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ABSTRACT

Navigation technology is considered as a fundanhgmtgblem in robotic technology. In this paper, present
hardware, software and algorithm design of a waleontrol system for Autonomous Underwater Suewgik Vehicle
(AUSV). We carefully designed and developed a wsslhardware control system for AUSV movement sisafisheries
operators in the collection and transmission ofgendata. We also developed software using C#(Cg¥lmogramming
language to control the movement of the AUSV. Wewall, proposed the adoption of a Hybrid Grid MEgsed Genetic
(HGMBG) path planning algorithm for finding an eint optimal path in the grid map for the proposétsV. Extensive
performance simulation results show that our cdrgystem is able to find optima path within a shiimie in similar
environment with existing control system in almabtthe simulation cases. Our system can, as wallvide an efficient
and cost effective AUSV surveillance control operatconsistently in a shallow water environmenttsas fisheries

applications.
KEYWORDS: Wireless, Control System, Programming, Underwaaryeillance, Fisheries Application
INTRODUCTION

Mobile underwater surveillance vehicle is a combinesearch of artificial intelligence and robotidsitonomous
underwater surveillance vehicles (AUSV) have ateda rapidly growing interest from researcher myrihe last few
years. This is due to the fact that they are easleploy, easy to manage with little infrastrucsurequirement. AUSV can
be applied to a wide range of aspects, such asgrfesh pool surveillance, observation of underwaténate, water

pollution tracking, etc. [1].

The general problem with many existing AUSYV is ttedility to see obstacles and generate optimurh patas
to avoid them in order to reach a particular positand orientation. This is called maneuvering pilag [2]. In order to
achieve performance efficiency of AUSV in term iofi¢, distance, cost and complexity, several hardsyssoftwares and
path planning approaches have been introducedappmaches are based on the environment, typenebsehe AUSV

capability, etc. [2].

In this paper, we propose the design, construaimhimplementation of a wireless control systemaforAUSV
for fisheries pools ecological system survey atiisi We adopted two approaches namely: hardwatesaftware. The
proposed system will be able to observe fishergel jemperature, capture aquatic objects’ imagda ttabe able to

observe growth, or their bleaching state or to cetigin of spawning and transmit same to humanatpefor analysis.
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The contribution of this paper is three-fold. Rirstve design and construct wireless electronicuifrhardware to
control the movement of the AUSV. The circuit imstructed using opto-coupler (solid state switttansistors, diodes,
relays resistors, 25 pins D-connector, LPT1 comeation port to interface and establish communicatietween the
computer system and the AUSV. The umbilical ethecable is used as transmission media betweenathieot system
and the AUSV. The AUSV unit is equipped with a USBmera for continuous underwater image recording an
transmission, a USB temperature sensor for temyerateasurement. The AUSV is also equipped with d&&leration
sensor for sensor unit posture detection. Seconaly, develop a program using C# (popularly calledsharp)
programming language as a platform for controltimg AUSV movement underwater. Thirdly, we usedw hgbrid Grid
Map Based Genetic (GMBG) path planning algorithnmtplement the designed control system. The GMB§grithm is
an improvement on the traditional genetic algoritfrhis is done to find an efficient optima pathtfie grid map for the
proposed AUSV.

The detailed description of the design, constractémd implementation of the wireless electronic ticmn
hardware for the AUSV is presented. We also presentletailed description of the C# program codelwss platform for
controlling the AUSV movement and for the implensian of the proposed GMBG algorithm. Finally, aritugh

presentation of the experimental result and implgaten details will be carried out.
RELATED WORK

This section deals with review of related work et to this study, pointing out similarities adifferences

between our work and other previous and relatedsvdrhe review is organized as follow:
Overview of Related Underwater Vehicle Design

Survey and observation of deep sea can be datddtbabe invention of Bathyscaphe by Professor Atigu
Piccard in 1948. Since then various underwaterpegents such as manned submersible, unmanned uridemehicle,
etc, has been developed [3]. Hyakudome [3], Invisk designed an Autonomous underwater vehicle pkdgposed a
smart control system for the AUV. He as well, pregd the use acoustic telemetry for communicati@mwe¥er, his work
did not explain the software required to drive ti@dware and how the hardware works with the regusoftware.
Burkardt et al. [4], in the design and implememtatof their Rangnarok AUV, designed an actuatortrodioard which
controls the servo used to turn the steering whBlety also designed thruster control board thgiowered through
custom H-bridge configurations and their speedgdhe computer over serial lines. The softwarehanvehicle is written
in C/C++ and python run on GNU/Linux operating gyst But in this study, the program is written in &# run on the

popular windows operating system to enhance thastobss of the application.

