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[bookmark: _Toc102037565][bookmark: _Toc102042231]Abstract

  The purpose of this report is to research into the conditions that affect the quality of surf and to see if a device can be built that would accurately predict surf conditions. The device is to use live data and correlate all that it collects to produce a simple and easy to read report. The report should be possible to read for anyone and no prior knowledge of surfing or surf conditions will be needed.
  In order to achieve this, a mix of practical and theoretical work will need to be undertaken. The finished product will need several sensors to measure different conditions, a computer to collect the data, and some written internal logic so that it can use this data efficiently. Extensive research into the field will need to be undertaken in order to achieve the best quality product. The full report includes:

· Research into industry.
· Key data elements for surf forecasting.
· The components best suited to read these elements.
· A simulation build and final build to test the theories involved.
· Listing of components used to create each section and their costs.
· Testing and analysis of the finished product.
· Evaluation into the quality of finished work.


In order to undertake this project and make the final design possible, the following have been used:

· Microsoft packages.
· Proteus.
· Siemens TIA V16.
· Resources from work and colleagues. (Borrowed components to keep financial and environmental costs down).


1. [bookmark: _Toc102037566][bookmark: _Toc102042232]Introduction

  The UK has some of the best surf conditions in the world but can vary greatly from day to day. Conditions can be especially changeable due to the number of different beaches, with wind hitting them in various ways. Part of the reason that the UK is so great for surfing, is that there is a vast number of beaches, all a short distance from each other. While one beach could be experiencing terrible surf conditions, the beach just around the corner could be experiencing five star surf. For surfers to be able to surf the best available conditions it is useful for them to be able to access live data from different beaches.
  Despite the high level of sophistication involved in surf forecasting, modern surf forecasts are not 100 percent accurate [1]. The creation of a portable forecaster that can collect data directly from the shore could potentially be more accurate. In this report, such a product will be designed, built, and tested to see if this theory is correct.

1.1 [bookmark: _Toc102037567][bookmark: _Toc102042233]Project Aims

  The aim of this project is to create a portable device that can predict surf conditions. It will collate data from any location and take readings of wind speed & direction in order to predict the average height of waves. All data will be collected in real time, and results based on data from oceanographic sites and research. It will also give a rating on surf quality. This will be a short description of the wind and surf in a text format. The device should be able to collect data and give a clear, understandable breakdown of the surf conditions. This will be displayed using an HMI. In order to ensure the project aims are met, the following goals are set.
  The secondary aim for this project is to assess whether this device is useful to surfers, whether it performs better or worse than the current systems available in the field and whether there is a viable gap in the market for this device to be widely used.

1.1.1 [bookmark: _Toc102037568][bookmark: _Toc102042234]Project Goals

	Define the scope of the project
	· Must be achievable within the project timeline (15/10/2021 – 28/04/2022)
· The project must only use available resources. Further details of this are available in the ‘resources’ section.
· Finished project should not exceed the project budget.

	Select a measurable success criterion
	· Overall success criteria will be measured by the accuracy of the product, in measuring surf quality. This will be assessed during the testing phase. If the end results of testing phase meet the testing criteria, then the project will be considered a success.

	Define individual objectives
	· Individual objectives need to be identified in order to meet the project aims and deadlines.
· Objectives need clear timelines and criteria.

	Create a timing plan to achieve objectives
	· Detailed timing plan to track each objective. Achievable timescales need to be set and monitored for success.
· Regular assessment of the timing plan to take place in order to ensure all objectives are on track.
· A period of ‘unforeseen circumstance’ calculated into the plan to account for any unavoidable problems that occur. This will ensure the timing remains achievable and objective timings can be shuffled to suit.



[bookmark: _Toc102041220][bookmark: _Toc102041475]Table 1 – Project Goals

1.2 [bookmark: _Toc102037569][bookmark: _Toc102042235]Project Objectives

  For this project to be successful, clear objectives will need to be set. This section will detail each objective, the timescale in which they should be met, and the criteria needed in order to achieve this.


