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Design, Analysis and Devel opment of
Autonomous Underwater vehicle

S.M. Abishek, G. Shanmugasundar, Mathesh., Sairam.T, Rajkumar P

Abstract: Autonomous Underwater Vehicles (AUV) are slowly
operated unmanned robots which Capable of propelling on
pre-defined mission tracks independently under the water surface
and are frequently used for oceanographic exploration,
bathymetric surveys and defense applications. This AUV can
perform underwater object recognition and obstacle avoidance
with the use of appropriate sensors and devices. Vidyut is a
miniature AUV developed at Sri Sairam I nstitute of Technology.
Thevehicleis equipped with six thrusters which allow for motion
control in 6 Dof and has a non-conventional single hull heavy
bottom hydrodynamic design. This paper discusses different
aspects of the vehicle's unique design. The output of the Arduino
Uno controller has been discussed for continuous depth and
heading control.
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. INTRODUCTION

India’s extensive coastline and near-shore waters contain
biological and mineralogical resources. The exploration focus
has shifted to these unexplored areas. We are determined to
be a part of this technologica advancement in underwater
technology for exploration and inspection. With the focus and
vision to design and develop a full-fledged underwater
vehicle which operates autonomously, which also specializes
in exploration and inspection. Our teams of undergraduate
students from multiple disciplines have cracked a first
successful attempt to develop an AUV. It is our maiden
attempt to take part in this competition and develop our AUV.
Design and development of an AUV has copious challenges
starting with water proofing, Static and hydrodynamic
stability, propulsion, power consumption, control and
navigation are other more significant problems. A blend of
technologies like image processing, artificia intelligence,
remote communication, embedded systems, electromagnetics
and pneumatics are employed in the vehicle.
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The design of Vidyut can be grouped in three verticals
mechanical, electrical and software. A fully assembled Vidyut
Auv isshowninfig 1.
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Fig 1. Vidyut AUV

II. MECHANICAL SET UP

Mechanical design module includes designing, prototyping
and manufacturing of the various components of AUV. The
Cad model of our Auv isinfig 2.

Fig2. CAD Modd of Vidyut.
The major components include pressure hulls, actuation for
the various payloads and structural frame of AUV. Each of
the sub modules is explained in detail in subsequent
sections. AUV is designed to be positively buoyant to a
certain extent.

A. Design of PressureHulls

Hulls provide awaterproof enclosure at atmospheric pressure
for electronic payloads of the AUV. Generally, several factors
influence the design of the hull.

« Static and dynamic stability of the vehicle.

* Modularity to allow upgradability in the design.

» Reduction of drag against velocity while in motion.

» Availability of sufficient space for the storage of
batteries, electronics and other components.  Ease of
manufacturing.

Published By:
Blue Eyes Intelligence Engineering



https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijitee.A5305.129219&domain=www.ijitee.org

Design, Analysis and Development of Autonomous Underwater vehicle

Laying emphasis on the above stated points, a cylindrical
shaped hull has been incepted in the design because:
« It isastrong hydrostatic resistance structure.
It has a good hydrodynamic form which helps in
reducing the drag on the vehicle.
« It provides sufficient space for placement of
electronics.
Having finalized with the cylindrical hull shape, the
following hull-thruster configurationswere considered for
the design of the AUV:
* Laminar Flow Design
« Single Hull, Multiple Thruster configuration
* Dual Hull, Multiple Thruster configuration
* Dual Hull Design with Azimuthal Thrusters
The advantages and disadvantages of each design were
reviewed and finally, the Single hull, Multiple Thruster Design
was selected considering the static stability, dynamic stability
and maneuverability requirements of the vehicle.
B. Material for theHull
The hull material must have corrosion resistance, high strength
to weight ratio. Considering above factors, acrylic plastic is
chosen as the material for the top hull of the AUV. The added
advantage of acrylic is that it is transparent alowing
monitoring of the electronic componentsinside.
C. Water proofing M echanism
Waterproofing is an important part of any water-related
vehicles for the safety of electronics inside it. Face Seal
M echanism has been chosen for water sealing demand of the
AUV. The end flange is incorporated with two grooves to
accommodate two rubber O-rings which is attached
permanent. Shown in Fig 3.

Fig 3. Face Seal M echanism

D. Frame

The frame constitutes the supporting structure of the AUV on
which the peripherals are mounted. The material chosen for
the frame was thin aluminum 6061 aloy sheet because of
corrosion resistance, machinability and high strength to
weight ratio. Many designs of the frame have been devel oped
and analyzed using the ANSY S software along with the main
peripherals. The key factor for design of the frame is to
reduce the drag in all the required directions of motion. In
order to estimate the resistance in the forward direction, the
inlet velocities chosen were 0.3 to 1 m/sfor designed frame of
the vehicle. The graph in figure 3 show the variation of drag
force and power required in forward direction contributed by
different versions of the vehicle.
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VELOCITY VS DRAG

velocity(m/s)

Fig 4. velocity vs Drag graph

The flow around the Auv is aso studied and which gives
clear idea of flow of water in and around our Auv. Thefig 5.
represents the image of flow around the vehicle.

