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Abstract
[bookmark: _Toc228950711]Today’s underwater rescue mission requires precise information on the location of the disaster and situation awareness of the surrounding environment to allow the rescuer to plan and execute the rescue mission in a timely and effective manner. To achieve this goal, remote operated underwater vehicle integrated with camera and global position system can be utilised. 
The aim of this project is to enhance the existing Underwater Robot Rescue System, which Singapore Polytechnic’s had built. Currently, the Rescue System is not fully computerized and only allows the Underwater Robot to be manually controlled through RF remote controller. Hence, the objective of this project is to design and develop a Wireless Communication System that allows
Underwater Robot to communicate wirelessly with other Platform, for example an Aerial Vehicle that hovers around the disaster area.  
Capability to transmit the Underwater Robot location information automatically to a Monitoring and Control Application
Capability to transmit Situation Awareness picture (taken by a Camera on board the Underwater Robot) automatically to a Monitoring and Control Application
Capability to remotely manoeuvre the Underwater Robot by the Monitoring and Control Application
The author has successfully design and develops 2 prototype boards, namely the Camera Transceiver and GPS Transceiver board that allowed GPS information and image taken by the on-board camera to be transmitted wirelessly to a Monitoring and Control Application. A third Transceiver board was also build to allow the Laptop hosting the Monitoring and Control Application to communicate with the Camera and GPS transceiver board. The Transceiver board can also be mounted on a Aerial Vehicle to allow the vehicle to communicate with the Underwater Robot.
The prototype hardware board developed in this project can be used as a reference design for subsequent project that will integrated the GPS and Camera Transceiver board to the Underwater Robot and the transceiver board to the Aerial Vehicle.
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[bookmark: _Toc243580778][bookmark: _Toc243580821][bookmark: _Ref261615292][bookmark: _Toc261705557]
 Introduction
[bookmark: _Toc166907320][bookmark: _Toc166907628][bookmark: _Toc167219672][bookmark: _Toc167222695][bookmark: _Toc222764424][bookmark: _Toc222764740][bookmark: _Toc222764843][bookmark: _Toc243580779][bookmark: _Toc243580822][bookmark: _Ref261615246][bookmark: _Ref261615258][bookmark: _Ref261615261][bookmark: _Ref261615298][bookmark: _Ref261615307][bookmark: _Toc261705558]Project Objective
The primary objective of this project is to design and develop a Wireless Communication System that allows
Underwater Robot to communicate wirelessly with other Platform, for example an Aerial Vehicle that hovers around the disaster area.  
Capability to transmit the Underwater Robot location information automatically to a Monitoring and Control Application.
Capability to transmit Situation Awareness picture (taken by a Camera on board the Underwater Robot) automatically to a Monitoring and Control Application.
Capability to remotely manoeuvre the Underwater Robot by the Monitoring and Control Application.
In addition, the following secondary objective was included during the course of the project: 
Feasibility study of underwater communication between multiple Underwater Robot.


Figure 1 shows the existing Underwater Robot, Design and Develop by Singapore Polytechnic.


[bookmark: _Ref261600767][bookmark: _Toc261597526][bookmark: _Toc261705644]Figure 1: Existing Underwater Robot
[bookmark: _Toc261705559]Project Scope
This project is part of a larger project to develop an Underwater and Aerial Rescue System consisting of an Underwater Robot and Aerial Vehicle. One of the objectives of the project is to develop a wireless communication system between the Underwater Robot and Aerial Vehicle. However, since both the Underwater Robot and Aerial Vehicle will not be available to the author during the course of the project, the author has to work around the problem by developing prototype transceiver board to demonstrate the wireless communication capability. Subsequent project team could then use the prototype board as a reference design to build the actual board (ruggedized) that can be integrated to the Underwater Robot and Aerial Vehicle.
To meet the objective of automatic transmission of location information and situation awareness picture, the author decided to integrate a GPS receiver and camera to the transceiver board. Lastly, a Monitoring and Control application is developed to allow user to view the location information and situation awareness picture and remotely manoeuvre the Underwater Robot. The block diagram below describes the system overview.
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[bookmark: _Ref261600795][bookmark: _Toc261597527][bookmark: _Toc261705645]Figure 2 : Top Level Block Diagram
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[bookmark: _Toc261705560]Proposed Approach
To meet the primary and secondary project objectives as stated, the following activity will be carried out to ensure that the project can be delivered on time.
Conduct literature survey on underwater communication and commercially available Underwater Wireless Communication System.
Identify the advantages and disadvantages of the various communication systems and recommend the most appropriate system.
Conduct literate survey on commercially available Global Position System Receiver and Camera.
Identify, Design and Develop the major hardware and software components
Hardware components
Underwater Robot GPS Transceiver Board with on-board GPS receiver.
Underwater Robot Camera Transceiver Board with on-board camera. 
Transceiver Board, this transceiver board can be mounted on the Aerial vehicle or interface to a PC, allowing a Monitoring and Control Application to transmit and receive data to the Underwater Robot GPS and Camera Transceiver board. 
Software components
 Monitoring and Control Application to display the location information and situation awareness picture taken by the camera. The application also allow user to manoeuvre the Underwater Robot remotely.
Microcontroller program to interpret the manoeuvre command issue by the Monitoring and Control Application. This program is only used to verify that the command has been received and interpreted correctly.
Integrated the hardware and software components
Verification and validation of the monitoring and control functionality


[bookmark: _Toc243580782][bookmark: _Toc243580825][bookmark: _Toc261705561]Skills Requirement 
Table 1 shows a list of the skills that has been identified to be critical for the project.
[bookmark: _Toc243637408][bookmark: _Toc244855796]
[bookmark: _Ref261597728][bookmark: _Toc261705709]Table 1: Skill Requirement Table
The strength and weakness of the author are identifiable from Table 1. The author strength in hardware development shall ensure that the hardware components can be delivered on schedule. 
The most challenging aspect of this project is in the software development since the author has no prior experience in microcontroller and GUI programming. To overcome this challenge, extensive effort has is required to read up on the selected microcontroller and GUI programming language. Most importantly, the prototype must be ready as early as possible for software integration and debugging purpose 
[bookmark: _Toc261705562]Project Management
To ensure that the project can be completed smoothly, the pre-planned schedules of activities are drafted out base on the proposed approach and skill requirement needed for this project.  The schedule of the project can be found in the form of a Gantt chart as shown in Appendix C. 
[bookmark: _Toc222764428][bookmark: _Toc222764744][bookmark: _Toc222764847][bookmark: _Toc243580785][bookmark: _Toc243580828]The Gantt chart will be updated as the project progresses to monitor whether the project’s task are on schedule.