	Section
	Objective
	Allocated time

	Proposal
	Create a project proposal on idea being considered
	 01/11/2021-05/11/2021

	Planning
	Define project success criteria
	 01/11/2021-05/11/2021

	
	Set individual milestones to achieve project completion
	 01/11/2021-05/11/2021

	
	Create a breakdown of tasks to be completed by each milestone
	 01/11/2021-05/11/2021

	
	Create a Gannt chart to manage tasks and milestones
	 01/11/2021-05/11/2021

	Research
	Research 'The Research Onion'
	 06/11/2021-09/11/2021

	
	Decide on research approach
	 06/11/2021-09/11/2021

	
	Research into market devices
	 10/11/2021-17/11/2021

	
	Research into sensors used to help create surf forecasts
	 17/11/2021-21/11/2021

	
	Research of key data elements for project
	 21/11/2021-28/11/2021

	Component selection
	Selection of wind sensors based on previous research
	 14/12/2021-24/12/2021

	
	Selection of PLC
	 04/01/2022-15/01/2022

	
	Selection of other components needed
	 27/12/2021-30/12/2021

	Design
	Create flow chart of system design
	 07/12/2021-13/12/2021

	
	Create ladder logic for simulation
	 06/02/2022-24/02/2022

	
	Create HMI design for simulation
	 13/02/2022-24/02/2022

	
	Create block diagram of system design
	 24/02/2022-26/02/2022

	
	Create ladder logic for final design
	 27/02/2022-04/03/2022

	
	Create HMI design for final design
	 01/03/2022-04/03/2022

	Build & test
	Test simulation ladder logic and HMI work
	 25/02/2022-28/02/2022

	
	Test final ladder logic and HMI work
	 01/03/2022-04/03/2022

	
	Test components work
	 01/03/2022-04/03/2022

	
	Assemble and connect all components
	 01/03/2022-04/03/2022

	
	Real world test of final build
	 05/03/2022-12/03/2022

	Evaluation & conclusion
	Review of system effectiveness
	 14/03/2022-24/03/2022

	
	Successes and failures reviewed
	 25/03/2022-29/03/2022

	
	Future improvements
	 31/03/2022-05/04/2022

	
	Review of planning and overall efficiency
	 06/04/2022-10/04/2022

	
	Cost analysis
	 11/04/2022-13/04/2022

	
	Conclusion & final report touch up
	 14/04/2022-26/04/2022


[bookmark: _Toc102041221][bookmark: _Toc102041476]Table 2 – Project objectives



1.3 [bookmark: _Toc102037570][bookmark: _Toc102042236]Project Planning

  Detailed in this section are the various timing plans from each stage of the project. As the project progresses through the various phases, from project proposal and interim viva to final report and viva, the timing plans have changed slightly along the way. In order to track the changes made from plan to plan and assess the adjustments needed, each plan will be included in this section. Details of why the plans have changed will be included with each plan, as a form of self-assessment.

1.3.1 [bookmark: _Toc102037571][bookmark: _Toc102042237]Project proposal Gannt chart

  The initial timing plan for this project came from submission of a project proposal. At this stage an initial idea had been thought of that would be suitable to create and evaluate for this project. The proposal had to have enough substance so that adequate research, and design were possible. During this initial stage, the Gannt chart seen in figure 1, was created. This Gannt chart was created with some broad topics in mind such as system design research, sensor research, and software design. These components, as well as others in the chart, would later evolve into more specific sections.

[image: ]
[bookmark: _Toc102041395]Figure 1 – project proposal Gannt chart

1.3.2 [bookmark: _Toc102037572][bookmark: _Toc102042238]Interim Gannt chart

  After the proposal had been submitted and agreed upon, the next stage was to prepare for the interim viva. This stage of the project involved further research into the proposed idea so that a proper understanding of the components needed was gained. The evolution of this timing plan from the proposal was:
· Interim report changed to ‘initial research’: A report was not needed for the interim section. Because of this, this area was changed to initial research so that a higher focus could be placed on overall research quality.
· System design flow chart: At this stage the idea to implement a design flow chart was added. This would help to visualise how the system would work and to plan out the various stages, before jumping straight to trying to design a system.
· Carry case selection: This was removed from the report at this stage as a cost improvement and, it was planned that a rig would be created in its stead. Due to time constraints this would later be added back into the final plan.
· Ladder logic flow chart: This was also added to the planning at this stage so that an initial design for the ladder logic could be drawn up. Again, this was so that a basic principle could be created, before writing on Siemens.
· PLC & sensor testing: This section was changed from the proposal plan, as it was broken down into sections with specific objectives. Now the ladder logic needed a simulation to test the logic, and a test with hardware. Sensors and hardware also needed to be provisionally tested to see they were in working order.
· Product self-assessment: This section was added so that the overall product could be assessed after it had been created. The findings from this would help to form a solid reflection and review of the overall quality of the project.

