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Abstract 

 
In recent years underwater robotics has 
become a major area of research owing to the 
development of many diverse technologies. 
Autonomous underwater vehicles (AUVs) are 
used today for exploration, pipeline monitoring, 
military reconnaissance and other scientific 
tasks. AUVs can also be used effectively to 
teach principles in many disciplines of science 
ranging from physics to robotics. Any good 
robotics educational platform needs to be 
affordable so that it can be used by a variety of 
educational institutions and also be accessible 
to hobby roboticists in order to maximize the 
amount of research and development work 
carried out. This paper discusses the 
technologies and architecture used to develop 
such a low cost underwater vehicle. 
 

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. AUVs are also an 
important aid in the scientific research process 
in the modern robotics era. As the area of 
underwater robotics matures, there is an 
increasing need for a low cost underwater robot 
that can be used for research, education and 
hobby development work. To meet these 
requirements, LUV, or the Low-cost 
Underwater Vehicle is being developed at 
Brigham Young University-Hawaii.  

 
The most challenging aspect of developing a 
low cost AUV is the choice of sensors and 
controller because these are the most important 

aspect of a robot. The design and structure of the 
AUV are equally important because to a certain 
extent they contribute to the choice of the 
electronic devices on the AUV.  In order to 
provide maximum details on construction of 
LUV, this paper will present details on the 
structure, controller and sensors of the AUV. 
This is followed by details on the control 
systems, navigation and propulsion. 
 

2. The Structure and Design 
 

The main goal of the AUV Research Team is to 
develop an AUV at the minimal possible cost. 
The AUV will be developed while keeping in 
mind future reusability and expandability for 
other possible tasks. The primary hull design of 
the AUV will be based upon a tubular 
submarine design. The keel of the AUV will be 
supplemented with two smaller tubes, acting as 
the secondary hull. Though this design is based 
upon the design of larger aquatic vehicles, there 
are certain differences that have been adopted in 
order to improve the functionality of the AUV. 
These design differences can be seen in Figures 
1 and 2. 
 
In order to avoid possible electrical discharges 
and toxic chemical leaks the power source and 
all other electronic components will be enclosed 
in a waterproof encasing. 
 
The problems that the engineer of any 
underwater vehicle needs to overcome are: 
 

• The drag created due to water density. 
 
• Determining the correct amount of 

buoyancy in order to avoid sinking or 
floating up to the surface. 

 



• The pitch, roll and yaw stability of the 
vehicle in order to avoid rolling out of 
control. 

 
• Designing the correct propulsion 

systems for dive control as well as 
forward, reverse, starboard and port 
movements. 

 
• Withstand water pressure. 

 
The design that the team has approved for the 
AUV takes into accounts all of these possible 
problems. The design of the AUV is based 
upon the highly tested tubular design of 
submersible vehicles, which uses a cylindrical 
tube as the main body. This design was chosen 
because it helps greatly in displacing the water 
pressure over the entire body and also reducing 
the drag caused by water. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. LUV Rear View 
 
To provide greater roll stability there will be a 
wooden board shaped like wings located at the 
center aft of the submersible. Not only will 
these wooden fins provide better roll stability, 
but will also enable the vehicle to “glide” 
smoothly through the water, effectively like a 
Ray does. All the electronic components will 
be placed in the center of the primary hull in 
order to bring the center of gravity of the 
machine to its very center, thus causing it to be 
stable and not tilt towards either end. There 
will also be a twin tube structured secondary 

hull in the vehicle. The lateral propulsion 
screws, ballast and floating devices will be 
placed inside these tubes. This will distribute 
weight equally over the bottom of the 
submersible thus providing greater stability and 
bringing the original center of gravity below the 
center of buoyancy, resulting in good pitch 
stability. Figure 1 provides a rear end cross-
section view. Figure 2 provides a side view of 
the submersible with details on fin placement. 
 
The propulsion system has been divided into 
two sub-systems; the dive system and the 
maneuvering system. The dive system 
comprises two screws that are placed in the 
center of the fins. The screws will turn in 
opposite directions to avoid torque and 
unwanted movement. As such, in order to cause 
the submersible to dive, the motor will drive the 
port screw in reverse and the starboard screw 
forward at the same speed. In order to raise the 
submersible the two screws turn in the opposite 
direction. This arrangement will help counteract 
the angular momentum caused by the spinning 
screws. The motor and screw combination being 
waterproof will be placed on the fins itself. The 
screws will be made of a waterproof bilge pump 
motor thus removing the need for any complex 
gears and waterproofing. 

Primary 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. LUV Side View 
 
Similarly, there will be two rear motors, a 
starboard and a port side motor screw 
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combination, one placed on each of the two 
secondary hull tubes. These rear screws will 
also be made of the same waterproof bilge 
pump motors removing the need for 
waterproofing. In order to turn the submersible 
to any side the motor of the opposite side 
would be made to rotate the screw in reverse. 
 
This propulsion system guarantees swift 
movement of the AUV in any direction while 
maintaining good stability as well. 
 

3. The OOPic Microcontroller 
 

The chosen processor architecture, the PIC 
architecture, imposes a limitation on the type of 
sensors that can be integrated into the systems 
of the AUV. The PIC architecture dictates the 
types of interfaces that can be used with the 
sensors. Also, the PIC dictates the bandwidth at 
which communication can take place.  
 
In the case a sensor that requires a higher 
bandwidth than the PIC can provide, the data 
acquired from the sensors is too old and results 
in inaccurate results. The number of input and 
output ports (digital and analog) also restricts 
the number of sensor devices that can be 
attached to a PIC. Finally, preference is given 
to sensor devices that can be directly integrated 
with the chosen PIC. 
 
