




































CHAPTER2 

LITERATURE REVIEW 

2.1 Review on Research and Development of SUV Design and Technology 

The development of the Unmanned Surface Vehicle that able to control a boat 

without human on board by using remote control operated with real-time data collection 

capability and have environmental monitoring. This project in Figure 2.1 is proposed by 

Satetha Siyang and Teerakiat Kerdcharoen, Bangkok in 2016 which they make a 

catamaran design prototype for the SUV to develop an autonomous platform [2]. The 

researchers use a catamaran concept to design the prototype and the development of the 

SUV. A catamaran is a multi-hulled watercraft having two parallel hulls of equal size. It's 

a geometry-stabilized ship, with stability coming from its broad beam rather than a 

ballasted keel, as is the case with monohull boats. Catamarans have a smaller hull volume, 

less displacement, and a shallower draught than monohulls of same length. Researchers 

explain the main concept is catamaran design where it has two parallel hulls with equal 

size attach to both side of the main hull in the middle [2]. Theoretically, the catamaran 

has a geometry-stabilized design thanks to the large hull volume yet with a same boat 

length. 

Figure 2.1: Example of Surface Unmanned Vehicle [2] 
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The body of the SUV platform made by the researcher was built by using the hull 

of two off-the-shelf RC boats [2]. The combination of the two RC boats makes the SUV 

prototype unlike from the other catamaran design SUV which the hulls is usually not 

using a combination of two boat but some design used catamaran configuration created 

with PVC pipes as the main body frame. 

As being see, the SUV purposed by Satetha Siyang and Teerakiat Kerdcharoen, 

Bangkok in 2016 are stable because of the spacious design and can move smoothly on 

the water surface. Other than that, the 4 7 inches hulls were connected by an acrylic 

junction plate which can accept payload up to 8kg to support and functioning on the water 

surface [2]. The advantage of using acrylic junction is easy to shape and lighter than glass. 

Acrylic may be utilised in a wide variety of temperatures and has greater weather 

resistance to glass and other types of plastic due to its exceptional resilience. It will not 

shatter under severe impact, and if it does, it will break into huge, dull-edged pieces. 

Another project that is done by Lehigh University in 2015 is called LORCA [3]. 

The LORCA platform is designed to be robust enough for ocean deployment, while small 

enough to be launched by hand. Due to its simplicity and small size, the LORCA is 

inexpensive enough that a fleet of ten boats can be built, stored and maintained on a 

reasonable budget [3]. A variety of common hobby parts, such as the engine, propeller, 

speed controller, and rudder servo, are used on the LORCA to help keep costs and 

development time down [3]. 
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Figure 2.2 below shows the LORCA Pond testing. The hull and deck of the 

LO RCA are made of a single piece of carbon fibre shell [3]. The deck is domed for self­

righting, and there is only one small hatch for accessing internal components. This build 

is stiff, compact, and watertight, making it ideal for use in ocean conditions [3]. Three 

other configurations have been built using the same shell with some different 

components. One design is nearly identical, but with the propeller and rudder shifted as 

far towards the stem as possible. Another design utilizes two outboard motors. These 

outboards are mounted on the transom of the LOR CA shell [3]. The last configuration 

utilizes a surface-piercing propeller mounted behind the LORCA [3]. The LORCA 

project creates three similar configurations for research purposes, each with a unique 

setup, but this project will only create one version with the same design layout [3]. 

Figure 2.2: USV LORCA Pond Testing [3] 

The requirements of the Junior Design of Autonomous Surface Utility Vehicle 

(ASUV) procurement were to ensure that it is cost effective, simple to deploy, 

lightweight, robust and easy to operate, and should have adequate payload capacity to 

carry a variety of sensory devices [4]. The ASUV ideals were applied to this project, 

ensuring that it was cost effective, lightweight, resilient, and simple to use. The structured 

modulated framework design allows anybody unfamiliar with the system to rapidly get 

acclimatised and up-to-date, enabling for system revamp with just minor changes. The 

organized modulated framework architecture allows for one that is unfamiliar with the 
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system to quickly become easily acclimatized and up-to-date allowing for system 

overhaul just by small modifications. The system is standard with a magnetic sensor for 

Mission start capabilities [ 4]. 

The thruster mount design was inspired by researching RC boat drive mounts. 

The basic support structure is drilled to the transom of the vessel and is connected via 

dowel pin that is screwed into the top of the thruster. The servo mount is simple because 

the servo contains mounting flanges that are used to drill into a support structure [ 4]. The 

servo needed to be raised to fit the connecting rod elevation and was done so with a block 

of foam and PVC material that the screws can drill into [ 4]. The support structure was 

attached to the vessel by using a strong material called Dual-Lock, which is a very strong 

form of Velcro. This allows the servo box to be easily removed from the vessel with no 

damage to the surface of the material of the hull [ 4]. 