[bookmark: _Toc261705563]Investigation of Project Background

This section describes the key technology that will be used in this project.
[bookmark: _Toc261705564]Global Positioning System (GPS)
The global positioning system is a location determination network that use satellites to act as reference points for the calculation of position information [11]. GPS is used in civilian and military products.
There are several systems used for global positioning. These include the United States global positioning system (GPS) system, the Russian Global Navigation Satellite System (“GLONASS”), and the European Galileo system [4, 5].
In the late 1980’s, the military began to allow GPS technology to be used for public use [2]. Due to the much larger number of units in production, the price for GPS equipment was dramatically reduced. Because the government maintains the satellites, there is no cost to use GPS service. 
The US GPS system is based on 24 orbiting satellites and is called “NAVSTAR.” GPS receivers can calculate their exact location (height and location or longitude and latitude) by measuring the distance from four or more satellites [2]. Consumer devices are accurate within one city block and commercial/military devices can measure to the millimetre (less than 1/16 inch). 
The global positioning satellite (GPS) system is shown inFigure 3. This diagram shows how a GPS system receives and compares the received time from orbiting GPS satellites to determine its geographic position. Using the precise timing signal based on a very accurate clock, the GPS receiver compares these signals from 3 or 4 satellites [2, 4]. Each satellite transmits its exact location along with a timed reference signal. The GPS receiver can use these signals to determine its distance from each of the satellites. Once the position and distance of each satellite is known, the GPS receiver can calculate the position where all these distances cross at the same point, otherwise known as the location. This information can be displayed in latitude and longitude form or a computer device can use this information to display the position on a map on a computer display. The GPS system is composed of three segments; the space segment, the user segment and the control segment [1].

[bookmark: _Ref261602752][bookmark: _Toc261705646]Figure 3: The Global Position (GPS)
[bookmark: _Toc261705565]Space Segment
The space segment consists of 29 satellites circling the earth every 12 hours at 12,000 miles in altitude. This high altitude allows the signals to cover a greater area. The satellites are arranged in their orbits so a GPS receiver on earth can receive a signal from at least four satellites at any given time [2, 4]. Each satellite contains several atomic clocks. The satellites transmit low radio signals with a unique code on different frequencies, allowing the GPS receiver to identify the signals. The main purpose of these coded signals is to allow the GPS receiver to calculate travel time of the radio signal from the satellite to the receiver [1]. The travel time multiplied by the speed of light equals the distance from the satellite to the GPS receiver. Figure 4 shows satellite constellation.


[bookmark: _Ref261602844][bookmark: _Toc261705647]Figure 4: Satellite Constellation
[bookmark: _Toc261705566]User Segment
The user segment includes all military and civilian users. With a GPS receiver connected to a GPS antenna, a user can receive the GPS signals, which can be used to determine his or her position anywhere in the world. GPS is currently available to all users worldwide at no direct charge.
[bookmark: _Toc261705567]Control Segment
The control segment tracks the satellites and then provides them with corrected orbital and time information. The control segment consists of five unmanned monitor stations and one Master Control Station [4]. The five unmanned stations monitor GPS satellite signals and then send that information to the Master Control Station where anomalies are corrected and sent back to the GPS satellites through ground antennas [2].Figure 5 shows the basic structure and the data flow of the GPS control segment.

[bookmark: _Ref261617085][bookmark: _Toc261705648]Figure 5: The Basic structure and data flow of the GPS control segment











[bookmark: _Toc261705568]Basic Principle used in GPS Technology
The basic principle of determining position of GPS receiver by using the geometry of triangles, it is commonly known as triangulation method.  

[bookmark: _Ref261617180][bookmark: _Toc261705649]Figure 6: Location tracking with 1 satellite
In Figure 6, it shows that GPS receiver is only locked on by a single satellite whereas the satellite can establish range and locating the GPS receiver on a sphere. The receiver’s distance from satellite is the radius of the sphere and position of the receiver can be located anywhere around circumference of the sphere [23].

[bookmark: _Ref261617191][bookmark: _Toc261705650]Figure 7: Location tracking with 2 satellites
In Figure 7, it show that GPS receiver is begin locked by 2 satellites, whereas two satellites can locate receiver on the intersection of two spheres. The receiver’s position will be further narrowed down into intersection of two spheres [23]. Compare with prior scenario, location of the receiver has been greatly reduced but it is still not accurate enough for navigational purposes. 

[bookmark: _Ref261617240][bookmark: _Toc261705651]Figure 8: Illustration of triangulation
In Figure 8, it show that GPS receiver is begin locked by 3 satellites that further pinpoint location of the receiver with higher accuracy. The distance from third satellite will further narrow down receiver’s position to 2 red points where 3 spheres intersect [23]. 
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[bookmark: _Toc261705569]Image Sensor Technologies
An image sensor is one of key components in a digital imaging system such as a camera module which captures an image and directly converts it into a digital image [13]. Figure 9 shows block diagram of digital camera. The two common image sensor technologies used in the camera modules are charge-coupled device (CDD) and complementary metal oxide semiconductor (CMOS) technology. Both CCD and CMOS technologies are based on arrays of light pixels which convert light into electrical charges [10].

[bookmark: _Ref261617298][bookmark: _Toc261705652]Figure 9: Block diagram of digital camera
[bookmark: _Toc261705570]Charge-Couple Device (CDD) Technology
The Charge-Coupled Device is a metal-oxide semiconductor (MOS) device; it can be used as a detector to record images in electronic form. The CDD surface structure consist a matrix of a large number of light-sensitive small pixels. These pixels are arranged horizontally in rows and vertically in columns [31]. The CDD pixel array collects electrons when exposed to light. It uses successive charge shifting to read out contents of different pixels serially and reconstruct image show in Figure 10. Hence, the sequential method of signal processing is very slow than simultaneous processing performed by CMOS sensors. In this case, CCDs require application of various voltages for two to four phase clocking signals, clock levels and bias. Therefore its increases the power consumption also makes the system integration very difficult, enlarges components and increases cost [10].

[bookmark: _Ref261617380][bookmark: _Toc261705653]Figure 10: CDD image sensor
[bookmark: _Toc261705571]Complementary Metal Oxide Semiconductor (CMOS) Technology
The CMOS image sensor comprises a pixel section and the unit pixels including a photodiode that are arranged like a matrix. It has three or four transistors in each pixel array to amplify and move the charge provided by incoming light photons [13]. The charge voltage signals are read out one row at a time similar to a random access memory using row and column select circuits as show in Figure 11. The low cost of production of CMOS sensors reducing the cost of the camera and it has a lower power usage compare with the CDD sensor [9]. 

[bookmark: _Ref261617392][bookmark: _Toc261705654]Figure 11: CMOS image sensor
[bookmark: _Toc261705572]Review of Underwater Wireless Communication
The wireless communication technology today has become part of our daily life but underwater wireless communication may still be seemed as a dream. Research has been carried on for more than a decade on methods for wireless information transmission underwater. Present underwater communication systems involve the transmission of information in the form of acoustic or electromagnetic waves. Each of these techniques has its own advantages and limitations [30].
[bookmark: _Toc261705573]Acoustic Communication
Acoustic communication is the most versatile and widely used technique in underwater environments. Due to low attenuation of sound in water and it can be propagating over long distances. The acoustic waves can be seriously affected by several conditions such as temperature gradients, surface ambient noise, multipath propagation due to reflection and refraction [24]. The acoustic propagation speed in water is about 1500 m/s much slower than electromagnetic wave is another limiting factor for efficient communication and networking [16]. 

[bookmark: _Ref261617428][bookmark: _Toc261705655]Figure 12: Acoustic modem and transducer
The three distinguishing characteristics of acoustic channel are frequency-dependent propagation loss, severe multipath and low speed of sound propagation as shown in Figure 13. None of these characteristics are nearly as pronounced in land-based radio channels, the fact that makes underwater wireless communication extremely difficult and necessitates dedicated system design [24].

