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This report will cover a water level control project. It will talk about the project's goals and goals. Key features background information on how it will work. Why this proposal for a project will help with what already out there system and how it will work. Need different sensors, how are they working and why are they needed? Also I Gantt chart will be made to show goals and key dates.  

The report shows a microcontroller's design and selection. What to do with this project and design of PCBs. Results testing and recording for later analysis. There will also be improvements and reflection. Followed by a conclusion.
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1.0. [bookmark: _Toc4828364][bookmark: _Toc7689135]Introduction

1.1. [bookmark: _Toc4828365][bookmark: _Toc7689136]Water Level Control 
The project that has be proposed in an automatic water level controller for a dock gate. Controlling the water in the Chamber and allowing watercrafts to flow upstream or downstream easily. To achieve this a microcontroller will be designed.
Dock gates are now used in every dock in the world. The lock gates in this report will be looking at a dock based in the UK. This report will show how they work, research on dock gates, design a microcontroller, analysis, deadlines etc.

[image: ]
[bookmark: _Toc7689090]Figure 1 Flowchart Upstream
[image: ]
[bookmark: _Toc7689091]Figure 2 Flowchart Downstream

Figure 1 and 2 are flow charts, showing how the system will work. Form the start checking the water level in the chamber is correct for the watercraft to enter. If the chamber water level is correct either dock gate will open depending if the water craft is travelling upstream or downstream. If the chamber water level isn’t correct the chamber will either drain excess water or fill the chamber with water to meet the target level needed. When the watercraft is in the chamber, the next factor need is the water to match the downstream or upstream (depending on the direction the watercraft is traveling). The chamber will filling or drain water to know meet the now needed water level for the watercraft to travel along the water pathway safely.
1.2. [bookmark: _Toc510611417][bookmark: _Toc4828366][bookmark: _Toc7689137]How do they work?
A lock gates are usually used to allow boats, ships and other watercraft to safely travel from the sea to docks due to various water depths. It works by draining or filling the chamber between the two gates depending on the sea or dock levels depending on the direction the ships, boats and any other watercrafts are traveling. A lock's unique feature is a fixed chamber and if it changes the water level. [1] [2] [3](This research was taken from project proposal)
[image: ]
Figure 3 shows a dock gates plan and side view. Two pairs of gates (upper and lower gates) disconnected the lock chamber from the sea and dock. Both set of paired gates closed at an angle of 120 ° against each other. This is done because, when the water depth on the downstream gates is lower, there is an arch on the water pressure on the gates going upstream. [1] [3] (This research was taken from project proposal)

[4]
[bookmark: _Toc7689092]                                      Figure 3 Dock Gate


1.3. [bookmark: _Toc4828367][bookmark: _Toc7689138]Aims and Objective
In order to meet the requirements and produce an accurate report/design then the following objectives need to be met.

	Planning
	A plan must be created to meet all project requirements. A Gantt chart will be included in order to provide a timeline and a guideline to meet deadlines. A specification will be written to clarify what is needed for the requirement.

	Investigation
	To find the best method for researching the required information, a research methodology must be produced. Research into the design is then carried out to find the right and correct components to carry out the necessary work.

	Implementation
	Create a design that meets the requirements from the research and information collected. The code can be written on CCS once the design is done on proteus and a prototype design can be built to test functionality.

	Analysis
	Annalise results from test and make changes if necessary, write report to explain results and check that the design has met the requirements.

	Evaluation


	Analyze the project from design results, examine further developments in the future and what has been learned from the project and then how to improve if necessary.


[bookmark: _Toc7551878]Table 1 Aims and Objective


1.4. [bookmark: _Toc448943724][bookmark: _Toc4828368][bookmark: _Toc7689139]Project Milestone Dates
The dates seen in the table below show a brief summary for project progress. It offers a map to help the designer keep track of the project and make sure it stays within the time constraints, thus making the project achievable.

	Task:
	Due Date:

	Project Start Date:
	11.04.2018

	Project Plan
	11.05.2018

	Investigation
	10.10.2018

	Implementation
	20.12.2018

	Analysis
	20.04.2019

	Evaluation
	24.04.2019

	Viva Part 1
	29.10.2018

	Viva Part 2
	24.01.2019

	Final Viva
	07.05.19


[bookmark: _Toc7551879][bookmark: _Toc432697523]Table 2 Project Milestone Dates


1.5. [bookmark: _Toc448943725][bookmark: _Toc4828369][bookmark: _Toc7689140]Project Breakdown
The following tables show the breakdown of the proposed project plan

	Breakdown of project plan
	Brief description
	Start date
	Due date

	[bookmark: OLE_LINK1]Project proposal
	Water Level Control
	11.03.2018
	04.04.2018

	Produce Gantt chart
	Project Progress
	11.05.2018
	04.04.2018

	Technical Specification
	Microcontroller In and Outputs 
	02.01.2019
	02.02.2019


[bookmark: _Toc7551880]Table 3 Plan

	Breakdown of Investigation
	Brief description
	Start date
	Due date

	Background Research
	Water Controller Types
	24.06.2018
	30.12.2018

	Sensors
	Three water Sensor Types
	29.09.2018
	10.02.2019

	Microcontroller
	Microcontroller Selection 
	10.12.2018
	10.02.2019


[bookmark: _Toc7551881]Table 4 Investigation

	Breakdown of Implementation
	Brief description
	Start date
	Due date

	Design Circuit
	Circuit Design using Protues
	04.01.2019
	20.04.2019

	Write firmware for PIC
	PIC Programming
	01.03.2019
	20.04.2019

	Produce PCB layout
	PCB Design on PCB
	20.03.2019
	20.04.2019

	Test
	Simulate PIC  
	17.04.2019
	20.04.2019


[bookmark: _Toc7551882]Table 5 Implementation



	Breakdown of Analysis
	Brief description
	Start date
	Due date

	First Design
	Basic circuit design 
	25.10.2018
	30.11.2018

	Final Design
	Complex circuit design
	17.11.2018
	30.12.2018

	Improvements
	Any improvement that can be made
	01.01.2019
	01.02.2019

	Results
	The data recorded and analysis
	01.03.2019
	20.03.2019


[bookmark: _Toc7551883]Table 6 Analysis

	Breakdown of Evaluation
	Brief description
	Start date
	Due date

	Project conclusion
	This my project conclusion is written
	04.04.2019
	02.05.2019

	Review Gantt chart
	This part will talk about the review of my Gantt chart
	01.05.2019
	02.05.2019

	Self-evaluation
	This is an honest evaluation how this project was for myself 
	20.04.2019
	02.05.2019


[bookmark: _Toc7551884][bookmark: _Toc448943726][bookmark: _Toc4828370]Table 7 Evaluation



1.6. [bookmark: _Toc7689141]Gantt chart 

1.6.1. [bookmark: _Toc7689142]Gantt chart Plan

[image: ]

1.6.2. [bookmark: _Toc7689143]Actual Gantt chart Progress

[image: ]

1.6.3. [bookmark: _Toc7689144]Gantt chart Analysis 

The two above Gantt charts are shown above. The first Gantt chart is what the design believe how the project will pan out. The second Gantt chart shows the actual progress of the project. The cost list wasn’t started or completed, due to not building the porotype and the cost listed wasn’t then needed. As shown in the both Gantt charts by comparing the first by second, the starting plan wasn’t how it actual went. Due to work commitments a lot of the task were started later. The Gantt chart show how intense the last 6 weeks were in this project due to a lot of thigs going on together. I the first Gantt chart plan was followed it would of made the project a lot easier and better due to managing time better.  








2.0. [bookmark: _Toc4828371][bookmark: _Toc7689145]Research Methodology 

[image: http://www.ukessays.com/images/essays/the_research_onion.jpg] [5]
[bookmark: _Toc7689093]Figure 4 Research Onion
2.1. [bookmark: _Toc448943728][bookmark: _Toc4828372][bookmark: _Toc7689146]Research Philosophy
Research Philosophy is the first layer of the onion. The layer research philosophy gives aid for the person who works to find information, an idea of how they would think about the research that needs to be received/be gotten. For each of the selections at this given time will be cautiously thought about because this will give structure, guidance and possible limits to following decisions of the project. The research philosophy layer contains three philosophies, positivism, interpretivism and realism.
Positivism research is known for taking the specifics information and then proved or disproved the information, it considers the question, answer can be proved or disproved by scientific experiments rather than going on limited information that has be found from research or someone's life experience which could be an one off.  Even though that some people believe this is research is great, there is an argument that it can be seriously influenced by someone world-view and or perception.
Interpretivism (Understand/explainivism) is labelled as the reverse of positivism. This is because this view will take into people's experiences and to understand/explain their (open to opinion and judging) understanding of reality. The writer is able to gather data on expectations and will not take the approach from sciences.
[bookmark: _Toc4828373][bookmark: _Toc4828450][bookmark: _Toc4840199][bookmark: _Toc5879727][bookmark: _Toc6946653][bookmark: _Toc7551907][bookmark: _Toc7689147]Realism (Interest in what's lifelike and real) is the view that combination the two other views. As it take into account the results (Interpretivism) and what actually it should be from a calculated result (Positivism).
 