[image: ]
[bookmark: _Toc102041396]Figure 2 – Interim Gannt chart
 
1.3.3 [bookmark: _Toc102037573][bookmark: _Toc102042239]Final Gannt chart

  One area in which the timing of this project did not go as planned can be seen in the dates that tasks were completed during the final timing plan. A long period of inactivity (due to work and social commitments) from December to mid-January meant that all objectives from these dates had to be pushed further into late January and the beginning of February. This in turn had a knock-on effect on the rest of the objectives. The objectives in orange have all been completed but have moved significantly from their original planned date (observable in figure2). Some dates ended up overlapping each other as the time to complete the project ended. The final build and testing came down to the final weeks which was less than ideal. Also of note, “surf quality calculations” has been removed from the final plan. This was deemed unnecessary as research into the project progressed. 

[image: ]
[bookmark: _Toc102041397]Figure 3 – Final Gantt chart

2. [bookmark: _Toc102037574][bookmark: _Toc102042240]Research & Review of Literature

  Research for this project has been broken down into two sections. Section one talks about the research method used for the project, focusing mainly on the ‘research onion’. The second section focuses on the devices that could be used in this project. This uses the methods from the first section, in order to delve into the inner workings of how the product will work, and a look into what devices are already available on the market.


2.1 [bookmark: _Toc102037575][bookmark: _Toc102042241] The research Onion

  The research onion outlines the decisions taken when developing a research methodology. The onion is worked on from the outside in, with each layer being addressed before moving to the next. Using the research onion helps create a structured approach to gathering information.
[image: Chart, sunburst chart

Description automatically generated] [2]
[bookmark: _Toc99704911][bookmark: _Toc102041398]Figure 4 – The research onion

[bookmark: _Toc102037576][bookmark: _Toc102042242]2.1.1 Research Philosophies

  Philosophy is the first layer of the onion, which outlines the beliefs that the research is built upon. Using an appropriate philosophy at the beginning of the research creates the foundation for the report and defines the research strategies and methods that will be used in the report. There are four different strategies that can be followed. They are as follows:

· Positivism: This philosophy takes the approach that what’s being studied can only be studied objectively. Data on the subject is already available and has been observed scientifically. Positivism does not account for personal viewpoints but accounts for data that can only be true, false, or meaningless. If the research data cannot be found to be true or false, then it is dismissed. Using this philosophy data is examined closely to see if it meets the success criteria, which allows little room for error. This research method can create a very accurate and unbiased investigation.

· Realism: This philosophy has some similarities to positivism in that ‘seeing is believing’ but unlike positivism, realism brings into doubt the reliability of scientific knowledge. It does not completely support scientific knowledge as it does not accept that all theories are complete and true, as they can be revised at any time. Realism encourages continuous research and use of new testing methods as this can bring more reliable results than the existing theories. 

· Interpretivism: This philosophy is heavily influenced by opinions and individual ideas and can often be biased by the individual analysing or collecting the data. The reviewed data can be subjective as it focuses on people’s thoughts. One area in which interpretivism excels is with qualitative data and areas where cultural and social differences can play a factor.

· Pragmatism: The main aim of this philosophy is to approach research from a practical point of view. Knowledge is constantly questioned and interpreted. Because of this, the conclusions from the available data will have an element of researcher involved subjectivity. Pragmatism is not committed to, or limited by, one specific philosophy. Multiple sources are considered when using this philosophy, as one point of view cannot paint a full picture. Data is then collated to try and show an overall view.

[3]

[bookmark: _Toc102037577][bookmark: _Toc102042243]2.1.2 Research Approach

  Research approach can be either deductive or inductive. It is important to identify a research approach as it will inform the decisions taken when collecting and analysing data. In short, an inductive approach aims to create a theory from the data collected during research. It does not start out with a theory in mind but aims to mould a theory by the end of the research. On the other hand, a deductive approach starts with a working theory and aims to collect data that supports that theory. Testing of the theory should be possible using the collected data.
  An inductive approach is useful when there is little knowledge on a subject and research needs to be conducted in order to gain information on the subject. A deductive approach is used when the starting point is a well-established body of research and, using the principles of that research, the end goal can be proven by collecting data that supports it.

[bookmark: _Toc102037578][bookmark: _Toc102042244]2.1.3 Research Strategies

  Research strategy looks at the approach to research that will be used, based on the aims of the study being conducted. The different types of research strategy are given below.

· Experimental research: Experimental research assesses the relationship between two variables. The independent variable is manipulated in order to observe a change in the dependent variable. This research method is used to support, refute or validate an existing theory. Controlled scientific methodology is used here, for example, lab work and field tests. Experimental research aligns with the philosophy of positivism, as both assume that knowledge can only be studied objectively.

· Survey:  Surveying is a deductive approach to research methodology. It is used to collect volumes of data from large groups, usually of people. Random surveying can be conducted to try and look for correlation between groups and draw conclusions between any joining factors. Often surveys are given in the form of a questionnaire and used on a specific audience.