[bookmark: _Ref261617463][bookmark: _Toc261705656]Figure 13: Shallow water multipath propagation
The factors affecting underwater acoustic communications include [24]:
Transmission loss: It consists of attenuation and geometric spreading, the first being mainly provoked by absorption due to conversion of acoustic energy into heat and the second being caused by the spreading of sound energy as a result of the expansion of the wave fronts [30].
Noise: Classified as man-made noise and ambient noise. 
Multipath: Multipath propagation is responsible for severe degradation of acoustic communication signal, since it generates Inter Symbol Interference (ISI) [16].
High delay and delay variance: The propagation speed in the underwater channel is five orders of magnitude lower than in the radio channel.
Doppler spread: The Doppler frequency spread can be significant in underwater channels, causing degradation in the performance of digital communications [30].
[bookmark: _Toc261705574]Electromagnetic Waves
Conventional radio does not work well in an underwater environment due to the conducting nature of the medium especially in the case of seawater [27]. Electromagnetic propagation through water is very different from propagation through air because of water's high permittivity and electrical conductivity as shown in Figure 14. However, if ever Electromagnetic waves could work in underwater environment even in a short distance, its much faster propagating speed is definitely a great advantage for faster and efficient communication among nodes [17]. The main disadvantage of electromagnetic waves in seawater is the high attenuation [15].

[bookmark: _Ref261617640][bookmark: _Toc261705657]Figure 14: Electromagnetic propagation through water
Seawater is a high-loss medium. The electric conductivity  of seawater is about two orders higher than that of freshwater [17]. The higher conductivity in seawater is mainly due to the cumulative increase of total dissolved solid (TDS) concentration in oceans, shown as the great salinity; the average salinity in seawater is about 34 parts per thousand (ppt). In highly conductive media, both the propagation velocity and the absorptive loss of EM waves are functions of carrier frequency. The propagation speed of EM waves in seawater can be expressed in   (Equation 1) while the absorption loss can be approximated as  (Equation 2) [6].
Practicality of EM in Water For a given medium, the ratio of the electric conductivity and the dielectric permittivity,, referred to as transition frequency, defines the border of the behaviour of an electromagnetic (EM) field in that medium. If the frequency of an EM field is lower than the transition frequency, it behaves mostly like a diffusion field; if the frequency is higher than the transition frequency, the EM field is mostly like a propagating wave. For seawater, the conductivity  is about 4 Siemens/meter, and the dielectric permittivity  is  These values yield a transition frequency of about. 
This means that if a carrier working on the frequency of 10 MHz in seawater, which is much lower than seawater’s transition frequency, then the EM field basically is not a wave anymore and it rather behaves like a diffusion field. On the other end of the spectrum, if a carrier with frequency of 1 GHz is used, the EM field will mostly behave like a wave. However, due to the high absorption of seawater (see Equation 2), the EM wave can hardly propagate. Therefore, EM communication in seawater is literally unpractical when using classical approaches based on wave propagation.
[bookmark: _Toc261705575]2.5	Summary and Analysis 
The following is a list of summary and analysis of the areas discussed in section 2.
The CDD sensors offer better image performance but a CMOS sensor has a smaller power requirement and is smaller in size. Therefore, CMOS sensor is selected for its low power requirement and small size factor.
The acoustic communication is the recommended solution for wireless underwater communication but the acoustic modems is very expensive and exceeds the allocated budget. The technology could be review again in subsequent project since prices of acoustic modem are likely to become more affordable in the future with advance in technology. 
In the meantime, since existing Underwater Robot has a buoy attached to it, the author recommend that RF transceiver be mounted on the buoy and the Underwater Robot communicate with each other over the air (via RF).
 


[bookmark: _Toc261705576]HARDWARE DEVELOPMENT
This section describes the proposed design of the hardware components as describe in section 1.2.
[bookmark: _Toc243580799][bookmark: _Toc243580842][bookmark: _Toc261705577]Hardware Architecture Overview
The overview of the proposed Hardware Architecture of the Transceiver Board, Underwater Robot GPS Transceiver Board and Underwater Robot Camera Transceiver Board are shown in Figure 15 and Figure 16 respectively.
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The explanation on each component block is shown in Table 2.

[bookmark: _Toc244855797]
[bookmark: _Ref261617831]

[bookmark: _Ref261708646][bookmark: _Toc261705710]Table 2: Explanation on Hardware Architecture
The Transceiver Board main task was to provide wireless communication between the Underwater Robot GPS Transceiver Board and Underwater Robot Camera Transceiver Board. The board can be mounted on the Aerial Vehicle to enable the vehicle to communicate with the Underwater Robot. 
The board was also used to interface with a laptop, allowing the Monitoring and Control Application to communicate with the Underwater Robot, transmitting and receiving data to/from the Underwater Robot GPS and Camera Transceiver board.
A GPS receiver is integrated to the Underwater Robot GPS Transceiver Board. This allows the GPS transceiver board to transmit location information to the Monitoring and Control application automatically. 

A microcontroller is also integrated to the GPS transceiver board, the main purpose of the microcontroller is to verify that manoeuvre command transmitted by Monitoring and Control Application is received and interpreted correctly. The microcontroller selected is the same as what is used in existing Underwater Robot to mitigate integration risk in the future. (on-board microcontroller to be remove when integrating to the Underwater Robot, the connection to/from the on-board microcontroller will be connected to the Underwater Robot microcontroller)
The Underwater Robot Camera Transceiver Board main task was capture the images of the surrounding environment and transmits the image data to the Monitoring and Control Application. 
The hardware component list required for this project is summaries in Bill of Material as shown in Appendix B	Bill of Material. 
[bookmark: _Toc243580801][bookmark: _Toc243580844][bookmark: _Toc261340653]

[bookmark: _Toc261705578]Component Selection
The main components are selected carefully in the early stages of the project based on the derived hardware architecture. The selection process is essential to avoid any major design changes at the later stages which might cause any schedule delay. 
The components are selected based on the following requirement:
Easily available for procurement within the specified project timeline
[bookmark: _Toc243580802][bookmark: _Toc243580845]Low Cost to reduce the total cost of the project
Low power consumption for longer usage time


[bookmark: _Toc261705579]RF Transceiver Selection 
The RF Transceiver is required for the transmission of data through RF. The following criteria are used in the selection of the RF transceiver:
Support Transmitting/Receiving Range of at least 1km
Support a Data Rate of at least 250kbps (for the transfer of  image data and GPS Receiver data)
Low power consumption to support longer usage time
Support UART interface (data rate up to 115.2Kbps) 
Small size factor to allow easy integration to the board
XBee-PROTM ZNet 2.5 (Series 2) from Digi International was chosen based on its features and specification as shown in Figure 17. 


[bookmark: _Ref261618013][bookmark: _Toc261705660]Figure 17: Features & Specification of Xbee module


[bookmark: _Toc261705580]GPS Receiver Selection 
The GPS receiver is required to receive GPS signal from the satellites and calculate the current position of the Underwater Robot. The position information is then transmitted to the Aerial Vehicle via the RF Transceiver. The GPS receiver is selected based on the following criteria:
Provide Position errors of less than 3 meters
Waterproof design
Provide Binary format data output
GPS 18x LVC from Garmin International was chosen based on its features and specification as shown in Figure 18.