In the work of Wang et al [5], a low —cost unmanngterwater vehicle was designed for shallow water
operation. An embedded central processing unit wittroprocessors, FPGAs or small desktop PC is medccessing
sensor, processing data and setting control ostpeh as motor speed. Their system features lowarabstvide potential
use for normal shallow water task. Our work shagsentially the same goal of shallow water and dogt. But in our
work, effort is concentrated on the design and @ngntation of hardware and software for the prapuland steering of

the vehicle, to provide multi directional movemémtthe vehicle, rather than the design of thererAiUV system.

Recently, underwater wireless sensor network amshwenication have attracted a rapidly growing irgefeom
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researchers. Some algorithms, wireless sensorotled hardware have been proposed by [6, 7, 80B,id order to
support the operation of the underwater vehicle.et\al [11], proposed the use of acoustic chanocetéss method for
dense mobile underwater sensor networks. Lee and[K2] proposed two fast retransmit technique teroeme ACK
indiscretion problems. In [1, 13], orthogonal reggien based multihop localization algorithm andrgnefficient routing

algorithm was developed for underwater wirelesssenetworks.

Designing an efficient path planning algorithm ssential issue in mobile robots navigation sincth mpuality
influences the efficiency of the entire applicatido this effect several path planning algorithms proposed by [2, 14,
15, 16, 17], these includes Genetic algorithm, Bagd point bug algorithms. In the literature, a#th previous works limit
their studies to either underwater vehicle desjggth planning algorithm design or wireless sensstwarking and
communication in a large and deep sea environnherhis work we focus on the design and implemémtaof efficient
and low cost hardware and software for the cordafch model underwater surveillance vehicle. Thisoidve used in a
shallow water fisheries operation with depth ofsléisan 20 meters. In the implementation we will @dan improved

version of some of the proposed algorithm and sesedices being understudied.
METHODOLOGY

This section describes the detailed design, coctiruand implementation of both the hardware,veafe and
the adopted GMBG path planning algorithm for thatom of the AUSV. It showcases how a wireless oangystem for
an AUSV system is developed to assist in the ctiiecand transmission of image data in fisheriegliagtions. The

system will provide efficient and cost effective 8M operations for fisheries applications.
HARDWARE DESIGN

The Hardware consists of the improvised/model AUS\ the control circuit built up of transistorspdiés,
relays, resistor opto — coupler (solid state sWitnid 25 Pin D — connector for communicating betwibe AUSV and the
Personal Computer via a socket outlet incorporateaithe interfacing circuit. Wireless technologasvemployed using
umbilical ethernet cable as a means of communicaietween the AUSV and the personal computer. Trhbilical
ethernet cable signal can cover a distance of thame 500 meters and can transmit data of 8 bytsgmynd between the
PC and the AUSV.

Whenever the relay is switch on from the PC, curflems into the socket which in turn causes theSMJo take

action based on which of the Pins is turned on.
Design of the Circuit and Circuit Diagram

In the construction of any system of this natu first approach is to design and analyze the coepts to be
used. This is achieved by grouping the design mxE®into three stages viz: 1.the coupling stagie?switching stage,
and 3.the rectifier stage [18].

* The Coupling Stage

This stage is made up of opto-coupler, photo dmdgansistors to electrically isolate the intenfaccircuit from

the personal computer and resistor used to linmiecd flow into the opto-coupler.
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e The Switching Stage

The stage is concerned with switching of the reayrrent flows through the resistor to turn ontita@sistor. The
Diode is connected in parallel to the relay to ecbit when the transistor is not conducting iceptevent current flow in

reverse direction.
» The Rectification Stage

This provides DC supply to the interfacing circaitd as well rectifies the AC supply of 240 v tw1R 240-12V
step down is used through a bridge diode to rethiéysupply. Capacitor is connected to provide ghing of the supply
voltage. A 6v regulate is placed along the loadsdo regulate the input voltage at 6v to the faténg circuit. Figures 1
and 2 shows the interfacing sender and receiveuitidiagram respectively. Figure 3 shows the desigcontrol circuit
enclosed in a PVC box.

Figure 1: The Interfacing (Sender) Circuit Diagram

-

A

Figure 2: The Receiver Circuit Diagram

Safety Precautions
To achieve the workability of the circuit certairepautionary measures were taken which includes:
e Testing of the circuit to be sure it is free frohos and opened circuits.
» Soldering of the components was done carefulljhabthe heat does not damage the components abdang.