· Case study: A case study is an in-depth study of a single subject, usually a person, institution or group. The subject is analysed to gain an understanding of how the target issues occur in a real-life setting. Social context and culture are considered when conducting a case study. Because of this, typically an interpretivist philosophy is used when conducting this type of research.

· Action research: Action research is learned through practical settings like a classroom, as opposed to a controlled setting like a laboratory. This strategy has a strong focus on the participants and helps to focus on weaknesses related to interactions in the real world. This research is generally used for social sciences.

· Grounded theory: Grounded theory derives its name from being ‘grounded in data’. This theory is highly useful for issues that have little to no research behind them. Data collected from this approach is used to develop a new theory. Data from this approach is generally qualitative and takes an inductive approach.

· Ethnography: This approach studies humans in their natural environments and is designed to capture subjective experiences. Field research is conducted in relation to cultural and ethnic interactions. It shares similar principles to the interpretivist theory.

· Archival research: Archival research looks at materials that already exist and then tries to draw conclusions from the data. Typically, this type of research is used in an historical context.

[3]

[bookmark: _Toc102037579][bookmark: _Toc102042245]2.1.4 Time Horizon

  The time horizon is a decision of how many points in time, data is going to be collected. There are two options for this methodology, cross-sectional and longitudinal. Longitudinal methodology is studied over a long period, months or years, and is designed to study changes and progression over time. If however, analysis of data during a certain point in time is needed, then the cross-sectional method is used. Data is collected at one point and evaluating change in data over time is not necessary. Data can be quantitative or qualitative, as the study is focused on periods in time rather than the data type.


[bookmark: _Toc102037580][bookmark: _Toc102042246]2.1.5 Chosen research methodology

  Below is the research methodology chosen for this project. The chosen methodology is based on the overall aim of the project and the desired outcomes. 

	Research philosophy
	· Positivism: This philosophy has been chosen as the data used will be observable data, not based on opinion. The finished product should collect and output data as required. There are no variables in success.

	Research approach
	· Deductive: This approach has been used as the project has an established theory to begin with. The forecaster will be built to output a defined set of data, and the data that’s input/collected should prove this theory.

	Research strategy
	· Experimental research: This has been chosen as there will be a dependant variable (the ranges for speed and direction of wind), and the independent variable (incoming speed and direction from sensors) can vary to impact the dependant.
· Case study: This strategy will be used for areas of the project that aren’t grounded in scientific data. Areas such as quality of surf, in relation to wave height, is derived from the experience of professional surfers and years of surfing worldwide. Within the surf community these opinions are widely accepted.

	Time horizon
	· Cross-sectional: The system will be evaluated at different points in time, throughout the life of the project, and assessed for effectiveness as it progresses, rather than assessing results after an extended period.

	Data collection & analysis
	· Data will be collected by the wind sensors, and the result of this will be displayed on the HMI for the user to see. Analysis of the data will show if the conditions are suitable for surfing or not.


[bookmark: _Toc102041222][bookmark: _Toc102041477]Table 3 – Chosen research approach

[bookmark: _Toc102037581][bookmark: _Toc102042247]2.2 Market Devices

  There are currently no products on the market that are used as portable surf forecasters, as a surf forecaster creates an overall picture of surf conditions and collates data from multiple sources. There are devices available to measure some of the individual elements such as wind speed and wind direction. Predicting wave quality relies on specific factors and while there are devices to measure the individual elements, there is nothing portable that takes the data and gives an expected view of how they are impacting surf.
  
[bookmark: _Toc102037582][bookmark: _Toc102042248]2.2.1 Web based forecaster 
  
  The most popular and widely used forecasters are web based. Sites such as ‘Magic Seaweed’ create surf forecasts, based on data collected from global wave buoys and weather stations [4]. These websites can be accessed at any time and show live surf conditions for beaches across the globe.

[image: ]
[bookmark: _Toc102041399]Figure 5 – Magic Seaweed live report Porthcawl.

[bookmark: _Toc102037583][bookmark: _Toc102042249]2.2.2 Portable anemometer
  
  These small handheld devices measure wind speed and direction. They are lightweight and easy to transport to any location. Small enough to fit in a bag or pocket, this level of portability could be ideal for the project ahead. Larger versions of these are widely used on weather stations and are what provide ‘web-based forecasters’ with data on wind speed.