[bookmark: _Ref261618089][bookmark: _Toc261705661]Figure 18: Features & Specification of GPS 18x LVC
[bookmark: _Toc261705581]Camera Selection 
The camera is required to provide situation awareness information.  The image captures by the camera are transmitted to the Aerial Vehicle via the RF transceiver. The selection criteria for the camera are as follow:
CMOS Image sensor
Support JPEG Image compression to reduce the amount of data to be transmitted 
Support UART interface of up to 115.2Kbps
Low power consumption 
Small size factor
Low Cost
C328R Camera module from COMedia was chosen based on its features and specification as shown in Figure 19.


[bookmark: _Ref261618204][bookmark: _Toc261705662]Figure 19: Features & Specification of C328R Camera


[bookmark: _Toc261705582]Microcontroller Selection 
The Monitoring and Control Application is able to control the movement of the underwater Robot, the microcontroller is used in this project to verify that the command transmitted by the Monitoring and Control Application is received and interpreted correctly. Three LED is connected to the microcontroller and the LEDs are turn on and off depending on the manoeuvre command requested by the Monitoring and Control Application. Since the existing underwater robot is using PIC18F4331 microcontroller to control the movement of the robot. PIC18F4331 is selected to mimic the actual platform and mitigate future integration risk. 
Figure 20 describe the usage of the microcontroller.
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Monitoring and Control Application
Transceiver Board
Underwater GPS Robot Transceiver Board
RF
Microcontroller
Microcontroller turns the LED on & off depending on the command issued by Monitoring and Control Application
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[bookmark: _Ref261618322]
[bookmark: _Toc261705663]Figure 20: Block diagram describing the usage of the microcontroller
Features of PIC18F4431 microcontroller is shown in Figure 21.


[bookmark: _Ref261618357][bookmark: _Toc261705664]Figure 21: Features of PIC18F4431
[bookmark: _Toc261705583]RS232 to TTL Transmitters/Receivers Interface Circuits Selection 
The output from the selected GPS receiver support RS232 interface while the RF transceiver support TTL signal. A converter is required to convert the RS232 signal from the GPS receiver to a TTL signal required by the RF Transceiver. The HIN202CPZ RS232 Transceiver from Texas Instruments was selected.
HIN202CPZ RS232 Transceiver from Texas Instruments was chosen based on its features and specification as shown in Figure 22.
 
[bookmark: _Ref261618428][bookmark: _Toc261705665]Figure 22: Features & Specification of HIN202CPZ



[bookmark: _Toc261705584]Quadruple Bus Buffer Gates Selection 
The RF transceiver provide 3.3V TTL signal while microcontroller required 5V TTL signal. Therefore, a Quadruple Bus Buffer Gate is required to convert the TTL signal between 5 and 3.3V TTL signal.
SN74AHC125N from Texas Instruments was chosen based on its features and specification as shown in Figure 23.

[bookmark: _Ref261618473][bookmark: _Toc261705666]Figure 23: Features & Specification of SN74AHC125N



[bookmark: _Toc261705585]Power Supply Selection 
The typical and maximum current consumption of the three transceiver modules was computed based on summation of power consumption of all the components used. 
Based on computation done in Table 3 and Table 4, the worse case current drawn by Underwater Robot GPS Transceiver Board would be at approximately 412mA. Therefore the choice of voltage regulator and AC to DC (9V) adapter should have a maximum current output of a minimum of 500mA. The power supply for the Transceiver board is provided by the laptop. 

[bookmark: _Ref261623256][bookmark: _Toc261705711]Table 3: Typical & Maximum current consumption of the Transceiver Board




[bookmark: _Ref261623265][bookmark: _Toc261705712]Table 4: Typical & Maximum current consumption of the Underwater Robot GPS/Camera Transceiver Board
Table 5 shows the list of voltage regulators chosen for the project
[bookmark: _Toc244855799]
[bookmark: _Ref261623239][bookmark: _Toc261705713][bookmark: _Toc261340654]Table 5: Power Supply sources selected for the project
[bookmark: _Toc261705586]Hardware Design Concept
This section of the report describes the hardware circuitry design. Refer to Appendix A Hardware Schematic Diagram for the detail schematic diagram of the Transceiver Board, Underwater Robot GPS and Camera Transceiver Board. 
[bookmark: _Toc261705587]Underwater Robot GPS Transceiver Board Concept 
The proposed integrated circuit for Underwater Robot GPS Transceiver Board include GPS Receiver, microcontroller, RF transceiver, RS-232 transmitters/receivers interface and quadruple bus buffer gate. The Schematic diagram of the board with the expected waveform is shown in Figure 24 and Figure 25.


[bookmark: _Ref261623035][bookmark: _Ref261618776][bookmark: _Toc261705667]	Figure 24: Schematic of Underwater Robot GPS Transceiver Board – part 1

[bookmark: _Ref261623051][bookmark: _Ref261618785][bookmark: _Toc261705668]Figure 25: Schematic of Underwater Robot GPS Transceiver Board – part 2

Referring to Figure 24, the output of the RF transceiver is a 3.3V TTL signal level while the Microcontroller required a 5V TTL signal level. Therefore, a quadruple bus buffer gate is required  to convert the 3.3V TTL signal level from RF transceiver to a 5V TTL signal level for the microcontroller RXD (UART receive pin) to receive the signal correctly. 
Referring to Figure 25, the output of the GPS receiver is a +/- 5V RS232 signal level while the RF transceiver DI (data in pin) required a 3.3V TTL signal level. Therefore, a RS-232 transmitters/receivers interface circuit is required to convert the +/- 5V RS232 signal level from the GPS receiver to a 5V TTL signal level. In addition,  a quadruple bus buffer gate is required to convert the 5V TTL signal level from RS-232 transmitter/receiver to a 3.3V TTL signal level for the RF transceiver DIN (data in pin) to receive the signal correctly.   


[bookmark: _Toc261705588]Underwater Robot Camera Transceiver Board Concept 
The proposed integrated circuit for Underwater Robot Camera Transceiver Board include C328R camera and RF transceiver are shown in Figure 26 together with expected waveform of the actual circuit.

[bookmark: _Ref261624522][bookmark: _Toc261705669]Figure 26: Schematic of Underwater Robot Camera Transceiver Board
Since the C328R camera is transmitting and receiving data using UART interface compatible with “xbee pro znet 2.5” RF Transceiver UART interface, there will be no additional conversion circuitry between two devices. The D9 LED indicate signal strength of receiving data, D10 LED indicate “xbee pro zent 2.5” RF Transceiver status and D11 LED indicate whether coordinator has been started. The coordinator is responsible for starting a ZigBee network. 
Refer to “Xbee pro znet 2.5” manual for the details on the setting up of a ZigBee network. The configuration process for a point-to-point ZigBee network can be found in Appendix F	Configuration of the RF Module.
[bookmark: _Toc261705589]3.3.3	Transceiver Board Concept 
The proposed integrated circuit for Transceiver Board include  USB FTDI TTL-232 cable, RF transceiver and quadruple bus buffer gate  are as shown in Figure 27 together with expected waveform of the actual circuit.