Pressure ratings, material permeability, saltwater intrusion, reverse polarity, over 

amperage, heat dissipation, signal disturbances, and even shock absorbance factors were 

all considered in the electrical system design by the use of properly vented and sealed 

areas, electronic diode protection and a fuse box that regulates the systems power from 

over amperage [4]. The batteries use a Belden 9463 two-wire cable [4]. It contains a PVC 

jacket, polyethylene insulating material with a tinned copper core. It is very important 

that wires and cables were kept as short as possible to reduce the amount of signal 

absorption that robs the systems power, due to its own natural resistance [ 4]. The ASUV 

creates a protective shield to isolate most electronic components, particularly power 

sources. This project employs the technology of keeping wires short to decrease natural 

copper resistance and correctly insulated wire to reduce signal absorption and power loss 

in the system. 
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2.2 SUV Control Design and Technology 

The remote control is for controlling the propulsion of the SUV. Remote control 

is most usual ways to control any robot, because the remote control has the effective 

range to get control and not strictly limited to line of sight operation [ 5]. The researchers 

make use of the remote control because of its effectiveness to control even though with 

poor line of sight. By implement Arduino to Radio Control, Radio Control can have better 

interface to diversified the function of the robot [5]. The Arduino is chosen as the brain 

to better control the radio control and function of the robot. A radio control usually 

consists of a transmitter that is used to capture inputs and send the input to the receiver 

through signal wave. The receiver will capture the signal wave and converted the signal 

to electrical signal. The Figure 2.3 shown the example of remote control taken from the 

book written by John David Warren, there is a topic in the book that is discussed about 

how to control robot using remote control [5]. 

i 
Ract-

Figure 2.3: 2.4 GHz transmitter and receiver [5] 
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The Figure 2.4 shows the remotely control robot proposed by J-D Warren, Josh 

Adams, and Harald Molle (2011) [5], is a remote-controlled robot which design to capture 

video while explorer. The propulsion of the robot is control by remote control system to 

make the robot move to the location of the operator instructed. The first-person view 

camera is for controlling the robot without the operator on the robot location. 

Figure 2.4: The Explorer Boat [5] 

The autopilot system is for controlling the system by giving the location required 

and then, the boat will operate automatically. The autopilot based on Arduino needs 

Ardupilot PCB and a GPS module for the controller. The Ardupilot PCB is the heart of 

the system to make the system autopilot [5]. The researchers use an automated controlling 

system where the GPS module are implemented to detect the location and the boat will 

operated automatically. The Ardupilot PCB has the all the elements on board to control 

a vehicle by GPS. The same microprocessor is used in Arduino and the Ardupilot PeB 

which is Atmega328 [5]. 

The ArduPilot board communicate to GPS module are using UART (serial) 

connection [5]. A GPS is a sensor that gives locations to Ardupilot. As mention in [6], 

the GPS measures the actual position, the velocity and the heading of the boat. Input from 

the GPS will send the data to the Ardupilot to make Ardupilot moves the location given. 

The researchers explain in detail how the GPS module work, where GPS sense the 

location of the boat and data is process by the Ardupilot to move the location of the boat 

heading. 
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The Figure 2.5 is showing the architecture of Ardupilot RoboBoat. The RoboBoat 

is an Autopilot boat proposed by J-D Warren, Josh Adams, and Harald Molle (2011) [5] 

is an automatic controlled boat. The movement control is using Mission Planner software 

system to have coordinate from GPS where the boat to heading continuously without 

supervision [5]. Full control design of the researchers and the architecture of Ardupilot 

Roboboat where boat is automatically controlled by using a software system to 

continuously move the boat without human supervision. 

Daca­
LODQef 

Figure 2.5: Architecture of Ardupilot RobotBoat [5] 

Vehicle tracking system is widely used especially in vehicle position tracking 

system, vehicle anti-theft tracking system, fleet management system, vehicle anti-theft 

tracking systems, fleet management systems, and intelligent transportation systems (ITS) 

to track and display vehicle location in real time [7]. This project is proposed by 

Department of Electrical and Computer Engineering, Kettering University, USA. The 

vehicle tracking system capable to display the vehicle location continuously on the map 

using Google API through Smartphone Application [7]. 
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The tracking system in this project is designed usmg microcontroller, GPS 

module and GSM/GPRS module for the hardware. C programming language is used as a 

software program to control or as instruction that embedded in the microcontroller. The 

GPS is used to provide information of location coordinates, speed, and time. The 

GSM/GPRS module is used to established connections between in-vehicle device and a 

remote server for transmitting the vehicle 's location information using TCP/IP 

connection the GSM/GPRS network [7]. The Figure 2.6 shows the tracking system layout 

[7]. The GPS module is received the data location from the satellites and is read- by 

microcontroller. 

Then, the data location information will send to the web server through 

GSM/GPRS module. The web server is connected to database and Google Maps API. 

The data location will be stored in the database and could be monitored using Smartphone 

Application. 

l i. r 1r 
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Figure 2.6: Vehicle System Layout [7] 
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The project is proposed to developed real-time vehicle tracking system using 

Web-based technologies. The objective of the project is to developed a continuous 

monitor a moving vehicle tracking system. This project is proposed by Department of 

Computer Engineering and Information Technology, Yangon Technological University 

Myanmar [8]. 

The tracking system is designed to tracking and positioning data location of a 

vehicle by using GPS, GSM/GPRS and database technologies. The GPS is provided the 

data location of the vehicle and GSM is provided the HTTP connection to server. With 

using these two modules the data location information of vehicle is available to the 1 7 

system over the internet on the map. The Figure 2.7 is shown the block diagram of Real 

Time vehicle tracking System using Web-Based Technologies [8]. 

