that must interact with water are routed through these penetrator holes and connected to the
electronic boards housed within the tube.

20
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power distribution unit. "

The motor drivers of the vehicle can reach very high temperatures
only affects the performance of other electronic components inside ghe mgin tullles, buk also increases the
internal pressure, creating a potential risk. Therefore, the motor dgvers Jere ifolate@d inside a separate
aluminum housing, significantly improving the overall operational pefformahce offthe vehicle.
This housing was manufactured using a 3-axis CNC process and was specifically designed to accommodate
the PCB developed by the electronics team. All thrusters are connected through this single housing, and the
required power distribution is supplied by the battery inside the vehicle. In this configuration, the heat
generated inside is transferred to the surrounding water through thermal pads.

en operatigg at gigh power. This not

22
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Mehmet Erkilig

Tolga Ozturk

Hamid Mammadli

Emir Arda Akpinar
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vehicle electronics.

To accomplish challenging tasks in harsh environments, the vehicle is equipped with a variety of sensors. At its core,
the main board serves as the primary low-level processing unit, operating with a Real-Time Operating System (RTOS)
to manage safety features, communication with all sensors, control algorithms, and input/output (I/O) operations.
The onboard sensor suite includes active sonars, passive sonars, an Inertial Measurement Unit (IMU), a Doppler Velocity
Log (DVL), a pressure sensor, a temperature sensor, and several monocular and stereo cameras. The main board is
also responsible for communicating with other circuit boards within the system. These include the Battery Monitoring
System (BMS), which provides data regarding the main onboard battery—such as temperature, current, voltage, and
State of Charge (SoC)—and the Propulsion System Board (PSB), which controls all thrusters and provides data
representing the power consumption of each thruster.

Additionally, the vehicle features an Auxiliary Power System (APS) designed to keep critical processing units
operational in emergency situations that require the main onboard battery to be isolated.

27
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battery.

The vehicle operates using a custom-designed Li-ion battery pack configured as 4 series and 9 parallel cells.

The battery pack includes a fuse to prevent short circuits and a battery management system (BMS) to
balance and charge the series-connected cells. The pack uses Sony USI8650VTC6 Li-ion cells.

With its 4S9P configuration, the battery pack provides an energy capacity of 400 Wh and can deliver 5300 W
of peak power and 2000 W of continuous power. The four-cell series configuration supplies a higher voltage
compared to the previously used 3-series packs, which, together with the reduced current draw, significantly
decreases power losses.

28
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acoustic.

Underwater acoustics is a critical field that encompasses solutions for a wide range of challenges such as
communication, navigation, and ranging. To address these challenges, the vehicle is equipped with both
passive and active SONAR systems. Together with our Acoustic Processing Board (APB), the passive SONARs
(hydrophones) on the vehicle can detect underwater acoustic signals with high sensitivity in the 25 kHz to 50
kHz range.

The board provides advanced signal-processing capabilities through a custom-developed Acquisition
Protocol (ACQ). With a sampling frequency configurable up to 2 MHz, it processes 16-bit captured data in real
time using the Short-Time Fourier Transform (STFT). Direction of Arrival (DOA) algorithms such as MUSIC and
WAVES allow the incoming sound angle to be estimated with extremely low error levels.

29
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communication.

The vehicle consists of multiple electronic units, each responsible for different tasks. To ensure robust
communication between onboard units, RS-485 is used. For higher-speed communication, USB High Speed
is utilized, with the communication line kept under minimal Electromagnetic Interference (EMI). The vehicle’s
design allows sensitive digital/analog components to be placed in the front housing, while high-power
components are isolated in the rear enclosure to further reduce EMI.

During testing, a main communication cable exits the vehicle through both ends, carrying Ethernet packets
over a twisted-pair line driven by Fathom-X modaules. Since the vehicle operates with ROS, the entire ROS
network can be accessed via the Ethernet connection. This enables the surface computer to monitor sensor
data or send commands to the vehicle. The software also includes safety mechanisms that shut down
thruster operation in the event of a communication failure to prevent hazardous situations.

Jetson
Xavier
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lokalization & navigation.

Localization enables the vehicle to determine its position and orientation, making safe
navigation, mapping, and environmental interaction possible. The vehicle’s localization is
achieved using data from sensors such as the IMU, DVL, and barometer, along with visual input
from onboard cameras. These cameras track markers on the seafloor, and algorithms such as
ORB-SLAM are used for simultaneous localization and mapping.

The visual data are then fused with the acceleration, velocity, and position measurements from
the IMU, DVL, and barometer using an Extended Kalman Filter (EKF), providing state estimates for
both velocity and position in all Cartesian and polar coordinates.
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auto-leveling.

An automatic stabilization algorithm has been developed to maintain the vehicle’'s balance and
motion. This system continuously measures the vehicle’s orientation and uses four upward-
facing thrusters together with a PID (Proportional-Integral-Derivative) controller to perform real-
time adjustments, effectively minimizing roll and pitch motions. This approach enables the
vehicle to maintain stability even in turbulent sea conditions, allowing it to carry out its missions
with high accuracy and precision.
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Vision.
The Creative Team is responsible for d
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potential investors. It is composed
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miZect presentations and promotional gntent of the
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action.

The team defines.the visual communication direction
conducting video'and photo shoots throughout the g
posters, catalogs, business cards, logos, gnd teq _
also records the vehicle’s performance and ensure
suitable for social media content.

t by producmg graphic content and
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requirements.

S

ANV

&

| software |
Production Cost Printing Expenses Logistical Support Server Setup PCB Production
Hardware Requirements Rental Services Accommodation Expenses Hardware Components Sensor Costing
Maintenance Cost Software Licenses Competition Registration Fee License Fees Component Support
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contact.

Phone

+90 530 862 80 05

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

50



catalog design.

Graphics & 3D Modeling
Namiq Mahmudov
Emre Orkun Kayran

Ozan Hakan Tunca

Content

Batuhan Ozer Dinger
Oykung Emre Orkun
Kayran Namiq
Mahmudov Selen
Cansun Kirgéz
Sencer Yazici

Mustafa Yunus Diler

Photos
Namiq Mahmudov

Emre Orkun Kayran

50



Copyright © 2026 ITU AUV Team. All rights reserved.