* The program was carefully tested and debuggeddiaceserrors.
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Source of Errors

Any errors found in the circuit might be due toragiof the component, improper reading from the rméter

i.e. parallax error or improper analysis of thesgits [18].
SOFTWARE DESIGN

The software part of this research work is a progma high level language using C sharp (C#) prognamg
language which handles the control of signal toitiberfacing circuit. Options are presented todperator in visual form
i.e. graphical display of various working optionspgnding on which action you want the AUSV to take particular
time [19, 20].

In designing the program pseudo code and flowakastdrawn to serve as a guide to the coding optbgram.
Pseudo —Code

« Initialize the LPT Port by sending the value, Gthie ports so as to set all the registers to bieOswitch off all

devices.
» Checks for device selected, by looping in a tirtfezn send the appropriate value to the port to@Nnor OFF.
» If the device status is OK, set timer to switcmsilggON’ or ‘OFF’ using two text boxes for each die.

» Save and exit port address, appliance name, ONaimdeOFF time for each appliance by using fileeysbbject

to save to a file and overwrite existing file.
In controlling the appliance values are sent framgoftware to the LPT port to turn ON or OFF thesp
For value of 1, pin D1 is ON i.e. the AUSV moveviard
e For value of 2, pin D2 is ON i.e. the AUSV move baard
» For value of 5, pins D1 and D3 are ON i.e. to tefty forward
* For value of 9, pins D1 and D4 are On i.e. to tight, forward
* For value of 6, pins D2 and D3 are On i.e. to tefy) backward
* For value of 10, pins D2 and D4 are On i.e. to tight, backward
e For value of 0, pins D1, D2, D3, D4 are OFF i.estimp the AUSV.
Programming Fundamental

C — Sharp (C#) is an object oriented programmimgu@age, object actually help to make programmirgieea
than ever before. Once one understands a few basaepts, every other thing becomes easier. Afesting the interface

for the application using forms and controls, riexb write code that determine the applicationisavéor [19, 20].
Structure of C Sharp (C #) Application

As earlier stated, C# is an object oriented progeard it is event driven. Developing a C# program be

approached by following three basic steps whichluihes: planning the interface, designing the useerface,
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programming (Coding) the object controls in thenfor

e Planning The Interface: - This involved planning how the interface will lodike, the controls needed in the
interface, the functions and behavior of each abinithese have to be Pre-determined by the progeanbefore

starting the work.

» Designing The User Interface: -Different forms and controls needed for the proj@e designed and their

properties set for smooth running of the program.

e Programming the Object Controls in the Form: - This involves writing of codes for the objectsttie form and
even the form itself. Because C# application isedasn objects, the structure of its code modelpligsical
representation on the screen. The objects contdaaahd code. The form on the screen is a repetgendf the
properties that define appearance and behavioadf éorm in an application. There is a related fonodule

(with extension.frm) that contains its code.
The Code Modules

Code in C# is stored in modules and they are aettkinds, viz. the form, standard and class mod&asple
application can consist of just a single form afidhe code resides in the form module. As the mpfibn gets large

additional forms can be added.

* The Form Modules: The form module serves as foundation of most Gdtiegtion. They usually have.frm file
name extension. They contain procedures that hamdiats, general procedure and form- level dedtaraif

variables, constants, types and external procedures

* The Standard Modules: These serve as container for procedures and déolas commonly accessed by the
modules within the application. They usually haes.llilename extension. Standard modules can bedeuns

many different applications.
» The Class Modules: -The class modules are the foundation of objeented programming in C#.

Code is written in class modules to create newahyjhich includes customized properties and methaduaially
forms are class modules that can have controleglan them and can display form window, the clasgutes usually
have.cls filename extension. Figure 3 shows theescshot of the C# control system application, FEglishows the part

of C# code developed for the control system. Thapdete code is available on request.

contral

Figure 3: The Screen Shot of the C# Control Systedypplication
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usnE Svrtam;
using System . Collactions. Gensric;
using Syrtem Componsnthlodal ;
uzing Syztsm Data;
using System. Deawing;
using Svstem. Taxt;
using System. Windows. Forms;
using System Fountima InteropS srvicss;
namazpacs Fobotic
{ public partial class msin : Fomm{
public maind){
Initializ=Componant();
axHwintarface] OutPort{B 28,00, |
private void bmCar_Click{object zsndar, Eventdres &)
Form comtrol = new control{); control Show() ;} using System;
using System . Collactions. Gensric;
using System. Windows. Forms;
namaspace Fobotic

{ static class Program

Th= msin antry point for the application.

