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Abstract— The Hydro Quadrotor is an Autonomous Underwater Vehicle (AUV)   which navigates through water by remote 
operation or can be programmed to work in autonomous mode. These vehicles require autonomous guidance and control 
systems in order to perform underwater tasks. However, this model of AUV, the Hydro-Quadrotor mainly focuses on 
underwater photography, temperature sensing and implementing remote navigation unit. AUV can rely on a number of 
propulsion techniques. The Hydro-Quadrotor uses propeller based thrusters powered by Brushless DC motors. Electronic 
circuit part consists of Micro-Controller circuit, Power and Motor Driver circuit, Sensors and Display circuit. The design and 
development of the Hydro-Quadrotor consists of implementing a mechanical and electrical system, as well as the integration 
of subsystems. The development of these systems has resulted in a highly symmetric, stable, easily maneuverable and low 
cost design of underwater vehicle named the Hydro-Quadrotor.   
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I. INTRODUCTION 
 
  An autonomous underwater vehicle (AUV) is a 
robot which travels underwater without requiring 
input from an operator. AUVs Constitute part of a 
larger group of undersea systems known as 
unmanned underwater vehicles. There is a 
tremendous interest in developing highly 
maneuverable and efficient robotic Autonomous 
Underwater Vehicles. In underwater navigation the 
main focus has been to establish the vehicle’s 
horizontal position using a variety of different aiding 
techniques.  
 
II. BRIEF OVERVIEW OF THE HYDRO-

QUADROTOR 
 
The internal structure of the Hydro-Quadrotor Robot 
is made up of transparent acrylic sheets. This 
structure is fabricated by using laser cutting machine. 
This structure has no moving joints making structure 
more robust and easy for leak proofing. Two 
Brushless DC Motors are used to give thrust to robot 
and by varying speeds of motors stability in 
horizontal position is achieved. These Motors are also 
used for Pitching of the Autonomous Underwater 
Vehicle. By varying Speeds of these Motors 
Autonomous Underwater Vehicle can be made to 
pitch to desired angle. Autonomous Underwater 
Vehicle can be rotated through complete 360 degree 
in Vertical plane by these Motors.  
Two Brushless DC Motors are also used for forward 
motion of the Autonomous Underwater Vehicle these 
same motors are used for yawing of the Autonomous 
Underwater Vehicle by varying speed of the two 
Motors individually. Autonomous Underwater 
Vehicle can take a turn of desired Curvature. 
Autonomous Underwater Vehicle can be rotated 
through complete 360 degree at same horizontal 
position. These Brushless DC Motors are connected  

 
to Atmega16 controller board. A 12 volt, 5000 mAH 
lithium ion battery is connected to board as power 
supply. IC 7805 is used as a voltage regulator for the 
controller. The Brushless DC motor driver circuit 
Consists of IC7806 and a current booster circuit using 
2955 PNP Power transistor. LM335 is used as a 
temperature sensor in which the voltage across the 
diode changes with change in temperature. LCD 
displays the minimum temperature recorded. 
 
III. DESIGN ESSENTIALS AND CONCEPTS    
 
3.1 Design essential:  
The mechanical design of the AUV required fulfilling 
the following main objectives:  
1)  To provide a static and dynamically stable vehicle 
with suitable versatility in its motion to accomplish a 
wide range of tasks.  
2)  To possess the ability to be modular and 
extensible for future missions, more specifically, the 
design of the frame, the hull and position of the 
motors so that center of mass is as low as possible 
and center of buoyancy is as high as possible  
3)  A modular frame to support the hulls, motors and 
other external devices.  
4)  Centre of drag aligned with Centre of thrust.  
5)  Protective covering like cylinders for propellers to 
not only protect users, but also to avoid possible 
damage to them. The cylinders will also help to 
generate more amount of thrust.  
6)  Symmetry for ease of design and construction.  
7)  Adequate internal hull space for electronic 
components.  
3.2 Factors Affecting an Underwater Vehicle Several 
forces act on an underwater vehicle that requires 
consideration for the design process which are as 
follows:  
1)  Buoyancy  
The magnitude of the buoyant force, B, exerted on a 
body, floating or submerged, is equal to the weight of 
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the volume of water displaced by that body. The 
ability of an object to float depends on whether or not 
the magnitude of the weight of the body, W, is greater 
than the buoyant force. Clearly, if B > W, then the 
body will float, while if B < W it will sink (Fig.). If B 
and W equate, then the body remains where it is. 
 

