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Abstract 
 

AUVs are having a massive impact on the way science looks at our world’s oceans. 
Even though a lot of research has been devoted towards AUVs in the west, the smaller 
third world countries of the east lack programs for development of AUV technologies that 
would better position them to understand their oceans. The Indian Underwater Robotics 
Society (IURS) is an independent body of students interested in the field of underwater 
robotics with the aim to popularize this subject in India, a third world country at the 
forefront of the technology revolution but still lacking its first AUV.  

With this aim in mind, IURS started work on a dream called BhAUV, India’s first 
AUV. The first goal for BhAUV was to develop into an AUV capable of competing in the 
AUVSI’s competition. However, once the development on BhAUV is completed it will be 
a low cost AUV capable of applications in academia, science, military, communication 
systems and public safety industries. 

Due to lack of industry support BhAUV has been developed using contributions 
mostly by team members. As such due to lack of funding, our first version of BhAUV 
utilizes an x86 motherboard running Windows XP, programmed in VB .NET and a sensor 
suite tailored for the competition. 

Though we are realistic about our chances at the competition, we are hoping to 
perform well with the first Indian AUV. Our dream of being in the competition would 
never have been realized if not for contributions from our few but supportive sponsors. 
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1. Introduction 

 
AUVs improve functional efficiency 
greatly by eliminating the operator from 
the chain of operation. AUVs can be 
effectively used for research, delivery 
and search and rescue operations in 
treacherous conditions without 
endangering human lives. These robotic 
devices are also a great blessing for the 
scientific community as they simplify 
the research process by increasing the 
accessibility to the oceans. 
 
This underwater robotics technology has 
found many commercial, scientific, 
defence and academic applications. As 
the research in this field increases and 
other innovations are introduced into the 
operations of autonomous underwater 
vehicles, AUVs will become 
increasingly more common and highly 
cost effective. 
 
But even with the years of research and 
development that have gone in to AUVs, 
they have not been extensively adopted 
by developing countries, leaving a big 
market for these vehicles in over half the 
world. Greater adoption of AUVs by 
developing nations will not only see a 
boom in the underwater robotics 
industry, but also a greater rate at which 
science will progress owing to more 
brains examining the mysteries of the 
deep. 
 
The basic reason for developing 
countries missing out on the underwater 
robotics revolution that is coming up is 
the high maintenance, manufacturing, 
development and research costs 
associated with AUVs. 
 

The IURS was formed in an attempt to 
radically reduce the costs associated 
with AUV development and encourage 
the use of these vehicles by developing 
countries as well. 
 
India, though being a developing nation, 
is a country experiencing an economic 
boom and is one of the countries at the 
forefront of the scientific and 
technological revolution our civilization 
is going through. However, India has not 
been a country that has devoted its 
resources towards development of AUVs 
even though some of the brightest minds 
in the scientific communities are from 
here. 
 
In order to give the developing world 
one of its first low cost AUVs, IURS 
started work on a robot of its own called 
BhAUV, the Bharat Autonomous 
Underwater Vehicle. 
 
IURS aims to develop BhAUV as a low 
cost AUV solution that can be readily 
adopted by developing nations for the 
purpose of teaching, research and 
experimenting with autonomous 
underwater robotics. But, when 
completed, BhAUV will be a low cost 
AUV that will find applications in most 
every field that has the minutest 
relationship with the oceans. 
 
Being a mostly self-funded team 
developing an AUV was a great 
challenge for IURS as allocating funds 
for the AUV were always a challenge. 
But this handicap of not having the 
ability to spend money for all the 
equipment that was desired led us to 
devise solutions to problems which, if 
we had more money, would have been 
more expensive. 
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The sections following this provide more 
details on our organization, BhAUV and 
our future goals and aspirations for our 
robot. A short synopsis of the sections 
ahead is provided below: 
 

• Section 2 – The IURS: provides 
information pertaining to the 
organization of IURS. 

• Section 3 – BhAUV, India’s First 
AUV: provides details on the 
design and operation of the 
AUV. 

• Section 4 – Conclusions. 
 