2.2. [bookmark: _Toc448943729][bookmark: _Toc4828374][bookmark: _Toc7689148]Research approaches
The research approached is the second layer. This layer on the onion will pick the approach for the writer, outlining the writer’s targets they want to accomplish.  This section of the onion has two approaches, deductive and inductive. 
The leading dissimilarity among the research approaches, inductive and deductive is that whilst a deductive approach is aimed and testing explanation of why something works or happens the way it does, an inductive approach is concerned with the generation of new explanation of why something works or happens the way it does newly appearing from the data. [6]

2.3. [bookmark: _Toc448943730][bookmark: _Toc4828375][bookmark: _Toc7689149]Research strategies
[bookmark: _Toc4828376][bookmark: _Toc4828453][bookmark: _Toc4840202][bookmark: _Toc5879730][bookmark: _Toc6946656][bookmark: _Toc7551910][bookmark: _Toc448943731][bookmark: _Toc7689150]Research Strategies is the third layer. This section s where the writer will decided how the data is gathered. This section has 6 strategies that are shown below:

· [bookmark: _Toc4828377][bookmark: _Toc4828454][bookmark: _Toc4840203][bookmark: _Toc7689151]Experiment 
· [bookmark: _Toc4828378][bookmark: _Toc4828455][bookmark: _Toc4840204][bookmark: _Toc7689152]Survey 
· [bookmark: _Toc4828379][bookmark: _Toc4828456][bookmark: _Toc4840205][bookmark: _Toc7689153]Case study 
· [bookmark: _Toc4828380][bookmark: _Toc4828457][bookmark: _Toc4840206][bookmark: _Toc7689154]Grounded Theory  
· [bookmark: _Toc4828381][bookmark: _Toc4828458][bookmark: _Toc4840207][bookmark: _Toc7689155]Ethnography
· [bookmark: _Toc4828382][bookmark: _Toc4828459][bookmark: _Toc4840208][bookmark: _Toc7689156]Action research 

2.3.1. [bookmark: _Toc4828383][bookmark: _Toc7689157]Experiment
[bookmark: _Toc4828384][bookmark: _Toc4828461][bookmark: _Toc4840210][bookmark: _Toc5879738][bookmark: _Toc6946664][bookmark: _Toc7551918][bookmark: _Toc7689158]The objective of the Experimental Research is to cause and effect relations between a model and another factors. In an experiment this can be shown that changes in one thing are directly responsible for changes in another.  [7]

2.3.2. [bookmark: _Toc7689159]Survey
[bookmark: _Toc4828464][bookmark: _Toc4840213][bookmark: _Toc5879741][bookmark: _Toc6946667][bookmark: _Toc7551921][bookmark: _Toc7689160]Survey research is a frequently used research strategy for getting information about a population of interest. There are a lot of types of surveys, this method is a perfect way of sampling information from people. [8]
2.3.3. [bookmark: _Toc7689161]Case Study
[bookmark: _Toc4828466][bookmark: _Toc4840215][bookmark: _Toc5879743][bookmark: _Toc6946669][bookmark: _Toc7551923][bookmark: _Toc7689162]A case study is a research method of doing things that has commonly used in social sciences. A case study is a research success plan(s)/way(s) of reaching goals and a based on actually seeing things question or investigation that asks lots of questions about/tries to find the truth about an important thing/big event within its real-life big picture. A case study is a descriptive and exploratory analysis of a person, group or event. [9]

2.3.4. [bookmark: _Toc7689163]Action Research
[bookmark: _Toc4828468][bookmark: _Toc4840217][bookmark: _Toc5879745][bookmark: _Toc6946671][bookmark: _Toc7551925][bookmark: _Toc7689164]Action research is an organized process of question or investigation by and for the person taking the action. The first or most important reason for doing this study is to help the person managing and doing the study to improve or make better/make more pure an issue seen to need improvement. Analysis of a person, group or event. [10]

2.3.5. [bookmark: _Toc7689165]Ethnography
[bookmark: _Toc4828470][bookmark: _Toc4840219][bookmark: _Toc5879747][bookmark: _Toc6946673][bookmark: _Toc7551927][bookmark: _Toc7689166]Ethnography writing about people is a very broad area with a great variety of professionals or skilled people and methods. However, the most common having to do with writing about people approach is. Person who was part of a study, etc. instance of watching, noticing, or making a statement as a part of field research. The person who writes about people's experiences becomes surrounded by the culture as an active person who was part of a study, etc. and records long/big field notes. [11]

2.3.6. [bookmark: _Toc7689167]Grounded Theory
Grounded explanation of why something works or happens the way it does is an inductive way(s) of doing things that provides well-thought-out guidelines for gathering, making/creating, analysing, and creating having to do with figuring out the quality of things without measuring them with numbers data for the purpose of explanation of why something works or happens the way it does construction.
2.4. [bookmark: _Toc7689168]Time horizons
[bookmark: _Toc4828473][bookmark: _Toc4840222][bookmark: _Toc5879750][bookmark: _Toc6946676][bookmark: _Toc7551930][bookmark: _Toc7689169]The fourth layer of the onion is time horizons, this is relevant when preparing research since there are two different types of time horizons related to long-term studies and thin slices that can be viewed at al. It depends on which method is used, depending on the loud time out for the research. When there are time constraints and there is not enough time for research, cross-sectional is used, this is usually just a ' snapshot ' of research. Although in different periods of time, long-term studies investigate the same thing and apply over a long period of time.
[bookmark: _GoBack]
[bookmark: _Toc7689170] Data collection methods
[bookmark: _Toc4828475][bookmark: _Toc4840224][bookmark: _Toc5879752][bookmark: _Toc6946678][bookmark: _Toc7551932][bookmark: _Toc7689171]The last section and core section of the onion is data collection methods. There are two main types of data collection, first or most important data and secondary data. First or most important data is data that is collected by the person who works to find information and figured out the worth, amount, or quality of, for example lists of questions, interviews, tests, market research etc. Secondary data is looking at first or most important data that has already been collected by a different source and then used again by the person who works to find information to gain the information they require from it, using secondary data saves a lot of time as the information is already there but it cannot always be trusted.



2.5. [bookmark: _Toc7689172] Major Project Research Methodology 

2.5.1. [bookmark: _Toc7689173]First Layer
This project I will use positivism research method, this method is being used to prove that a simple dock gate can be controlled by a microcontroller, it will consider the water level in 3 areas. The water level will then be calculated and controlled.
2.5.2. [bookmark: _Toc7689174]Second Layer
Deductive approaches to research in this project has an aim and will have a testing theory. Also an inductive approaches will be used to be looking at previously researched phenomena from a different perspective. 
2.5.3. [bookmark: _Toc7689175]Third Layer
Experiment method is going to be all the design on EasyPc and Protues, testing and simulating the project. Action research method is being used due to an ABP dock asking my company to come up with a design to simulate a dock. The project is going to take a simple design at first and then be able to improve on it.
2.5.4. [bookmark: _Toc7689176]Four Layer
Time horizons method I am using is cross-sectional, there are some many different techniques out there to be used to achieve the project but the time scale for the project is pretty short, so the research gathered will only just touch the surface. 
2.5.5. [bookmark: _Toc7689177]Firth Layer
Data collection methods going to be used in this project is going to be first data and secondary. Some of the information gathered will be from the finding from the simulations completed in Protues and EasyPC. The secondary data is going to be the research on the different types of sensors out there and the different methods of water level control. 


3.0. [bookmark: _Toc7689178]Background Research 

3.1. [bookmark: _Toc7689179]Project Background  

I work for C&P Engineering Ltd, an electrical and Instrument Company that deals with all types of projects and issues. Associated British Ports (ABP) contacted C&P Engineering to design and develop an automated process for a local dock that we cannot name for reasons that would cause them problems. 
[bookmark: _Toc7689180]All British docks are manually run by man or woman, it's possible for a system to do the job instead of people to ask the question. Head designer and director of C&P Engineering Tal Hopkins felt James Bunyan and I could be part of such a large project. James Bunyan and I will work together on this project, but on this project both have different tasks. [3] (This research was taken from project proposal)

3.2. [bookmark: _Toc7689181]UK Tidal Range

The UK has one of the world's largest tidal range. Compared to other countries, the UK sea level is shallow. The UK is on the continental shelf of Europe, which means that for a long time the water is shallow compared to other countries. Because the land sloped for a distance out at a low degree and then suddenly a bigger drop on the level of the sea flow, causing the tidal range to be so high. [12] (This research was taken from project proposal) 

[image: http://sites.cardiff.ac.uk/secg/files/2016/02/Tidal-energy-UK-atlas.png]
[bookmark: _Toc7689094]Figure 5 UK Atlas of Marine Renewable Energy [13]
3.3. [bookmark: _Toc7689182]What is Level Control?

Level control for vessels across a wide range of industrial and research applications is a very common process requirement. An on / off valve triggered by a level sensor is the most common level control configuration. In many industrial systems, a flow control valve for level control is configured where an analog level sensor provides the input to the flow control valve. Level control is going to be key part of this project because, the task is to match the chamber water level with either upstream or downstream water level.
3.3.1. [bookmark: _Toc7689183]Traditional Float Valve for Level Control
Typical float valves are a popular configuration of the process to provide industrial vessels with effective and safe level control (see figure below and right). The valve is opened and closed using a mechanical actuator, so the initial setting must be achieved through mechanical adjustment. The materials available for this sort of valve are such that when process fluids are incompatible, there may be cases. The float can be hard to fit smoothly into the process tank depending on the design.

[image: schematic of level control with traditional float valve]
[bookmark: _Toc7689095]Figure 6 Traditional Float Valve
3.3.2. [bookmark: _Toc7689184]Level Control with Flow Control Valve in PID Loop
Another method is to control the level in a PID loop with a level detector using a flow control valve and this shown in the figure below. In this case, via an I / P electronic controller, the flow control valve receives feedback from the PID controller. The PID controller obtains feedback in the process tank from the level detector. This sort of setup is adjustable because it is governed electronically, but it can be slow to react to flow surges. System errors might become tricky with all the components concerned in the setup to resolve problems. To set up and maintain properly, the configuration requires acute programming skills.
[image: https://cdn.equilibar.com/wp-content/uploads/2018/08/Level-Control-with-PID-1.gif]
[bookmark: _Toc7689096]Figure 7 Flow Control Valve in PID Loop [14]

3.4. [bookmark: _Toc7689185]Water level Controller

3.4.1. [bookmark: _Toc7689186]Contact Water Level Controller
Below is a basic circuit for controlling the water pumps. Once the water level in the overhead tank surpasses the maximum level, the pump switches off automatically and halts the pumping process thereby stopping an overflow of water. It uses a relay to cut off the water pump power supply. 
The circuit is build using the following components:
CMOS IC CD4001: 
· A versatile 14-pin IC with 4 NOR gates. 
· Two inputs and one output for each NOR gate. 
· The IC therefore has 8 input pins and 4 output pins.
· One Vcc pin (connected to positive supply voltage) 
· One Vss (connected to negative supply). 
· Basic characteristics include maximum voltage of supply: 15V. [15]

Transistor BC547: 
· It is a transistor for bipolar NPN junction.
· Mainly used for amplification and switching purposes. 
· Its features include 800 maximum current gain. 
· When used as an amplifier, it is used in CE configuration. [16]

Battery: 
· A 9V DC supply is provided to power the circuit via a battery.
[image: Water-Level-Controller-Circuit]
[bookmark: _Toc7689097]Figure 8 Contact Water Level Controller