 
Fig.1 Effects of buoyancy and weight on an underwater body 

 
2) Hydrodynamic Damping  
When a body is moving through the water, the main 
forces acting in the opposite direction to the motion 
of the body are hydrodynamic damping forces. These 
damping forces are mainly due to drag and lifting 
forces, as well as lineal skin friction. Damping forces 
have a significant effect on the dynamics of an 
underwater vehicle which leads to nonlinearity. 
Lineal skin friction can be considered negligible 
when compared to drag forces, and therefore, it is 
usually sufficient to only take into account the latter  
when calculating damping forces.  
3)  Stability  
CM -  Center of Mass: The Centre of mass is the 
mean location of all the mass in the system.  
CB  -  Center of Buoyancy: The Centre of buoyancy 
is the centroid of the volumetric displacement of the 
body.  It is the point at which all the forces of 
buoyancy may be assumed to act in a vertically 
upward direction.  
 Assuming no water movement, the stability of a 
static body underwater is predominantly affected by 
the positions of the Centre of mass, CM and 
buoyancy, CB.  If CM and CB are not aligned 
vertically with each other in either the longitudinal or 
lateral direction, then instability will exist due to the 
creation of a nonzero moment. 
 

 
Fig. 2: Effect of CB and CM on stability 

If CM and CB coincide in the same position in space, 
the vehicle will be very susceptible to perturbations.  
Ideally, the two centroids should be aligned vertically 
some distance apart from each other with CM below 
CB. This results in an ideal bottom-heavy 
configuration with innate stability.  
4) Added Mass  
Another phenomenon that affects underwater vehicles 
is added mass. When a body moves underwater, the 
immediate surrounding fluid is accelerated along with 
the body. This affects the dynamics of the vehicle in 
such a way that the force required to accelerate the 
water can be modeled as an added mass. Added mass 
is a fairly significant effect and is related to the mass 
and inertial values of the vehicle.  
5)  Environmental Forces  
Environmental disturbances can affect the motion and 
stability of a vehicle. When the vehicle is submerged, 
the effect of wind and waves can  be  ignored. The 
most significant disturbances then for underwater 
vehicles are currents. In a controlled environment 
such as a pool, the effect of these environmental 
forces is minimal.  
6)  Pressure  
As with air, underwater pressure is caused by the 
weight of the medium, in this case water, acting upon 
a surface. Pressure is usually measured as an absolute 
or ambient pressure; absolute denoting the total 
pressure and ambient being of a relativistic nature. At 
sea level, pressure due to air is 14.7psi or 1atm. For 
every 10m of depth, pressure increases by about 1atm 
and hence, the absolute pressure at 10m underwater is 
2atm. Although linear in nature, the increase in 
pressure as depth increases is significant and 
underwater vehicles must be structurally capable of 
withstanding a relatively large amount of pressure if 
they are to survive.  
3.3 Design considerations of Propeller  
Based on the theory of the optimum propeller (as 
developed by Betz, Prandtl, Glauert), only a small 
number of design parameters must be specified. 
These are   
1)  Number of blades B,  
2)  Axial velocity v of the flow (speed of AUV),  
3)  Diameter D of the propeller,  
4)  Selected distribution of airfoil lift and drag 
coefficients  
Cl and Cd along the radius,  
5)  Desired thrust T or the available shaft power P,  
6)  Density rho of the medium (water: ~1000 kg/m³).  
 
The design procedure creates the blade geometry in 
terms of the chord distribution along the radius as 
well as the distribution of the blade angle. The local 
chord length depends mainly on the prescribed lift 
coefficient Cl.   
3.4 Comparison of Designs  
A qualitative analysis of the four proposed AUV 
designs was made based upon particular attributes. A 
summary and comparison of the main advantages and 
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disadvantages of the four concept designs is 
presented in following Table.  
Table 1: Comparison of Proposed AUV Concept 
Designs. 
 

 

 
 
As seen in the preceding table, it is clear the torpedo 
shape design was not an ideal design to pursue when 
compared to the other designs. The disadvantages of 
the torpedo design far outweighed its advantages. The 
other designs provided a much more feasible and 
advantageous approach to designing the AUV.  
3.5 Selection of suitable final design  
A one-hull, four-thruster configuration was chosen 
for the final design because of its significant 
advantages over the other proposed designs. The one-
hull, four-thruster design provided the following:  
1.  Ease in machining and construction due to its 
simple structure  
2.  Relative ease in ensuring watertight integrity 
because of the lack of rotating mechanical devices 
such as bow planes and rudders  
3.  High modularity due to the relative ease with 
which components can be attached to the skeletal 
frame   
4.  Cost-effectiveness because of the availability and 
use of common materials and components  
5.  High range of motion provided by the four thruster 
configuration  

6.  Static stability due to the separation of the Centre 
of mass and buoyancy, and dynamic stability due to 
the simple alignment of thrusters with easily 
identifiable Centre of drag Precision in controlling the 
vehicle and overall simplicity were pursued in the 
mechanical design over speed and sleekness.   
 
