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ABSTRACT:
LAPRAS is the flagship Autonomous
Underwater Vehicle developed at Delhi
Technological University. As first-time
participants at RoboSub, the vehicle was
designed to be compact and robust while
simultaneously being able to function as a
reliable AUV to complete all required tasks and
unmanned operations. This entailed a massive
design overhaul with improving vision
processing and a comprehensive round of
simulations and testing the final design that
exhibited a clear improvement compared to our
previously created designs.

I.  COMPETITION STRATEGY
To coordinate well in a remote work
environment, we had to introduce some
significant changes in the software department
workflow. Using a monorepo on Github to hold
all the project files helped us collaborate
seamlessly in a remote working environment.
This enabled us to start testing our vision and
control algorithms early on.
For enhancing the colours in the videos
captured, we decided to use our image dehazing
method[1], on which we started working
recently.
Coming to our task strategy, we decided to pick
the G-Man side since detecting the

corresponding props would be easier from the
vision perspective as they are quite
distinguishable. The smaller torpedo opening of
the bootlegger is a trapezium that is easier to
aim for than a star. For the buoy task, we would
need a rough estimate of the distance to the
buoys, which could be done using a simple
vision algorithm since the buoy dimensions are
known, as once the bot gets close to them,
detection would not work. For the torpedo task,
to reduce the chances of failure, we decided to
first shoot through the bigger opening and then
through the smaller opening. In the bin task, our
strategy is to use two markers. Once the first
marker is dropped, we would track it and based
on its success, we would take the second
attempt if needed.
Once the bot reaches the centre of the octagon
through the pinger guidance, we start searching
for the bottles located on the table via object
detection through the front & the bottom
camera. Once the position of the bottle is
localised we pick it up and resurface at the
centre of the octagon. Then we try to find the
table having dollar sign, by searching for it,
along the diameter of the octagon and finally we
try to place the bottle on the table after
localising it. Then we try to repeat the previous
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steps, by moving to the centre of the octagon,
till no bottle is left on the platform.

Figure 1.1 - Cad render of Lapras

II. DESIGN RATIONALE

A. MECHANICAL DEPARTMENT

FRAME

Figure 2.1 - Frame Render of Lapras

The frame of Lapras is the main supporting
structure in the assembly. The structure is well
optimised to avoid stress concentration and to
sustain the loads without any considerable
deformation or failure. The frame is designed to
have minimum assembly time, easy access to
the components attached and structural strength
under static and dynamic conditions.
The sheet metal parts of the frame are
manufactured using waterjet cutting technology.

It makes precise cuts to the metal necessary to
manufacture the frame's intricate cavities and
edges. The frame is made up of aluminium
6061-T6 alloy, selected considering the harsh
working environment and operating conditions.
The bottom plate is attached to the base plate
using 2mm stainless steel L-brackets,
manufactured using sheet metal bending
operation. The mounts and fixtures for the hulls
are produced by FDM based 3D printing of
ABS material, chosen as it absorbs and dampens
the structural vibrations to acquire precise
dimensions and strength of the design. The base
plate holds the main hull, front camera hull, 4
heave thrusters, 2 sway thrusters, 4 heave
thrusters, torpedo launcher and gripper. Each
side plate holds one surge thruster each. The
bottom plate holds the battery hull, bottom
camera hull and dropper.

Figure 2.2 - Mesh of Lapras base plate

Figure 2.3 - Stress analysis of Lapras base plate
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The structure is smartly designed so that the
base plate not only act as the mounting space for
the electronic housing and manipulators but also
it has shrouds for the heave thrusters, thus the
placement of the base plate was crucial as we
planned to place heave thrusters in the plane of
centre of gravity for higher propulsion
efficiency.

CUBOIDAL HULLS
The AUV has 4 hulls in total attached to its
frame. Except for the front camera hull, all the
hulls are cuboidal in shape. It is easier to store,
access and monitor electronic components in a
cuboidal hull as compared to cylindrical hulls,
where it was not possible to utilise the complete
volume in a clean way.

The main hull is mounted upon the frame with
the help of 4 wall mounts and 2 latches, here the
latches secure the hull in place.