Antenna GPS :Module 

Antenna GSMModule 

Arduino t.:no 

Power 
Supp Iv 

Web Server 

Cser 
Interface 

Figure 2.7: Block diagram of Real-Time vehicle tracking system using Web­

Based Technologies [8] 

Control design based on the project of LO RCA platform is built to achieve peak 

speeds of more than 20 mis, allowing it to be deployed from the shore and reach a testing 

area quickly [3]. The researchers state the maximum speed of the boat this allowed for 

an easy and quick deployment of the boat. The boats have batteries and an electric motor, 

so there is no need for an air intake or exhaust [3]. The electric motor powers a single, 

fully submerged propeller with a straight drive shaft. Researches' boats propulsion was 

powered by a single electric motor that are fully submerged. A spade rudder, powered by 

a servo within the boat, controls the boat's course. The motors are mounted on the rear 

side of the vessel to help in controlling the direction of the boat [3]. The control design 
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of the researcher's boat was by using a spade rudder, powered by a servo in the boat hull 

and motors were mounted on the rear to help controlling the directions [3]. 

The control design of ASUV including navigational, propulsion, data logging and 

communication systems are fully controlled by a Rabbit Core microcontroller that runs 

on a C programming-based platform [4].The researcher builds the ASUV navigation 

based on a C programming platform. The application of this vehicle has been designed 

to serve the military and scientific research industries [ 4]. The 18 naval backgrounds of 

this utility vehicle can be used to carry an onboard sensor suite for surface to subsurface 

telemetry, port and hostile water surveillance with acoustic imaging systems, or it can 

even be interfaced in a swarm of other ASUVs to work as a fleet carrying multi-bean 

sonar systems and useful sensors that perform bathymetric and environmental surveys 

[ 4]. Explanation on how versatile and various application can be conducted using the 

naval background carried by the ASUV s. 

A duty cycle conversion algorithm was formulated by constructing a linear 

equation that can model its input/output values [4]. The linear equation was chosen 

because the calibration of the heading to duty cycle needs to be a proportional value 

(proportional controller) [4]. The researchers make a duty cycle conversion based on the 

linear equation to model its input and output data values. When approached from this 

manner, it was necessary to develop the boundary conditions of this application that were 

set by the physical range of motion of the servo while operating [ 4]. The researchers also 

mention it's necessary to set limit for condition of the servo while the boat operate. 

The navigation software is a stand-alone path planner that can be implemented on 

any type of vehicle that uses a C programming-based platform to incorporate a dead 

reckoning navigation system [ 4]. The researchers make use of stand-alone path planner 

that uses a C programming platform for navigation. The architecture behind the program 

is based off of the Cartesian coordinate system. A proportional controller is used to have 

a set point value called "mission heading". This mission heading is determined by the 

control statements found in the main function. The control statements themselves are 
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synchronized by the real-time clock (RTC). This software is the digital implementation 

of the sensor feedback comparator that will determine the system error [ 4]. Detailed 

explanation on how the software of Cartesian coordinate system collect and process the 

data to navigate the boat and detect system error based on the feedback. 

The Figure 2.8 shows that the SUV prototype by Satetha Siyang and Teerakiat 

Kerdcharoen, Bangkok in 2016 [2] which it is controlled by Ardupilot APM 2.6 board 

from 3D robotics company which was designed to covers all sufficient sensors to build 

an autonomous mobile robot. According to the prototype, an external ground positioning 

system, GPS was used for the navigation. The ground control station consists of laptep 

computer, a mission planner program and three communication modules linking with the 

USV which the first is telemetry module to connect with Ardupilot to obtain sensor data 

related to mobility of the USV, the second is XBee module to collect sensor data related 

to water properties and the third is radio transmitter module for manual operation to 

control the USV [2]. 
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Figure 2.8: Example of control design of Surface Unmanned Vehicle Block diagram 

[2] 
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The mission planner program is a free open source program developed by Michael 

Oborne [2] and was used to control the USV in the research. Telemetry module was used 

to connect a mission planner program with APM 2.6 Ardupilot controller board. It is a 

small, light and inexpensive open source radio platform typically allowing ranges much 

longer than 300 m. Thus, the ranges can often be extended to several kilometres with the 

use of appropriate patch antenna. The telemetry is a 915 MHz version and use USB Serial 

Port to connect with a computer [2]. The researchers use a free open source program 

which can be use by amateur in a nick of time. The advantages of using the platform are 

that it small and inexpensive radio platform which can cover up to several kilometres of 

range [2]. 

Another control design produces by Purdue University, West Lafayette, in the 

United States, called SMARTBoat 3 [9] which they provide an Android application 

through which users can easily control the USV via Bluetooth thus removing the need to 

purchase special remote controllers such as a radio-control remote controller while 

display the sensor and OPS data that the platform generates. The researchers make use of 

Android application platform as remote control [9]. The SMARTBoat 3 includes two 

Bluetooth communication modules, one for receiving each motor value from a 

smartphone application and the other for transferring sensor data to the operator's 

smartphone in terms of Bluetooth communication [9]. The researcher validated that the 

SMARTBoat 3 in terms of usability, mobility and stability [9]. The SMARTBoat 3 offer 

a potential application and methodology for using the Robot Operating System (ROS) 

and Bluetooth protocols to allow this platform to navigate independently [9]. 

To use the SMARTBoat 3 users must first download the android application [9]. 