IV. MECHANICAL DESIGN OF HYDRO-

QUADROTOR 
 
The mechanical and electrical designs of the AUV 
were not mutually exclusive .Each design had to 
complement the other and hence, there was a need for 
continuous and simultaneous considerations for both 
designs. It is also worthy to note that the vehicle 
design was continually being subjected to minor 
changes and modifications in order to obtain an 
optimal design.   
The design sought to develop a simple, easy-to-use 
and inexpensive AUV. The budget and time available 
are usually the controlling factors in a design project. 
This was certainly true for the Hydro-Quadrotor 
where the availability of materials, the 
manufacturability, as well as the cost of components 
were very important issues in the design.  
Therefore, a compromise had to be found between 
cost, functionality and time available to manufacture 
the vehicle. The limited funds available for the 
project demanded the search for innovative and 
inexpensive approaches to solve certain problems. A 
detailed summary of the mechanical design process is 
presented below  
4.2 Preliminary model of Hydro-Quadrotor:  
According to the requirements of the AUV to 
maneuver smoothly in water with higher stability, a 
preliminary model of Hydro-Quadrotor is made in 
PRO-E v5.  
The PRO-E software provided various features to 
draw the Hydro-Quadrotor model accurately. 
 

 
 

Fig. 3 Model of internal skeleton of Autonomous Underwater 
Vehicle 
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Above Fig. shows a Solid Model of basic internal 
structure of Hydro-Quadrotor. Two vertical Pipes in 
Fig. contain BLDC motors with 4 blade propellers 
which as vertical thrust provider .Two horizontal 
cylindrical pipes also contain BLDC motors which 
create thrust in horizontal direction and are used for 
Yawing.   
4.3 Force Analysis and Calculation:  
There are four kinds of forces acting on body of 
Hydro-Quadrotor when it is maneuvering under 
water.  
Let us consider the various states of Hydro-Quadrotor 
and the corresponding forces acting on it. 

 
 

Fig.4 FBD (moving downwards) Fig.5 FBD (moving upwards) 
 
As force due to gravity is greater than force due to 
buoyancy, the Hydro-Quadrotor remains submerged 
in water when the BLDC motors are in OFF 
condition.  
Now in dynamic conditions, there are several forces 
acting on Hydro-Quadrotor like pressure force, thrust, 
drag force, viscous force other than gravity and 
buoyancy.  Pressure is equal from all sides of Hydro-
Quadrotor so this force cancels itself. As force due to 
viscosity is very small, we are not taking it into 
account for calculation. 
 
1)  Force due gravity = 5.2 × 9.81 = 51 N  
2)  Force due to buoyancy = 50 N   
3)  Drag forces  

i. Total vertical Drag = 8.19 N  
ii. Total horizontal Drag = 6.038 N  

4)  Total vertical thrust =Total horizontal thrust T= 2 
× 12.86 = 25.72 N  
The design incorporates one hull and four motors 
attached to a frame in a very symmetrical manner. 
Ample space is provided in the hull for electronic 
components. The Centre of mass is kept lower by 
introducing rectangular iron chips and Centre of 
buoyancy is kept high for enhanced stability.  
The existence of four motors provides 4 DOF which 
can be actively controlled. The two horizontal motors 
control surge and yaw while the two vertical motors 
control heave and pitch. The positions of these 
motors are such that they align with the Centre of 
drag and provide a significant amount of force and 
torque for moving the vehicle. Their positions also 
allow the relatively straightforward control and 
modeling of the vehicle.  
Following table shows the overall dimensions and the 
specifications of the Hydro-Quadrotor.  
 

Table 2: Specifications of the Hydro-Quadrotor. 