[bookmark: _Toc102037584][bookmark: _Toc102042250]2.3 Usage of existing devices

[bookmark: _Toc102037585][bookmark: _Toc102042251]2.3.1 Magic Seaweed  

  Surf forecasters such as Magic Seaweed are available by web address or as an application on phone or tablet. Assuming the device in question has a cellular signal then the live data can be accessed. Alternately, the data can be checked ahead of time and not only whilst at the beach. The best forecasters can provide a view of surf conditions up to a week in advance. Advanced forecasts are influenced by weather reports and can change as the weather does (in the same way that a station like BBC weather can change its week view as the week progresses).
  This can save wasted time visiting a beach that does not have favourable conditions. Sites such as this are used worldwide by surfers. These sites have access to a huge range of data and local beaches. Because they have become so popular, it is rare that there is a beach in Europe and North America that they do not have live data for.

[bookmark: _Toc102037586]2.3.2 Portable anemometer

  Anemometers are used at almost all, weather stations. Changes in wind speed can indicate a coming change in the weather patterns, such as an approaching storm. This is useful information for coastal towns and cities, pilots, engineers, etc. Laser anemometers can also be used on automobiles to detect where the most wind resistance is felt on a vehicle [5]. Portable anemometers bring all the data from a static anemometer, but with the use of being able to take it anywhere. These are widely used for wind related sports such as kite surfing, wind surfing, paragliding, etc [6].
  Portable anemometers collect live data and transpose it onto an inbuilt HMI for users to easily understand.

2.4 [bookmark: _Toc102037587][bookmark: _Toc102042252] Operation of existing devices

[bookmark: _Toc102037588][bookmark: _Toc102042253]2.4.1 Magic Seaweed

   The operation of these sites is largely down to the team running it. Servers have been setup to collect data from various sources and input it into a calculation that determines surf quality. Sources used to collect data are reputable, government or science based, such as the NOAA (National Oceanic and Atmospheric Administration). For the user of these sites, operation is as simple as loading the website and searching for the location of the beach they want to check.

[bookmark: _Toc102037589][bookmark: _Toc102042254]2.4.2 Portable anemometer

[bookmark: _Hlk100739878]  The first anemometers were invented hundreds of years ago and were used as a rough guide to the speed of the wind. Today they are highly accurate and widely used in the engineering world.  There are several different types of portable anemometers, that operate in different ways. Below is a breakdown of how some of the most common types of anemometer work.

[bookmark: _Toc102037590]2.4.2.1 Cup anemometer

  These are likely the oldest form of anemometer and have been used for centuries to give a rough guide of wind speed. The cup anemometers of today are highly accurate and can provide a variety of data. The cup anemometer (named for its use of cups arranged on a 90-degree angle to the vertical) come in variations of three or more cups. These work as the wind blows against the cups and is ‘caught’ within them. The force of the wind propels the cups, and each full rotation closes a switch and counts the number of open/closed contacts that occur within a known time. Normally the radius of travel of the cups is 2 x π x length of the propeller arm [7]. As the time to count each pulse is known and the radius of travel of the cups is known, these values can be manipulated to give wind speed. This is usually given in the data sheet of the individual anemometer. But the general formula is:

Total distance = revolutions x circumference

Wind speed = 

· Pros:
· Cheap to buy.
· Simple operation wiring.
· Large wind measurement range.
· Can be bought in a range of materials, some better suited to withstand harsh conditions.
· Cons:
· Very strong winds could cause damage.

[image: ]
[bookmark: _Toc102041400]Figure 6 – Cup anemometer


[bookmark: _Toc102037591]2.4.2.2 Vane anemometer

  
  A vane anemometer works in a similar manner to the cup anemometer. Rather than using a cup to be driven by wind, they instead use wind blades, like that of a plane, that spin when the wind hits them. In order to function correctly, these need to be parallel to the wind and rotate about a horizontal axis. These also count the number of revolutions per second and an inbuilt computer calculates the changing wind speed and displays it on a digital display. Some of the more sophisticated devices can measure other atmospheric parameters such as pressure and humidity.

· Pros:
· Small and compact. Easy to transport.
· Usually built to be water resistant and to withstand harsh conditions like dirt and dust.
· In built digital display for instant access to data.
· More accurate than cup anemometers.
· More advanced models can measure other atmospheric parameters.
· Cons:
· Needs to be parallel to the wind to work correctly.
· More expensive than cup anemometers.


[image: ]
[bookmark: _Toc102041401]Figure 7 – Vane anemometer

[bookmark: _Toc102037592]2.4.2.3 Hot-wire anemometer

  These anemometers have the ability to measure both pressure and speed of the wind. The way these operate is by electrically heating a wire to a specific temperature and then measuring the change in temperature as the wire is cooled by the wind. These instruments can calculate both velocity and direction of the winds by measuring how quickly the wire cools and how cool the temperature gets. Hot-wire anemometers have been used in hospitals for decades, as a way of ensuring proper pressurization in critical spaces such as operating rooms.

