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[bookmark: _Toc513137799]Introduction
The aim of this project is to design and create an effective and functional proof of concept prototype of a sea depth measurement system. Bodies of water such as the sea are used for numerous reasons world-wide from trade and travel, control over river flow or water storage. Because of this variety of uses, there is a desire to take control over as any aspects as possible. One form of taking control comes in the form of bathymetry or water depth measurement. This is the process that this project is based upon.
In the first section of this proposal we shall discuss the field in which this project lies, and the background related to this project and its aims. We shall also consider the current research in the field relating to the project that is to be undertaken. In latter sections we shall discuss the research and development methods and the resources and planning for the project.
Give your research a working title:
The title for this project will be Design and implementation of a proof of concept sea depth measurement system.
[bookmark: _Toc513137800]Background Literature
Water depth measurement, otherwise known as bathymetry [1], is used worldwide in critical areas such as ports and dams to estimate and keep track of the volume and depth of those bodies of water[2]–[4]. But, before we look at other examples used in depth measurement, we will explain exactly what bathymetry is. According to the National Oceanic and Atmospheric Administration “Bathymetry is the study of the "beds" or "floors" of water bodies, including the ocean, rivers, streams, and lakes.”[1] This measurement takes into account the depth from the surface of the body of water to the floor. Bathymetry is essential for a range of uses, such as monitoring water depth in locations where safe passage for waterborne vehicles is critical, for example harbours and ports. Bathymetric data is also crucial for the generation of nautical charts and the planning of marine installations such as turbines, pipelines or oil platforms.
To show the importance of bathymetry we shall look at a case study undertaken by Yang, Li and Liu between 2002 and 2006 in H. H. Harbour, the second largest harbour in China used for coal transportation. This harbour has a severe problem with silt deposition along its route, which is 19 nautical miles long and 800m wide at the entrance. For large ships to have safe passage, the water depth requirement is 13.5m. If the sea route silts up, this can cause significant problems for the larger tonnage ships. This forces larger tonnage ships to wait before entering the harbour and the smaller tonnage ships require a pilot to navigate them safely to the harbour. It is because of this that careful monitoring of the water depth is required and this is where the efficient use of bathymetry is essential [2]. 
There are two main approaches to bathymetry, ultrasonic and airborne laser bathymetry [5], [6]. Of these two, the project shall focus on the former, ultrasonic bathymetry. This is due to the simplicity of use and cost efficiency. Using ultrasonic bathymetry, the depth will be determined by measuring the two-way travel time of the emitted pulse, this is then multiplied by the speed of sound in ambient water (1500m/s [7]). The result of this is then divided by two to determine the depth [6].
The water depth measurement system designed for this project will be proof of concept only, this is simply down to cost. The design will be based on the Arduino Mega which is a microcontroller board based on the ATmega2560. It has 54 digital input/output pins, 4 UART pins and a 16MHz crystal Oscillator [8]. Originally the Arduino Uno was considered, the UNO has 14 digital input/output pins, a 16MHz crystal oscillator however does not have sufficient UART pins to utilise all the desired modules [9]. There was another option, which was the Raspberry Pi 3 Model B [10] which is a single board computer, similar in size to the Arduino Uno, however it is considerably more powerful, boasting a Cortex A53 quad-core processor at 1.4GHz in comparison to the Arduino Mega’s single-core ATmega2560 at 16MHz. This extra processing power was deemed unnecessary and the Raspberry Pi would greatly increase the power requirements for the entire system. The Arduino will be in control of the ultrasonic sensor and other modules integrated into the system, namely ZigBee and GPS.
For the ultrasonic sensor, the Elecrow Waterproof Integrated Ultrasonic Ranging Module-JSN-B02 was chosen. This is based on the HC-S04 module and has a working voltage of 5V and a frequency of 40KHz. The HC-S04 module is designed for simple integration with the Arduino. The JSN-B02 has a measurement range of 2cm to 5m which is adequate for proof of concept applications [11]. Ultrasonic sensors such as this work as both the emitter and the receiver. This means it transmits the first ultrasonic pulse and then receives the pulse when it is returned after being reflected by an object [12].
Measuring the depth of the body of water is not enough however. The depth of the water does not provide all the vital information such as the precise location that the measurement took place. To counter this, the project will also implement a GPS device [13]. The GPS module chosen is the MakerHawk NEO-6M STM32 GPS Module. This is a lightweight, low power module with an operating voltage of 3.6V-5V.
The final addition to the system is the ZigBee/XBee module. This provides a cost-effective wireless connection for the designed system. To implement this onto the Arduino we require two things. Firstly the ZigBee Module, in this case, we have opted for the  Digi XBee S2C module, which uses the 2.4GHz wireless bandwidth to provide a 250kbps connection up to 1200m at an operating voltage of 2.1V to 3.6V[14], [15]. Secondly, we need a wireless shield to interface the ZigBee module to the Arduino board. We have selected the Wireless Proto shield from Arduino, this was designed around the XBee modules from Digi [16] such as the one we have selected so it is an ideal solution for our needs. The addition of a ZigBee module allows the Arduino to send data back to a computer without the need to directly connect via a cable. Should it be required or desired, it could also be used to communicate with multiple sea depth measurement systems to provide a larger picture of that body of water. 
A similar project was undertaken by R. Shrenika et al. and is discussed in their paper ‘Non-Contact Water Level Monitoring System Implemented using LabVIEW and Arduino’ [17]. The focus of their project was on monitoring the depth of water in a water tank where it is not possible to see the contents. Similar to this project, they utilise an ultrasonic sensor and Arduino. The Arduino they chose was the Arduino Uno, unlike us they did not the addition of GPS and as such did not require the additional UART pins. The ultrasonic sensor they are utilising was also the HC-SR04 Module, a similar module to the HC-S04 that the JSN-B02 we will be using is based upon.

