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Design and Control of Unmanned Underwater Vehicle
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Abstract:

Unmanned Underwater Vehicles (UUV) are the robots that are used to monitor underwater
environment at remote distance, either for inspection of underwater wreckage or for surveillance
of underwater environment. Any such robot due to harshness of environment conditions needs
a robust watertight design and requires various sensors for effective environment monitoring.
The entire UUV structure is comprised of the vehicle, which is linked with operators on top of
the surface by a set of cables that hold relevant cables for data and power communication. In
this context, a lightweight underwater vehicle was designed using PVC (Polyvinyl Chloride)
pipes and equipped with brushless DC motors, electronic speed controller, relay module, sonar,
claw arm and Camera. It can navigate in six directions (up, down, left, right, forward, backward)
and camera allows underwater surveillance of the environment, with sonar helping to indicate
the target depth. The designed UUV can also perform basic pick and place task using a claw arm
and is remotely operated using a joystick controller. Overall, the designed UUV prototype has
shown its potential capabilities for underwater surveillance and environment monitoring through
practical demonstrations.
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1. Introduction also known as Degp Submergence Vehicles
(DSVs), were designed to go deeper than

The inventions of the UUV’s were  djvers. These were configured for ocean
designed for underwater surveillance and to exploration, science, rescue, and survey [1, 2].
explore underwater life. it is widely used by |t s fundamentally a tethered submerged
navy for underwater inspection and it is also  vehicle which consent the robots functioning
widely used by civilians in oil industries.  to continue in comfy surroundings although it
Sometimes it’s also known as underwater  \yorks in the perilous surroundings below. The
drones. Such vehicles can act as the eyes of  entire UUV structure is linked with operators
undersea fleet. These are most recent on the facade by a set of cables that lug

demonstration of such vehicles, replacing electrical power, video and information
divers to do work in the ocean. These vehicles, Signa|s reverse and forward among the
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machinist and the vehicle. UUVs are
relatively small, tethered, and unmanned
vehicle that are able to work solely underwater
within the handled and sustained ability [4].
Unmanned underwater vehicle varies in
design modeling according to the desired
operational depth and task. Mainly
Autonomous Underwater Vehicles (AUVS)
can be able to function near 200 m or
consequently, with a little working ahead of
5000 m. Autosub-2 of the UK is usual of the
intend of lots of AUVs. Long-range gliders
(Simonetti, 1998) can also be considered as
AUVs, although for the purposes of these
review they are excluded because of the high
power and payload-space requirements of
current auditory instruments; gliders as well
have limited straight actions which would
build logical surveying challenges [5]. Due to
the huge technical improvements obtained in
past decade, it is probable to utilize robot’s
vehicle for undersea examination. In this
approach, Remotely Operated Vehicles
(ROVs) have been used carefully in the
investigation of subsea phenomena as well as
in the assemblage, examination and repair of
offshore  structures.  Throughout the
completion of a firm task with the robotic
vehicle, the operator needs to observe and
manage a number of parameter. If, for
example, the adjustment to the position of
ROV are made automatically, the precision
will be greatly increased as compared to an
observer controlling it manually [7-10]. This
paper present the design of a UUV through an
innovative display of thrusters with dynamical
planned system in desire to be used in
replication and manipulative of controllers.
Finally, design and structure of prototype of
the planned UUV, with brushless DC motors
arrangement of the current work is presented.
The compensation of wusing a proper
arrangement of brushless DC motors is
scheduled as under [3]. Reducing the number
of required motors, at least six motors through
propeller are essential to manage the UUV in
its six degrees of freedom (DOF), while by
brushless DC motors just three or utmost four
DC brushless motors are essential in order to

give the essential pressure. Materials
Inventory of latest assembly being used in
autonomous  submerged  robots  will
persistently increase. In addition, aluminum
with carbon fiber can be utilized for such deep
sea vehicles. In this prototype the PVC
(Polyvinyl chloride) pipes are used in the
assembly. These materials permit the UUV to
be both lightweight and neutral buoyant, and
to resist opposing friction. An example of
underwater vehicle with similar materials is
Deep glider, capable to submerge up to 6 km

[4].