The researchers fully apply the Android technology for the navigation. Because of the 

application interface is comparable to that of normal remote controllers, controlling the 

platform is simple and straightforward. From the android application, users can monitor 

the SUV and gain the data without manual referring through the SUV. The SUV also can 

be control by tapping buttons displayed on the smartphone screen. 
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2.3 Summary 

From the research and the study, the development of the surface unmanned 

vehicle prototype is considering to build from catamaran design. The choose of the design 

is because catamaran has major advantage in stability during on the surface of water or 

on calm water like lake. Moreover, the catamaran design also has advantage in a simple 

and attractive design of the body with the two hulls at the rear. With two hulls at the rear 

will provide good weight distribution on the design for body parts of the project. 

For the control design and technology, this project chooses to use remote control 

rather than autopilot because of the limitation to diversify the platforms. The reason of 

choosing the radio frequency remote-control is because radio frequency is easier to 

manage in terms of transmitting and receiving signal from a distance. Other than that, the 

technology and cost of installing and applying the radio frequency remote control are 

affordable compare to other methods. The radio frequency is also more flexible on 

diversification of the function in multipurpose system. 

In the management of the remote control, Arduino software is used to give a 

specific order for movement of the boat. The microprocessor will process the input data 

and give instruction to the output. Special features of GPS module with its companion 

the GSM module will also to be managed by the microcontroller to help with the location 

detection of the boat. A camera function will also be applied as a guidance and monitoring 

system of the prototype. 
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CHAPTER3 

METHODOLOGY 

3.1 Introduction 

In his chapter will be highlighted on control system and electronic controller 

design of wireless communication for long haul remotely control of SUV electronic 

system. The control system and electronic design is very important in this project as it 

will help the SUV to operate as intended. 

3.2 Electronic Hardware Design 

The electronic design consists of a few components electronic that are being 

chosen and used to operate the SUV. The first core component for this project is the 

microcontroller which is Arduino Uno R3. This microcontroller is used to control the 

motor driver. servo motor, brushless motor, and remote-control receiver. The process 

pathway of the project is shown in Figure 3 .1. 

Control w,ing the R tran;rnillcr 

»)~ (cc · 
Microcontrollcr ptoccss the I 
data signal a · output / 

Brushless motor control 
the speed of the boat 

Movement of the rudder 
control by the servo 

Electronic speed con trol! generates 
signal for brushless motor 

Figure 3.1: Block diagram electronic controller design for SUV 
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The block diagram as shown in Figure 3.1 above shows all hardware that being 

used in the system. The microcontroller has motor driver which is ESC connected to 

analog input digital pin 5 of the microcontroller. The type of motor driver that being used 

is ESC 40A. This ESC used in this project is only one direction which is forward. The 

ESC is used to change and control the speed of the brushless motor and perform as a 

dynamic brake. The reason in choosing 40A ESC because the brushless motor that being 

used for the system is suitable only for 40A ESC and it can support and generate enough 

power to rotate the brushless blade. The reason in choosing digital pin instead of analog 

pin because the ESC has its own analog-to-digital converter (ADC). 

In this system, the microcontroller also is connected with two servo motor. The 

two servo motor are connected to digital pin 6 and 3 of the microcontroller. The type-of 

servo motor that has been used is 180° 9g Micro Servo Motor. In the first design, the 

system is required to use only one micro servo. The size of the SUV is large which 

required to use two servo motor to steer the SUV. A rudder is used to deflecting the water 

flow produce a transverse force and steering moment about the SUV centre of gravity by 

deflecting and connect with the micro servo. Figure 3.2 below shows the combination of 

the micro servo with the rudder. 

micro servo 
motor 

rudder 

Figure 3.2: Block diagram of micro servo with the rudder design 

In the first design, the original rudder that being used is very short as shown in 

Figure 3.2. The length of the rudder has been improved by attaching a combination of 

ruler to make the rudder longer and able to steer the SUV smoothly while moving on the 

water. 
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In this system, the SUV used 12V underwater thruster brushless motor. To satisfy 

such the reason in choosing underwater thruster brushless motor is because the motor is 

waterproof and can be operate in the water. Underwater thruster brushless motor also is 

chosen because it is place underneath the SUV to save some place for other electronic 

components in the SUV body and to determine SUV stability. Figure 3.3 below shows 

the configuration of brushless motor on the SUV. 

The brushless motor is not connected to the microcontroller, but it will connect to 

the motor driver which is the ESC. The connection of the brushless motor with the ESC 

are as follow, the black wire of the brushless motor is connected to the pin B of the ESC, 

the red wire is connected to pin A and lastly for the yellow wire are connected to pin C. 

ar 1s less 
or 

Figure 3.3: Configuration of brushless motor on the SUV. 

The position of the motor is located between the hull to ease the maneuverability 

of the SUV. The speed of this brushless motor is 5300 rpm and the SUV not required 

such speed because SUV will move in slow direction to monitor surrounding. The 

underwater brushless motor has no problem to get the SUV moving in both calm water 

or heavy wave, even with the weight of the entire SUV is about 2.5 kg which is quite 

high. 
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Battery is used as energy source to start the ESC and the brushless motor. The 

suitable battery for the brushless motor is 3S Lipo battery. For this system, 5400 mAh 

and 11 .1 V voltage supply are used to generate power for the ESC and brushless motor. 