The circuit is driving the relay using a CMOS IC CD 4001/4011. To detect the water level, the input gate 1 is used to connect the probe. The IC's gate 1 and the other probe are connected to the ground by one probe. When the IC gate 1 connected probe A is floating, the gate 1 input remains high and the output pin 4 is high and the relay driver transistor is conducting. The relay is going to be triggered. The water pump's power supply is connected directly through the relay's common and NO contacts so that water pump works when the relay is turned on. LED indicates the relay's function. Then when the water level increases and the probes A and B come into contact, the IC output becomes low and the relay de-energizes to halt the pumping.
At first when A and B are not connected, i.e. water level is low, the IC's input pin1 is high in logic and the pin3 output will be low in logic according to the NOR gate truth table. Since pin3 is shortened to pins 5 and 6, logical low signals will be the input to other NOR gate. This provides the corresponding output pin 4 a high logic signal. As the current flows into the transistor base through the resistor, it begins to conduct and behaves as a closed switch. The relay connected to the transistor collector is energized and the NO contacts are connected to the common contact and the water pump receives power supply from the power supply and begins to work.
When the water level in the tank increases so that the samples A and B are connected by water, the current flows through them (as water is a conductor) and the pins 1 and 2 are connected to the negative battery supply through A and B.
Therefore, at a high level of logic, the output pin 3 causes the input pins of the other NOR gate to be at a high level of logic and therefore the corresponding output pin 4 is at a low level of logic. Because of lack of bias current, the transistor gets cut off point and the relay gets correspondingly de-energized and the water tank power supply is cut off. [17]
3.4.2. [bookmark: _Toc7689187]Contactless Water Level Controller
Besides the method addressed above, by sensing it using ultrasonic technique, there may be another way to control the water level in the tank. This does not require any contact with the water tank, unlike the previous method.
The system consists of the following parts;
· A regulated DC power supply with bridge rectifiers and filters to convert the AC supply to regulated DC voltage.
· An ultrasonic module composed of an ultrasonic transmitter and a receiver to detect the tank's state of water level.
· A microcontroller that operates as a unit of control.
· A transistor that forms the switching unit and a MOSFET unit. 
· A relay for controlling current application to the pump. 
· A load - bearing pump
[image: Water Level Controller Block Diagram]
[bookmark: _Toc7689098]Figure 9 Contactless Water Level Controller
By transmitting ultrasonic signals to the tank, the ultrasonic sensor senses the water level in the tank. The water in the tank reflects back the receiver's ultrasonic signals. The received ultrasonic or sound signal is transformed into electrical signal pulses applied to the microcontroller. These pulses signify the tank water level. Just as the water level reduces under a certain levels, the ultrasonic module gives an idea through the electrical signal and therefore the microcontroller drives the transistor to off state, which then causes the MOSFET to be turned on and therefore the relay becomes energized and the pump is switched on. The Microcontroller switches off the relay through the transistor and MOSFET arrangement to switch off the pump if the water level is above the threshold level. [17]





3.5. [bookmark: _Toc7689188]Sensors 

To be able to keep track the water levels in the different areas. I level sensor is needed, there a lot of water level sensors on today’s market and some are better that others. This chapter will highlight a few of them, explaining how they work and Pros/Cons for each type. With this information one type can be selected. When the level sensor type is selected, a table will be created to look at the different one out there in the market with the key information. One of these will be selected to be used in the project. 
3.5.1. [bookmark: _Toc7689189]Guided Microwave Level Transmitter
[image: Guided Microwave Level Transmitter] [18]
[bookmark: _Toc7689099]Figure 10 Guided Microwave Level Transmitter

The guided microwave level transmitter is designed to measure conductive or non - conductive liquids on a continuous level. The guided transmitter of the microwave level operates on the well - known principle of time domain reflectometry or known as TDR. At the speed of light, micro-pulses are sent along a sample guide. Once the pulse reaches the medium surface, it is reflected back in the level transmitter to the electronic module. Level distance is directly proportional to the pulse's flight time. The reflected signal is dependent on the dielectric constant of the material. The TDR technology is unaffected by both the medium's properties and the space above it. Measuring is also unaffected by changes in materials ' physical properties such as temperature, pressure, dielectric constant. [18]
3.5.1.1. Advantages 
Guided wave level radar transmitters are capable of measuring both liquid and solid media. Odd / angry surfaces such as boiling liquid, dust, foam, or vapour do not affect the performance. The GWR has intense servicing capacity and performs well at extreme temperatures up to 600ÂoF as expected. It is capable of surviving pressures up to 580 PSIG. In quite harsh applications such as fine powders and sticky fluids, it does well as expected. GWR is commonly used in some applications such as paint, latex, animal fat, soy bean oil, saw dust, carbon black, titanium tetrachloride, salt, and grain, to name a few. [19] [20]
3.5.1.2. Disadvantages  
Since the waveguide is in constant communication with the product in the tank, there is a chance of sluggish chemical break down of something / rust etc. Vendors solve this problem by providing a list of process connections and waveguides constructed from sluggish chemical breakdown of something / rust, etc. [21] 
The product's movement in the tank may cause the waveguide to pull and bend forces acting on it. Though, easily obtainable calculation formulas make it possible to actually check that the forces are within the operating limits for a given wave guide type and length. [22]

3.5.2. [bookmark: _Toc7689190]Optical Sensor 

[image: Optical Level Sensor] [21]
[bookmark: _Toc7689100]Figure 11 Optical Sensor
Electro - optical sensors are electronic sensors that transform light into an electronic signal, or a change in light. They are used, for example, in many industrial and consumer applications:

· Bulbs that automatically switch on  reaction to obscurity
· Position sensors that trigger an object when a light beam is interrupted
· Flash detection to synchronize a picture flash with another flash
· Photoelectric sensors that detect the distance, absence, or presence of an object [23]

Function An optical sensor transforms electronic light rays into signals. It analyses the psychical amount of light and then actually translates it into a form that an instrument can read. Generally, an optical sensor is inherently corrupt that combines a light source, a measuring device, and an optical sensor. This is often associated with an electrical trigger. The trigger responds even within the light sensor to a change in the signal. The adjustments from one or more light beams can be measured by an optical sensor. The light sensor works as a photoelectric trigger when a change occurs and thus either goes up or down the output power. An optical switch allows the highly selective switching of signals as well from one circuit to another in optical fibres or integrated optical circuits. An optical switch can perform by mechanical or electro-optic, magneto-optic and other methods. Optical switches are optoelectronic devices that can be embedded with microelectronic circuits that are integrated or discrete. [23]

3.5.2.1. Advantages and Disadvantages  
The biggest benefits of optical level sensors are their small and compact size, components that hardly move, and low cost. Although, whilst in high stress environments they are extremely accurate for point level detection, they are less useful for continuous level measurement. Furthermore, optical level sensors are unsuitable for applications where top mounting is required; moisture condensation may adversely affect the accuracy of optical level sensors when mounted on top. [24]

3.5.3. [bookmark: _Toc7689191]Radar Level Senor 
[image: PiloTREK Microwave Level Transmitter] [25]
[bookmark: _Toc7689101]Figure 12 Radar Level Senor
The Radar level transmitters are considered to be the industrial process automation field's most progressive non - contact level transmitters. Their levels of accuracy are outstanding and their extremely short and shallow antennas make it easy and low cost to install them. [25]
Microwaves are transmitted by the radar sensor antenna system to the measured product in radar level measuring device, mirrored by the product or service surface, and transmitted back by the antenna system. The time between emission and signal reception is proportional to the vessel's level. [26]

3.5.3.1. Advantages 
Precise measurements independent of constants, densities and conductivities of dielectrics. Minimum, if any, contact with the measured substance. Installation facility and accessibility- typically found at the top of the tank, these transmitters are easy to install and remove as needed. Eliminate any necessary reset up when changing the tank contents. In non-contact environments, radar level transmitters are popular because they use microwave frequencies to measure the tank's content or liquid level. Microwaves are modestly affected, if at all, by various types of gases, temperatures, pressures, build-up and moisture, enabling transmitters at the radar level to provide the most reliable results. [22]
3.5.3.2. Disadvantages  
Possible installation difficulties depending on the design of the tank. If there is a build - up of foam from liquid substances, accuracy in the measurement of fluid levels can be compromised. Distance blocking is another problem with this sensor. Turbulent surfaces can make readings confusing. [22]


3.5.4. Selected Sensor Type

The sensor that has been selected for this project is going to be a guided wave radar level transmitter. The table below will compare 4 different makes and models for this senor times. It will be comparing key aspects for each types.
 
	Picture of the sensor 
	[image: https://br.omega.com/omegaFiles/green/images/LVRD10_l.jpg]
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	[image: https://files.pepperl-fuchs.com/webcat/navi/productInfo/pd/b237399a.png]
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	Sensor Name
	LVRD10 [27]
	NGM [28]
	LTC51 [29]
	Rosemount 3300 Series [30]

	Supply Voltage
	10 to 30 VDC
	12 to 30 VDC
	11.5  to 35 VDC
	10 to 30 VDC

	Output
	4 to 20 mA, 3-wire, 22 mA maximum
	4 to 20 mA, reverse-polarity
 protected <50 mA), 4-wire
 system
	4  to 20 mA, 2-wire
	4  to 20 mA, 2-wire

	Accuracy
	Accuracy: ±3 mm (0.118")
	±3 mm or 0.03 % of measured
	measuring range up to 15 m (49 feet): ±2 mm (0.08 inch)
- measuring range > 15 m (49 feet): ±10 mm (0.39 inch)
	0.15% of measured distance for flexible probes >16.4 ft. (5 m)

	Response Time
	0.5s or 1s
	0.5s (default), 2s, 5s (selectable)
	0.5,2 or 5s
	1s (0-60s damping)

	Measuring Length
	3.0 m (9.8')
	65.5 feet
	45 m (148 ft)
	77 ft 1 in. (23.5 m)
Flexible single lead

	Pressure Range
	-1 to 17 bar
	-14.5…580 PSIG
	40 bar (600 psi)
	40 bar (600 psi)



The sensors above, working temperature comes within -40 to 80 Degrees. Before selecting the suitable sensor, the average deeps and pressure of the UK waterway will be found.