The battery hull is made up of aluminium to
dissipate the heat generated by the buck
converters. Thus eliminating the need for a
dedicated cooling system.

THRUSTER PLACEMENT

AUV has a total of 8 T200 thrusters, which are
placed as follows:

● 4 heave thrusters are placed at the base
plate that controls the roll and pitch of
the AUV.

● 2 sway thrusters are placed at the bottom
plate to control yaw.

● 2 surge thrusters are placed at the side
plates.

Overall the AUV has 6 degrees of freedom.

MANIPULATORS

1. TORPEDO LAUNCHER

Figure 2.4 - Design render of Torpedo Launcher

The torpedo launcher system consists of two
parallel launch tubes, 3-D printed with springs
mounted at their ends. The launch tubes are
placed adjacent to each other to reduce the
inaccuracy of the torpedo. The tubes are
attached to the frame with the help of 2 snap-fit
attachments, this makes it easy to load the
torpedoes. The torpedoes are kept inside the
launch tubes with the help of a circular
cross-section (obstruction plate) made up of
aluminium (6061-T6 alloy). The obstruction
plate is controlled by a waterproof servo motor,
mounted above the launch tubes with the help of
latches for easy assembly. The servo motor
rotates by an angle of 30 degrees from the mean
position for a successful launch.

The front of the torpedo is ellipsoidal. This
reduces the stress at the tip and thus protects
from deformations. The tapered cylindrical body
of the torpedo is ideal for reducing drag and
mass simultaneously. The torpedo has 4 fins that
prevent any unwanted deviation from its
trajectory.

The torpedo has a slenderness ratio of 14.66

Torpedo Coefficient of Drag:

Drag Force = 𝐶𝑑*𝐴*ρ*𝑉2

2

Vertical deviation = 𝑁𝑒𝑡 𝑇ℎ𝑟𝑢𝑠𝑡*𝑇2

2
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Where, 𝑉2 =  𝑉𝑙2 −  𝐶𝑑*𝐴*ρ*𝑉2*𝑥
𝑚
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∫
(1 + 𝐶𝑑*𝐴*ρ*𝑥

𝑚 )𝑑𝑥

𝑉𝑙2

Where,

Cd = Coefficient of Drag

A = cross-sectional area of Torpedo

= Density of Waterρ

V = instantaneous velocity of torpedo

VL = launch velocity of torpedo

m = mass of torpedo

T = total time travelled

Simulating the torpedo for speeds ranging
between 0.25 m/s to 2m/s :

Cd = 0.091

Taking maximum vertical deviation to be 0.5
cm, the launch velocity comes out to be 0.46
m/s. The escape velocity of the torpedo is
around 0.46 m/s in water, this speed is sufficient
for the torpedo to hit the target from a safe
distance without any deviation and without
damaging anything in the environment.

2. DROPPER

Figure 2.5 Design Render of Dropper

The dropper for the AUV holds two solid steel
balls (Markers) adjacent to each other, separated
by a partition. The markers are dropped by
rotating a heart-shaped plate placed
perpendicular to the dropper. The balls then free
fall under the influence of gravity. The dropper
body is kept adjacent to the bottom camera for
better mapping and accurate dropping. The
obstruction plate has a circular cut in the centre,
which is designed to lower the total rotation
made by the servo motor, which significantly
reduces any chance of failure. The servo motor
has to rotate 30 degrees from the mean position
to release the marker. The markers are placed in
their respective cylindrical cavities, and a
detachable cover is used to secure them from the
top. The dropper body is made up of ABS
plastic and is manufactured by the 3-D printing
process. This design is adopted as it takes up a
small amount of space and requires only one
waterproof servo motor to operate.

3. GRIPPER

Figure 2.6 Design Render of Gripper

For most of the manipulator designs we focussed on
workability and simplicity, thus the gripper for
Lapras is manufactured by 3-D printing, and the
material used is ABS plastic considering its high
strength to weight ratio. The gripper fingers have
toothed gears in contact with each other and are
constrained to rotate together. A servo motor is
mounted above the fingers, which provides torque
to the whole system. The shape of the fingers is
triangular, with the internal surface slightly curved
inwards for easier gripping of circular and


