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ABSTRACT 

The Vyuha AUV is the 
very first endeavor of the team 
vyuha consisting of 
undergraduate students from 
three different colleges and three 
different streams. The team 
emerged as the winners in the 
national level AUV competition 
SAVe conducted by National 
Institute of ocean technology. 
After winning the SAVe’2012 
competition the team has 
redesigned the vehicle 
concerning about the racy and 
efficacy of the vehicle. The 
redesigned vehicle is capable of 
completing in AUVSI foundation 
and ONR 15th international 
RoboSub competition. This 
competition is organized by 
Association for Unmanned 
Vehicle Systems International 
(AUVSI) and US Office of Naval 
Research (ONR) at the U.S. 
Navy’s Space and Naval Warfare 
Systems Centre (SPAWAR) 
TRANSDEC Facility in San 
Diego, California, USA. 

1.MECHANICAL DESIGN: 

The mechanical shape of 
VYUHA is designed after 
detailed calculations of weight, 
buoyancy, drag and various 
hydrodynamic parameters in 
mind. The structure is hydro 
dynamically stable.  

HULL: VYUHA has a single 
water tight hull which provides 
space to mount the brain of 
VYUHA(computers), power 
source ( 4 lead acid batteries), 
Cameras (3 nos) and electrical 
connections with the help of 
acrylic racks. The water tight hull 
is made of transparent acrylic of 
5mm thickness which can 
withstand water pressure over 2 
bar for higher depth operations. 

The cylindrical hull has a flange 
made of polypropylene with a 
slot for ‘ Face O-ring’ and holes 
for Nut & Bolt. Another lid made 
of polypropylene presses the O-
ring making the whole hull water 
tight and is coupled with the help 
of bolt and nut. The front end of 
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the hull has a transparent window 
for the horizontal camera to 
obtain the image. Top and 
bottom cameras are placed within 
the acrylic hull. 

FRAME: The frame is made of 
aluminium. The whole structure 
is designed and analyzed using 
Pro Engineer and found safe. The 
frame is made detachable to be 
able to transport with ease. 
Frame is designed for optimum 
placement of thrusters with best 
possible maneuverability. The 
bottom is structured broader than 
the top so that the centre of 
gravity is at the centre and 

VYUHA can be positioned on 
the seabed with higher stability 
and nil damage to the structure. 
The weight of the aluminium 

frame is calculated and fabricated 
so that it has to exactly 
compensate the buoyancy 
provided by the acrylic hull and 
the aluminium itself.  

Material Density(affects 
buoyancy) 

Strength Cost 

Plastic 
(pvc) 

 1.3 g/ cm3 poor Cheap 

Carbon 
fiber 

 good Very 
costly 

Aluminium 2.8 g/ cm3 good Cheap 

(a)FRAME 

Material Density(affect

s buoyancy) 

Strength Transparen

cy  
FRP 2.2 g/ cm good Opaque 

Acrylic 
(PMMA) 

1.18 g/ cm good 94% 
transparenc
 (b)PRESSURE HULL 

CENTER OF GRAVITY AND 
CENTER OF BUOYANCY 
:Rotational stability depends on 
the relative lines of action of 
forces on an object. The upward 
buoyancy force on an object acts 
through the center of buoyancy, 
being the centroid of the 
displaced volume of fluid. The 
weight force on the object acts 
through its center of gravity. A 
buoyant object will be stable if 
the center of gravity is beneath 
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the center of buoyancy because 
any angular displacement will 
then produce a 'righting moment'. 

2.ELECTRICAL 
MODELING: 

THRUSTERS:  The mechanical 
structure is propelled by four 
BTD150 thrusters from Seabotix 
Inc thrusters- two for horizontal 
movement and turning and two 
for vertical movement. 
Maneuvering is done by the 
differential drive of thrusters and 
with the help of data from inertial 
measurement. The rate of speed 
can be varied according to the 
requirements by varying the 
PWM. These thrusters provide a 
two blade bollard thrust of 2.9 
kgf and require a power of 80-
110 watts. 

POWER: The VYUHA is completely 
powered by 12v, 12A * 4 (512 Watts) 
lead acid batteries. The power system 
contains circuits for monitoring the 
voltage level constantly because 

based on the value of voltage, PWM 
is generated. DC-DC convertors are 
used for 12 v regulated output which 
is supped to SMPS (DC-
input).Current limit for each thruster 
is 4A , hence current limiting circuit 
for thrusters appended with the power 
system and a  reed switch is used as 
kill switch.  

THRUSTER DRIVER:  The vehicle 
contains four 24v 20A motor 
drivers from Robokits India for 
controlling the thrusters. It comes 
with a simple TTL/CMOS based 
interface that can connect 
directly to the IOs of an MCU. It 
has a breaking feature that can 
guarantee immediate halt on the 
shaft of thruster in most high 
power applications and also 
includes protection circuitry to 
avoid any electrical fluctuations 
affecting the normal operation of 
an MCU. 
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3.SENSORS: 

CAMERA: For effective 
navigation, cameras are required 
for obtaining the continuous 
image that can be processed to 
designate the direction required. 
The cameras will be placed 
(each) at the bow, top and at the 
bottom (vertical axis) for 
effective navigation. The 
minimum resolution required 
will be 600×800 with 1.3 mega 
pixel. A tentative model will be 
creative’s web camera, which 
will be sufficient for image 
processing. 