2. The IURS 
 
The Indian Underwater Robotics Society 
(IURS) is an independent body of 
students interested in the field of 
Autonomous Underwater Robotics. We 
represent a diverse group of Computer 
Science and Engineering students 
located at various different locations 
throughout the large country of India and 
studying at different institutions.  
 
IURS exists as a society in order to 
facilitate practical applications of skills 
learnt in and out of the classroom, while 
producing an environment conducive to 
the growth of personal, educational, 
resourceful and creative skills of 
students.  
 
A secondary aim of IURS is to 
popularize the subject of underwater 
robotics in India, a country that is at the 
forefront of the technological 
development revolution around the 
world. The IURS researchers aim to 
develop cost-effective underwater robot 
technologies that are easily affordable in 
developing nations as well.  
 

The IURS also aims to be a forum for 
students to network together in order to 
research and develop new low-cost 
technologies for use in the Autonomous 
Underwater Robotics industry and also 
to solve existing problems with 
technological applications of AUVs.  
 
We aim to bring the future of underwater 
robotic technology into the palms of 
developing nations, small scale 
technology companies, academic 
institutions and hobby roboticists as 
well. 
 

3. BhAUV, India’s First AUV 
 
Before the western world named this 
ancient land India, deriving its name 
from the river Indus, India was known as 
Bharat. Infact, even today, India is 
referred to as Bharat in the various 
native languages. 
 
As such, this being the first AUV being 
produced with an Indian effort, it 
seemed fit to name it Bharat 
Autonomous Underwater Vehicle 
(BhAUV). 
 
Being the first time a project of this 
nature was taken up at an international 
scale, the industry was hesitant to 
provide funding and support. However, 
with the assistance of a few sponsors and 
contributions made by the team 
members themselves, we were able to 
raise enough money to make this dream 
a reality. 
 
In order to achieve our primary goal of 
development for BhAUV we decided to 
follow the principle of Occam’s Razor in 
order to formulate the design. Keeping 
the design as simple as possible in order 
to solve the problem at hand not only 



Indian Underwater Robotics Society 4

saves time in developing a solution, but 
often the simplest solution proves to be 
the least costly one as well. 
 
The design of our robot is discussed in 
detail below: 
 
3.1 Structural Design 
 
The problems that our design aims to 
solve are the excessive drag created in 
water, the correct amount of buoyancy, 
pitch, yaw and roll stability of the 
vehicle in order to maintain a steady 
course. But, the most important aspect of 
AUV design is to design a robot that can 
withstand the water pressure at the depth 
it is intended to go. 
 
Keeping these things in mind our hull 
was designed to be as small as possible 
to reduce the amount of drag. The 
powering batteries were placed in 
opposite ends of the hull in order to 
balance it out. The hull also has an 
automatic pressure release latch built 
into it in order to equalize the pressure 
on it as it sinks deeper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
One of the biggest problems that AUVs 
encounter is their large size and weight. 
This in turn makes it difficult to store 

and maintain them, thus driving up the 
costs associated with these fabulous 
machines. As such, we also aimed to 
make the smallest possible vehicle and 
keep it as light as possible. 
 
Figure 1 shows a 3D depiction of what 
BhAUV will look like when completed. 
The primary hull will house the batteries 
and electronics.  
 
 
 
 
 
 
 
 
 
 
 
 
 
As Figure 2 shows, the batteries will be 
mounted on two extremities of the hull 
in order to stabilize the sub and also 
weigh it down proportionally. 
 
The electronics will be mounted between 
these two hulls on a two level platform 
that is shown in Figure 3. 
 
 
 
 
 
 
 
 
Below the electronics on level 2 (OOPic 
& etc. in Figure 3), there will be weights 
put in to make the vehicle heavier and 
allow us to control the buoyancy as 
needed. By putting weights below all 
other equipment the center of gravity 
(CoG) for the vehicle is lowered and 

Figure 2 (Top view of the hull) 

Dive 
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Propulsion 
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Figure 1 

Figure 3 (Side view of the hull) 
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having a low CoG counters the upward 
thrust experienced due to buoyancy 
when an attempt to sink the vehicle is 
made. 
 