[S TATRread]

static vodd MWaind)

{ Application EnshlafWisual Stylas{);
Application. SetCompatiblesTenFends ringD afault] fal=a]);
Application. Rum{pew main); } 3}

using Svstem;

using Svrtem Collactions Goneric;

using Syrtem. Componanthlodal ;

using System Data;

using System Drowing;

using System Temt;

using System. Windows. Fomms;

using Syitem Funtims InteropSericas;

namaspacs Fobotic

{ public partial class control @ Form
{ public comtrol])

{ InitializeCompon=nt();
axEwinterfacel OutPort{888, O }

poivate woid IO(int wal)

{ axHwinterfacel OwiPor(EBE (shor¥wal))y; }

privats void buttonl _Clido(object zsndar, EventAse: &)
{ iidriva
10(1);
picter=Box] Imass =
Elobal: Foobotic Proparties. Fesources forwd;
privatz void buttond Click{object zender, Eventises &
{ Jlr=verss
002
pictur=Boxl. Imass =
Elobal: Fobotic Proparties. Fesources right; }
privatz void buttond Clicdk{ohjsct zemdar, Eventiges &)
{ Jidrive 1=ft
JLei s
pictur=Box]. Imars = global::Foobotic Proparties Fesources laft; }
privata void button3_Click{ohject zamdar, Eventiges &)
{ iidrive right
TO0E);
pictur=Box].Imags =
Elobal: Fobotic Proparties. Fesources rightt; }
privatz void buttond Clicdk{ohjsct zemdar, Eventiges &)
§ Vrzverss gight
IO{10;

pichsBEoxl Imaza =

‘Elotsl: Foobotic. Propertiss B

private void buttonT_Clicdk{cbjsct sender, Eventirss &)
i reverze l=ft
IOy
pictursBoxl Imazs =
Elobal: Fobotic. Proparties Fasouwrces Flaft; }
private void buttons_Click{object sender, EventAres &)
{/stop TOND)X
pictersBoxl Imass = global::Fobotic .Properties Fesowrcss forwd; 3}
{ public partial clas: main : Form
{ public main); { InitislizeCompomant{]);
axHwinterfacal OutPort{E88,00; ¥
private void binCar Clido{object semder, Evantires &)
{ Form control = new comtrol); comtrol Show()y;, }
private void exitToolS tiphlenultem Click{object sender, Eventiss: &)

{ thiz. Clo=a); }

Figure 4: Part of C# Code Developed for the ControBystem
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The GMBG Path Planning Algorithm

In the literature, the environment and the robdtsowledge about the environment are key factorgadth
planning problem. The environment can be statidyramic [14]. The robot's knowledge about the emwinent can
either be complete or incomplete. If the robot basiplete knowledge about the environment, the prokis said to be
global path planning, otherwise it is classifiedlasal path planning [14]. In this paper, we addptee global path
planning in a dynamic grid environment due to tlure of many fisheries pool. In solving robotictipglanning
problems, a number of met heuristics algorithmsehbeen proposed, such as Genetic Algorithm (GA), @olony
Optimization (ACO), bees’ algorithm, etc.

The Genetic Algorithm (GA)

The traditional Genetic algorithm has been usedresitely in solving robotic path planning probldm.Genetic
Algorithm (GA), the path population is initializederies of dots are used to express the path ofidudls. The path of
individual coding is equivalent to a chromosomebiongenetic manipulation. The chromosome is selectegied,
crossover, mutation to genetic operations. Afteruanber of operations, the evolution immediatelypstoFinally, the
current optimization of the individual is outpuB]|1 Detailed description of the GA path planningalthm is presented in
[2, 14, 15 and 16].

The Grid Map Based Genetic (GMBG) Path Planning Algrithm

The GMBG is a hybrid algorithm. It is an improverh@m the traditional genetic algorithm. In this wpwe
represent the fishery pool environment with gridpmBhe environment is partitioned into cells of algsize forming a two
dimensional matrix. Each cell is numbered; startiidp O, for the top left cell, next cell to theght is numbered 1, next 2,
3, and so on. The grid based environment map st figure 5. The shaded cells indicate the atletaells. The AUSV
can move from one free cell to another, horizoptalertically or diagonally. The AUSV has eight pide moves from
each cell. In this study, we assume that all oletaare dynamic and not known in advance. We reptdsee cell with
“0” and obstacle cell with “144”, in a 12 by 12 kegrrid based environment. A feasible solution idirded by path
transverse from the initial cell to the goal ctikough a number of free cells. The proposed adoBtdBG path planning