  

PRESSURE TRANSDUCER: Vyuha 
consists of 1bar pressure 
transducer from AMERICAN 

SENSOR TECHNOLOGIES. 
The value of depth of the vehicle 
from the water bed is required 
constantly for proper positioning 
of the vehicle and to avoid hitting 
the water bed. A pressure sensor 
will be used to compute the 
pressure values and consequently 
the depth. 

INERTIAL MEASUREMENT UNIT: 
The sparkfun 9DOF stick 
furnishes the vehicle orientation 
and acceleration in all three axes 
dynamically. It includes 3 axis 
accelerometer, 3 axis gyroscopes 
and a magnetic compass. For 
heading magnetic compass is 
used. To make a turn yaw is 
fetched form IMU and to 
maintain the stability roll and 
pitch is constantly monitored.  
These data are provided to the 
Navigational Data Filters. 
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4.PROCESSORAND 
AUXILIARY ELECTRONICS 

The AUV requires high degree of 
computation for navigation. 
Concepts such as image 
processing, PID logic based path 
planning will be implemented 
which requires a good processing 
speed. The preliminary research 
on processors has made us to 
decide the following things: 

An onboard computer with: 

(i)          ASRock N68-VGS3 
UCC motherboard. 

(ii) AMD Phenom-II 
processor. 

(iii) Several USB-RS232 
(for sensors, 
microcontroller, etc) 

(iv) USB storage devices. 

SYSTEM PERIPHERALS: Array 
of RS-232 ports are used to 
connect the computer with the 
bunch of sensors and other 
devices.USB Mass Storage 
devices are used to log the sensor 

outputs, videos, photos etc. as 
they are portable. 

I/O AND CONTROL: The 
computer receives inputs from 
the sensors through serial ports, 
video/photo from the camera via 
the USB ports and processes all 
these information with the help 
of GUI interface. And for speed 
transfer Micro-controller 
18f2550 (USB 12 Mb/sec) is 
used to transfer the data. 

MICROCONTROLLERS: The PIC 
16f877a with inbuilt ADC 
monitors the voltage and depth 
sensor. It also interfaces the 
LCD, which displays depth and 
voltage level. It is also used to 
generate PWM for driving the 
thrusters. Arduino UNO is 
dedicated for interfacing the 
spark fun 9DOF stick IMU. The 
AHRS code outputs acceleration, 
yaw, pitch, roll and position in all 
three axes. The output data is 
filtered using navigation data 
filter. The filtered output is 
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directed to computer for 
navigation control. 

5.NAVIGATION SYSTEM: 

A plethora of sensors is the basic 
inputs for the system. All inputs 
are interfaced using PIC Micro 
Controllers and Arduino Uno. 
Once these values are procured, 
they have to be precisely 
processed to decide upon the 
next instruction that has to be 
fetched. But, on the other hand 
the processor should produce 
outputs (PWM DUTY CYCLE) 
in such a way that the AUV is 
smoothly maneuvered. Taking 
this into regard, we have chosen 
PID as it is the best tool to attain 
such degree of smoothness. The 
PID controller generates a 
dynamic duty ratio based on the 
environment and helps us to 
maneuver without oscillations. 
Thus the basic data flow follows 
such a pattern:                                                                                            
Sensors 

→ Computer board (PC) → 
Controllers →Thrusters.  

6.PROPULSION SYSTEM: 

As mentioned earlier, the 
innovative structure does not 
require ballast tank for buoyancy 
compensation as the volume 
displaced by the vehicle can be 
compensated by the weight of the 
aluminum frame. But, it requires 
powerful propulsion mechanisms 
for effective navigation. 
Therefore we use four DC 
brushless thrusters for 
propulsion. Two thrusters will be 
placed in the horizontal axis and 
the remaining two thrusters will 
be placed in the vertical axis. The 
vehicle will initially be 
POSITIVELY BUOYANT, and 
it requires a vertical thrust from 
the vertical axis thrusters to dive. 
The vertical thrusters will operate 
in order to overcome the 17 N 
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buoyant force and vertical 
drag. 

In fact, the rated torque of the 
motor will be chosen in such a 
way that it will easily overcome 
the drag and buoyant force. 
Furthermore, the thrusters will 
accelerate if more depth is 
required. Similarly, the 
horizontal axis thrusters are used 
for heading forward and to 
control yaw. The horizontal 
thrusters have to overcome the 
form drag which is approx. 2.9N 
for the proposed structure. The 
24v DC thrusters will be 
controlled using motor driver 
circuits, which produce pulsed 
voltage signals (pulse width 
modulation). 
 

7.COMPUTATION: 

The AUV uses ASRock N68-
VGS3 UCC motherboard with 
AMD Phenom-II processor. The 
different algorithms used in the 
AUV are tested using MATLAB 
and an application developed in 

Visual C++ is responsible for all 
the autonomy. 

SHAPE DETECTION: The Canny 
Edge Detection Algorithm is 
used to find out the edges found 
in a frame. Hough Transform is 
used to detect lines, circles and 
other shapes seen through the 
camera.  

The application shows portions of red, the 
mean values of X and Y on a 640x360 image 

A separate class is written in 
C++ to handle image data and 
perform all the necessary 
operations to detect shapes. 

Alternatively, the system can 
also find a shape by analyzing 
the images by taking ideas from 
the Ray Casting algorithm which 
is normally used to solve the 
point-inside-polygon problem. 
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The screen below shows how the 
application detects red colored 
pixels by comparing their 
Euclidean distances with pure red 
and comparing their angles with 
red axis. 
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