[bookmark: _Ref261624558][bookmark: _Toc261705670][bookmark: OLE_LINK3][bookmark: OLE_LINK5]Figure 27: Schematic of Transceiver Board
The USB FTDI TTL-232 cable (5V) is use to interface Transceiver Board to the laptop, since laptop today does not have any serial port. The Monitoring and Control Application (hosted in the laptop) transmit and receive data through the RF transceiver. The RF transceivers require a quadruple bus buffer gate to convert 5V TTL to a 3.3V TTL level to interface with the Laptop.
[bookmark: _Toc261705590]3.3.4	Power Supply Circuit Concept
The proposed design for power supplies used in the project is shown in Figure 28. It is a simple design whereby a 9V DC from a AC-to-DC Adapter will be step down to 5V and 3.3V through a series of voltage regulators. 


[bookmark: _Ref261624593][bookmark: _Toc261705671]Figure 28: Schematic of the power supply for the project
[bookmark: _Toc261340655][bookmark: _Toc261705591]SOFTWARE SYSTEM DESIGN CONSIDERATIONS
The following section will discuss area of considerations for the development of the Monitoring and Control application. 
Section 4.1 describe the data format (NMEA sentence) that is provided by the GPS receiver, the Monitoring and Control Application must interpret the data format correctly to provide the user with the location information in Latitude and Longitude.  
Section 4.2 describe the Coordinate System used in this project, decimal degree format is selected as it allow us to input this format directly into Google Map and pinpoint the location in the Map. This is very helpful in verifying that the location result received from the GPS receiver is interpreted correctly. 
Section 4.4 describe the interface to the camera, it describe how the Monitoring and Control Application communicate with the camera via a series of command to setup the camera and command the camera to start taking pictures.
[bookmark: _Ref261599663][bookmark: _Toc261705592]National Marine Electronics Association (NMEA)
The National Marine Electronics Association (NMEA) had developed the NMEA 0813 Interface Standard. It defined an electrical interface and data protocol for communication between marine electronic equipment. NMEA 0813 sentences are in American Standard Code for Information Interchange (ASCII) format which contain information such as position, time, velocity [3].
The NMEA sentence begins with a dollar sign ($) which ends with a carriage linefeed (<CR><LF>) and it have a two letter prefix that identifies the device which uses sentence type [8]. The prefix for GPS receivers is ‘GP’ and this is followed by a three character sequence that defines the type of message. The data fields are separated by commas and there is a checksum field consisting of a ‘*’ and two hexadecimal at the end of each sentence [3]. Figure 29 shows structure of NMEA sentence.

[bookmark: _Ref261624641][bookmark: _Toc261705672]Figure 29: The Structure of NMEA sentence
Table 6 shows NMEA sentences used by GPS receivers.

[bookmark: _Ref261624692][bookmark: _Toc261705714]Table 6: NMEA sentence used by the GPS receivers
The Global Positioning System Fix Data ($GPGGA) was chosen because it provide positioning data, information on number of satellites being tracked. Figure 30 show description of data fields in $GPGGA sentence.

[bookmark: _Ref261624747][bookmark: _Toc261705673]Figure 30: Description of data fields in $GPGGA sentence
[bookmark: _Ref261599705][bookmark: _Toc261705593]Coordinate System
The coordinate system use today is latitude, longitude and height system. The Equator and  Prime Meridian are the reference plane used to define latitude and longitude as show in Figure 31.

[bookmark: _Ref261624826][bookmark: _Toc261705674]Figure 31: Geographic Coordinate System
The angle from the equatorial plane to vertical directional of a line normal to reference ellipsoid is the geodetic latitude of a point. The angle between a reference plane and a plane passing through the point, both planes being perpendicular to the equatorial plane is the geodetic longitude of a point. The distance from the reference ellipsoid to the point in a direction normal to the ellipsoid is the geodetic height at a point [29]. Figure 32 shows an example of the longitude, latitude and height.

[bookmark: _Ref261624837][bookmark: _Toc261705675]Figure 32: The longitude, latitude and height




[bookmark: _Ref261599677][bookmark: _Toc261705594]GPS Coordinate Format
There are three types of GPS coordinate format which are Degrees Minutes Seconds, Degrees Decimal Minutes and Decimal Degrees. Figure 33 shows world map on coordinate system.

[bookmark: _Ref261624879][bookmark: _Toc261705676]Figure 33: World map on coordinate system
[bookmark: _Toc261705595]Degrees Minutes Seconds

The most common format used to indicate locations on maps is Degrees Minutes Seconds coordinate format (DDDMM’SS.S”) as show in Figure 34. 

[bookmark: _Ref261624906][bookmark: _Toc261705677]Figure 34: Degrees Minutes Seconds coordinate format

The longitude coordinates can go up to 180 degrees East or -180 degrees west while for latitude coordinates can only go up to 90 degrees north or -90 degrees south. The system work like a clock with a degree representing an hour, each degree can be broken down into smaller units of 60 minutes and each minutes can be further broken down up into 60 seconds . For an example using longitude, the circumference of Earth at equator is 40,075.16 km and a degree of longitude approximately 111.3199 km wide given by Formula 4-1.


Formula 4-1: Calculation of distance per degree.
To locate a position within a range of 111.3199 km is not possible. Therefore by breaking down a degree into 60 minutes that accuracy of locate a position can be improved to 1.8553 km wide as shown in Formula 4-2.


Formula 4-2: Calculation of distance per minutes.
To further improve higher accuracy of nearly 30.922 meters, each minute is further broken down up into 60 seconds in Formula 4-3.


Formula 4-3: Calculation of distance per second.
[bookmark: _Toc261705596]Degrees Decimal Minutes 

The Degrees Decimal Minutes coordinate format (DDDMM.MMM’) is used in electronic navigation equipments such as car navigational system and GPS tracking as show in Figure 35.

[bookmark: _Ref261624983][bookmark: _Toc261705678]Figure 35: Degrees Decimal Minutes coordinate format

In this case, to convert the latitude of  from Degrees Minutes Seconds to Degrees Decimal Minutes format. Firstly take the seconds portion and divide it by 60 then add to minute’s section as shown in the following Formula 4-4.


    
Formula 4-4: Conversion of Degrees Minutes Seconds to Degrees Decimal Minutes.

After conversion, the latitude in Degrees Decimal Minutes format is.
[bookmark: _Toc261705597]Decimal Degrees

The Decimal Degrees coordinate format (DDD.DDDDD) is used by the mapping software such as Google Maps to display the location of a point as show in Figure 36.

[bookmark: _Ref261625045][bookmark: _Toc261705679]Figure 36: Decimal Degrees coordinate format


In this case, to convert the latitude  from Degrees Minutes Seconds to Decimal Degrees format. Firstly, the minutes are further collapsed into the degrees such as a decimal fraction of the degrees. Then it is derived by dividing the minute’s portion by 60 and adding it to the degrees section as shown in Formula 4-5.


    
Formula 4-5: Conversion of Degrees Minutes Seconds to Decimal Degrees.

After the conversion, the latitude in Decimal Degrees format is 
[bookmark: _Ref261636621][bookmark: _Ref261636636][bookmark: _Toc261705598]C328R Camera
The C328R camera module is controlled by a set of predefined commands that are stored in the module’s onboard memory. These commands are in structured format and are six bytes in length. The controlling host (in this case, the Monitoring and Control Application) will send out a sequence of commands and the camera module will process the command.
Figure 37 show the list of command used to communicate with the camera and a flow diagram describing the command exchange required to setup the camera (eg resolution, package size) and received images from the camera. 