 
 
4.4 Material Selection  
There were several requirements for the materials to 
be used in the construction of the Hydro-Quadrotor.  
1) Central Rectangular box (Hull):  
An AUV must provide a pressure hull to house its 
components in a dry, watertight environment. The 
hull must allow components to be easily accessible 
and maintainable, as well as allowing for modularity 
in case of future changes or additions. As well as 
being light and strong, the hull should also be 
corrosion resistant as it will be subjected to a watery 
environment. Hence, the hull is made in the shape of 
rectangular box of 5 mm thickness acrylic sheets with 
inner dimensions of 18cm×18cm×12cm.  
This material was preferred over aluminium because 
it is light in weight, transparent. Transparent sheet 
was needed so as to view the outer area through the 
installed camera.  
2) Cylindrical propeller covering:  
  Propeller covering was needed to be in the 
cylindrical shape. The PVC sheet is light in weight 
and it can handle a sufficient amount of pressure. 
Hence, the covering was made from PVC sheets.  
3) Adhesives:  
  Different adhesives are required for each part due to 
the difference in material properties. Fevi-Quick 203, 
an industrial grade adhesive is used as a sealant for 
joining two acrylic sheets. Araldite is a fast setting 
epoxy solution which is also used to join two acrylic 
sheets. For the sealing of electronic wires with central 
hull, special glue is used with the help of electronic 
glue gun.  

Table 3: Material selection 
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4.5 Waterproofing   
The internal structure of Hydro-Quadrotor is made up 
of Acrylic sheet because sheet is transparent and we 
can ensure the water proofing. For sealing 
Feviquick203 is used.  
It is fast setting industrial grade adhesive. Also at 
some places Araldite cement is used. It is used to seal 
wet surfaces also its important property is its 
flexibility. The external body of Hydro-Quadrotor is 
made up of Aluminum and silicone rubber. Silicone 
sealant is used for joining rubber part. In between 
back and front gasket ring is fixed. Fig. shows 
completely fabricated Hydro-Quadrotor functioning 
underwater. It is fitted with complete Electronic 
Circuit and has wired communication. A Camera is 
installed in the Square hull to take underwater 
Pictures and a Gyroscope is used to get feedback and 
stabilize the Hydro-Quadrotor. 

 
Fig. 6 Hydro-Quadrotor in operation 

 
4.6 Key feature of Hydro-Quadrotor  
The Hydro-Quadrotor is designed with emphasison 
reliability and simplicity. As robustness is the key of 
any system, it is the basis of all design 
Considerations.   
Key features of Mechanical Design are as follows:  
1)  Compact size - efficient placement of thrusters, 
electronics and cameras to reduce the overall size and 
reduce drag co-efficient   
2)  Light hull - Use of acrylic hull along with planned 
internal component placement has made the Hydro-
Quadrotor lighter.  
3)  Maximum maneuverability  
4)  Optimal thrusters configuration - Four thrusters 
placed so as to provide 4 Degrees of Freedom except 
'sway'.  
This configuration suffices the requirement along 
with reducing overall weight and cost.   
5)  Efficient thermal dissipation   
6)  Fast and easy access to electronics and batteries   
7)  Effective placement of components eg. batteries, 
to adjust the position of Centre of gravity with respect 
to centre of buoyancy  

V. ELECTRONICS SYSTEM DESIGN 
 
Electronic circuit part consists of three main parts   
1)  Controller circuit.  
2)  Power and Motor Driver circuit.  
3)  Sensors and Display circuit.  
Total circuit was first simulated in software  
Proteus and after that printed circuit board was 
designed.  
Hardware description 
1)  Micro-controller:  
      ATMega128 is High-performance, Low-power 
AVR® 8-bit Microcontroller used for controlling the 
maneuverability of the Hydro Quadrotor. 

 
 
2)  Electronic speed controller:  
      Emax ESC 18 A. has excellent low speed 
performance making it to run motor at different 
speeds with greater reliability. This ESC has throttle 
range which can be set to be compatible with 
different receivers. 
 
2)  Electronic speed controller:  
      Emax ESC 18 A. has excellent low speed 
performance making it to run motor at different 
speeds with greater reliability. This ESC has throttle 
range which can be set to be compatible with 
different receivers. 
 
3) Brushless dc motor:  
      The Emax CF2812 brushless out-runner motor is 
capable of producing up to 22oz of thrust and 
generate about 140W of power.  The EMAX CF2812 
motors offer extremely high efficiency and high load 
capability for their weight. 
 

 
4)  Battery  
      The power supply required to have maximum 
power/weight ratio. Considering the design 
requirements, lithium polymer batteries best suited 
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out requirements. Appropriate lithium polymer 
batteries are chosen to let the vehicle run comfortably 
for an hour. 
 
5)  Temperature Sensor LM335  
  The LM335 series are precision, easily-calibrated, 
integrated circuit Temperature Sensors used to 
measure the temperature variation with respect to the 
depth  
6)  7805 power supply:  
      The 7805 is three terminal positive Regulator 
which is used to provide 5V regulated power supply 
to the electronic circuits. 
 
