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Thesis Title The Submarine Robot using the Volume Adjustment for
Moving Up and Down

Author Mr. Ponlachart Chotikarn

Major Program Physics

Academic Year 2009

ABSTRACT

This project aims to develop a low cost, semi-autonomous submarine
robot which is able to travel underwater. The robot’s structure was designed and
patented using the novel idea of the diving system employing a volume adjustment
mechanism to vary the robot’s density. The light weight, flexibility and small
structure provided by PVC can be used to construct the torpedo-liked shape robot.
Hydraulic seal and o-ring rubbers are used to prevent water leaking. This robot is

controlled by a wired communication system.
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The Design of Low Cost Submarine Robot
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Abstract

The semi-autonomous submarine robot is the low cost robot used for marine
environmental research. The aim of this study is to design the low cost submarine
robot which has the abilities in collecting the environmental factors data, for example,
temperature, salinity, light intensity, and pressure. The robot structure was designed
and patented using the novel idea on the diving system employing the volume
adjustment for varying the robot density. The result suggests that this structure, light
weighted and small in size, can be used in the marine environment. The autonomous
robot using the wired or wireless communication for system control is being
developed.
Keywords:  submarine robot, underwater robot, design, low cost
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1. Introduction

The robot has been developed for using in many fields, for example, industry,
space, human rescue, and science. The submarine robot is widely used in submarine
exploration and marine environmental research. The submarine robot can help the
scientist in exploring the deep sea which is difficult to dive into.

Many scientists studied about the submarine robots. Yuh [1] proposed the idea
in development of submarine robot, including structure, artificial intelligence, sensors
and control system. In 2003, Yoshida [2] suggested the design of underwater robot for
exploring the ocean using autonomous, semi-autonomous, and human-control system
using the radio and sound wave. In general, the movement of submarine robot —
moving up and down — used the density adjustment by ballast. Most submarine robots
were communicated with the host by a wired communication. However, some small
submarine robots used wireless communication [3] for controlling the robot.
However, the signal in the wireless communication had many problems such as the
power of the signal and the control’s range. The other researcher, Keller [4], built a
small size submarine robot with computer control has been designed, fabricated, and
developed. The problem was raised when it was found that these submarine robots are
too expensive [5] for the researchers in the developing countries. Furthermore, they
are not portable and difficult to fix by the researchers themselves.

The aim of this study is to design the low cost small submarine robot structure
for the marine environmental research. The robot can be easily used to collecting the
marine environmental factors data, for example, temperature, salinity, light intensity,
and pressure. The robot can be controlled using the wired communication. However,
the autonomous system using navigation system and wireless communication are
being developed. The collected data will be transferred to the computer.

2. Hardware Design

The physical system was depicted in Figure 1. The low cost submarine robot
was a small size robot. The shape of robot has the resemblance of a torpedo. Figure 2
showed the diagram of robot’s hardware

Figure 1: The physical system of the low cost submarine robot



68

‘Salinity‘ ‘ Light ‘
! |
‘Temperature }—b{ Sensors }4—{ Pressure ‘ H
'
L1 '
....................
‘ Drive Unit ‘4—{ Processing Unit
| :
.
i
Motor H
] '
Battery 12 VDC

H
i The Hardware of Submarine Robot

Figure 2: The Diagram of the submarine robot’s hardware

2.1 Hull and Structure

The low cost submarine robot was first achieved by five straight PVC socket
pipes called “modules” and two PVC cap pipes called “noses” as the hull. It was 116
cm. long and 10.86 cm. in diameter showed in Figure 3. The robot can be expanded
for 4 cm. for density adjustment showed in Figure 4. The maximum weight of the
robot was around 10 kg. Most electronics, the motor and the batteries are in the hull.
It was thus obviously very important that the hull must be watertight. Figure 5
showed the inner of the submarine robot which was consisted of the system units, for
example, processing unit, power unit, drive unit and etc. All of the internal parts of
the submarine were accessible by removing the modules of the submarine and it is
made to be watertight using O-ring rubber between the modules.

The submarine robot uses the volume adjustment of the hull to control density,
as the hardware such as motor (1), motor grip (2), base plate (3), ball screw (4),
spindle (5), and round plate (6) was shown in Figure 6. The density (p) of any
substance is defined as its mass per unit volume:

1)

_m
=V

where: m is mass
V is volume

In this case, the density of seawater at the standard conditions (0°C and
atmospheric pressure) is about 1.03 x 10% kg/m® [6].

( )

Figure 3: The submarine robot’s at normal status
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Figure 4: The submarine robot’s at expanded status

‘ oot 1 (oo | [T ‘
‘ (oo ] |Croen ]| | [ | ‘

Figure 5: The inner of Submarine robot which was consisted of the system units.