[bookmark: _Ref261625102][bookmark: _Toc261705680]Figure 37: C328R Commands Set and C328R Sequence of Operation
[bookmark: _Toc261705599]SOFTWARE DEVELOPMENT
In this project, the following application/program are developed
Monitoring and Control Application – this is a GUI based application that allow user to control the movement of the Underwater Robot and display GPS information and image taken by the camera.
Underwater Robot emulation (microcontroller) program – this microcontroller program is written to emulate the movement of the robot when it received command from the Monitoring and Control Application.  This program will turn on and off three LEDs when it received command. Through the LEDs, the author can verify that the command is received and interpret correctly. 
For more detail regarding Underwater Robot emulation (microcontroller) program, refer to Appendix E	Microcontroller flowchart and source code for the flow chart and source code. 
[bookmark: _Toc261705600]Monitoring and Control Application
The following section describes the implementation of the Monitoring and Control Application. The flowchart in Figure 38 and Figure 39 describe the logic of the program. The source code of the Monitoring and Control Application are listed in Appendix D	Monitoring and Control Application Source Code.
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[bookmark: _Toc261340658][bookmark: _Toc261705601]Graphical User Interface of the Monitoring and Control Application
The GUI of the Monitoring and Control Application is shown in Figure 40. The User interface provide essential information such as latitude and longitude of the current location, number of satellites tracked and displayed image taken by the camera.

[bookmark: _Ref261625390][bookmark: _Toc261705683]Figure 40: GUI of Monitoring and Control Application
The “Start Robot” button will setup the communication channel to the Underwater Robot GPS Transceiver board and start to receive GPS information from the GPS receiver and display the information in the GUI. 
 The “Start video” button will setup the communication channel to the Underwater Robot Camera Transceiver board, setup the camera and command the camera to start taking picture. The picture taken (in JPEG format) will then be transmitted back and display in the GUI. 
The “Manual Control” buttons as shown in the diagram allow the user to manoeuvre the underwater robot. The application allow user to command the underwater Robot to move forward, backward, left, right, dive or surface. 
Since the Underwater Robot is not available during the project, the author emulates the behaviour of the Underwater Robot with a microcontroller and 3 LEDs. The microcontroller is integrated to the Underwater Robot GPS Transceiver board, it will receive the command from the Monitoring and Control Application via the RF transceiver and the 3 LEDs will be turn on or off based on the command received. 
The “Map location” button will display the current location of the robot in a goggle map (a webpage will be open) when press. This allow the user to visualize the location of the Robot, this feature is very useful to verify that the GPS information is interpreted correctly. 
[bookmark: _Toc261705602]Major functions in Monitoring and Control Application
The section below describes the major functions in the Monitoring and Control Application and its associate details flow diagrams.
[bookmark: _Toc261705603]“Public Class Rescue_System”
The “Public Class Rescue_System” initialise the GUI. Four threads are created to continuously update the latest position information and receive the image tranmission from the Camera. 
Figure 41 and Figure 42 shows the flow chart that describes the system process. 
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[bookmark: _Toc261705604]Start_Robot_Click() Function
This function is executed when “Start Robot” button is press by user. Figure 43 show the flow chart of the Start_Robot_Click () function. 
Once press, it will start to run GPSThread () thread which will call Setup_GPSCom_Port() function. Setup_GPSCom_port() will setup the com port which will interface to the RF transceiver. After the setting up of the com port, Decode_GPS_Data() function is call to decode the NMEA sentence data receive from the GPS receiver.  
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Figure 
43
: 
Flow Chart of the Start_Robot_Click() Function
)
[bookmark: _Toc261705605]Decode_GPS_Data() function
The main task of this function is to interpret the NMEA sentence receive from GPS receiver and decode the NMEA sentence. Figure 44 shows the flow chart of the Decode_GPS_Data () function.
NMEA data consists of many sentences but for this project only the Global Positioning system Fix Data ($GPGGA) is use. The raw NMEA data received from the GPS receiver were send in 1 long string with all the data fields separated by commas. The operation of slitting up the data fields and storing their values in an array is performed by the lineArr = strTemp.Split(","). It is necessary to filter the GPS receiver inputs to ensure that only $GPGGA sentence data is being processed. This is achieved by implementing a “if condition”, to check whether the receive data is GPGGA. If the condition is meet, it will compute the Latitude and Longitude else it will read the data from the GPS receiver again. 

The function will then convert the coordinates in Degrees Decimal Minutes to Decimal Degrees format. The Decimal Degrees format will be used by the Goggle Map to display the location of the underwater robot on the map. 

The following formulas are required to perform the conversion.




Formula 5-1: Conversion from Degrees Decimal Minutes to Decimal Degrees

An example below show how to convert longitude of  in Degrees Decimal Minutes,
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: 
Flow Chart of the Decode_GPS_Data() Function
)
[bookmark: _Toc261705606]Start_Video_Click() Function
This function is executed when the “Start Video” button is press. Figure 45 show the flow chart of the Start_Video_Click () function.
Once started, this function will call videoSYNCThread () to create a thread that will run the Set_VideoComPort() function. The Set_VideoComPort() function will setup the comport to interface to the RF Transceiver. 
Once the comport is ready, the SYNCHRONIZATION() function is called to synchronize the controlling host with the camera. Once the synchronization is successful, it starts to perform the initial setting up for the camera. After this is done, it will call the Preview () function to command the camera to start to take picture and display the image in the GUI.
 (
Figure 
45
: 
Flow Chart of the Start_Video_Click() Function
)
[bookmark: _Toc261705607]Synchronization() Function and Preview() Function
The main task of the synchronization function is to synchronize the controlling host with camera. Once successfully synchronizes, the controlling host will configure the setting of the camera such as Resolution, Baud rate, Light Frequency and Package Size. After the setup has been completed, it will call Preview () function to command the camera to start taking picture and transferring the image back.  Figure 46 and Figure 47 shows the flow chart of the synchronization () function.
Figure 48 and Figure 49 show the flow chart of the Preview () function. 
The image data transmitted by the camera will be in package size of 64 bytes. The Preview() function will calculate how many packages per image and loop until all the packages are received. 
The following formula determine the image size and how many package are needed for 1 image.
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[bookmark: _Toc261705608]Manual Control Button
The task of this function is to send the movement command to the underwater robot. It allow the user to to control the movement of the Underwater Robot by sending different command to robot. Figure 50 and Figure 51 shows detail flow chart of “Manual Control” button. 
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50
: Flow Chart of the Manual Control button
 – Part 1
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: Flow Chart of the Manual Control button
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[bookmark: _Toc261705609]btnMapIt_Click() Function
This function will open a Google Map webpage and display the Robot location in the Google map when the “Map Location” button is press. 
It will pass the latitude and longtitude coordinate to the Google Website to search for the location of the Robot. The information is passed by appending the location information to the website url, http://maps.google.com/maps?q= (location information).
Figure 52 show the location of the Underwater Robot GPS Transceiver Board.