2. Control System

The control system designed for this
UUV is simple and low cost. The vehicle is
controlled on the front end by a PS2 joystick
programmed with Arduino Nano as a master
controller, ~ which includes electronic
components such as power regulators, live
screen, battery bank and interfacing keys.
Master controller via tether using serial
communication (12C) controls the slave
controller. The designed assembly of UUV
lying on simple design reduces drag, which
improves the underwater manipulative
performance of the vehicle. A proportional
integration and derivation (PID) controller has
been implemented effectively in this
approach. The control system provides the
controllable and desired thrust power to the
designed vehicle. Different control methods of
unmanned submerged vehicle are shown in
Table I.
TABLE I. Control methods with restriction

Control limitations
method
PID Can’t energetically recompense instead
un-modeled  robot’s hydraulics forces
or indefinite instability constraint design
opposing among response speed and
overshoot control
Descendi | Might effortlessly escort to system
ng form | consequence manage precision
Fuzzy Difficult to adjust the fuzzy system.
Overshoot prophecy instant not curved
Neural Can’t assemble the necessity of quick
Network | reaction multifaceted for real time
application
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2.1. UUV modelling under actuated
condition

The thrusters are assembled in a
design to provide the required drift to the
vehicle. The open frame of the vehicle
provides the best water flow, reducing the
drag. Below actuated conditions is described
as one having less control inputs than degree
of freedom. Here some under actuated system,
they require of actuation on definite guidelines
or depth can be interpreted as constraints on
the acceleration. For UUV, under actuated
circumstance means when one or more of
thrusters break down. The capability of to
sustain a definite path or depth in its operation
is address will be having two thrusters used for
depth control. If one of thruster breaks down,
the second thrusters will take over the control.
The thrusters are having the 12 V to each.

Fig.1. Thruster configuration (a) Top view of
thruster (b) front view of thruster (c) Bottom view
of thrusters (d) left view thruster (e) Right view of
thrusters.

2.2. Master and Slave Controller Tether

The designed system is tethered
through channel and remotely operates
through an operative. Yoke material flanked
by tether and wire design will be one of
difficulty in solidity of system. Most of the
systems entail a wire to convey the signal,
video feedback, input voltage, and
communication operator to the submerged
vehicle. This will be attached stack to
submerged Vehicle consignment, which are
shown in figure 2. The vehicle dimension,
mass, working deepness, motors (thruster),
subsystem, power, signal, power essential and
pick and place is the constraint is must regard
as in scheming. Here are two common types
instead of wire; one is the Umbilical cable and
the second is tether cable. Normal ROV used
an electromechanical cable.
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Fig .2. Working of tethered UUV in testing tank.

This wire, in fact, will be achieved the
mechanics and solidity of UUV. So how we
can decrease the dimension of wire for UUV
application. During function in submerged is
energized through the battery within the UUV,
although DC brushless motor and live video
feedback were energized through battery
which is place at the surface. Examination,
Exploring and video feedback is essential part
of technology.

2.3. Difficulties

The unmanned underwater vehicle
robotic system is characterized by the need for
working in a difficult  underwater
environment. Any such robot need to handle
various problems to function efficiently and
effectively, such as waterproofing of the
equipment, Buoyancy of the vehicle in the
water, Communication and controlling of the
vehicle in the water and Navigation in
different directions.
We have overcome these problems by
balancing the vehicle by adding dummy
weight to the vehicle to minimize the
buoyancy problem. To prevail overcome the
problem of waterproof equipments, we made
a water-proof box in which the circuitry of
vehicle is placed to prevent it from water. We
eliminated the problem of controlling servo
motor by increasing its voltage.

2.4. Controlling of UUV
The Play station 2 controller is a
pleasant economical control interface by

additional buttons and controls that are
necessary for this project. Resembling the
preceding editions of the ROV (remotely
operated vehicle) control sketches, the PS2
controller is used for controlling equipment on
the UUV such as the motors, motor direction,
claw arm, and camera, as well as this
prototype individual able to give the live video
displayed on the topside station's LCD
display.
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Fig. 3. Connection diagram of master controller.

Figure 3 shows the connection diagram of
master controller.