[bookmark: _Toc513137801]If relevant, introduce the industry/organisation/context that is being investigated. 
This research is based at the University of Wales, Trinity Saint David, Swansea. Located in the Swansea bay, close to the entrance of the Bristol Channel, close to Port Talbot, it provides a fantastic example of where the importance of bathymetry is evident.
[bookmark: _Toc513137802]Aims and Objectives
The aim of this project is to design and create a proof of concept sea depth measurement system. To achieve this aim the following objectives must be completed.
· Conduct a literature review relating to sea depth measurement techniques and Arduino’s.
· Design and develop a system to measure the depth of a body of water.
· Test the depth measurement system.
· Evaluate the depth measurement system.
[bookmark: _Toc513137803]Expected outcomes and/or deliverables
At the conclusion of this project a functioning proof of concept depth measurement system will have been designed to the required specifications. For this system a report will be created outlining further the specifications, utility and effectiveness of the system.
[bookmark: _Toc513137804]Conclusion
In this section we discussed the aims and objectives of this project, the components that will be used and why they were chosen, as well as the background to the project and some case studies of how ultrasonic bathymetry has been utilised. In the next section we shall discuss the research and develop methodologies that will be applied throughout the project.
[bookmark: _Toc513137805]Research Methodology
In this section, we will discuss the methodology with which we will undergoing the research and the methods for development that will be implemented. We will also discuss the ethical and legal implications, limitations and issues of this project and how we will strive to counter them. 
Research Philosophies
There are two main research philosophies, Positivism and Phenomenology. Positivism is basing knowledge on observed and explained realities and inter-relationships between them [18]. It produces quantitative data from large samples, it has a very high reliability due to this, and its data is highly precise. Phenomenology on the other hand is a study of experience from a person’s point of view, hence it produces qualitative data and is highly subjective [19]. Unlike positivism, phenomenology has a high validity and a low reliability. Due to these differences, the research philosophy that best meets the aims of this project is positivism. This is because positivistic research produces quantitative, reliable data. Phenomenology focuses heavily on opinions and qualitative data which is not suitable for a project such as this.
Research Approach
With the decision to use the positivism as the research philosophy we must now decide upon a research approach. There are once again two to choose from, deductive and inductive. The deductive approach is based around the development of a theory and hypothesis, and then utilising these to design a strategy to test the hypothesis. It emphasises the collection of quantitative data with a structured approach, having first developed the theory and later gathering the data. Inductive is the opposite, initially collecting and analysing the data before finally developing the theory. It focuses on developing an understanding to the associated meanings of events and the collection of qualitative data. For this project the deductive approach is more suitable as there is a clear emphasis on quantitative data.
Strategies
Finally, we must decide on three strategies. There are five options, Experiment, Software Development, Document Review, Case Study or survey. The three chosen for this project will be the document review, software development and experiment strategies. The document review will take the form of a ‘literature review’ and will identify the main theory and researchers in the field. This will be combined with the experiment strategy, exploring the effectiveness of the depth measurement system with different variables such as changing depth, differences in salinity or erratic water movement. The final strategy is software development, this will be relevant to the utilisation of software and programming to design and implement the sea depth measurement system.