Fig 5 Flow around the vehicle
The static analysis of the structural frame is analysed using
ANSYS, the various test conducted are the results are
checked and verified. Fig 6 represents the stress on the frame,
Fig 7 represents the deformation on the frame.
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Fig 6 stressanalysis

Fig 7 Deformation on the frame

E. Thruster Configuration

The vehicle uses 6 T200 Blue Robotics thrusters for
achieving control in 6 degrees of freedom. On either side of
the frame, two thrusters are placed which gives independent
surge and yaw motion control in the steering plane. In the
diving plane, a for and an aft thruster are mounted axially
upwards to provide control over Heave and Pitch. The other
two thrusters placed symmetrically on either side of the line
joining the CG and CB of the vehicle facilitate sway motion.
The heavy bottom design of the AUV eliminates Roll motion.
This thruster configuration is sufficient for effective
manoeuvrability of the vehicle.
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Fig 8 represents the thruster configuration of the Auv.

Fig 8 Thruster configuration

I11. ELECTRONICS

The Electrical system consistsof Li-Po battery, kill Switch,
Microcontrollers, Cameras, Inertial Measurement Unit
(IMU), Motherboard, Thruster control, Sensors and other
devices are used. This helps in the control and navigation.
Hardware was designed with restrictions to power
management system and other tools. The flow chart of the
system is given below. Fig 10 represents the circuit of our
Auv.

A. Microcontroller

The microcontroller used is Arduino Uno which operates at
5V. The Arduino has 14 digital input & output pins, 6 analog
inputs, a 16 MHz quartz crystal. It includes all necessary to
support the microcontroller. It also has areset button attached
withit. It hasaUSB connection, | SCP header and power jack.
2 Arduinos are used one for the sensors and other for
controlling the thrusters and servo motor. It is used to send
and receive information to the motherboard.

B. Sensors

ThelMU inour AUV is9DOF Razor IMU. Thisincorporates
three sensors - MEMS triple-axis gyro, accelerometer,
magnetometer - to provide 9 Dof of inertial measurement and
their corresponding outputs are processed by an on-board
ATmega328. The 9IDOF Razor can therefore be utilized as a
very efficient control mechanismfor AUVs, UAVsand image
processing systems. IMUs are used to determine the accurate
position of the vehicle. The temperature sensor used is
LM35.This sensor is used for the safety purpose. In this the
input is taken and passed through the microcontroller. Here it
monitorsthe temperature inside the hull. It is connected to the
analog pin of microcontroller and continuous readings are
taken. The Bar02 depth sensor has Ultra-High Resolution and
accuracy up to 10m Depth. The MS5837-02BA sensor which
is present hel ps this device can measure up to 10-meter depth
with 0.16mm resolution. This sensor is used to measure the
depth and helps in the dropping mechanism.

Fig 9 represents the SOS Leak, Before any major damage can
occur, the SOS Leak Sensor is able to quickly and accurately
detect water flow into a poorly sealed water resistant
container. The LED lights up and shows the indication as the
SOS Leak Sensor is powered.
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Fig.9 SOS L eak sensor

C. Thrusters

The T200 is a more powerful version of the T100
Thruster. The T200 is shown in fig.10 which is made of
injection moulded plastic with high-strength, UV resistant
polycarbonate. The windings of the motor are screened and
sealed through an epoxy coating and use plastic bearings
instead of steel bearings in saine water to produce
high-performance. All other components are made of either
aluminum or high quality, un-corrodable stainless steel. The
propeller and nozzle provide efficient, powerful thrust while
active water-cooling keeps the motor cool. The thruster is
easy to use just connect the three motor wiresto any brushless
electronic speed controller.

Fig.10 T-200 Thrusters

D. Motherboard:

Motherboard is the basic block of the module. It is the
hardware which communicates almost with every component.
Itisthe hardware where almost all components are connected.
Itisthe soul block for the entire module. Our Auv is equipped
with Intel NUC i3-5TH Gen UCFF Processor which is shown
in figure 11 and it aso powered with DDR3L-1333/1600
1.35V ram and A-data SSD memory drive.

Fig.11 Intel NUC

E. Battery

The battery used is Li-Po battery of 2 units. The first unit
isfor the auxiliary units such as sensors, Intel NUC, Arduino,
servo motor, etc. The battery used for auxiliary is 5200mAH
11.1V Li-Po battery. The second unit consists of 11.1 V
16000mAH Li-Po battery which supplies the power to al 6
thrustersin the model.
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The battery gives a 25C in discharge and a BM S (Battery
Management System) is Used to monitor the battery
discharging. The discharging of the Li-Po is done using an

incandescent light and reduced to OV before charging for the
safety of the equipment.