There are two dive motors that are 
suspended below the hulls in order to 
displace more water enabling a smoother 
dive for the submersible, each one being 
on the starboard and port side 
respectively. One propulsion motor each 
is suspended on the starboard and port 
side of the submersible. 
 
The secondary hull is mounted below the 
primary hull and houses the webcams 
that will be used in order to perform 
computer vision. One camera will be 
forward facing and one will be facing 
down. 
 
The primary hull has a total of eight 
water tight holes drilled into it in order 
to allow electrical wires from motors and 
cameras to pass through. Four of these 
are drilled on the starboard side and four 
on the port side. A power switch is also 
mounted on the primary hull, clear from 
any other obstructions to allow easy 
access to it in case the AUV needs to be 
shut off in an emergency. 
 
The secondary hull has two water tight 
holes drilled into it for the purpose of 
carrying the USB cables from the 
webcams to the Mini-ITX computer in 
the primary hull. 
 
Both the hulls use customized 
waterproof cases manufactured by 
Seahorse and Otterbox. These cases have 
been rated for ocean water depth of 70 
feet. 
 
3.2 Electronic Subsystems 
 

The capabilities of an AUV are, to a 
great extent, decided by the type of 
sensors it utilizes. Though BhAUV was 
constrained by a very small budget, as 
many sensors required and possible to be 
fabricated or purchased were 
incorporated into its design. 
 
Another factor greatly influencing the 
performance, capabilities and 
compatibility of sensors is the 
mainboard used for processing the data. 
 
The Processing Subsystem 
 
In our research we noted that an x86 
platform provides the greatest amount of 
flexibility since most devices can 
interface with either the RS232 or 
parallel communication ports on an x86 
motherboard. Moreover, it is relatively 
easier to program and maintain programs 
on an x86 platform since it can be 
programmed in high level object 
oriented programming languages. 
 
Also, the computing power required to 
accurately process, in real time, high 
resolution images obtained from 
webcams and sound samples from the 
sonar subsystem demands a fast 
processor with a good deal of memory. 
 
The answer to our problem of balancing 
cost with computing power and size was 
the Mini-ITX form factor manufactured 
by VIA. The Mini-ITX form factor is 
only 17cm x 17cm and comes with an 
integrated processor and fax. For our 
purposes, we are using the VIA EPIAM-
M10000 Nehemiah Mini-ITX board that 
has a 1 GHz VIA C3 processor along 
with 256MB of RAM and a 60GB hard 
drive. 
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This platform is running Windows XP 
and the software for the AUV is written 
in Visual Basic .NET. 
 
We also use a secondary processor to 
offload some of the work from the Mini-
ITX so it can utilize most of its 
computing power to accurately and 
timely process images and sound 
samples. 
 
As a secondary processor we use the 
OOPic II+ microcontroller board which 
is custom manufactured by Junun Inc.  
This microcontroller acts as the slave 
processor to the Mini-ITX and reads 
values off the compass and provides 
secondary navigational control in case of 
a system failure. The OOPic also enables 
us to use Visual Basic to program it and 
control the hardware objects linked with 
it. 
 
In case of a catastrophic system failure 
or crash that causes the Mini-ITX to not 
respond, the OOPic will cause the 
submersible to safely surface and abort 
the run. 
 
This level of redundancy ensures the 
safety of our submersible vehicle. 
 
Sensor Subsystem 
 
A digital compass is being used to 
provide heading information and provide 
directional control of the submersible. 
The presence of a digital compass on 
board allows the submersible to travel in 
a relatively straight line. 
 
The dual axis accelerometer is used as a 
collision sensor in order to detect when 
the submersible docks with the docking 
station. The accelerometer is also being 
used to generate an acceleration vector 

in two axes, which will help the robot 
control its descent, ascent and lateral 
motion. 
 
The major part of our sensing is done 
using the two webcams and a special 
image processing system christened 
TOUCH [1] that was invented by two of 
our team members. The original 
TOUCH algorithm allows a computer to 
track object underwater with high real-
time accuracy. 
 