Figure 3.4 below shows the position of battery in the body of the SUV. The usage of the 

battery is not for the ESC and the brushless motor, microcontroller also will use the 

battery as their power source. The power from the battery will go through DC-to-DC 

converter to step down from 11.1 V to 5V and SA. 

Ba 

c. 

Figure 3.4: Configuration of battery in the body of SUV 

The reason behind the use of 5400 mAh battery instead of other battery because 

this kind of battery able to provide higher ampere range during heavy operation. The 

battery can provide high enough torque for the brushless motor to pave through the water 

in any condition. The capacity of the battery also can power the whole system of SUV 

for about 3 hours on full charge. In this system, there are also another battery that are 

being used which is 11.1 V 3S 2200 mAh Lipo Battery. The battery is used as a power 

source for the GSM and GPS module. The reason behind separate battery is because GPS 

and GSM module demand high voltage and current to process data and produces output. 
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To monitor surrounding, the system required to use first person view camera. The 

first-person view camera is used to operate the SUV without the need for the operator to 

be present at the SUY' s position. Figure 3.5 below shows the position of FPV camera on 

board of the SUV. The use of camera as SUV eyes proved to be quite efficient and the 

camera work simultaneously at same direction of the SUV movement to achieve the 

monitoring surrounding. 

cp 
c 0 IE 'J 

Figure 3.5: FPV camera on SUV 

The streaming frequency of the camera is around 5.8GHz equivalent to the range 

of 500 m, the real-time view from the camera can be monitor through application Go FPV 

from the smartphone. The FPV camera is powered using stand-alone 800 mAh battery. 

This because the FPV camera only support single cell Lipo battery. The FPV camera 

mount were designed by using polystyrene to place the FPV camera properly inside the 

SUV body. The reason why using the polystyrene as a main structure of the camera mount 

because of the material of polystyrene which can absorb any vibration or impact from the 

wave. 
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3.3 Remote Control System for SUV Movement 

The system's remote control is the most fundamental component for controlling 

the SUV's movement. The technique has been widely employed to make it easier for users 

to operate the SUV from a distance. The transmitter, also known as an encoder, the 

receiver, often known as a decoder, and the remote controller are the three essential 

components of the remote control system. When the remote controller is moved into 

being operated, the signal is transmitted as encoded raw data to the receiver section. The 

encoded raw data is subsequently received by the receiver portion, which decodes it so 

that it can be read by the microcontroller of the component system's SUV. The Figure 3.6 

shown below is the four channel remote control system for moving the SUV. 

Figure 3.6: The four-channel remote control system 

From Figure 3.6 shows the type of remote control from Flysky i-4 used for the 

SUV movement. Each stick on the remote controller as shown in Figure 3.6 is 

programmed with particular function of movement direction. Currently, the 

implementing to use the four channel remote control is being assign in any SUV or other 

radio control boat command. The RF frequency of the remote is about 2.4GHz and the 

range of the remote to drive the SUV is about 1.5 km. The stick from the remote control 

can be slowly move to control the speed of movement of the SUV. The stick system of 

the remote control produce range of value output between 0-180°. 
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In this project, the propulsion of the boat is controlled by a microcontroller. The 

microcontroller will translate the data from the radio control transmitter and give the 

instruction to the propulsion and the movement direction to get done the instruction 

given. The Figure 3.7 below shown the process of the propulsion and the movement 

direction of the instruction code. The equipment of the propulsion of this SUV boat is 

motor and movement direction is servo motor. The motor is used to make the SUV boat 

to move forward and the speed can accelerate and decelerate, and the servo motor is used 

to make the SUV boat to tum left or right. 

Raaio Control transmitter transmits the instruction from the 
operator to the Radio Control Recerver 

RC ri:ce1\ler »:1!1 tran-states the data 
input from RC transmitter 

Arauino tra-nsiates radio coritrol rnput and synchronize the 
data wrth the motor and servo motor fOf getting coouo1 b', 

Radio Control tran:sm1tter 

'l.f the coritro1 stu:J 
channel 1 i;oino upv.·ard 

or down ..... ard 

1f tne control stic., 
chMnel 3 move to 

left 

Motor On and can be 
accelerate and 

deceterate 

The rudder ·1nll turn 
from 90' to 45' aria 
ma~ e the boat tu rii 

l•ft 

The rudder w1H tum 
from 90' to 135' ana 
make tne boat tum 

r•ght 

Figure 3.7: Remotely control process 
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From Figure 3.7 above shows the direction movement for the SUV when the stick 

is moving. In this system, there are only two channel that being used which is chann~ 1 

and channel 3. Figure 3.8 shown the key bind for SUV movement. The channel 1 is used 

to control the left stick for motor on. If the stick from channel one is move upward or 

downward, the brushless motor will accelerate and decelerate. In order to move SUV to 

the left or right, the right control stick at channel 3 will move to left and right and the 

rudder will tum from 90° to 45° to the right and 90° to 135° to the left. 

channel 1 
accelera:e and decelerate c::Jii~R 

shoe up and dov. n 

Figure 3.8: Key-Binding control of Flysky four channel controller for SUV-

movement 

3.4 Costing 

This project's pricing is broken down into three categories: controller, power­

related devices, mechanism and various other things. The money allocated by the faculty 

for this project is RM 300 per student. The total proportion of participants involved in 

this project is three, with a total project budget of RM 900. 