algorithm is shown in figure 6

0 1 2 3 4 5 6 7 8 9 10| 11
12 113 | 14| 15| 16| 17| 18 19 2(¢21 |22 | 23
24 |25 | 26| 27| 28] 29| 30, 3132 |33 | 34| 35
36 | 37 | 38| 39| 40|41 | 42 | 43 | 44| 45|46 |47
48 | 49 | 50 | 51| 52| 53] 54 55 56 5]58 |59
60 | 61 | 62| 63| 64| 65 66 67 68 670 |71
72 |73 | 74| 75| 76| 77|78 |79 | 80| 81| 82| 83
84 |85 | 86| 87| 88| 89 9091 |92 | 93 | 94| 95
96 | 97 | 98 | 99| 100 105 102 103 1p4 105 106 [pO7
108| 109| 110 111 112 113 114 145 116 117 118 |119

6 1

8

120| 121| 122 123 124 125 12 P7 128 129 130 |131
132| 133 | 134| 135 136 13y 138 139 140 141 142 143
Figure 5: The Grid Based Environment
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Perform parameters initialization

Generate randomly the initial population or set of feasible path(cells) on the map
Compute a route that goes through all the cells

While [Not goal point) do

Select the next cell to be visited

If (next cell contain obstacle) then go to steps

Else

If robot rotation <= 360 then

Robot rotate right or left according to next cell to be visited

e A A o e

=t
]

. Ifsudden point
. If{180 degree rotation) then
. lgnorereading /* To prevent the robot from returning to previous point */

Pt et et
L kD

. Else

=t
=Y

. Getdistance from current sudden point to the next sudden point

=t
L

. Get angle of robot rotation

=t
o

. Travel to the approximate location to the selected cell according to distance and
rotationangle

17. Reset rotation

13. Endif

15. Endif

20. Endif

21. End while

Figure 6: The GMBG Path Planning Algorithm
EXPERIMENTAL DESIGN

Building an underwater vehicle is out of the scopé¢his work. To experiment our designed contradteyn we
adopted an improvised (prototype/model) underwaddricle. The prototype has a complete set of compisnincluding
vehicle hull, propulsion, depth control, sensord atectronic battery and communications. The expental setting is
similar to that of observation class remotely opetavehicles (ROVs). An umbilical ethernet cableb&ng used for
remote link between the UV and the external cortoshputer at the development phase. Figure 7 shtimsvenodel SUV
and the control system. Note that in an actual fiexeloped application, in-water test or autonosnfull-mission testing,
the SUV will be acting autonomously and this undailiwill no longer be required. It is expected ttiet developed circuit
and software be incorporated in to the SUV corticard for autonomous operation. The custom softigaveitten in C#.
The software stack is built upon the windows opegasystem, windows XP or higher specification. Tudtware is
powered by an Intel dual core CPU 1017UU@ 1.60GHBOGHZ processor on mini-ITX motherboard. Figurshdws

the complete architecture of the designed conyrstiesn with the model underwater Vehicle.
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Sending image signal
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£
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©
=
E
]

Figure 7: The Complete Architecture of the Designecontrol System with the Model Underwater Vehicle

SUMMARY OF FINDINGS

In this study, we started the research and devedopwof the demonstration of a control hardware softivare for
ASUV operation. For the ASUV, the working schedigepreset on the computer before starting obsemsti The
schedule is made up of navigation course and ptweeof observation devices. When the vehicle nodimme obstacle
along its programmed course, it takes avoidanderably either turning left, right or moves back éd®n availability of

free cells on the grid map. This is made possibl®ugh our C# application and the constructed cbriiardware
developed for the purpose.

CONCLUSIONS

A control system has been successfully designed foodel ASUV for shallow water operation suchiakefry
applications Low-Cost materials are used to makeststem affordable for medium and large scalefisloperations.
The designed system features a wide potentialarseofmal shallow water with a working depth ofdelsan 20 meters. It
also has the potential to control the model ASUWaernent in eight different directions based on aldd cell on the grid
map. Performance simulation of operation of outesysshows that our control system is capable afiffign optimal path

within a short time. It can as well provide an @#fnt and cost effective ASUV surveillance opemattmnsistently in a
shallow water environment.

RECOMMENDATION FOR FUTURE WORK

We are of opinion that this study could be takerchniwrther by improving many elemental technologised for

the control system, navigation system and so og.stftware module could also be improved upon tomenodate more
functions.
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