[image: ]
[bookmark: _Ref261626283][bookmark: _Toc261705695]Figure 52: Location of the Underwater Robot GPS Transceiver Board









[bookmark: _Toc261705610]Exit_Program_Click() Function
This function will terminate the Monitoring and Control Application when the user presses the “Exit Program” button. It will terminate the videoPreviewThread, videoErrorThread and GPSThread threads and close the comport to the RF transceiver.
 Figure 53 shows flow chart of the Exit_Program_Click () function.
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53
: 
Flow Chart of the Exit_Program_Click() Function
)
[bookmark: _Toc261705611]Hardware Design Validation
This section describes the hardware circuit design validation. The validation process ensures that the various input/output signals from the hardware component are correct so that the components can communicate to each others. After the hardware design validation, the software can be integrated and tested. 
[bookmark: _Toc261705612][bookmark: OLE_LINK6]Power Supply Validation
The voltage output of the 3 major power supply sources was measured. The test show that the voltage output is correct and the power supply circuitry is working fine. 
Figure 54 shows the 3 major power supply sources and their voltage output.
[image: ]
[bookmark: _Ref261626415][bookmark: _Toc261705697]Figure 54: Power supply source and their voltage output
[bookmark: _Toc261705613]Underwater Robot GPS Transceiver Board Circuit Validation
Figure 55 show the waveforms of Underwater Robot GPS Transceiver Board, from GPS receiver output, input/outputs of the R232 Transmitters/Receivers Interface Circuits to input/outputs of the hex inverter. The waveform observed was similar to the expected pulses as described in Figure 24.
[image: ]
[bookmark: _Ref261626451][bookmark: _Toc261705698]Figure 55: Waveforms measured at different points of the Underwater Robot GPS Transceiver Board


Figure 56 show the waveforms of the Underwater Robot GPS Transceiver Board, from RF transceiver Dout pin to input/outputs of the quadruple bus buffer gate. 
The waveform show in Figure 56 was the result of user pressing the “Off Engine” Button and Monitoring and Control Application transmitting a  “hexadecimal 0x41” command to the microcontroller to emulate the shutting down of the engine of the underwater robot. The waveform observed were similar to the expected pulses as describe in Figure 25.
[image: ]
[bookmark: _Ref261626513][bookmark: _Toc261705699]Figure 56: Waveforms measured at different points of the Underwater Robot GPS Transceiver Board
[bookmark: _Toc261705614]Underwater Robot Camera Transceiver Board Circuit Validation
Figure 57 show the waveforms of Underwater Robot Camera Transceiver Board, from C328R camera transmit pin to the receive pin. In this figure, the waveform shown was the result of the Monitoring and Control Application sending a “synchronize” command to the camera. The waveforms were observed to be similar to the expected pulses as describe in Figure 26.
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[bookmark: _Ref261626630][bookmark: _Toc261705700]Figure 57: Waveforms measured at the camera TX and RX of the Underwater Robot Camera   Transceiver Board







[bookmark: _Toc261705615]Transceiver Board Circuit Validation
Figure 58 show waveforms of Transceiver Board, from RF transceiver Dout to the output of quadruple bus buffer gate. 
In the top half of the figure, the waveform shown was the result of User pressing the “Off Engine” Button and Monitoring and Control Application transmitting a “hexadecimal 0x41” command to the microcontroller to shut down the engine of the underwater robot through serial port 1.
In the bottom half of the figure, the waveform shown was the result of the Monitoring and Control Application transmitting a “synchronize” command to the camera through serial port 2. 
The waveform was observed to be similar to the expected pulses as described in Figure 27. 



[bookmark: _Ref261626678][bookmark: _Toc261705701]Figure 58: Waveforms measured at different points of the Transceiver Board
[bookmark: _Toc261705616]Testing and Evaluation
This section describes the testing and evaluation procedures, these procedures are critical in determining that the hardware/software meets the project objective. 
Figure 59 shows the actual setup. 


[bookmark: _Ref261627551][bookmark: _Toc261705702]Figure 59: The actual setup

[bookmark: _Toc261705617]Camera Test
For the Camera test, after the user has press “Start Video” button, the Application will start to transmit the command to the camera. The exchange of the command is display in the GUI, as shown in Figure 60. The author verify that the command exchange is correct based on the GUI display.


[bookmark: _Ref261636707][bookmark: _Toc261705703]Figure 60: Command send and receive by the Monitoring and Control Application
	

Once the command exchange has been verified to be correct, the application will start to receive the image data from the camera and display it in the GUI. The image will also be stored in the hard drive for verification purpose. The author verify that the image taken is correct by ensuring that the display picture in the GUI is the same as what the camera is currently pointing at.
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[bookmark: _Toc261705618]GPS and Display Map Test
For the GPS and display map test, the Monitoring and Control Application will start to receive NMEA sentence send by GPS receiver and start to decode the latitude and longtitude information from NMEA sentence and convert it from Degrees Decimal Minutes to Decimal Degrees format. 
Figure 62 shows latitude and longitude information in the Decimal Degrees format.

[bookmark: _Ref261636778][bookmark: _Toc261705705]Figure 62: Latitude and longitude information in the Decimal Degrees format







When the users press the “Map Location” button, The Decimal Degrees information will then be use by Goggle Map to display the location of the underwater robot. 
Figure 63 show the location of the underwater robot in Google map. 
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[bookmark: _Ref261636819][bookmark: _Toc261705706]Figure 63: Location of the Underwater Robot GPS Transceiver Board at Google map




[bookmark: _Toc261705619]Remote Control Test	
For the remote control test, the user will press the “Dive up” button and the Application will send the “hexdecimal 0x46” command to the Underwater Robot GPS Transceiver board. If the microcontroller interprets the command correctly, it will turn on the Red LED and the Green and Yellow LED will start blinking. The waveform capture at receive pin of the microcontroller indicate the command has a value of “hexadecimal 0x46” and the Red LED turn on and Green and Yellow LED start blinking  as show in Figure 64.


[bookmark: _Ref261636891][bookmark: _Toc261705707]Figure 64: Remote Control Test



















[bookmark: _Toc261705620]PROBLEMS AND DISCUSSIONS
During the project, many problems were encounter and in order to solve these problems, intensive research and effort were spent on analyzing the problem. The following section describes the problems encounter and how it is resolved.
[bookmark: _Toc261705621]Underwater Robot is not available during the project
The control functionality of the Monitoring and Control Application cannot be tested since the Underwater Robot is not available. To overcome this problem, the author uses a microcontroller to emulate the behaviour (movement) of the Underwater Robot. This allows the project to continue without having physical access to the Underwater Robot. 
[bookmark: _Toc261705622]Multi-Threading Issue
The Monitoring and Control Application is required to receive the GPS information and Image continuously while allowing the user to manoeuvre the Underwater Robot. In the early phase of the project, the application is developed using a single thread. However, this causes the application to freeze as the program process images taken by the camera.
To resolve this issue, the application has to be re-written to include multi-threads. One threads to process the GPS information, one thread to process the image and one thread to process user command. However, multi-threaded programming bring its own set of issue like synchronization issue which need to be tackle carefully. 
[bookmark: _Toc261705623]Loss of image packages
The author encounter loss of image packages when transferring images from the camera to the Monitoring and control Application. 
In the early phase of the project, when the author interface the camera directly to the Monitoring and Control Application, the application can display the image at 3 frames per second by setting the image package size to 512 bytes. However, image packages went missing when the camera interface to the Application via the RF transceiver.
After extensive investigation, the author discovers that the RF transceiver DI (data in) buffer size is only 202 bytes and image package size of 512 Bytes causes the buffer to overflow. To resolve this problem, the image package size has to be set to 64 Bytes (instead of 512Byte) to prevent the overflow of buffer.
However, by setting the image package size to 64 Bytes, the frame rate drops from 3 frame per sec to 1 frame per sec. 
[bookmark: _Toc261705624]Image Data Receive Issue
The author encounters interfacing issue with the camera when a invalid command is received from the camera causing the display routine to stop processing the image.
Figure 65 shows an example of a invalid command and a success transmission of image data package.