	Docks 
	Depths

	Swansea
	10.06 m 

	Barry
	9.5 m

	Port Talbot   
	 16.5 m

	Newport
	11.1 m

	Cardiff
	10.0 m


[bookmark: _Toc7551885]Table 8 South Wales Dock Depths [31]
The table above shows the docks depth around South Wales, taking Port Talbot as an example due to having the highest dock, taking that gravity is 9.81m/s2 and seawater density as 1029 kg/m3. [32] From that, the sea water pressure can be calculated from the equation P = ρgh can be used, where ρ is the density of the liquid, g is the acceleration of gravity, and h is the height of the liquid (or depth of the fluid). Pressure will increase by 1 atm or 1.01325 Bar with each 10 m of depth. [33]
P = ρgh
P = 1029 x 9.81 x 16.5 
P =166,559.085Pa
P= 1.67 Bar (2DP) 
Due to the depth going below 10m, 1 bar (1SF) will need to be added.
P = 2.67 Bar (3SF)
Form the calculation above it shows that any of the sensors will be suitable to be used due the seawater only be 2.67 Bar. Sensor one won’t be suitable due to the depth range be so small but the other three sensor will be suitable. 
The level sensor is supplied with 24V for the design and the output signal is 4 - 20mA. Choosing the right output from a sensor can be very difficult because there are many different options and it is important to understand how they work to get a good working system.
The two wire, 4 - 20mA current loop system is one of the commonly used amplified sensors. This is easy electrical wiring, with only two wires, inherent noise immunity as it transmits current, a wide range of power supply, 4mA at zero and no dead wire. However, it is advisable to choose an amplified output with built - in power supply regulation if there a need more of a few meters of cable. This helps to overcome problems with electrical noise and ensures that there is plenty of supply voltage in the sensor. [34]

The sensor chosen from the compared table going to be used is the Rosemount 3300 series, this one is choose due to it having a damping setting in it.  A transmitter's Damping command alters the transmitter's reaction time to smooth variations in output readings resulting from rapid input changes. Decide the correct damping configuration depending on the system loop dynamics ' required response time, signal stability, and other requirements.
The value selected for damping effects the transmitter response time. The damping function is off when set to zero or disabled. The transmitter output responds as fast as the intermittent sensor interface makes it possible to adjust the input. Enhancing the damping value rises the reaction time of the transmitter. [35]




4.0. [bookmark: _Toc7689192]Components 

The project will need a few simple components to make it all achievable. Two pumps are needed to fill and drain the chamber of water. Also needed will be 2 pairs of motors to open and close the lock gates up and downstream. This section will look into different pumps and motors that can be used and gather basic information, also understand what can be used for what application. This chapter will pick the pumps and motors for the selected tasks within the project. The pumps will be needed to fill and drain the chamber of water and the motors are there to control the opening and closing of the dock gates.  
4.1. [bookmark: _Toc7689193]Pumps
Today there are a variety of water pumps on the market. Not knowing the key difference, when choosing the right pump is complicated. It is therefore very useful to know about various kinds of water pumps. The sort of pump which matches the task best depends on the type of liquid needed to pump, the amount of water needed, and the distance it’s getting moved. Below table shows what is available for all water pumps:
	Pump Types
	Background in to Pumps

	Centrifugal Pumps
	In this type of water pump, a centrifugal force is needed to pump the water. However these water pumps are performed with an electric motor to extract clear, solid impurity - free water and any other chemical substances.(This pumps will be used in this project). 

	Submersible Pumps
	These water pumps, which are mostly used in wells and bore wells, are completely submerged underwater and have a hidden engine. The best part is that these pumps are already in the water, so no priming is needed.

	Pressure Booster Pumps
	These water pumps serve the best when good water pressure is needed. The domestic water booster pump supplies water through all the pipes at constant pressure and is therefore most suitable for residential areas.

	Shallow Well Pumps
	In rural areas, there are many shallow wells. This pump type are mainly used to pump water from shallow wells, as these pumps have a high suction capacity.


Table 9 Pump Types [36]


	
	[image: High-Flow 316 SS Straight Centrifugal Pump; 94 GPM/63 ft, 115/230V] [37]
	[image: Magnetic Drive Centrifugal Pump, ODP Motor; 10 GPM/20.5 ft, 230V] [38]
	[image: https://www.anchorpumps.com/media/catalog/product/cache/207e23213cf636ccdef205098cf3c8a3/e/-/e-hm_-1hm_1_1_1_2_1_2_2.jpg] [39]
	[image: Armstrong Pumps Pump, Centrifugal, Bronze Fitted construction, 28 GPM Max, 1/12HP, no flanges] [40]

	Name
	High-Flow 316 SS
	Magnetic Drive
	LOWARA 1HM04S03T5RVBE
	Armstrong Pumps Pump

	Voltage  (V)
	230
	230
	415
	230

	Power (Hz)
	60
	60
	60
	60

	Phase
	1
	1
	3
	1

	Max RMP
	3450
	3200
	5000
	1800

	Max Flow Rate (GPM)
	94
	10
	100
	28

	Max Pressure (Bar)
	10.3 
	3.4
	25
	8.6


Table 10 Pumps Compare Table
The Pump selected for this project is the High-flow 316ss. The pump in this design will only need to be single phase and be able to handle a max pressure of 10 bar. A little more information about this valve time is the straight centrifugal stainless steel pumps are intended for constant high-flow and high-pressure applications such as chemical processing, liquid transfer, cooling, pressure boosting, circulation, and contaminant-free pumping applications. Investment cast closed impellers of stainless steel for improved performance and high efficiency. Investment cast closed impellers of stainless steel for improved performance and high efficiency. The iron cast motor adapter provides the motor with a positive and rigid mount. [37]


4.2. [bookmark: _Toc7689194]Motors

Now more diverse and adaptable electric motors than ever before. The motors will be a key factor in the design due to needing them to drive the gates open and close. The choice of motor is extremely important when planning a motion control system. The motor will align with the system's intent and overall performance goals. Fortunately, there is a suitable motor design for any imaginable purpose. Many of today's most popular electric motors are:  
	Motor Types
	Background in to motors 

	AC Brushless Motors
	AC brushless motors have been among the most common movement control motors. They use a rotating magnetic field induction generated in the stator to turn the stator and rotor at a synchronous rate. They rely for operation on permanent electromagnets.

	DC Brushed Motors
	Brush orientation on the stator in a DC brushed motor determines current flow. In some models, instead, the orientation of the brush relative to the segments of the rotor bar is crucial. In any DC brushed motor design, the switch is particularly important. (This will be the motor used in the project)

	DC Brushless Motors
	In order to achieve higher performance in a smaller space than DC brushed motors, DC brushless motors were first developed and are smaller than comparable AC models. In the absence of a slip ring or switch, an embedded controller is used to facilitate operation.

	Direct Drive
	Direct drive is an implementation of high - efficiency, low - wear technology that replaces conventional servo motors and their accompanying transmissions. These motors accelerate faster in addition to being much easier to maintain over a longer period of time.

	Linear Motors
	Such electrical motors function an unrolled stator and motor that generates linear force along the length of the device. Unlike cylindrical models, they have two ends in a flat active section. Typically, they are faster and more accurate than rotating engines.

	Servo Motors
	To facilitate positioning, a servo motor is any motor combined with a feedback sensor; thus, servo motors are the core of robotics. There are use of both rotary and linear actuators. Low - cost brushed DC motors are frequent, but for high - performance applications they are replaced by brushless AC motors.

	Stepper Motors
	Stepper motors are manipulated electronically by external magnets using an internal rotor. Permanent magnets or a soft metal can be used to make the rotor. The rotor teeth align with the magnetic field as windings are energized. This enables them to move in fixed increments from point to point.
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	[image: Crompton Greaves B56 5/8" Shaft (16mm), Single Phase Motor 550w 3/4HP, 1400rpm. ] [44]

	Name
	3hp Single Phase 2-Pole Motor
	TECO Westinghouse ALDA
	0.75KW (1HP) 2 Pole Tec Motor
	Crompton Greaves B56 5/8"

	Voltage (v)
	230
	415
	230
	230

	Poles
	2
	2
	2
	2

	RPM
	3000
	2490
	2500
	1500

	Starter Amps (A)
	16
	19
	16
	17

	Size
	3 HP
	4 HP
	2HP
	¾ HP

	Overload Protected 
	Yes
	Yes
	Yes
	Yes


Table 11 Motor Compare Table

The motor selected is the one highlighted in yellow in the above table. The reason a DC brushless motor was picked because of the factor, instead of mechanical brushes, a computer controls the motor, it is more accurate. Also, the computer can factor the engine speed into the equation. This makes motors that are brushless more efficient. No sparking and far less electrical noise. This motor will be the one that control the dock gate movement. [45]





5.0. [bookmark: _Toc7689195]Microcontroller 

A microcontroller with a processor, memory and peripherals can be considered a self-contained system and can be used as an embedded system. Most microcontrollers currently in use are integrated in other machinery such as computer systems automobiles, telephones, appliances, and peripherals.  [3] (This research was taken from project proposal)
5.1. [bookmark: _Toc7689196]Microcontroller Types

With a small computer in the chip, a microcontroller cost is low. The chip can be used as a built-in system. Microcontrollers normally use four-bit expressions and work at frequencies that normally include clock frequencies: 

•	An 8/16 bit microprocessor.
•	A small measure of RAM.
•	Flash Memory and programmable ROM.
•	Serial and parallel I/O.
•	Signal generators and timers.
•	Digital to Analogue and analogue to Digital conversion [6] [7]

[image: Types of Microcontrollers]
[bookmark: _Toc7689102]Figure 13 Microcontroller Family Tree [3]

5.2. [bookmark: _Toc7689197]Microcontroller Specification 

	Feature
	Signal
	Bytes

	Fill Pump
	Digital
	2

	Drain Pump
	Digital
	2

	Upstream Motors Relay
	Digital
	2

	Downstream motor Relays
	Digital
	2

	Upstream Level Sensor
	Analogue
	10

	Chamber Level Sensor
	Analogue
	10

	Downstream Level Sensor
	Analogue
	10


[bookmark: _Toc7551886]Table 12 Microcontroller Specification

· 14 Pin
· 4 Digital 
· 3 Analogue
· 8MHz
· 4K Program Memory 
· 256B RAM




5.3. [bookmark: _Toc7689198]Structure Diagram

[image: ]


5.4. [bookmark: _Toc7689199]Microcontroller Selection 
A suitable selection of microcontrollers must be made in order for the project to be successful. The Microcontroller selected for this project is PIC16F616. The PIC has enough in and outputs needed and it will be make it achievable. The figure below shows the PIC footprint Diagram, labelling what each pin does. It clearly shows this PIC is 14 Pin. 
[image: ]
[bookmark: _Toc7689103]Figure 14 PIC16F610/16HV610 14-Pin Diagram (PDIP, SOIC, TSSOP)
The Figure below is the datasheet for the PIC, this datasheet summarise the key feature of the PIC that has been selected for the project. 
[image: ]
[bookmark: _Toc7689104]Figure 15 PIC16F616 Datasheet