Based on the pricing chart in Appendix D and the overall costing that was 

employed, this project was able to save and trim a bit from the budget allocated in the 

end. The overall project budget is RM 900, as previously stated. The entire cost of the 

project is RM 876.75, which includes all essential components. The total budget supplied 

was able to be reduced by RM 24. 
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CHAPTER4 

RES UL TS AND DISCUSSION 

4.1 Introduction 

This chapter will focus on the outcome of the Surface Unmanned Vehicle 

development. This chapter also includes a review of the testing hardware for the surface 

unmanned vehicle. 

4.2 Preliminary Test 

This test is carried out after finish the simulation. Firstly, all of the components 

are connected based on circuit that are design on the EasyEDA software. The main 

focused of this test is to check and test if any error occur on the drive code. The hardware 

are temporarily connected onto the bread-board during this test. 

The test on the hardware is very important before it is being assemble to the SUV. 

Figure 4.1 shows that the hardware and the electronic part are being test. Before the test 

is conduct, the motor and the servo drive code are upload to the microcontroller. The code 

managed to be upload without any error notice. From the test, all the equipment is running 

excellently without any problem. 

Figure 4.1: Hardware and electronic test 
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4.3 Field Test 

The final goal ofthis research was to see iflow-cost, reliable SUVs might be used 

in a monitoring system, comparable to the existing commonly used SUVs. The four 

channel remote control of the SUV can operate excellently to drive the SUV for about 

500 m on testing at the lake. With the used of 5400 mAh battery, the system can operate 

for about 3 hours on full charge. The brushless underwater thruster motor also contributes 

greatly to the SUV's propulsion. The used of two rudders as required, the SUV able to 

maneuver turn to left and right smoothly. Figure 4.2 below shown is the complete 

assembled hardware containing GPS and GSM. 

ESC 

Battery Camera 

Servo 

RF receiver 
converter 

Motor 
GSM GPS Micropcontroller 

Figure 4.2: Complete electronic assembled on the SUV 

The SUV was tested at Lake B at University Malaysia Pahang without any 

obstacles as shown in figure 4.3 below. The snapshot 1 to 7 shows that the remote control 

and the brushless motor managed to drive the SUV properly without any problem occur. 

However, the underwater thruster brushless motor needs to be fully submerged in order 

to prevent water from splashing to body of the SUV. The average speed of the SUV can 

be estimated around 10 km/h. The speed of the SUV is controlled by the payload and it 

moves slowly and steadily. In reality, SUVs are designed to keep monitoring surrounding, 

therefore driving at a leisurely pace is strongly recommended. Table 4.1 shows the 

specification of the SUV. 
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Table 4.1: SUV specification 

Specification 

Dimension of SUV 

Weight 

Speed 

Battery endurance 

Camera range 

Remote control 

110 cm x 45 cm x 17.5 cm 

2.5 kg 

10 km/h 

3 hours 

500m 

2.4 GHz, 1.5 km 

Figure 4.3: SUV testing at UMP Lake 
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The SUV is equipped with the first person view camera. Most mobile phones 

which have the application Go FPV and connect with the camera receiver can readily 

access the real-time view from the camera. The maximum communication distance to 

receive the real time image is only 500 m. However, the SUV movement and orientation 

may still be controlled as the maximum range frequency of the remote control is ab0ut 

1.5 km. Figure 4.4 below shown the real-time image captured by the camera along the 

lake. The video file format for the camera is 3gp but the quality image view from the 

camera is clear and can be seen through the mobile phone. 

Figure 4.4: Real-time onboard camera view for the SUV 

The limitation for this project is that the hardware is power supply issue, Arduino 

UNO has limited supply of power from power jack which is maximum of 20 volts. 

However, 20 volts are be considered unsafe since it can heat up the voltage regulator. The 

recommended power supply is 6V IA, but since the GSM and GPS Module can consume 

a lot of power for data transmission adding more sensor are going to be a problem. So, if 

any further addition of sensor to this project need to run on separate power supply to 

prevent the Arduino or GSM module to prevent from sudden shut shutdown. 
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This project includes a significant variety of technologies from hardware to 

software, and then integrate them to develop the SUV. A significant amount of technical 

study and simulation were done to figure out relevant components and electronics for 

these projects. During development, there are various difficulties appearing which enable 

the developer gains not only technical but also problem-solving abilities by figuring out 

how to face such obstacles. The complete project length is scheduled to be 8 weeks, but 

the project successful finish one week before the date line, so the remainder of one week 

is used for the testing of the SUV in term of performance and monitoring. This project 

has a lot of room for improvement, for instance this system can be upgraded into an 

autonomous SUV with the capabilities to roam freely without the use of remote control. 
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CHAPTERS 

CONCLUSION 

5.1 Introduction 

This chapter will conclude the study by summarising the key findings in relation 

to the issue statement and objectives, as well as reviewing the study's scope. It will also 

discuss the study's limitations and make suggestions for further research. 

5.2 Conclusion 

The increased acceptance of surface unmanned vehicle system has opened the 

field for SUVs to be employed as a tool for the environmental and monitoring system. 

Moreover, the SUVs have potential to reduce risk for manned forces and perform tasks 

that cannot be done by manned vehicles. In this study, the development of surface 

unmanned has been successfully develop with low cost and simple design of surface 

water vessel. The concept of catamaran design was successfully implemented and is used 

in the SUV design. The design has very high state of stability especially during calm sea 

and the objective of this project is to run the SUV at University Malaysia Pahang lake. 