· Pros:
· Can read both wind speed and direction.
· Quick response.
· Portable.
· Easy to operate.
· Cons:
· Susceptible to dust build-up. This can affect the performance.
· Can be affected by ambient temperature changes.
· Expensive to buy.

[image: ]
[bookmark: _Toc102041402]Figure 8 – Hot-wire anemometer

[bookmark: _Toc102037593]2.4.2.4 Ultrasonic anemometer

  This is the most advanced type of anemometer. The speed of the wind is obtained by sending sound waves between a pair of transducers and calculating the way their speed is affected. Typically, they include four sensors that are arranged in a square. Ultrasonic anemometers can be either tow-dimensional or three-dimensional. Two-dimensional are used in operations like aviation and navigation, while three-dimensional are used in measuring emissions, like in an industrial setting. There are no moving parts involved in ultrasonic anemometers.

· Pros:
· Very short time constant.
· Incredibly accurate. The most advanced system on the market.
· No mechanical wear.
· High sensitivity. Minimum wind speed detectible can be as low as a few centimetres per second.
· Weather resistant.
· Cons:
· Mor complicated to install.
· Very expensive to buy.

[image: ]
[bookmark: _Toc102041403]Figure 9 – Ultrasonic anemometer

[bookmark: _Toc102037594]2.4.2.5 Anemometer conclusion

  After analysing the four different types of anemometers above, it seems that the two types that would be most appropriate for this project are cup, and vane. The reasoning behind this choice is that both are small and portable, relatively inexpensive, have a measurement range that suits the Beaufort scale to be used (table 4), and are easy to connect. In order to narrow down further research, the vane anemometer will be discounted, and focus will remain on cup anemometers. This has been decided as the vane anemometer has a digital display inbuilt, and for this project a HMI where the user can change screens is needed. Because of this, the cup will be easier to setup to run with a HMI.

[bookmark: _Toc102037595][bookmark: _Toc102042255]2.5 Key data elements

      These are the data elements needed for calculating wave quality. Whereas large surf forecasting sites use a wealth of complicated data, for the sake of this project, the elements have been brought down into a smaller selection. It would be impossible to collect data from miles out at sea, which is where some waves gain their power from. For this project, data on or near the shore will be collected and the formation on the waves will be the focus. Justification and research behind each selection is provided in the following sections.

2.5.1 [bookmark: _Toc102037596][bookmark: _Toc102042256]Wind Speed

  Wind speed plays a large part in surf quality, as it directly affects swell, both in height and period. “Swell is energy that has been transferred into the sea by wind” [8]. The strength of the swell is dictated by the strength, and length of time that the wind blows. This energy is then transferred into the ocean, much like the ripples in a lake. Wind speed in nautical terms is measured in knots where a nautical mile is 1,852 meters, equating to 1.15078 miles per hour [9]. In order to convert mph to knots, the following formula should be applied.

Knots = 

2.5.1.1 [bookmark: _Toc102037597]Beaufort scale

  The Beaufort scale is an empirical measure for describing wind intensity based on observed sea conditions [10]. It is sectioned into 13 sections where each is given a Beaufort number between zero and 12. Each number includes an indicator of wind description, wind speed (in knots), wave height, and visual clues of what the ocean might look like. The full Beaufort scale can be seen at the address in the following reference [11].
  All data from the Beaufort scale has been included for this project, except for the visual clues. These have instead been replaced by a ‘quality’ which includes a text description of how the waves will affect surfers. In order to derive a quality rating, ‘Surfline’ has been used to convert wave height to a measurement of how good the waves are to surf [12]. The relationship of wave height to quality is something that is learned by surfers, the more time they put into the sport. For the purpose of this project, the updated Beaufort table (the final column heading “visual clues” has been replaced with “quality”) can be seen in table 4.