TOUCH functions by using the hue of 
an image to find the object that is being 
searched. TOUCH also provides 
coordinates of the object which can 
easily be converted into directional 
headings to guide the robot in that 
direction. This technique of hue 
detection will be used in order to find the 
docking station and also to locate and 
follow the pipeline. 
 
However, a new feature added to 
TOUCH this year allows TOUCH to 
locate patterns underwater in order to 
detect the platform to drop markers on. 
By converting the incoming image to a 
purely black and white image, TOUCH 
looks for changes in pixels from black to 
white that are spaced at about the same 
distance. Combining this with edge 
detection, it is able to find where the 
platform for the markers is located. 
 
In the original design of BhAUV a 
passive sonar system was also conceived 
and theoretically designed in order to 
locate the sonar pinger. However, 
budgetary restrictions have not allowed 
for the sonar system to be integrated into 
the first version of BhAUV. 
 
But, if the budget permitted two 
hydrophones mounted on the starboard 
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and port sides of the AUV would have 
been used to triangulate the position of 
the pinger. By comparing the intensity 
and time of the sound that each pinger 
received a rough heading could have 
been calculated because the hydrophone 
closest to the pinger would receive the 
sound waves before the other. This 
signal would have been amplified and 
then supplied to a Motorola DSP chip 
that would have allowed us to process 
the signal received and relay the results 
to the Mini-ITX. 
 
We are hoping that with better industry 
backing next year, even the sonar system 
will get incorporated into the design. 
 
Propulsion System 
 
The propulsion system, as discussed 
before comprises of four motors, two for 
lateral propulsion and two for control of 
ascent and descent. 
 
The dive motors are rated at 1200 GPH 
and the lateral propulsion motors at 500 
GPH. A higher GPH rating is being used 
for the dive motors in order to counter 
the natural buoyancy of the hulls. 
 
Also, the lateral propulsion motors will 
be spinning in opposite directions in 
order to counter the torque created by 
their movement. A similar approach will 
be applied towards the dive motors as 
well to counter the torque they generate 
as well. 
 
H-bridges designed by the team to be 
controlled over the parallel port are 
being used to control each of these 
motors. Each H-bridge is rated at 20V 
and 10A continuous to avoid any 
burnouts and blowouts. This helps us 
control the speed, direction and braking 

of each motor, allowing swift movement 
in any direction as needed. 
 
The placing of the motors, as displayed 
in the images, allows for the robot to 
hover at one location, spin on an axis 
and also switch directions swiftly as and 
when the need arises. 
 
An idea about the dataflow can be 
obtained by referring to Appendix ‘A’, 
which contains a dataflow diagram for 
BhAUV’s internal systems. 
 
We are confident that even without the 
sonar system; the structural and 
electronic design of BhAUV is quite 
robust and capable of performing well at 
the competition. 
 
4. Conclusions 
 
This being the first year of operation for 
IURS, it has been an extremely difficult 
task to raise the required funding to 
develop BhAUV. As such, we had to do 
with the $980 that we could afford to 
spend on our robot. However, we are 
confident that next year it will be a 
slightly easier task to raise the required 
resources. 
 
Also, because our team members are 
physically separated in two different 
continents, with about half in San Diego 
and Hawaii and the rest in India, it has 
been an exceedingly difficult task to 
coordinate our efforts. This geographical 
separation slowed our progress but in the 
end helped us learn how to better 
coordinate our efforts. 
 
However, the realization of BhAUV that 
once was just a dream, has led to the 
creation of India’s first AUV and our 
team is extremely proud of what it has 
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achieved. We defeated the odds posed 
by financial hardships, little industry 
support and geographical separation. 
 
The design of BhAUV is quite robust 
and will aid us, we believe, in 
performing well at the competition. This 
design of BhAUV is also quite 
expandable to include enhancements 
which are planned for next year’s 
version. 
 
We cannot wait to see the first Indian 
AUV swim in the water, competing 
against the best minds that the 
underwater robotics community has to 
offer. 
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Appendix ‘A’ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The diagram above provides information on which direction the data flows between our 
electronic subsystems. The EPIA-M is the master processor. 
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