5.4.1. [bookmark: _Toc7689200]Signal Conversion
Before they can be digitized, most analogue signals require some form of preparation. Signal conditioning is manipulating a signal to prepare it for the next processing stage. Most applications necessarily require measurement from sensors of the environment or structure, such as temperature and vibration. Sensors need signal conditioning before the signal can be measured effectively and accurately by a data acquisition device. 
Temperature probe signals for example Thermocouples for instance. They have very low voltage levels that need to be amplified before digitizing them. Many other sensors, including temperature resistance detectors also known as RTDs, thermistors, pressure gages, and accelerometers, need excitation for them to work. Technologies that are of preparation are types of signal conditioning. [46]
[image: Related image]
[bookmark: _Toc7689105]Figure 16 Block Diagram of a Signal Conversion Example [47]

5.4.2. [bookmark: _Toc7689201]Electronic Clamp 

What is a clamp circuit? It’s used to limit or clamp a specified range of output voltage. The action of clamping is accomplished by diodes. A diode is like an electronic valve, a simple way to remember it. It acts as a short circuit when it is biased forward, and when it is biased backwards it acts as an open circuit. The schematic for a clamp circuit is shown in Figure below. If Vin exceeds 5 volts, the diode at the bottom is reversed and the diode at the top is biased forward. 
The equivalent circuit shown in the top-right of the figure below can replace the clamp circuit. In this situation, the source of the input is directly connected to the 5 volt supply and disconnected from the R2 resistor. Because of this, that means that Vout is going to be equal to zero. To limit the current drawn from the voltage source Vin, the resistor R1 is placed here.  These will now show that R1 and R2 resistors connect the source to the ground.
[image: \begin{figure}\epsfxsize =5.in
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\end{figure}]
[bookmark: _Toc7689106]Figure 17 Circuit Examples
Two concerns dictate the selection of R1 and R2 in the above circuit. First it shows that R1 is essentially an existing limiting resistor that prevents unduly stressing the source if V is in > 5. For this, a logical value would be about 1 k - ohmR2 is then selected to make  it larger than R1 to dump much of the voltage input across this second resistor. Choosing R2 greater than R1 in order of magnitude is a realistic choice. [48]
5.4.3. [bookmark: _Toc7689202]Relays

What is a relay? It’s known as an electromagnetic switch controlled by a relatively small electrical current which can turn electrical current on or off. The heart of a relay is an electromagnet (a wire coil that, when electricity flows through it, becomes a temporary magnet). A relay as like an electrical lever. It will switch on with a little current and switch another appliance on but has a much larger current. This indicates that relays can work either as switches that are turning on and off things or as amplifiers that are turning small currents into bigger ones. [49]

5.4.4. [bookmark: _Toc7689203]Analog and Digital Signals.

For transmitting information, analogue and digital signals are used, usually through electrical signals. The information, like any audio or video, is transformed into electrical signals in both of these technologies. The key difference between analogue and digital technologies is that information is translated into varying amplitude electrical pulses in analogue technology. Translation of information in digital technology is in binary format (zero or one) in which each bit represents two distinct amplitudes.
	 
	Analog
	Digital

	Signal
	Analog signals are a constant signal representing physical readings.
	Digital signals are discrete digital modulation - generated time signals. Signal representing physical measurement.

	Waves
	Sine waves
	Square waves

	Representation
	Uses a constant range of data for info
	Uses discrete or discontinuous information values

	Example
	Human voice in air, analog electronic devices.
	Computers, CDs, DVDs, and other digital electronic devices.

	Technology
	Waveforms are recorded as they are by analog technology.
	Samples analog waveforms into and records a limited number set.

	Data transmissions
	During transmission and write / read cycle, subject to noise deterioration.
	Can be noise - immune during transmission and write or read cycle without deterioration.

	Response to Noise
	Reducing accuracy is more likely to be affected
	Somewhat less affected as noise reaction is analogous in nature

	Flexibility
	Not flexible.
	Flexible in implementation.

	Uses
	Can be used only in analog devices. Best suited for transmitting audio and video.
	Better suited for digital electronics and computing.

	Applications
	Thermometer
	PCs, PDAs

	Bandwidth
	It is possible to do analog signal processing in real time and absorbs little bandwidth.
	No assurance is given that digital signal processing can be performed in real time and absorbs greater bandwidth to perform the same information.

	Memory
	Stored as wave signal
	Stored as binary bit

	Power
	Analog instrument needs large power
	Digital instrument needs only negligible power

	Cost
	Low 
	High 

	Impedance
	Low
	High 

	Errors
	Analog instruments typically have a lower - end cramped scale and give significant observational errors.
	Digital instruments are free of observer errors such as parallax and errors of approximation


[bookmark: _Toc7689107]Figure 18 Analog and Digital Comparison [50]


6.0. [bookmark: _Toc7689204]First Design 
6.1. [bookmark: _Toc7689205]Design Specification
6.1.1. [bookmark: _Toc7689206]Inputs
The microcontroller will need 3 inputs and these are show below;
· Upstream
· Chamber
· Downstream
The up or downstream level sensor will take their level reading and then compare in to the reading from the reading from the chamber level sensor. 
6.1.2. [bookmark: _Toc7689207]Outputs  
The microcontroller will need 4 outputs and these are show below;
· Upstream pair of motors
· Downstream pair of motors
· Drain pump
· Fill pump
The drain pump will empty the water in the chamber to reach the correct water level, the fill pump will fill the chamber to the correct water level when needed. When all either upstream or downstream match the water in the chamber, one of the pair of motor can operate to open the dock gates to allow the water craft to flow through.
6.1.3. [bookmark: _Toc7689208]Proteus

The Proteus Design Suite is a proprietary software tool suite used primarily for electronic design automation. The software is used mainly by electronic design engineers and technicians to create schematics and electronic prints for manufacturing printed circuit boards.
Proteus was used for the design construction and testing. The signal conditioning is for a sensor of 12V and 24V. For the PIC, the voltage is required to convert to 5V, the signal conditioning where the resistor ratio reduces the 12V to 5V (1:1.4) and the 24V to 5V (1:2.8). Each sensor design also has a voltage clamp. The chip is protected by the voltage clamp.  The chip is protected by the voltage clamp. It protects it from the spike of voltage.
[image: ]
The design above shows that the 3 inputs are going through a signal conditioning to drop the 24v sensor to 5v for in to be suitable for the PIC, due to the PIC only be able to handle voltage under 5v. Then the sensor signal will go through a clamp, again like mention early on the clamp is there to clamp the voltage at 5v, this is needed to protect the PIC. The clamp is needed just in case there is a voltage spike and it goes above the 5v. If there was a voltage spike the excess voltage will be dumped to ground.  This Easy-PC design has the wrong PIC and it couldn’t be used when using the program software because the university didn’t have the license for this type of PIC.
6.1.4. [bookmark: _Toc7689209]Easy-PC
This can create clear and concise schematic drawings with the Easy - PC Schematic Editor. Within a project file, multi - sheet drawings can be easily combined to manage and synchronize all net and component names.
Simply start creating your PCB directly into the PCB design editor if you don't want to create a Schematic. To smartly rebuild the PCB design, you can also import Gerber files. 
[image: ]
6.1.5. [bookmark: _Toc7689210]PIC Programming

Programming is the system of developing and constructing an executable software program to perform a particular computing task. Computing programming includes functions such as analyzing, generating algorithms, profiling the accuracy and resource consumption of algorithms, and implementing algorithms in a selected programming language, known as coding. A program's source code is written in one or more programmer’s intelligible languages rather than machine code, which the central processing unit directly executes. The reason of coding is to make a series of commands on a computer that will automate the performance of a task often to solve a specific issue. The programming process therefore often involves knowledge in many different topics, including application domain knowledge, specialized algorithms, and formal logic.
Accompanying and programming related tasks include testing, debugging, maintaining source code, building systems implementation, and managing derived artifacts, such as computer program machine code. This may be considered part of the programming process, but for this larger process the term software development is often used with the term programming, execution, or coding confined for the real code writing. Engineering manages to combine techniques of engineering with practices of software development. The opposite process is reverse engineering. A hacker is any skilled computer expert who uses their technical knowledge to overcome an issue, but it can also mean a common language security hacker.
The first design isn’t going to contain any programming. 
6.1.6. [bookmark: _Toc7689211]PCB Design 
The figure below shows the first design on Proteus.

[image: ]
[bookmark: _Toc7689108]Figure 19 Easy-PC First Design
The PCB design can use the space more wisely, the component can be placed more affective. Planning and placing each section together and avoid long tracks/crosses. 
[image: ]
[bookmark: _Toc7689109]Figure 20 First Design for PCB in 3D
The figure above shows the 3D image of the PCB that was designed in the first draft. It again show how the spacing on this PCB is good and can be improved on the final design. 

[image: ]
[bookmark: _Toc7689110]Figure 21 PCB Copper Finish

The figure above shows the 3D image of the back of the PCB that was designed in the first draft.

    


7.0. [bookmark: _Toc7689212]Final Design
7.1. [bookmark: _Toc7689213]Design Specification

The new design will consist of 3 Microcontrollers. 
The first Microcontroller will controller the external movement in to the chamber. This will match the water level in the chamber to either upstream or downstream water level. The output will control the opening of the gates. 
The second Microcontroller will controller the internal movement out of the chamber. This will match the water level in the chamber to either upstream or downstream water level. The output will control the opening of the gates. 
The third Microcontroller will be controlling the closing of the gates when the watercraft is clear and ready to move on to the next stage. 
[image: ]
[bookmark: _Toc7689111]Figure 22 General Flowchart for Design
The flowchart above is a general one. It can be used either if the watercraft is traveling upstream or downstream. 
7.1.1. [bookmark: _Toc7689214]Inputs
The microcontroller will need 6 inputs and these are show below;
· Level Upstream
· Level Chamber
· Level Downstream
· Beam Upstream
· Beam Chamber
· Beam Downstream

When doing the first design, there were improvements that could have been made. The new project design will have 3 beams in each section (up, downstream and chamber), these beam will be on tracks on either side of the dock wall with a float underneath them. Due to tidal changes these beam sensors can’t be presently fixed. Them fitted on rollers on a track so they can move with the water level changed, the below figure will show the concept.  
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[bookmark: _Toc7689112]Figure 23 Dock Gates with Break Beams
7.1.2. [bookmark: _Toc7689215]Outputs  
The microcontroller will need 4 outputs and these are show below;
· Upstream pair of motors
· Downstream pair of motors
· Drain pump
· Fill pump