[bookmark: _Toc513137806]Development Methodology
Two development methods will be applied during this project. These will be Feature-Driven Development and Prototyping. 
The feature-driven development method will be utilised throughout the project, and it has several stages. These are namely [20]
· Developing an overall model
· Building the feature list
· Planning by feature
· Designing by feature
· Building by feature
The first stage, developing an overall model is a high-level walkthrough of the system, it produces a general overview of the context of the system and what it needs to do. The second stage, building the feature list takes this a bit further, breaking down the functionality of the system and determining exactly what it needs to do and what it could additionally do to improve utility etc [20]. This is an ideal point at which to utilise the MoSCoW prioritisation. The MoSCoW prioritisation system is a method of splitting features for a project into what it Must do, what it Should do, what it Could do and what it Won’t do. 
Must do:
· Measure the depth of the water.
· Record and report the results.
Should do:
· Communicate with an external device such as a computer or laptop to report results.
Could do:
· Use GPS to determine and track it’s location at the time of measuring.
Won’t do:
· At this stage there are currently no relevant features that will not be implemented.
As this is early in the development stage, these prioritisations may change, features may be added, removed or have their priorities changed.
The third stage is planning by feature, which is where the order in which the features will be implemented is planned. The order can depend on a variety of things, from feature dependencies (one feature requiring another), complexity of the feature or other factors such as component constraints. The fourth stage is designing by feature, this is where the work begins with the features all entering the design stage. The final stage is building by feature where all the features are combined, and the final design is realised.
Additionally, the prototyping method will also be implemented. Prototypes are often used in engineering and software fields because they allow the exploration of difficulties and make adjusting for better effectiveness, or the addition or removal of features. It can also be considered a process, that encourages the efficient development of hardware and software by splitting larger complications and difficulties into smaller, more manageable components [21].  Prototyping can be classified into four types according to Budde et al. [21], these are Presentation prototype, prototype proper, breadboard prototypes and pilot system prototypes. The presentation prototype is what is presented to clients to prove the feasibility of the project. The prototype proper is constructed to clarify the requirements. The breadboard prototype is mainly used to determine the feasibility of individual technical components. The pilot system prototype is the final stage, it demonstrates the core of the final system and with evolutionary iterations it can become the final state of the project.
This project will utilise all of these types of prototype. The presentation prototype will take the form of the initial viva. The prototype proper will constitute of a hardware construction of the system, however the software aspects will be incomplete and therefore unimplemented. The breadboard prototype will test the feasibility of individual components, such as the sensor and the ZigBee. The pilot system prototype will include both hardware and software aspects of the project, it will be the final stage where any revisions requirements are realised and implemented on.

[bookmark: _Toc513137807]Risks
Risks are an inherent component of any project or study. There are three main sections to consider when accounting for risk in a project, identification, analysis and planning. However, prior to these three stages you have to identify and define what a risk equates to. It is defined by Wiley as “Risk is the possibility of loss or injury” [22] and this agrees with the definition of risk put forward by the association for project management, "an uncertain event or set of circumstances that, should it occur, will have an effect on achievement of one or more objectives" [23]. 
[bookmark: _Toc513137808]Risk Identification
The first stage of dealing with potential risks is identifying the sources of possible risks, what these risks could be and how they could affect the project. There are multiple approaches for doing this, such as checklists, causal maps or brainstorming. Using these methods, the following risks were identified:
· Personnel shortfalls (R1)
· Loss of data (R2)
· Unavailable components (R3)
· Gold plating (R4)
· Unexpected delays (R5)
· Last minute changes to requirements (R6)
To provide clarity into what each of these entails we shall endeavour to explain them below.
Personnel shortfalls refers to lack of knowledge, experience or skill on the part of an individual working on the project. This could be a lack of familiarity with any required software, such as the Arduino IDE, or a lack of understanding with relation to components and how they function.
Loss of data could be the loss of a data sheet for a component which could be easily recovered but would produce a minor set back. Alternately it could be drastically more serious, such as the loss of all project files so far, including plans, programming, simulations etc. 
Unavailable components refers to both hardware and software, a lack of any of the required components such as the Arduino, Arduino IDE or ultrasonic sensor would prove a considerable setback.
Gold plating is the addition of unnecessary features to the project, these would take up time and resources that could be applied better elsewhere.
Unexpected delays can refer to a variety of things, such as personnel illness or workplace accidents. Depending on the scale of the incident, the impact can be negligible or significant.
Last minute changes can occur if the scope of the project or the desired outcomes are altered. The size of the change to specifications can change the size of the impact.
[bookmark: _Toc513137809]Risk analysis and prioritization
These risks all have a probability and an impact, these can be assigned as a qualitative value. These values can be assigned using the figures below [24].[bookmark: _Toc513137817]Figure 1 Qualitative Impact.
[bookmark: _Toc513137818]Figure 2 Qualitative probability.