Every sensor has an input and output voltage 
that needs to be matched with the voltage 
specifications of the complete circuit and the 
PIC. In case these are not correctly matched it 
can lead to burned out circuit and components. 
 
These limitations are offset by the PIC 
providing a low cost processor capable of 
interfacing with the sensors chosen by the LUV 
team. The Savage Innovations OOPic 
Microcontroller was selected. The OOPic 
provides 30 I/O lines, with a good mix of 
analog, digital and optical inputs and outputs 
[1]. Some of these I/O lines conform to the 
Uniform Robotic Control Protocol (URCP).  
This saves processing time that can be devoted 
to other Artificial Intelligence (AI) tasks [2]. 

An analog output needs to be driven through an 
analog to digital converter (A/D Converter) to 
read a raw value proportional to the required 
result and a regular digital value must be 
calibrated with the current environment, but the 
URCP values are pre-calibrated and designed to 
meet the requirements of a variety of 
environments [3]. 
 

4. Sensors 
 

Each sensor has limitations on the environment 
in which it can function. Humidity, pressure, 
temperature, inclination, gravity, light, 
proximity to other objects, viscosity of the 
environment, etc. all play a major role on the 
accuracy of the sensor. The sensor resolution 
changes as the environmental parameters 
change as well.  
 
Since the aim of this experiment is to explore 
the feasibility of autonomous underwater 
operations at the minimum possible cost, the 
cost of sensors is a major factor in selecting 
sensors, while keeping the aforementioned 
factors in mind. 
 
The AUV has to sense, judge and react to its 
ever-changing environment in order to 
accomplish its task successfully. To be able to 
adapt to its environment, the AUV will utilize 
the following sensors: 
 

• Sonar Sensor – The sonar sensor will be 
placed at the front of the vehicle in order 
to detect any obstacles in its path of 
movement. The sonar sensor used is the 
SR04F. Though this sensor was designed 
for terrestrial use, it has been modified 
and calibrated to work underwater [4]. 

 
• CMUCam 2 – The camera will be 

utilized for color, pattern and object 
recognition. This camera will also act as 
the main navigation system as it has 
certain preloaded software that reduces 
burden on the main processor and also 
allows for swift processing [5]. 

 



• Digital Compass Sensor (1) – This will 
be placed horizontally inside the main 
body of the submersible. Since the 
compass can provide accuracy to 0.1 
[6] degrees, it will be used to compute 
the current heading and make 
corrections accordingly. This compass 
also conforms to the URCP protocol 
and can provide accurate directional 
information without overloading the 
controller with information. 

 
• Pressure Sensor – This will be used to 

compute the current depth of the AUV. 
The pressure sensor used on the AUV is 
a differential sensor and provides a high 
degree of resolution due to an analog 
output. 

 
• Twin-axis Accelerometer– There are 

two accelerometers on the AUV. These 
will help in providing an acceleration 
vector to compute the movement over 
time on a particular axis and also to 
obtain the tilt on any particular axis [7]. 
The accelerometers act as a major 
source for supplementing navigational 
information. 

 
All the sensors are placed inside the primary 
hull of the AUV with the exception of the 
pressure sensor which is waterproofed and then 
placed on the exterior of the primary hull.  
 
To avoid electrical discharges the AUV is 
equipped with a leak sensor. If water is 
detected inside the AUV, the leak sensor 
overrides the authority of all other devices and 
immediately cuts power to the systems. The 
AUV being naturally positively buoyant will 
then float up to the surface for easy recovery. 
 
Combining the information obtained from the 
above mentioned sensors in the control system 
for LUV allows for smooth operation of the 
AUV. 
 
These sensors were selected in order to keep 
the cost low while providing necessary 

capabilities. Additional sensors and systems 
may be added in the future to provide additional 
functionality. For basic operations, the sensor 
suite on the AUV is complete. 

 
5. Control System and Navigation Algorithm 

 
The control system of the AUV uses the OOPic 
PIC as the main controller. The CMUcam is 
connected to the OOPic over an RS232 
interface. The propulsion system, which has four 
screws as show in Figure 3, is controlled by the 
H-Bridge that is driven by the OOPic. All the 
sensors feed a continuous stream of data into the 
OOPic, which carries out all the calculations that 
enable it to take decisions. The control system is 
shown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. LUV Control System 
 
The navigation algorithm mainly draws from the 
sensors and the CMUcam to make decisions. 
The CMUcam is the primary navigational aid 
because of its ability to completely see the 
environment and process it before sending 
results to the OOPic. The OOPic combines this 
environmental information obtained from the 
CMUcam with the directional and depth 
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information obtained from the compass and 
pressure sensor, which also allows it to 
calculate a new heading and depth. Based on 
the calculated heading and depth the H-Bridge 
is instructed by the OOPic to appropriately 
drive the screws. If the target is detected by the 
CMUcam, the OOPic at once instructs the 
screws to propel the AUV in that direction. 
 
In order to enable obstacle avoidance, the sonar 
sensor takes precedence over other sensors and 
if an object is detected in the path of the AUV, 
the screws are driven to avoid that obstacle and 
return to the original course. Similarly, tilt on 
any axis is detected by the accelerometers and 
compensated for by the appropriate screw. 

 
6. Conclusions 

 
The AUV, christened LUV, has been designed 
with a cost of about $600. If this system were 
designed with a tether, the cost could be further 
reduced. But, the ability to develop an 
underwater robot at a low budget enables 
smaller educational institutions and hobby 
roboticists to also conduct research in this field. 
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