Other than that, the design and establishing of a wireless remote control and real-time 

viewing on surface water vehicle was also achieved. This feature enabling the operator 

to control the boat remotely while not being onboard and having onboard perspective 

view without being onboard. Finally, a design and establishing of a power management 

for mobile use on the surface water vehicle was applied. The power management is 

implanted in the building of the hardware and circuit design. Microcontroller are used as 

the brain and two Li-Po batteries as the heart of this SUV. Through a proper circuit 

management, the power is distributed to every component involved without disturb and 

interrupt the other running devices in the SUV. The data analysis from the SUV 

demonstrated the feasibility and versatility of the proposed devices. 
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5.3 Recommendation for future works 

The SUV that has been develop in this study had achieved all of the objectives 

and able to carry the task as stated in the research scope. However, there's a limitation 

that has been approved as the result from testing and data analysis. The limitations of this 

SUV including the speed of the SUV where the maximum speed on calm lake condition 

is around 1 Okm/h and the speed decreases as the water wave and current became stronger. 

Other limitation is that the boat is not autonomous, means a constant input from navigator 

is needed as the SUV operating. The recommendation for further studies is to add a 

propulsion device or changing the layout design and position of the propulsion system. 

Other recommendations for the limitations are to add an autonomous system in case of 

emergency where the SUV will drive back to its initial placed when having a 

communication problem. 
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Appendix A: Gantt Chart 

March I April May JUllf.' 

Task Duration 13-Mar 20-Mar 27-Marl 3-AD< 13-Apr 18-Apr 5-May 15-May 25-May 3-Jun 15-Jun 2S-Jun 

Research 

Project Planning 14 days I 
Background Reading 82 days i 

I 
Conceptual Design I 
Brainstrommg 7 days 

Gathering lnformauon 25 days I I 

I 
Details Design I 
Circuit Diagram ldays 

Algorithm 68 days I 
I 

Figure 5.1: SDP 1 gantt chart 

March I April May Jullf.' 
Task Duratoon 13-Mar 20-Mar 27-Marl 3 Apr 13-Apr 18-Apr 5·May 15 May 25-May 3-Jun 15-Jun 25-Jun 

Research I 
Project Planning 14 days ' Background Reading 82 days 

I 
Conceptual Desogn I 
BraITTstroming 7 days 

Gathering Information 25 days I 
I 

Details Desogn I 
Circuit Diagram 3 days 

Algorithm 68 days I 

I 

Figure 5.2: SDP 2 gantt chart 
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Appendix B: Coding for SUV movement on Arduino 

f.i.nclua~ Servo . h 

ir,~ mo tor_pwm, .servo_pwm 

t-1- in• mo t o r 5 

l 1~f i ne .servo_moto r 6 

t Jef .i n~ servo2_m•::>to r 3 

//int rn •t•: r. = 5; I I 0:ieclare m.1tor p.in 

//int !!lier" _mot r = E; 

::r.; r c_pulse_servo, rc_pul.se_mo t or, dutycycle_.servo , dutycyc le_motor; /declare chl, ~ran.smitt~r 

Servo serv.;i; 

Servo servo2; 

Servo mo tor.set; 

Serial . b 1 r (~ 600) ; 

I inM· ie (10, I.N'FUT ); I I channel 1 

rii:-:J.I ~~ (1 1 , :YF:JT); JI channel 3 

/pinH· ]~ {m•.1t• r, QIJ'I'PUT); 

servo . dt .... a1 (servo _ motor) ; !/ attach serv·.J pin 

.servo2 . a-t.ach (se r vo2_moeor); I' attach .ser-: 0:0 i;:in 

(moto r); //attach serv~ pin 

rc_pul.se_.servo ~.1.•.=.Ir.. (1 0, H I•::.tO ; II fr r;;:a.:l -.ran~miteei. en 1 

rc_pul!!!lle_mo t o r r.il!!!lleln (ll, HI.!-H ) ; I/ f.;,.r read tran.smu;.eer ch 3 

Seria .... . rin ln ( rc_pul se_ moto r); 

I s~~ial.~rintln(); 

if ( r c_pulse_ rno t o r ':/S>2 ' ' rc_pulse_ mo t o r ·- 21 00 ) I/ wh~n ch3 is [U;:>ve f·~rward 

(a) 
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Contro l.Mo t o r (rc_pulse_ mo t o r); 

i£ ( rc_pulse_servo > ~92 && r c_pu l se_ser vo 2000) // when ch l is m·.'l~e to the ri gh-c and left 

ControlSe r vo(rc_pu l se_ se r vo) ; 

'V:>id Cont r o l Servo ( 1-:r.g dutycyc le_ servo) // suhfuncti on f:ir servo motor 

ir..t se r vo_pwm == map (dutycycle_servo. SiSi2 , 2000, 0, 180); 11 t he value of .:.he tra nsmitte r ,,.,i ll c·:m~ert t•::> 

//0 - 180 degree to d e termine the ang l e of the ~~r~~ 

serv 1:i. ·..,.r1~e (se rvo_pwm); 

servo2. ~Li~e (se r vo_prllffil) ; 

";'::id Contro lMo t.o r ( :.:.n·; dutycycle_ mo tor ) // subfu ncti•:m f o r s erv::> rn ::> t or 