7.1.3. [bookmark: _Toc7689216]Future Research
7.1.3.1. Brake Beam Sensor
Due to the new design is using 3 break beam sensors, further research will be carried to find to find out how they work and how what types are out there.  
Break-beam sensors infrared (IR) are a simple way to detect motion. They operate through allowing an emitter side that sends out a ray of human-invisible IR light, followed by a receiver that is sensitive to the same light. If anything goes through the two, and IR is not transparent, then the beam will break and the receiver will lose the beam and then passing the given information on to controller to then be able act on the information.
Break beams are faster compared to PIR sensors and enable better control of where need for motion to be detected. This senor is cheaper than Sonar modules. The figure below show the receiver is on the left, as it shows there are three wires. Again the figure below show the transmitter is on the right and it having two wires. [51]
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[bookmark: _Toc7689113]Figure 24 Beam Transmitter and Receiver
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	Sensor Name
	42JS [52]
	Bulletin 42JT [53]
	AO003 Photoelectric [54]
	Telemecanique Sensors [55]

	Supply Voltage
	10 – 30V
	10 – 30V
	10 – 30V
	10 – 24V

	Sensing Distance
	10 m (32.8 ft.)
	6 m
	10 m
	30m

	Response Time	
	1ms
	0.5 ms
	1ms
	<2 ms

	Light Source	
	LED
	Red LED
	Red LED
	Infrared LED

	IP Rating	
	IP67
	IP67, IP69K
	IP67, IP69K
	IP65

	Detection Type	
	Through Beam (Emitter)
	Polarized Retroreflective
	Through Beam (Emitter)
	Through Beam (Emitter)


[bookmark: _Toc7551887]Table 13 Beam Sensors
The sensor that has been chosen is the Autosen AO003. This detector can be used in the food industry and in wet areas. Through beam sensors have very lengthy ranges of detection as they consist of two separate components: transmitter and receiver. The photocell of autosen AO003 has a range of 10m. The sensor packs protection ratings IP65, IP67, IP68 and IP69 K due to its robust stainless steel housing and is therefore suitable for standard implementations as well as wet areas. The visible red light enables the through-beam system to be easily adjusted. The beam of light is a one-way beam and is therefore highly resistant to soiling from dust, steam or lens. This ensures a high gain excess. [56]

7.1.4. [bookmark: _Toc7689217]Proteus
The design below will be same across the 3 Microcontrollers because of one fails, the other one can be reprogramed to do another task. Only difference are going to be labelling. Each of the three PIC will have the same setup, but there are one PIC for the internal movement in the chamber of the watercraft, another PIC will be for the external movement of the watercraft outside the chamber and finally the third pic will close the gates. The first two PICs are the opening of the gates at each stage but for the next stage to started the stage before will need to be finished (closing of the gates that the watercraft has just came through).   
[bookmark: _Toc7689114][image: ]
Figure 25 Final Protues Design
The Proteus design above is the final design for this final design. The 3 inputs that are brake beam sensors are show on the left side of the figure above and the bean sensor is being simulated using a simple on and off switch. The 3 other inputs which are the level sensors and this are being be simulated using a variable resistor. The variable resistor would work in a similar way the actual sensor would work, by limiting the current going in to the PIC and the sensor is working on 4-20ma loop range. 
The outputs for this design above, has only 4 outputs just like in the first design. The first two outputs that are shown in the figure above, at the top right are the 2 pairs of motors controlling the opening and closing of the dock gates. The both sets of motors are controlled by two contactors, these contactors have a 24V supply to it and the PIC will be switching the 0V and by doing this, this will be able to switch on and off the motors that control the upstream and downstream gates. The 0V is being switched from the PIC and going through a 2N6796 (N-Channel Mosfet). 
The 2N6796 is an N-Channel enhancement mode silicon gate power field effect transistor designed for applications such as switching regulators, switching converters, motor drivers, relay drivers, and drivers for high power bipolar switching transistors requiring high speed and low gate drive power. [57]
Again the final two outputs are switching the 0V through the N-channel Mosfet from the PIC. These two outputs are controlling two valves that either fill the chamber or empty it, depending on the level needed. 

7.1.5. [bookmark: _Toc7689218]Easy-PC
When the schematic design was completed on Proteus, it was re-done on an easy PC. Easy PC is a software that makes it possible for a user to easily design a schematic and to design a PCB layout. You can find an Easy PC user guide in the appendix. AN Easy PC user guide in the appendix.  Shown below are the final layout design print screens.
[image: ]
[bookmark: _Toc7689115]Figure 26 Final Design Easy-PC
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[bookmark: _Toc7689116]Figure 27 Final PCB Design
A 4-layer board was needed for the PCB design. The above picture shows all the elements set out in the sections, trying to make each track as short as possible, thus keeping the board tidy. Figure above the board's top layer is shown with all the components and tracks. The track at the top is displayed in red. The above figure shows this board's bottom layer with all the holes in the component and the blue tracks. The blue colour track shows, the track is at the bottom of the board are these tracks. The design for different layers of tracks is to emulate the crossing of tracks.

[image: ]
[bookmark: _Toc7689117]Figure 28 Final PCB Design with Copper Layer
The penultimate aspect of the design was to give a nice finish to the board, as the figure above shows the light blue square at the bottom of the board, this is from the copper poured around the bottom of the board. This avoided the combination of short components and tracks. As the figure below shows how much tidier the final design is to the first. 
[image: ]
[bookmark: _Toc7689118]Figure 29 PCB 3D Design
[image: ]
[bookmark: _Toc7689119]Figure 30 PCB Board Undermeath
The above figure is the board's bottom filled with copper pour. Showing this board's name "M.1." These PCBs were 97x94 mm in size. The board size will be rounded up to 100x 100 mm when it comes to building the PCB.
[image: ]
[bookmark: _Toc7689120]Figure 31 Check tool menu
Whenever designing a PCB it is necessary to carry out design checks before the PCB is said to be completed. Check the texts, pads, and spacing of tracks, drill holes and components. The checks is there to make sure that every text component is readable and not covered by a component. This checks is also done to make sure that there is nothing to overlapping or even to close together, also making sure there are no shorts or anything that can cause problems in the further because of the design be poor. The net checks, are there that make sure that all net are connected to the right networks (e.g. 24V to 24 V and 0v to 0v), this check will pick up if there any tacks incomplete but also known as a dangling tracks.

[image: ]
[bookmark: _Toc7689121]Figure 32 Final Error Report
As the figure above shown a report that details that the PCB design is completed, the design of the PCB was successful and no error was found after the completion of the check. 

This PCB design has a few more components compared to the first design, this is due to having more inputs. The PCB design is tidier than the first design because of making the components for each circuit, sit together on the PCB, making the tracks not needed to travel as far. Also taking what components that are connected to what pin on the PCB, meaning making the PCB spacing more efficient.     




7.1.6. [bookmark: _Toc7689219]PIC Programming

[bookmark: _Toc7551981][bookmark: _Toc7689220]Microcontrollers from PIC. Because of their low cost, wide availability, large user base, extensive collection of application notes, and availability of low cost or free development tools, serial programming and re-programmable Flash memory capability, PIC devices are popular with both industrial developers and hobbyists. [58]


7.1.6.1. CCS
	#include <main.h>

#define chamber 	PIN_A3
#define downstream	PIN_A4
#define upstream 	PIN_A5

#define higate PIN_C1
#define logate PIN_C0

#define fillpump PIN_C3
#define drainpump PIN_C2



This part of the code is where the PIC pins get defined. As show above the input and outputs will be paired off with a PIN. For example Chamber level sensor is Pin A3. 
	int time_counter1=0;
unsigned int sec_timer=0;
int flags=0;
char levels[3];
int channel=1;

int gate_timer=0;
int1 higateflag=0;
int logateflag=0;




This part of the code are setting up the integers values for the program. Using integers as variables in different ways supports programming. For example, a common tactic is to develop an integer variable and store some value in it that will influence the program's computations or calculations. Examples involve primitive counter code instances, schedules for amortization, calendars, etc. [59]

	#INT_TIMER2
void  TIMER2_isr(void) 
{
	time_counter1++;
	 sec_timer++;
	 if(time_counter1==4)
		  {
		     levels[channel]= read_adc(ADC_READ_ONLY);		
		     channel++;
		     if(channel==3) channel=0;
		     set_adc_channel(channel);
		     delay_us(30);
		     read_adc(ADC_START_ONLY);
		     time_counter1=0;
      		  }
	  if(sec_timer==40)
		{
		   sec_timer=0;	
		   gate_timer--;				// decriment the gate timer
		   if(gate_timer==255) gate_timer=0;
		   if((gate_timer==0) & (higateflag))
		   if((gate_timer==0) & (logateflag))
		   			 {
			      output_low(higate);		// stop gate motors the upper gates
			      output_low(logate);		// stop gate motors the low gates
			      }
		    
		}
   
   
}



When the time is called every 25ms this the code it will go through. As shown in the code above the output goes low and it will stop either upper gates or lower gates motors.

	void main()
{
	setup_adc_ports(sAN0|sAN1|sAN2);
	setup_adc(ADC_CLOCK_INTERNAL);
	setup_timer_2(T2_DIV_BY_16,195,16);		//1.5 ms overflow, 25.0 ms interrupt


	enable_interrupts(INT_TIMER2);
	enable_interrupts(GLOBAL);
   
	 set_adc_channel(0);
	 delay_us(30);
	 levels[0] = read_adc();
   	 set_adc_channel(channel);
  	 delay_us(30); 
	 read_adc(ADC_START_ONLY);




This part of the code is setting up the timers. Typically, a timer component is a digital (peripheral) circuit inside the PIC that can be controlled through a few dedicated SRF registers. In the computer engineering literature, the core of this digital circuitry is referred to as the "digital counter." A digital counter is serially connected to a series of flip-flops to build the so-called digital counter. [60]

	
	while(TRUE)
	{

/*		//Example blinking LED program
		output_low(LED);
	        output_low(PIN_C0);
		delay_ms(DELAY);
		output_high(LED);
	        output_high(PIN_C0);	   
		delay_ms(DELAY);

		//TODO: User Code
*/	   
	   
 //  printf(" level0 = %U ,  Level1 = %U,  level2= %u\n\r",levels[0],levels[1],levels[2]);
	   
	   if(input(upstream))
		 {
		    if(levels[0]>=levels[2])	
			     {
				flags=1;				
			     }
		     if(levels[0]<levels[2])
			      {
				 flags=2;
			      }  
		      
		 }



This code is saying if the level 0 more than or equal to level 2, bring up flag 1. Also if  the level 0 less than level 2, bring up flags 2.


