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Abstract—The vehicle named Turquoise, which we designed
as ITU AUV Team, has emerged as a result of long studies
because of both financial inadequacy and lack of knowledge.
Our vehicle, which could not participate in the RoboSub 2020
due to cancellation of the physical competition, gained a new
look with the changes we made this year. Mechanical studies
focused on reducing vehicle weight and increasing the strength
of the vehicle. In electrical studies, previously designed cards
have been improved and focused on the operation of the
vehicle for a longer period of time. In software studies, previous
software were improved and restructured for better debugging
and portability as well as efficiency.

I. Competition Strategy

Although there are frequent restrictions in Turkey, due
to the coronavirus, team members have tried to continue
their preparations for the competition with social media
platform such as Discord and Zoom. The Hull Design video
was specially shot within the scope of the permissions
obtained from ITU. Since the limitations within the scope
of the competition were not clearly evident, the tasks given
were made according to the limitations of the previous
period.

Team members accomplished the tasks given below and
took their videos.

• Start Gate
• Path
• Make The Grade
• Collecting
• Survive The Shootout
• Cash or Smash
The team plans on completing the start gate mission

without penalty. To accomplish this task, a vehicle with
appropriate dimensions is important. Our team paid
attention to these details on the process of hull design.
The box shaped frame design enables to use of the volume
effectively. Our team kept in mind that any parts or
tools places outside of the box shaped frame, might cause
problems in the start gate mission as those parts might
hit the gate. Also, this provides a safe enclosure for all
actuators and sensors such as DVL, just in case. To
perform a barrel roll for stylish movement and extra
points, the difference of center of buoyancy and center of
mass needed to be reduced in order to reduce the required
torque while rolling. This required some modifications on
the vehicle, and therefore some effort. These efforts kept

minimal during the design and development process due
to the limited time.

A camera was placed facing downward to detect path
markers to localize the next mission. The detection is
performed with OpenCV by applying an image color
restoring method, color filtering, thresholding and contour
detection. This enables the vehicle to obtain a head-
ing angle to the mission. To save weight and prevent
complexity, a Raspberry Pi camera used because of its
dimensions, which enabled us to place the camera in the
watertight enclosure. However, this required extra camera
calibrations, as the image is lensed through the acrylic
enclosure. Considering the fact that outside placement re-
quired an extra watertight enclosure, our team has decided
machining such parts would take more effort compared to
solving this problem by using camera calibration with a
camera placed inside the main enclosure.

For the Make The Grade mission, a forward looking
camera is used with our trained YOLO model for a tommy
gun and a badge. Similar Guidance & Navigation methods
were performed for this mission, enabling the vehicle to
complete the mission without extra tools & steps. Due to
lower complexity on this mission, our team implemented
the Choose Your Side functionality, and thus enabled the
vehicle to aim for the correct target and hit it.

Considering the requirements of the Collecting mission
for full points award, our team has decided to not to lift
the cover, therefore focus on dropping to the appropriate
section. Again, similar algorithms were used with the
bottom camera. Instead of lifting the cover, our team will
use their effort and this competition time, for the Survive
The Shootout mission, and therefore has spent efforts on
developing acoustic signal processing system and torpedo
launch system.

A torpedo launch system is designed with low complex-
ity design ideas. Our team have had different approaches
for launch system before, using electromagnetic forces.
But due to complexity of electromagnetic launch system,
and also after inspecting many other teams’ reports
and designs, our team has concluded on the pressurized
pneumatic launch system for this mission.



Istanbul Technical University Autonomous Underwater Vehicle

II. Design Creativity
A. Mechanical

Our vehicle is 764mm long and 616mm wide and consists
of three parts; tubes, bulkhead and chasis. Each part
carries different kind of materials and equipments. To
make our vehicle lighter, covers are emptied by carving
in every suitable place and the bulkhead is largely empty
from the inside.

Fig. 1. Turquoise From Upper Front View

• Tubes: The tubes acrylic cylinders and are used for
covering our electronics completely. Each tube has a
diameter of 172mm and are 298mm long. Tubes are
connected to the bulkheads flanges with o-rings and
make electronics completely safe from water.

Fig. 2. One Of The Tubes With Electronics In It

• Bulkhead: The bulkhead is made of aluminium and
in the shape of an octagonal cylinder. Four faces
of the bulkhead have penetrator holes for letting
cables in and out. Each of these four faces has 8
holes and enables 32 entries in total. Bulkhead has
openings on two sides and these openings are covered
with flange. There are o-ring seats on these flanges,
which makes our vehicle waterproof when tubes are
connected to flanges and compressing o-rings. It was
essential to making bulkhead one solid material so a

big aluminium cylinder bought and manufactured on
a CNC machine. Thanks to aluminium the bulkhead
is lighter than it seems.

Fig. 3. Bulkhead Between Tubes

• Chasis: Every part of the vehicle is somehow con-
nected to chasis. Chasis is the skeleton of the system.
What makes chasis a thing is sigma profiles. Sigma
profiles are connecting each other and together they
make the chasis. Sigma profiles are very light and
strong enough to carry more than AUV needs. Also,
their shape makes us to use them as puzzle and
assemble anything on them with little effort.

1) Mission Tools:
• Marker Dropper: Marker dropper is a tool for launch-

ing markers out of AUV. It works with gravity and
a solenoid valve. Markers are conserved in droppers
holding and when solenoid activated markers fall off
themselves.

Fig. 4. One Of The Marker Droppers

• Torpedo Launcher: To launch our torpedo we have a
pneumatic system. Launcher is located in the front of
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Appendix B: Outreach Activities
As the ITU AUV Team, we are aware of the importance

of transferring knowledge to future generations, and we
have participated in many activities to interact with
STEM students and Robotics interests. In the last two
years, 2020 Boat Show, Inovatim and as ITU Project
teams, we had the opportunity to meet with Robotics-
related students from Beşiktaş Anatolian High School.

In the 2020 Boat Show, we came together with lots
of underwater admirers and had a chance to meet them.
From the first minute, we were greeted enthusiastically.
Our stand has aroused great interest in people as came to
our stand and examined the vehicle and asked questions.
For both us and the participants, it was one of the most
productive activities. We had the opportunity to meet a
lot of new people and exchange information, thanks to
this event. In conclusion, with more networks we were
provided, it was easier to access the sponsors we needed
for our vehicle.

Fig. 18. Photograph From Boat Show

We also took a part in Inovatim’s activity, Innovation
Week in 2019. Inovatim, which is a subsidiary of the
Turkish Exporters Assembly, tries to instill innovation in
young people and to develop innovation studies in Turkey.
Thanks to Inovatim, we had a chance to open our stand
at this event. We had the opportunity to chat on many
topics, from what materials other teams use to how the
team works. Thus, we had the chance to look not only
from our own point of view but also from other aspects.
We topped this event off with the award we received by
participating in a competition within the event.

Other than our generation, for inspiring the future
STEM students the best way to introduce the underwater
world is by meeting with the high schools. In this matter,
we went to the Beşiktaş Anatolian High School and met
with lots of students. We think that we have attracted
many students about the submarine engines, from the
slightly interested to the very interested, furthermore, we
invited them to our school. We have shown that we have

Fig. 19. Our Team in Inovatim

destroyed the stereotypes in the minds of many students
who want to become engineers and have shown new areas
in engineering for them.

Fig. 20. Our Stand in Beşiktaş Anatolian High School
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