	Beaufort number
	Wind description
	Wind speed (knots)
	Average wave height (feet)
	Quality

	0
	Calm
	0
	0
	No surf

	1
	Light air
	1 – 3
	<1/2
	Flat: Unsurfable

	2
	Light breeze
	4 – 6
	1/2
	Flat: Unsurfable

	3
	Gentle breeze
	7 – 10
	2
	Very poor

	4
	Moderate breeze
	11 – 16
	3
	Poor – fair

	5
	Fresh breeze
	17 – 21
	6
	Good

	6
	Strong breeze
	22 – 27
	9
	Very good

	7
	Near gale
	28 – 33
	13
	Very good (caution to inexperienced riders)

	8
	Gale
	34 – 40
	18
	Caution: Pros only

	9
	Strong gale
	41 – 47
	23
	Dangerous

	10
	Storm
	48 – 55
	29
	Dangerous

	11
	Violent storm
	56 – 63
	37
	Dangerous

	12
	Hurricane
	64+
	45+
	Dangerous


[bookmark: _Toc102041223][bookmark: _Toc102041478]Table 4 – Beaufort scale, updated to include quality

2.5.2 [bookmark: _Toc102037598][bookmark: _Toc102042257]Wind direction

  Wind direction plays a key role in predicting surf quality. Onshore winds that blow from the ocean towards the land produce choppy sea surface and encourage waves to break before they become steep. Offshore winds, (blowing from the land out to sea), keep waves from breaking until they become steeper than usual [13]. Steeper waves generally have more power to them. In order to know if the wind is blowing onshore or offshore, it is important to be able to read the wind direction, as well as its direction in relation to the shore. The direction of the beach should be set and any changes to this can then be read by the change in direction from this set datum.


[bookmark: _Toc102037599][bookmark: _Toc102042258]2.6 Component research

  From the key data elements in section 2.5, two data elements have been identified. These elements need to be read as live data by one or more sensors. In order to identify the sensor best suited to this project, research into different sensor types has been carried out so that they can be compared against each other.

[bookmark: _Toc102037600][bookmark: _Toc102042259]2.6.1 Wind Speed Sensor

  In order to read wind speed, a cup anemometer will be used (as agreed in section 2.4.2.5). In order to select the most appropriate cup anemometer for this project, several will be analysed against each other and the operational parameters of each compared.

	Product Name

	HOBO S-WSA-M003

	SparkFun SEN-15901

	Adafruit 1733

	


Image
	[image: ]
	[image: ]
	[image: ]

	Measurement parameters

	Average wind speed & highest 2 second gust

	•Wind speed
•Wind direction
•Rain gauge
	Wind speed

	Measurement range (mph)

	0 - 100
	0 - 100
	1.1 - 110

	Accuracy (mph)

	± 2.4
	± 2.0
	± 2.2

	Starting threshold (mph)

	2.2
	1.5
	0.5

	Maximum speed without damage (mph)

	120

	N/A

	156


	Configuration

	3 cup

	3 cup

	3 cup


	Connection

	3 wire

	ADSL plug

	3 wire


	Dimensions (mm)

	1900 x 510 x 510

	
	105 x 102 x 102


	Weight (g)

	300

	2246

	111.8


	Price (£)

	323.00

	62.78 (one unit already available for this project)

	34.33

	
Pros
	•High wind speed range
•Able to survive high wind speeds
	•Able to measure speed and direction
•Cost effective
•Simple connection
•Unit already available for the project
	•Good measurement range
•Small and compact
•Lightweight
•Low starting threshold
•Cheap

	Cons
	•Expensive
•Higher accuracy would benefit this project
•Won't measure speeds under 2.2mph
•Does not detect direction
	•Unknown maximum speed without damage
	•Does not detect direction
•Long delivery time

	Reference
	[14]
	[15]
	[16]


[bookmark: _Toc102041224][bookmark: _Toc102041479]Table 5 – Anemometer comparison
[bookmark: _Toc102037601]2.6.1.1 Wind Speed Sensor Selection

  After the comparison in table 5, a sensor needs to be selected for use in this project. The selected sensor will be the ‘Spark Fun SEN-15901’. The reasoning behind this is that the sensor can measure both wind speed and direction, saving on complexity of the product and number of individual parts. This sensor was also already available to be used in the project. A previous university student allowed a loan of this sensor for the duration of the project which is a big factor in its selection. However, if the measurement range and accuracy were not also viable then it would not have been chosen.

[bookmark: _Toc102037602][bookmark: _Toc102042260]2.6.2 Programmable Logic Controller

  In order to collect the data and utilise it in a useful way, a PLC will be needed. A PLC is a type of miniature computer that can receive data through its inputs and send operating instructions through its outputs. The operating instructions can be set by an individual and changed/customised to carry out desired operations. The changing parameters of the incoming data will result what operational output occurs. Fundamentally, a PLC’s job is to control a system’s functions using internal logic that has been programmed into it [17].

[bookmark: _Toc102037603]2.6.2.1 Compact PLCs

  A compact PLC is an entire unit that includes a power supply, CPU, and a set limited number of I/O pins and cards. All of these are integrated in one casing and additions cannot be made. I/O cannot be increased, and processing power is set by the CPU within. Compact PLCs are mainly used for small scale automation applications such as replacing timers, counters, relay logics. If an existing process is changed to have increased PLC requirements, then a separate compact PLC will need to be used, or a switch to modular PLC. Compact PLCs are quite limiting in this way.