Table 1 A probability impact matrix. The qualitative probability is displayed on the y axis, the qualitative impact is displayed on the x axis.
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As can be seen in table 1 there are no identified risks with a high probability of having a significant or high impact upon the project. All the identified risks have a moderate to low probability, and the only one with a high impact has a low probability provided the data is handled correctly.
[bookmark: _Toc513137810]Risk Planning
The best way to deal with a risk is to prevent it where possible. Managing and countering risks can be done in several ways.
· Risk acceptance. If the financial impact of the risk is lower than the financial impact of preventing it, then it is often best to just accept that risk.
· Risk avoidance. Where possible it is logical to avoid a risk, this can be applied to R2, the loss of data. If a suitable back-up solution is implemented from day 1 of the project and is strictly adhered to then the loss of any data has a negligible chance of occurring. If it did occur however, recovery would be possible with minimal impact to the progress of the project.
· Risk reduction. Reduction of risk could take the form of multiple prototype stages to identify any problems and correct them.
· Risk transfer. This involves transferring the risk to another individual or an external company. For example, instead of designing an ultrasonic sensor, a sensor from a trusted company can be utilised.
· Risk mitigation. This involves reducing the damage if a risk was to occur. Having a suitable data back-up solution is a great example of this. If a backup occurs on a weekly basis, if the data was lost then the back-up would allow the retrieval of the data from the previous week, reducing the impact on progress.
[bookmark: _Toc513137811]Analysis and Deliverables
At the end of this project an effective, functioning prototype will be designed, built and delivered. It will be capable of measuring the depth of a body of water and providing this data, along with the location at the time of reading to an external device. It will be proof of concept in design so the actual depth measurable will be limited. Alongside the prototype a user manual and full documentation will be provided.
Testing will be undertaken at every prototyping stage, this will allow for a complete view of how the prototype is performing. At the end of the project all the features of the project will be thoroughly tested in a variety of conditions to test whether the prototype meets the design specifications and requirements. Throughout the design progress there will be a series of three presentations. These will provide interested parties with a variety of information depending on which stage the project is currently at. The first presentation will provide an overview of the project, it’s aims and objectives and a timeline for the proceeding of the project. The second presentation will display the current progress along with any issues that have been encountered thus far. It will also discuss how these issues are going to be overcome, if possible, and will provide an updated timeline. The final presentation will occur at the end of the project, presenting the final prototype and will provide a synopsis of the project in its entirety. 

[bookmark: _Toc513137812]Physical Resources
To undertake this project the following resources will be required:
· Computer/Laptop – To be used for the programming. 
· The Arduino IDE - to program the Arduino. 
· Relevant journals that refer to recent research on bathymetry.
· An Arduino Mega.
· An Elecrow Waterproof Integrated Ultrasonic Ranging Module-JSN-B02.
· A Wireless Proto shield.
· A Digi XBee S2C module.
· MakerHawk NEO-6M STM32 GPS Module.
· Generic electrical components such as resistors and capacitors.
[bookmark: _Toc513137813]Planning
Whilst there are no dates set in stone, a Gantt chart was produced for this initial planning stage of this project. A Gantt chart is a useful tool for planning a project as it allows the grouping of smaller tasks into a larger task, and then these can be integrated into one or more overarching tasks. The Gantt chart was created in the Microsoft Project software. 
The project was broken into several sections for the construction of this Gantt chart. These sections can be seen in the Gantt chart displayed in Figure 3 and 4. Figure 3 shows more clearly the task list for the project along with the approximate dates for the start and end of each section. All the dates are unconfirmed as there is no concrete deadline yet.  The Gantt chart also takes into consideration the possibility of unforeseen delays and holidays. 
As can be seen, the project is detailed as beginning with this project proposal. This leads into the main body of the project which comes in the form of research initially, this will be undertaken over the summer holiday to allow the return to the project in October to be as smooth as possible.
The project is split into six primary sections, with an additional two for holidays and unforeseen delays. The Initial research and proposal encompasses this project proposal, with the initialisation section being the start of the main project. This is also the longest section, this is because the Research included within the Initialisation section occurs throughout the entire process of the project. 

[bookmark: _Toc513137819]Figure 3 The task view of the initial project Gantt chart.


[bookmark: _Toc513137820]Figure 4 The initial project Gantt Chart
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