[bookmark: _Ref261637114][bookmark: _Toc261705708]Figure 65: Example of error data occur and success transmission of image data package
As seen in Figure 65, the Application send a “image Ack” for “package id” (0 0) to inform the camera to start sending the first package of the image data. The correct image data send by the camera must include the “package id” (0 0) but error occur when “package id” other than (0 0) is received. This causes the program to stop displaying images.
To resolve this problem, the Application will abort the current operation when a invalid command is received and call the VideoError_ThreadProcSafe() thread to send a “last image Ack” to the camera to stop taking image. A new command will be send thereafter to command the camera to take picture again and resume the display of images.
[bookmark: _Toc261705625]
CONCLUSIONS AND RECOMMENDATIONS

[bookmark: _Toc261705626]Conclusions 
In this project, the author has successfully design and develops 2 prototype boards, namely the Camera Transceiver and GPS Transceiver board that allowed GPS information and image taken by the on-board camera to be transmitted wirelessly to a Monitoring and Control Application. 
The Camera Transceiver board and GPS Transceiver is design to be mounted on the buoy attach to the Underwater Robot. The camera will be mounted on the Underwater Robot and connect to the Camera Transceiver board through a cable. The camera will provide user with image as the Underwater Robot manoeuvre through the water. The GPS receiver on-board the GPS Transceiver board will provide user with the location of the Underwater robot.
A third Transceiver board was also build to allow the Laptop hosting the Monitoring and Control Application to communicate with the Camera and GPS transceiver board. The Transceiver board can also be mounted on a Aerial Vehicle to allow the vehicle to communicate with the Underwater Robot.
The prototype hardware board was develop to demonstrate the feasibility of the system and should not be mounted to the Underwater Robot or Aerial Vehicle directly. However, the prototype board can be used as a reference design for subsequent project that will integrated the GPS and Camera Transceiver board to the Underwater Robot or the transceiver board to the Aerial Vehicle. The final board should be ruggedized for outdoor used and mounted in a waterproof housing. 
Another point to note is that a microcontroller, PIC18F4431 was integrated to the GPS transceiver board to emulate as the Underwater Robot (for verification and validation purpose). The use of PIC18F4431 ensures that subsequent integration to the underwater Robot (control of movement) will be easier as the current Underwater Robot uses the same microcontroller.
The author has also successfully developed a Monitoring and Control application that allow user to manoeuvre the Underwater Robot remotely, display the GPS information and image provided by the GPS Transceiver board and Camera Transceiver board. 
The Monitoring and Control Application has been successfully integrated and tested with the developed hardware board. 


[bookmark: _Toc261705627]Recommendations 
The system can be enhanced further through the following recommendation:
Image Display Rate
The current image display rate is 1 frame per sec, one of the reasons could be due to the limited buffer size in the RF Transceiver. The frame rate can be improved further by 
Replace the current RF transceiver with a RF transceiver that has a bigger buffer size
Used a better compression technique to reduce the image size further
Power Consumption
The power source use for in this project  is supply by the AC to DC (9V) adapter that does not consider the requirement of subsequent project that will integrated the GPS and Camera Transceiver board to the Underwater Robot. The power source for the Underwater Robot can be improved by
Replacing the AC to DC (9V) adapter to a Battery with a large capacity that can last up to 2-3 hours during the rescue operation
Research for components that have much lower power consumption,  to reduce the power consumption and  increase the rescue duration 


[bookmark: _Toc261705628]CRITICAL REVIEWS AND REFLECTIONS

This project has been a tough and great learning journey. The project demands a multidisciplinary knowledge ranging from wireless communication system, GPS system, camera technology, building of hardware board to software programming. Since the author has no formal knowledge in the above except practical experience in the development of hardware board, it has been a challenge to muster the knowledge required, analyses the problem encounter and be able to deliver the project successfully in such a tight schedule, considering the needs to juggle between work, project and family commitment. 
The extensive literature survey done has definitely enriched my knowledge. Through this project, I have learnt how the global position system, underwater communication and CMOS camera works. The development of the Monitoring and Control Application has provided me with valuable experience in visual basic programming and software development cycle. 
One of the key lesson learn is project management, the project schedule must be clearly defined and monitor. This is especially important since this project involved a lot of hardware development and a lot of components are sourced from overseas vendor. Any delay by vendor in delivering the components will result in delay in project schedule. To overcome this problem, try to source for comparable products from local vendor, if this is not possible, try to order the components as early as possible and work on other areas while waiting for the components to arrive.
The other major problem faced in this project is the availability of Underwater Robot and Aerial Vehicle, since this project is part of a larger project to develop the Underwater Robot and Aerial Vehicle Rescue System, the Underwater Robot and Aerial Vehicle is not available for integration and testing. To overcome this problem, a microcontroller is added to the GPS Transceiver board to emulate as the Underwater Robot so that the control function of the Monitoring and Control Application can be verify and validated. 
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[bookmark: OLE_LINK9]Underwater Robot GPS Transceiver Board Schematic Diagram
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Underwater Robot Camera Transceiver Board Schematic Diagram
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Power Supply Circuit Schematic Diagram
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Transceiver Board Schematic Diagram
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Flow Chart of Underwater Robot emulation program
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X-CTU software is used to configure the XBee-Pro by using the AT commands or API commands. 
The Zigbee networks are called personal area networks (PAN). Each network contains a 16-bit identifier called a PAN ID. ZigBee defines three different device types, coordinator, router and end device. In this project,  point-to point network is used, thus router device will not be used. 
To create a ZigBee point-to-point network, the coordinator and End Device must be configure with the same channel and PAN ID. The coordinator need to configure the Destination address High/Low to be the same as the End device’s Serial Number High/Low. In addition, the End Device need to configure the Destination address High/Low to be the same as the coordinator’s Serial Number High/Low to ensure that the point-to-point network will work. 
The Figure below shows the configuration of the point-to-point network.

[bookmark: _Toc261705643]Appendix G	Flashing the Microcontroller
This section describes how software can be downloaded into the PIC18F4431 microcontroller.
MPLAB IDE is used to program the software (written in C language) and MPLAB LCD 3 In-Circuit Debugger is used to download the software into the flash memory of the PIC18F4431.
A simple test program was written to verify the functionality of the microcontroller and the software is downloaded successfully into the flash memory of the microcontroller. The figures below show the step in programming and downloading the software into the microcontroller. 


MPLAB LCD 3 In-Circuit and PIC18F4431 Prototype Development Board



Screenshot of MPLAB IDE  



Screenshot: Successful downloading of the test program
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The prototype development board with LED turn on after the software is downloaded successfully

Source code of the test program
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Figure 5 - 12 :  (b)  Flow Chart of the Preview ()  Function  
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Figure 5 - 13 :  (a)  Flow Chart of the Manual Control button    
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Figure 5 - 14 :  (b)  Flow Chart of the Manual Control button    
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