VI. EXPERIMENTAL TESTING AND 

RESULTS 
 
After the assembly of Hydro-Quadrotor, maneuvering 
trials were performed so as to make it statically and 
dynamically stable inside the water. Testing was 
carried out to check the actual navigation 
performance of the Hydro-Quadrotor. The water 
depth available for testing was up to 10’. The Hydro-
Quad rotor was first made statically stable at various 
depths by controlling the RPM of the brushless DC 
motor. Dynamic stability was achieved by the overall 
control of the Hydro-Quadrotor using the calibrated 
joystick module. The speed of the Hydro-Quadrotor 
was checked at different RPM of the motors when it 
is moving in the forward direction.  The following 
table gives the depth at which the Hydro-Quadrotor 
remains stable for a particular RPM of the motor.   
 

Table 4: Factors affected by variation of PM 

 
 
VII. APPLICATIONS AND FUTURE SCOPE 

OF HYDRO-QUADROTOR  
  
1)  Commercial  
     The oil and gas industry can use Hydro-Quadrotor 
to make detailed maps of the seafloor before they 
start building subsea infrastructure; pipelines and 
subsea completions can be installed in the most cost 
effective manner with minimum disruption to the 
environment.  

2)  Military   
     In military mission, Hydro-Quadrotor can be used 
to map an area to determine if there are any mines, or 
to monitor a protected area (such as a harbor) for new 
unidentified objects. Hydro-Quadrotor can also be 
employed in anti-submarine warfare, to aid in the 
detection of manned submarines.  
3)  Research   
      Scientists can use Hydro-Quadrotor to study 
lakes, oceans, and the ocean floor. A variety of 
sensors can be affixed to Hydro-Quadrotor to 
measure the concentration of various elements or 
compounds, the absorption or reflection of light, and 
the presence of microscopic life. Additionally, 
Hydro-Quadrotor can be configured as tow-vehicles 
to deliver customized sensor packages to specific 
locations.  
4)  Underwater Photography   
      Hydro-Quadrotor can be used to take photographs 
of underwater flora and fauna, also is used to take 
pictures of Corals.  
5) Underwater Archaeology  
     Hydro-Quadrotor can also be used in study of 
historic or prehistoric people and their cultures by 
analysis of their artifacts, inscriptions, monuments, 
and other underwater remains.   
6) Seabed exploration   
     AUV can be used to analyze faults on the earth 
crust to give prior warnings of underwater 
earthquakes or volcanic eruptions. It can also be used 
to collect samples of seabed Hydro-Quadrotor can be 
used for finding and tracking shoal of fish   
  
 Future Scope of Hydro-Quadrotor  
The project met all its expectations and goals with 
satisfying results. But still there is scope for further 
development in the project. This section presents 
suggestions for further work and research. They are 
as follows:   
1)  To reduce the difficulty and time required in 
testing the vehicle, a wireless communication system 
that obtains real-time feedback from onboard 
components is required. This system should be able 
to transmit and receive data, as well as change 
parameters for the vehicle during its underwater 
testing.  
2)  Velocimeters can be used which will greatly aid in 
accurately controlling the vehicle. A pressure sensor 
is also required for keeping track of the vehicle’s z 
position  
  
CONCLUSION 
 
The design, development, graphical modelling and 
control of an autonomous underwater vehicle named 
the Hydro-Quadrotor, has been presented in this 
report. The Hydro-Quadrotor was developed 
specifically for applications like underwater 
photography, temperature sensing and implementing 
remote navigation unit. The report involved the 
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design and construction of the Hydro-Quadrotor, key 
features and scope for its applications. Total work has 
resulted in a well-functioning and low cost automated 
underwater vehicle that can successfully navigate 
inside the water performing different activities.  
The design and graphical modelling of the 
mechanical system of Hydro-Quadrotor lead to the 
following contributions.  
1)  Provided a dry, watertight hull that facilitates the 
housing of onboard electronic components and that is 
capable of surviving in water environment.  
2) Provided a dynamically stable vehicle with 
suitable versatility in its motion.  
3)  Control of the vehicle via remote means. 
4)  System identification of the vehicle parameters for 
surge and yaw.  
A mechanical system has been designed and 
developed for the Hydro-Quadrotor with simplicity 
and symmetry being two prime aspects sought in the 
design.  
The two horizontal and two vertical motors that 
provide propulsion allow the vehicle to actively 
control four degrees of freedom in a straightforward 
and decoupled manner. The separation of the centres 
of buoyancy and gravity in the design has contributed 
to a metacentric righting moment that keeps the 
vehicle stable during maneuvering.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Furthermore, the structure of the Hydro-Quadrotor’s 
frame allows external components to be easily 
attached, thus contributing to modularity and 
extensibility.  
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