( 

ir.t m.:itor_p•N'J'll == map (dutycycle_motor, 9~2, 2100, 0, 180) ; /I 't h~ val ue ·:if the t ran.smi tter will c-:in·1e r t t:.o 

//0 - l?.-1 speed tQ det~ rmine the the "£'~f'!d •Jf th,.. m•::o-or 

rnotorset .write (moto r _pwm) ; 

(b) 

Figure 5.3: (a) and (b) coding for SUV movement on Arduino 
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Appendix C: Circuit diagram of SUV electronic hardware 

,. c 

SUV CONTROL SYSTEM CIRCUIT DI.AGRAM ~Ell': 1.0 

Co...,~a,.v· SOP 2 FTKEE !;..,_t l '1 

~Eo,;jyED• D•~•: 2021·10·31 Dr•·" s, svazwan hak•m 

Figure 5.4: Circuit diagram of SUV on Easy EDA software 
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Appendix D: List of costing for overall SUV 

Table 5.1: Costing for development of the SUV 

No Description Quantity Price Total 

1 Flysky FS-i4 AFHDS 2A 2.4GHz 1 RM 100.85 RM 100.85 

4CH Radio Sysrem Transmitter for 

RC Helicopter Glid 

2 Eachine ROTGO 1 Pro UVC OTG 1 RM 62.07 RM 62.07 

5.8G 15+0ch Channel FPV Receiver 

Audio Smartphone 

3 Eachine TX06 700TVL FOV Smart 1 RM43.40 RM43.30 

Audio Mini FPV Camera AIO 

Transmitter for RC Drone 

4 UNO Atmel DIP ATMEGA328P 1 RM64.50 RM 64.50 

UNO R3 I Arduino Uno R3 

5 SIM900A GSM GPRS Wireless 1 RM 34.40 RM 34.40 

Extension Module Board Free 

Antenna for Arduino/ Handphone 

SIM CARD Send SMS Call Ringcall 

6 U-blox NEO-M8N GPS Module 1 RM64.50 RM 64.50 

Tracking with Antenna GY-GPSV3-

NEO Ublox 

7 12V Underwater Thruster Brushless 1 RM 109.80 RM 109.80 

Motor 80mm propeller 3-5kg 3s 

8 40A brushless ESC speed control 1 RM23.17 RM 23.17 

9 TIGER 2S-4S RC Lipo Battery 1 RM 119.66 RM 119.66 

Batteries 4500 5400 2s 7.4v 3s 11.1 v 

10 Syma X5C X5C-1.37V 25C 300mah 1 RM 17.90 RM 17.90 

500mah 800mah 1200mah IS LiPo 

Li-Po Battery- RC Car Drone 

Quadcopter Helicopter MP3 
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11 Tiger RC Lipo battery 2s 4500maH 1 RM 69.30 RM69.30 

7.4v 

12 SG90 180/360-degree 9g Micro 2 RM 7.83 RM 15.66 

Servo Motor (blue) with Accessories 

13 Male to Female I Jumper Wire Cable 1 RM 3.69 RM3.69 

40-Wires M-F- lOcm I 20 cm I 30cm 

for Arduino Raspherry Breadboard 

Pin-Headers Sensor 

14 Male to Male I Jumper Wire Cable 1 RM3.69 RM 3.69 

40- Wires M-M- lOcm I 20cm I 

30cm for Arduino Raspberry 

Breadboard Sensor 

15 Mini USB Cable (Data & Power) @ RM 3.59 RM 3.59 

USB Type-B (Male) to USB Type-A 

(Male), for Arduino NANO 

16 FTDI - USB to TTL Serial, (TX/RX) 1 RM9.59 RM 9.59 

UART Converter Module FT232RL 

(Programmer Arduino Pro, Pro Mini, 

LilyPad, STM) 

17 Strip (Vero) Board, Pitch 2.54mm 1 RM6.89 RM 6.89 

Veroboard Stripboard PCB 

Proto board 

18 Clear Acrylic Display Case 1 RM 90.00 RM 90.00 

25x25xl0cm 

19 [H&D] Feilun FT012-4 Steering 1 RM 13.18 RM 13.18 

Rudder Tail Vane Spare Parts Kits 

for Feilun FT012 RC Boat 

20 3/4" (20mm) PVC PIPE 6.0000 FT 6 RM 1.00 RM6.00 

21 3/4" (20mm) PVC 90' 4.0000 NOS 4 RM 1.50 RM6.00 

22 3/4"(20mm) PVC TEE'D' 4.0000 4 RM2.00 RM 8.00 

NOS 
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23 PVC END CAP 20MM (3/4") 4 RM 1.00 RM4.00 

4.0000NOS 

24 PVC PIPE CUTTER EA23-1/2/4 - 1 RM 12.50 RM 12.50 

12/72 9071728 

25 JEBSEN PVC PIPE CEMENT 1 OOg 1 RM 3.31 RM 3.31 

WB104-6AB- 80 9555395800489 

26 Glue stick 8pcs B20cm x 1 set 1 RM 3.85 RM 3.85 

27 Hinge GQ-288 line x lpcs 1 RM 1.70 RM 1.70 

28 Silicon sealant 10 l 8GP VS X 1 pcs 1 RM7.90 RM7.90 

29 Paper clip combination VS x 1 set 1 RM 1.25 RM 1.25 

TOTAL RM 876.75 
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