Temperature sensor

PW
—_— UsB
—_— Digital signal
Control / Data signal

Analog signal

Li-Po Kill Switch
batteries
Battery fuse
Management
system
2 ¥ cameras InAU
v L 4
Motherboard
L Arduino 2 Arduino 1
3
Servo motor
Pressure sensor Leak sensor
5 ¥ ESC

&6 ¥ Thrusters

This Switch permits turning a circuit on and off within a
watertight enclosure without having to openit. Handling up to
5A of current and 120V, you'll be able to use it to directly
operate low power circuits or move with a microcontroller to
produce input for the operation of our vehicle. It is connected
to relay which cuts of the supply for the protection of the

IV. IMAGE PROCESSING AND MISSION

PLANNING

A.Software Analysis:

The system is divided into severa modules. It is mainly
classified into 2 systems. The Middle-ware and the Mission
Planner. electrical and electronics componentsinside.
1.Middle-ware: The middle-ware acts as a medium to collect
different kinds of sensor data. This converts the analogue
signals into digital signals and feeds the data to the required
modules. It can aso respond to digital signals from Arduino
and send signal to the mission planner.

2.Mission Planner: The most important module in the system
is the Mission planner. It has a Linux-stack which has many
software frameworks for several operations. The architecture
is based on Model-View-Controller (MVC pattern).
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B.Control Module

Control module is invoked by the mission planner, when
required to change orientation and position and orientation of
the AUV based on the operation being performed and input is
from vision, depth and other sensor modules AUV orientation
is controlled through a continuous data collected from an
IMU sensor that runs concurrent with the task planner by the
mission controller. It is mainly based on the pitch movement
and therefore controller regulates the depth, horizontal and
vertica movement of the AUV.In ROS (robot operating
system), the mission control algorithm is coded. This ROS
module has demonstrated its performance, its processor
intensity and its ease of deployment. Using the IMU, sight
modules, and depth sensors, the AUV retains its stable
equilibrium. The below fig.13 shows the complete flowchart
of our system.
C.Software & Machine Mission
The software team is responsible for mission planning,
machine vision and developing several software tools to
enhance the debugging and operability of the vehicle.
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The vision module is developed using the OPENCV module
in python. The OpenCV module is a python wrapper for the
original OpenCV C ++_implementation. OpenCV makes use
of NUMPY, which is a highly standardized library for
numerical calculations. OpenCV mainly focuses on the image
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processing. Image processing source is from cameras that are
attached inthe AUV. OpenCV modul e detects the images and
the processor commands the thrusters according to the path.

VIDEQ STRESN
PROCESSOR MISSION PLANNER
OPENCYMDULE
MISSON
CONTROLER
ROS BRIDGE
o
MOTORCONTROL
SYSTEN
SHAR ED MEMORY,
POOL y
THRUSTERS

SENSORS

DEPTH SENSOR

il

o &

Fig 13. Overview of our system

D.Vision of Auv

The vision of AUV isintegrated with camera the serves the
vision for it. Images tend to be very degraded as the AUV
goes underwater. Since, as the depth increases the amount of
light on objects decreases and light distribution becomes
non-uniform. To overcome this issue, the input images are
converted to HSV colour space. After the AUV is sent in the
water, it first detects the floor-mat path and moves according
to the image detected by the floor facing camera and buoy is
detected and it travels according to the command given to it
using python ROS module. It further reaches the next stage
and detects the gate using front facing. camera and validates it
and enters the gate with the programmed speed and velocity
valued.

Fig 14: Floor-mat detected and converted.
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Fig 15: Buoy image while detection.

Fig 16: Buoy image after conversion.
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Fig 17: Gate validation image detected and converted.

The above figures 14,15,16,17 represents the outputs of the
image processing and shows the objects when detected and
processed object images.

E. Software Frameworks

Many python’s software module frameworks are used to
coordinate the overall working of the system.

1.0penCV: used for image processing. It is alibrary built on
top of Cand C ++,

2.Python 3.7: Python supports modules and packages that
enable software modularity and reuse of code. For all major
platforms, the Python interpreter and the comprehensive
standard library are available in source or binary format free
of charge and can be distributed freely.3.Gazebo: It is a
simulator used to simulate a popul ation of robots. Using input
data, we can test the algorithms and check the proper
functioning of all systems by simulating them in gazebo. It is
faster and best suited for ROS systems.

F.Mission Planner

Thisisresponsible for choosing the best job which yields the
best results by using the Dijkstra’s algorithm. After
completion or failure of each processes, the mission planner
generates a new process by using the same algorithm. Thisis
done repeatedly for the proper working of the AUV.

V. CONCLUSION

This paper presents the design and development of the AUV
Vidyut to accomplish various superficial water tasks. This
explains in detail the concept and rationale behind the
mechanical design, the integrated and power systems design,
the algorithms and computer mechanisms for control, image
processing techniques and the computational processes
involved in Pinger localization. Vidyut is currently under
development phase. Before the vehicle was assembled, there
was extensive testing of the mechanical systems and testing of
the electrical systems on the table.
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