		   if((input(upstream)) & (flags==1))
		 {
		    // open upstream gates
		    printf("opening up[stream gates\n\r");
		    output_low(fillpump);							// turn off the fill pump	
		    if(!higateflag)
			  {			    
			     output_high(higate);							// open the upper gates
			      higateflag=1;								// open the gates
			      gate_timer=10;								// move gates for 40secs
			  }
                
		   }



The code above is saying if the water level is correct turn the pumps off. When the pumps turn off the gates will open and the motors that are controlling the gates will run for 40s. This while the watercraft is travelling upstream.
 
	   if((input(upstream)) & (flags==2))
		 {
		    // turn on upstream pumps (open upstream sluces)
		    printf(" opening upstream sluces\n\r");
		    output_high(fillpump);							// turn on the fill pump
		 }



The code above is saying if the water level isn’t correct turn on the pumps. This is for the upstream stage.

		while(TRUE)
	{

/*		//Example blinking LED program
		output_low(LED);
	        output_low(PIN_C0);
		delay_ms(DELAY);
		output_high(LED);
	        output_high(PIN_C0);	   
		delay_ms(DELAY);

		//TODO: User Code
*/	   
	   
 //  printf(" level0 = %U ,  Level1 = %U,  level2= %u\n\r",levels[0],levels[1],levels[2]);



	   if(input(downstream))
		 {
		    if(levels[0]<=levels[1])	
			     {
				flags=3;				
			     }
		     if(levels[0]>levels[1])
			      {
				 flags=4;
			      }  
		      
		 }



This code is saying if the level 0 less than or equal to level 1, bring up flag 3. Also if the level 0 more than level 1, bring up flags 4.

	   if((input(downstream)) & (flags==3))
		 {
		    // open downstream gates
		    printf("opening down[stream gates\n\r");
		    output_high(drainpump);							// turn off the drain pump	
		    if(logateflag)
			  {			    
			     output_low(logate);							// open the upper gates
			      logateflag=3;								// open the gates
			      gate_timer=10;								// move gates for 40secs
			  }
                	
		   }



The code above is saying if the water level is correct turn the pumps off. When the pumps turn off the gates will open and the motors that are controlling the gates will run for 40s. This while the watercraft is travelling upstream.


	
	   if((input(downstream)) & (flags==4))
		 {
		    // turn on downstream pumps (open downstream sluces)
		    printf(" opening downstream sluces\n\r");
		    output_high(drainpump);							// turn on the drain pump
		 }
		 		 
		 
	      }
	      

	      }      
	   }



The code above is saying if the water level isn’t correct turn on the pumps. This is for the downstream stage.

The above code is just snippet of the full program, this just showing you keep areas for the one PIC. Again the other PICs will have a very similar setup but changing sure code for example turning the motors back on to close the gates.  
[bookmark: _Toc7689223]

8.0. Results

8.1. [bookmark: _Toc7689224]Simulation 

[image: ]
[bookmark: _Toc7689122]Figure 33 Ground Fault in EasyPC
When simulating the design the on EasyPC there was an earth problem on one of the inputs. The input that had this earth problem was the chamber beam sensor, as show in the figure above, that this input currently has voltage across it even when switch is open. Due to this the system wasn’t working as planned. Without the earth the capacitor was charged and was sending voltage through the PIC.
[image: ]
[bookmark: _Toc7689123]Figure 34 Example of Voltage being Back Fed
As the figure above shows that it shows the capacitor is sending 11.99V around this sensor circuit. In real life this would damage the PIC, due to it only be able to manager anything between 1-5V. 
Another problem that accrued was the 5V output from the PIC wasn’t enough to power the coil in the relay. Due to this the relay was switching the outputs on when needed. To overcome this a 24V was supply was added to the coil and by switching the 0V from the PIC output signal that would switch the N-channel Mosfet that was connected to grounded. By doing this it was a simple a quick way to overcome the problem.  An example is shown in the figure below. 

[image: ]
[bookmark: _Toc7689124]Figure 35 N-Channel MOSFET Example
The figure below shows when the water level isn’t level in the downstream and chamber so the pump is to fill or drain the water to make both levels match.
[image: ]
[bookmark: _Toc7689125]Figure 36 EasyPC Simulation of the Downstream Sensor Working
The figure below shows the motor for the pump working. When the water levels matches the motors for the gates will turn on, and this will open the gates. The motors are on timers, after a given time the motor will stop.  

[image: ]
[bookmark: _Toc7689126]Figure 37 EasyPC Simulation of the Pumps Running



9.0. [bookmark: _Toc7689225] Evaluation

9.1. [bookmark: _Toc7689226]Recommendations

When designing the microcontroller in this project, the amount of in and outputs were misjudge. The system that has been designed is an automatic water level controller and automatic dock gates that open when a watercraft is travelling through the waterway. When coming to the early design the system was very simple, only having 3 inputs (Levels) and 4 outputs (Motors for gates and pumps). 
Then the final design added 3 brake beam sensors that improves the system. When simulating the program on protues, it was clear that more can be done to improve the system. The system can be more complex with a lot more logic to be able to improve and make the system more affective. 
 Another recommendation would be added a LED to the PIC to show the PIC is on and working. Also added a counter to keep a record the activity of the dock gates. Another recommendation would be designing a better system for the break beams because of the water level change and other factors, it would prove difficult to keep the transmitter and receiver 100% the time. This will cause problems and giving the PIC false readings.  
Another recommendation would be to add an Ethernet connection to a laptop in remote locations to provide a PC interface for downloading data that could then potentially be used for other logging purposes, which would have improved the system.
Again, adding WIFI capabilities would be another recommendation. WIFI will give wireless control and networking to external PC / Laptop for downloading data without opening enclosures that expose equipment to the environment in which it was installed.
9.2. [bookmark: _Toc7689227]Further Work 

The first design wasn’t enough to be able to make this system achievable. The final design added 3 more inputs that was needed to detect a watercraft. These sensors were beams, which worked with the tidal movements (The sensor fixed on runners that are attached to a float) and because of this the watercraft can be detected by the beam when it breaks, don’t matter the water level. The further works will be adding another bean sensor. Having the extra beam senor it will mean there will be two break beam sensors in the chamber, this means that it makes it easier for watercraft to travel anyway. 
9.3. [bookmark: _Toc7689228]Improvements

The improvements for the system would be adding more inputs and outputs.
· Gates fully open sensor (input)
· Gates close senor (input)
· Red light (output)
· Green light (output)

The input will improve the system because the programing logic, has the opening and closing of the dock gates on timer. Having something like this on timer can cause a lot of problems. Depending on the depth of the water can affect the time it takes for the gates take to open and close. The sensors that would be installed would make the system more efficient, due knowing when the gates are fully open or closed, this could save the motors from over working and burning themselves out. The gates could be fully closed or open and the motors still driving them when it’s not needed. Another fault that it could have caused is if the gates that are on timer, might not fully close or open as needed. This would make the system no practical. 
The outputs will be indications for the watercrafts. The red light will let the watercraft it won’t be safe for the watercraft to travel across the waterway. The green light will let the watercraft it will be safe to continue across the waterway.    
9.4. [bookmark: _Toc7689229]Reflection 

The BEng Electrical and Electronic engineering degree has given me a lot of challenges, some I felt I overcame and some not as much. The Major project has been a big part of the degree and I felt struggled with managing time due to having a very busy work life.  Moving down to the new university is SA1 there was a lack of organisation and lack of software available for us when 206 and 208 are in use by other students. It was very difficult when working full-time and doing this degree part-time. I work in an industry where our normal working week isn't 40 hour. The last year of this degree, I tended to work anything from 40 to 80 hours across 7 days. The spare time I did have, I would come into university to carry on with our assignments and major project, to only find out that the software I needed I couldn’t access anywhere else bar our project rooms. This was finally sorted but due to the slow start down the new campus, I felt this dented my momentum and motivation. There was other factors that added to this, like missing key weeks in university due to having work commitments, also working long days in Barry while living in Swansea was a hard task to bring myself to university after a 10 hour day in work turn into a 12 hour (because of traveling time). 

After saying all of this, this has given me more discipline in my life, being able to make hard choices. I also learned how to prioritise things in my life, for example I wasn’t able to work, be able to do university work and go to the gym in the weekdays. The last mouth I had to break a routine that I have had since I started my full-time at C&P Engineering 8 years ago. The routine consist of working, gym and assignments (if I had any) but because of the intense work and university life, the gym was put on the back burner until this degree was complete. For myself coming from an industry that don’t give time to have a look at something when it’s not working to try and repair it, we would just repair it. Another reason for this is because I work as E/I Tech in areas that are hazardous (high gas/dust environment), the equipment that’s has been certified to be in these areas and we aren’t a lot to modify or change key components. The electronic on this course I struggled with, but by the end of this course I have expanded my knowledge and really enjoyed knowing how the fundamentals actually work. 

I have enjoyed the design process on EasyPc and Protues. The project's software programming side in particular has proven to be a challenging task that ultimately narrowed the build time with little time available to address the build issues. Being able to apply my academia to a work based project allowed me to directly transfer what I had learned into the work place which demonstrated to my employer (who sponsored my studies) what I had gained from the BEng and my ability to undertake an engineering project. 

The project module certainly created a time management appreciation and triggered me to strengthen my management of time and organization of all elements of my adult life personally.I feel that the skills I have gained form this engineering project I can go on achieve project I get in work. This has given me the confidence to keep asking questions and believe that if I can reach my target when I want to.  

I would also like to add about the support we have had of Gary and Garth has been nothing remarkable and without them the course wouldn’t have been as enjoyable. Any problem that we came across with the software issue for example in the university, they got things sorted and improve the experiences.         
10.0. [bookmark: _Toc7689230]Conclusion 

10.1. [bookmark: _Toc7689231] Introduction
The introduction section contains information about the proposed project and provides the reader with a good overview of what the project wants to accomplish. It contains a list of research goals as well as a flow chart showing how the program will function to give the reader a visual understanding of the final result. This introduction is short and may have been further expanded, but it is feels to provide sufficient information to capture the attention of the reader. 
A plan for the project was also provided in this section, breaking down each chapter's goals and setting a timeline to give the author an idea of what had to be achieved. In order to show the time line, a Gantt chart was also produced. The project plan was the same as the one used in the project proposal even though the project has slightly changed. Aspects of the project hasn’t have not been completed, and this is because of time management and adding more aspect to the project. A great deal of the project was left to the last minute due to work commitments, the dates set for the plan were also out. Some aspects of the project also required more time than anticipated, such as firmware writing and data testing and analysis.