The submarine robot was designed to use for 10 meters depth under sea level;
however, it could reach at the maximum desirable depth of 30 meters from the sea
level.

2.2 Processing Unit

The low cost submarine robot was built by a single PIC18F458 8-bit-
Microcontroller Unit (MCU) from Microchip. It is relatively cheap and very flexible
offering, for example, a serial communication port, built-in A/D conversions and
enough In-Circuit Serially Programmable flash memory to accept most programs.
Plus, every PIC Microcontroller can be networked through i’c, a 2-wire serial
protocol.

Figure 6: The hardware of density adjustment

2.3 Power Unit

Electrical power was provided by a 12 VDC / 7.4 Ah light-weighted battery
for the system. The power from the battery was used for the system of the submarine
robot such as MCU, sensors and motor etc.

2.4 Drive Unit
For drive unit, we used a standard electric motor at 12 VDC. The motor driver
was used to control the direction of the motor, i.e. to move clockwise and
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counterclockwise. The speed of the motor was controlled by PIC18F458 using pulse
width modulator (PWM). We used the motor for controlling the density of the
submarine robot.
2.5 Sensors
The robot contains several sensors which are:
2.5.1 Temperature
The DS1820 is the digital temperature sensor which was attached at
the outer surface of the submarine robot for measuring the water temperature. It is
able to measure temperature from -55°C to +125°C (-67°F to +257°F). The
accuracy is +0.5 C from -10°C to +85°C
2.5.2 Salinity
The salinity sensor was used to measure the seawater salinity. This
sensor easily and accurately measures the total-dissolved salt content in water.
Salinity is an important measurement in seawater or in estuaries where freshwater
from rivers and streams mixes with salty ocean water.
2.5.3 Light
The light sensor was used to measure light intensity. The photodiode
arranged in a half-circle configuration were connected and amplified with a pull-up
resistance to generate signals between zero and five volts which are directly
connected to the MCU.
2.5.4 Pressure
We used a pressure sensor for measuring the pressure in the seawater.
Pressure is an expression of the force required to stop a fluid from expanding, and is
usually stated in terms of force per unit area. The pressure sensor could be generating
an electric signal related to the pressure imposed. Furthermore, the pressure could be
indirectly converted to the depth of the robot.
The relationship between the depth and the pressure of the seawater is
given by equation (2).

P=F, + pgh 2
where: P is absolute pressure
P, is atmospheric pressure
g is standard gravity

h is depth
All sensors must be waterproof in order to function properly.

2.6 Computer Unit (Main PC)

The unit was the main controller of the robot. It is used for transmitting
commands and receiving the data to the MCU and some sensors. Furthermore, it was
used for collecting and analyzing data from the sensors.

3. Software Design
The software was designed in order to incorporate the sensors and the control
of the robot as embedded in the robot’s microcontroller CPU.
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According to the accuracy requirement of the marine environmental data, the
software of the low cost submarine robot is very important part for controlling the
underwater robot.

The software was composed of two parts: on the MCU and on the computer
(Main PC). The software architecture was shown in Figure 7 below.

Salinity‘ ‘ Light ‘

‘Temperature H Sensors 4—{ Pressure ‘

i Serial Communication

‘ Drive Unit ‘4—{ Processing Unit

Figure 7: The schematic of software architecture.

3.1 Software on the MCU

The software in this part connected all units The MCU could get the
commands from the main PC and sent to the other devices. The data from the MCU
were transmitted to the main PC via RS-232 serial communication.

The microcontroller CPU could get the data from the sensors of the submarine
robot such as pressure, salinity and light. Then, the MCU sent the data to the main PC
via serial communication for further analysis.

The MCU also got the thermal data from DS1820, digital temperature sensors,
and sent it to the Main PC for reporting the water temperature in the seawater around
the low cost submarine robot.

On the movement of the robot, MCU commands the motor driver for moving
up and down in the seawater.

3.2 Software on the Main PC (Computer)

The software in this part was connected to the MCU and retrieved the data
from all the sensors devices of the robot. Then, it stored the data into the database and
displayed in various forms such as graphs or tables.

4. Conclusions

We have finally designed and built the low cost submarine robot that shown in
Figure 8 to answer our requirement. The novel method on the movement of the robot
was patented [7]. The submarine robot could be used in marine environment for
collecting data such as temperature, salinity, light intensity, and pressure. In addition,
it is a small size, light weighted and easy-to-maintain submarine robot.

In the future, we could build the real autonomous submarine robot which can
send the collecting data to the host pc via wireless communication and travel to the
designated location automatically.
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Figure 8: The low cost submarine robot
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— The Submarine Robot Using the External Volume Adjustment for
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— The Waterproof Mechanism of Volume Adjustment for Submarine
Robot (Thai Petty Patent Pending).
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