In adding to the PS2 Controller, the topside
station makes use of an Arduino Nano and a
video LCD display. A buck converter is used
to provide a 5V to the Command and
Attention pins of the PS2 controller and 12 V
to LCD display, the command pin of PS2 is
connected to pin D11 of the Arduino pin GND
is connect to GND pin 3.3v to 3v3, clock pin
is connect to D13 of the Arduino respectively.
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Fig.4.(a) Connection diagram of slave controller
(b) connection diagram of thruster and relay
module.

Fig. 4(a) shows the connection diagram of the
salve controller and the connection of DC
brushless motor also the connection of claw
arm. The thrusters are connected to relay
module, then the relay module is connected to
the electronic speed controller (ESC). Fig.
4(b) shows the connection of thrusters and
relay module.

The electronic circuit for the UUV is
moderately uncomplicated because the
majority of it is concerned with concerning
fairly complicated equipment such as the
speed controllers to the different pins on the
Arduino. At this stage the board for the
circuits is just paved collectively on
Veroboard. formerly the circuit drawing as

developed a appropriate circuit board will be
developed.

2.5. Working Principle

Complete system operation is shown
in system flow chart in Fig. 5 when user apply
the instruction to the master controller through
PS2 controller which are connected to the
master controller and connection is shown in
fig. 5, the system transmits the signal to the
slave controller, with the salve controller the
DC brushless motors are connected and servo
motor of claw arm also connected. After
receiving the signal from master controller,
slave controller executes the function of the
input signal which gives the feedback to the
master controller. The input signal can be any
which are defined already in programming
that can perform the tasks like picking and
placing the objects through claw arm, can also
optimize the live feedback through camera
and can also performs the task to move the
vehicle in six directions.

User

Master
controller

Txl Rx
Rx Tl"x
Slave

controller

LCD screen

Camera

Servo
maotor

Claw arm

Fig. 5. Flow chart of UUV
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3. Results and Discussion

Throughout the working on UUV towards the
completion of final prototype, it has been
observed that the behavior of UUV was as per
requirement. The designed system worked
accurately as per desired depth. The
movement of claw arm which worked in
direction of x-axis and camera, which moved
in the direction of y-axis were accurate.it is
used for underwater surveillance, inspection
and for object recovery. It is the same as
submarine but it has small size, low power
consumption and low cost so it is more
efficient. Initially the design system was not
more efficient and functionally strong, which
only works in four directions, there was no
camera for live video feedback, no sonar for
measuring its depth and no claw arm for
picking and placing the objects. But in
designed system is adding all these
components which make it more efficient. The
design vehicle is prototype model which
performs all functions as described above. Fig.
6 shows the pulse width modulation (PWM)
wave when we give the voltage to thrusters.
The table Il shows the characteristic of the
prototype of Unmanned Underwater Vehicle
(UUV).
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Fig.6. Shows the PWM of thrusters

TABLE Il. Characteristics of UUV

Specifications Explanation
Nominal speed 0.8km/h
Maximum speed 1.5km/h
Camera resolution 12 Mp, 1080p
Degree of freedom 3
Rated Voltage 12v
Operating Depth 5m

4. Conclusion

The final designed Unmanned Underwater
Vehicle has been demonstrated to be
performing well and the developed UUV is
remotely operated through a joystick
controller and is able to perform inspections
and surveillance of underwater environment
efficiently. The UUV is well designed; it is
waterproof, protecting the relevant equipment
and sensors from water. The main tasks that it
can perform are: navigation in six directions;
up, down, left, right, forward and backward,
imaging and visual monitoring  of
environment through camera and performing
basic pick and place tasks using the claw arm.
However, the final designed and developed
has some limitations; for example, it can work
up to 5 meters depth and communication is
through cables only. Its manipulability
capabilities are limited and require further
sensors to effectively monitor underwater
environment.

5. Future Recommendation

Above mentioned limitations can be
overcome by adding autonomous control
system. The arm complexity will be increased,
which is currently limited by platform payload
capacity and increase the depth range,
pressure sensor to determine the operating
depth, temperature sensor, leakage sensor and
infrared sensors for thermal imaging.
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