10.2. [bookmark: _Toc7689232]Research Methodology
This part of the report gives the reader the different methods used when researching and will give an insight the methods that was used in this projects. 
10.2.1. [bookmark: _Toc7689233]First Layer
[bookmark: _Toc7551995][bookmark: _Toc7689234]This project positivism is used research method, this method is used to prove that a microcontroller can control a simple dock gate, it took into account the water level in 3 areas. Then calculate and control the water level.
10.2.2. [bookmark: _Toc7689235]Second Layer
In this project, deductive approaches to research had a goal and will have a theory of testing. An inductive approach will also be used to look from a different perspective at previously researched phenomena.
10.2.3. [bookmark: _Toc7689236]Third Layer
On EasyPc and Protues, the experiment method was used when designing this project, testing and simulating the project. An ABP dock asking C&P Engineering to come up with a design to simulate a dock is using action research method. At first, the project took on a simple design and then be able to improve it.
10.2.4. [bookmark: _Toc7689237]Four Layer
[bookmark: _Toc7551999][bookmark: _Toc7689238]The time horizons method used is cross-sectional, there are a few different techniques out there to be used to accomplish the project, but the time scale for the project is quite short, so the collected research will only touch the surface.
10.2.5. [bookmark: _Toc7689239]Firth Layer
Methods of data collection used in this project will be first and secondary. Many of the collected information was from findings of the experiments completed in Protues and EasyPC. The secondary data is the research on the separate sensor types and the different water level control methods out there.
10.3. [bookmark: _Toc7689240]Background Research

This part of the report found and gathered the background research to start the project foundations and then go on and added more data to make the project achievable. The project background was the start in this chapter that explained that ABP wanted the company I work for to come up with a design that will control the level in the water, also controlling the dock gates opening and closing.
UK Tidal Range was also mention in this chapter, saying that the UK has the biggest tidal range in the world, also taking into account how deep the docks are in South Wales. 
The different types of water control that are out there. The first one that was talked about was a traditional float valve for level control which is a simple mechanical device that will open and close a valve by using a float depending on the water level. This method is commonly seen in control the water level in the toilet tank. This wasn’t the method that the project was going to use, due to it be a very simple mechanical device with no electrical interface. The next method talked about was a level control with flow control valve in PID loop. This was the method that I wanted to use but using a microcontroller as the brain, taking in inputs and choosing the right output to achieve the water level are corrected and controlling the movements of the gates. 
Also in this background research the different types of water level controller was addressed. The two that I came across where contact water level controller and a contactless water level controller. The difference between the two methods are that one is in contact with the water and the other isn’t. The method I choose for this project is the contact water level sensors due to it being more reliable for the environment and the rough sea water.   
When then researching the different types of water level sensors, there were a lot of different types and I narrowed them down to three shown below: 	
· Guided Microwave Level Transmitter
· Optical Sensor
· Radar Level Senor
Each of these sensors had advantages and disadvantages, which again where talked about in this chapter.  Again when it came to picking the final sensor for this project, the one I wanted to use was contact level senor so the one chosen was the guided microwave level transmitter.

[image: Image result for guided microwave level transmitter]
[bookmark: _Toc7689127]Figure 38 GWR vs Non-Contact Sensor [61]
 The figure above shows how the GWR and the contactless sensor works.
[image: GWR vs Pulse Radar White Paper]
[bookmark: _Toc7551888]Table 14 GWR Vs Pulse Radar [61]

The table above compares the important features between the both sensors. Due the environment the GWR was the sensor to be used and the table above shows the key point’s why. 





10.4. [bookmark: _Toc7689241]Components 

This chapter is where the two key components needed were talked above. One being the motors needed two drive the dock gates and the pump need to fill or drain the water level in the chamber.  
The motor types are: 
· AC Brushless Motors
· DC Brushed Motors
· DC Brushless Motors
· Direct Drive
· Linear Motors
· Servo Motors
· Stepper Motors
The reason I selected a DC brushless motor was because, instead of mechanical brushes, a computer controls the motor, it is more accurate. Also, the computer can factor the engine speed into the equation. This makes motors that are brushless more efficient. No sparking and far less electrical noise. [45]
Also talked about is this chapter was the different types of pumps out there and the list below shows the different types:
· Centrifugal Pumps
· Submersible Pumps
· Pressure Booster Pumps
· Shallow Well Pumps
The pump that I chose was the centrifugal pump and this because these pumps are used to induce flow or increase the level of a liquid from low to high. Those kind of pumps operate on a mechanism that is very simple. A centrifugal pump transforms rotational energy into energy in a moving fluid, often from a motor. The fluid gains both speed and pressure while passing through the impeller. [62]


  
10.5. [bookmark: _Toc7689242]Microcontroller 

This was the part in the report that the microcontroller was selected. The one that was selected it was PIC16F616. This was selected by working out the specification for the design. Also this section talked about the microcontroller family and the meaning of the all the numbers. 
	Feature
	Signal
	Bytes

	Fill Pump
	Digital
	2

	Drain Pump
	Digital
	2

	Upstream Motors Relay
	Digital
	2

	Downstream motor Relays
	Digital
	2

	Upstream Level Sensor
	Analogue
	10

	Chamber Level Sensor
	Analogue
	10

	Downstream Level Sensor
	Analogue
	10


[bookmark: _Toc7551889]Table 15 Microcontroller Specification
· 14 Pin
· 4 Digital 
· 3 Analogue
· 8MHz
· 4K Program Memory 
· 256B RAM
As the report goes on it prove that the PIC isn’t real suitable for the task due needed more inputs. So I then used 3 of this type of PIC to be able to achieve the goal. The different methods I used while designing my circuit, for example the voltage clamp was used to protect the PIC and then the signal condition was the used to bring the voltage down in line with the PIC running voltage (5V).





10.6. [bookmark: _Toc7689243]First Design

This chapter is where the design was started. Easy-PC was used to build and simulate the program. As the figure below shows 3 inputs and 4 outputs. When I started the first design specification I felt I only need this inputs and outputs. I was wrong and the problems that I came across will be talked about more in detail in the result conclusion. This Easy-PC configuration has the incorrect PIC and could not be used when using the program software because this type of PIC was not licensed by the university.  

[image: ]
[bookmark: _Toc7689128]Figure 39 First Design






10.7. [bookmark: _Toc7689244]Final Design

[image: ]
[bookmark: _Toc7689129]Figure 40 Final Design
The Easy-PC design above was the final design in this project. The different for the first design and the final was the number PICs used (3 of), the amount of inputs needed and also the output wiring circuit design. The correct PIC was used in this simulation and the programming was created. I felt with the limited understanding I had the programming side of this I found difficult. This was also another reason I used 3 PICs due to all the programing was very similar and I was able to achieve the same outcome. The one pic is able to control the water level in the chamber and move open the dock gates in to the chamber. The second PIC was there to allow the water level to again adjust but while the watercraft was in the chamber and allow the watercraft to more out of the chamber into the next stage. The final PIC is for the closing of the gates while the watercraft has moved on from the stage before.  I again feel this design can improve by adding lights to let the watercraft know when in can move on to the next stage. And also adding a fulling open and closed sensor onto the gates, than being on timers.    


10.8. [bookmark: _Toc7689245]Results

In this section, it discusses the problems that I came across. One of the problems was an earth problem and it was on one of the inputs when simulating the design of the on EasyPC. The input wasn’t grounded probably which caused it have voltage across it even when the switch is open. This stop my program working as planned because the PIC kept receive a signal and causing my outputs not work but in real life this would of damage my PIC due to I having 11V getting feed into it. The voltage was coming from the charged capacitor. When this circuit was grounded as it should be been, this problem was soon solved.
Another issue that came up was the PIC's 5V output wasn't enough to power the relay coil. Because of this, the relay switched on the outputs if necessary. A 24V supply was added to the coil to overcome this by switching the 0V from the PIC output signal to switch the Mosfet N-channel connected to ground. It was a simple and quick way to overcome the problem by doing this. The figure below shows an example.
I felt this project lacks testing and needs more results. The testing I will carry out at later date will be a few methods that I have come across while working and going through my studies. The methods are listed below:
· Extreme VDD tests.
· Propagation-delay-distribution tests
· Temperature-extreme tests.
One of the advantages of operating-extreme testing is that it allows you to find defects on the probe and then provide feedback to the designer so that they can take corrective action. Operating-extreme testing is handmade in many cases, hard to debug, and expensive to monitor and analyse. In addition, operating-extreme testing can push your ‘product’ to the limits of its accuracy, resulting in problems of repeatability and false yield bust. [63]



10.9. [bookmark: _Toc7689246]Evaluation

Finally, it is felt that the project as a whole was a great accomplishment. For further progress, the project was left with avenues. It is possible to do more research and analysis on automatic control of water. The design could be transformed into porotype and more data could be taken. The test might have been down with the prototype being the extreme test (increasing temperature, voltage, etc.) that could have been done for a short time to gather more information about how the components react and how reliable they are. Another test I would have done is the reliability of each sensor, for example how does it work when there could be a voltage drop. How repeatable the level readings are from the sensor and how do it get affect by different materials in the path of the GWR. 
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High-Flow 316 SS Straight Centrifugal Pump; 94 GPM/63 ft., 115/230V
https://www.coleparmer.co.uk/i/high-flow-316-ss-straight-centrifugal-pump-94-gpm-63-ft-115-230v/7076106?PubID=UY&persist=true&ip=no&keyword=&&gclid=EAIaIQobChMIoe_s6_P64QIVg9CyCh06NwHoEAkYAyABEgKhTfD_BwE&gclsrc=aw.ds

3hp Single Phase 2-Pole Motor
https://www.machinemart.co.uk/p/motor/?da=1&TC=GS-010210465&gclid=EAIaIQobChMI4NfD0f364QIVFaqaCh1PIg-6EAkYASABEgJAJPD_BwE

PIC16F610/16HV610 PIC16F616/16HV616 Data Sheet
http://ww1.microchip.com/downloads/en/devicedoc/41288f.pdf

Rosemount 3300 Series
https://www.emerson.com/documents/automation/product-data-sheet-guided-wave-radar-level-interface-transmitter-rosemount-en-73582.pdf

CCS user manual 
https://www.ccsinfo.com/downloads/ccs_c_manual.pdf

Easy-PC user manual
https://www.numberone.com/downloads/manuals/v10%20supplement.pdf

Proteus user manual
https://www.ele.uva.es/~jesman/BigSeti/ftp/Cajon_Desastre/Software-Manuales/EBook%20-%20Proteus%20Manual.pdf
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