· Pros:
· Relatively cheap compared to modular PLCs.
· Contained unit so power supply, CPU, I/O are included within one casing. No need to purchase and connect extra components.
· Small in size makes storage, enclosure and transportability very easy.
· Cons:
· Usually used for standalone tasks and not complex operations.
· Limited number of I/O pins and cards.
· Cannot be upgraded in processing power.
· Difficult to repair and troubleshoot.

[image: ]
[bookmark: _Toc102041404]Figure 10 – Compact PLC

[bookmark: _Toc102037604]2.6.2.2 Modular PLCs

  A modular PLC is created from individual components, connected to make an overall PLC. These are rack based and power supply, CPU, I/O modules are mounted on racks. As such these can be changed to increase/decrease the number of I/O modules and processing power, per the requirement. This is useful for industrial or manufacturing engineering processes, as the requirement could change as volumes, design, complexity, etc, go up or down. Additional modules can be slotted together. Modular PLCs can vary in size (processing and physical) depending on numbers of I/O needed. As such they can sometimes be very large and expensive. This of course depends on the function that the PLC is being used for.

· Pros:
· Easy to increase or decrease the CPU, power, and I/O modules. Can be upgraded dependent on the task it’s required for.
· Easy to replace fault modules and troubleshoot problem areas.
· Useful for complex operations like running machinery or production lines.
· High memory allows for high stores of info.
· Cons:
· More expensive than compact PLCs and costs can increase greatly for complex operations.
· CPU, power supply, and I/O modules are all separate. These needed to be purchased separately and connected.
· These can often be very large in size, depending on the application at hand.

[image: ]
[bookmark: _Toc102041405]Figure 11 – Modular PLC

[bookmark: _Toc102037605]2.6.2.3 PLC type Selection

  From the comparison of compact vs modular PLCs, the most appropriate type for this project is the compact PLC. This is due to their small size making them ideal for a portable product, all other components are inbuilt to the unit making it easy to organise and store in a carry case. As the number of inputs and outputs needed for this project is relatively low, a compact PLC will be adequate for the job and using modular would be overkill.




3. [bookmark: _Toc102037606][bookmark: _Toc102042261]Design & Implementation

  During the design and implementation section 

3.1 [bookmark: _Toc102037607][bookmark: _Toc102042262]Block Diagram

  This section shows a simple block diagram for the system, showing how each component connects to the PLC. The creation of this diagram, along with the flow chart in the following section, have helped to visualise the system and provide a view of how the ladder logic will be written, before it is written. In order to create this block diagram, “yEd” graph editor has been used [18].

[image: ]
[bookmark: _Toc102041406]Figure 12 – Block diagram



3.2 [bookmark: _Toc102037609][bookmark: _Toc102042264]Flow Chart

  This section shows a simple flow chart that has been designed to help visualise the flow of the system. This is used to help create a ladder logic. This step is important to have a basic idea in mind, ahead of the creation of ladder logic. The website “Lucid chart” was used to create this flow chart [19].

[image: ]
[bookmark: _Toc102041407]Figure 13 – System design flow chart from Lucid Chart




3.3 [bookmark: _Toc102037610][bookmark: _Toc102042265]PLC

  In order to analyse which PLC to use for this project, three were compared in a table in order to see the differences in their specifications. The result of this is seen in table 6. 

	PLC
	Siemens S7-1200
	Mitsubishi FX3s
	RS PRO 917-6361

	Image
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	[image: ]
	[image: ]

	Supply Voltage
	24 VDC
	24 VDC
	24 VDC

	Inputs
	14 digital, 2 analogue
	6 sink/source
	8 digital

	Outputs
	10 digital
	4 transistor
	4 relay

	Memory
	50 kbyte
	4000 steps
	Memory card (size N/A)

	Features
	•PROFINET
•HMI compatible
•Ethernet
•Expansion
	•USB
•RS-422
•Ethernet
•HMI compatible
	•HMI compatible
•Ethernet

	Price (£)
	357.00
	144.60
	98.96

	Reference
	[20]
	[21]
	[22]


[bookmark: _Toc102041225][bookmark: _Toc102041480]Table 6 – PLC comparison

  The most appropriate PLC is selected from analysing the performance needs of the project. From the sensor selected in section 2.6 it is now known that the sensor will provide one analogue output and one digital output. These will then be fed into the PLC meaning that a minimum of one analogue and one digital input are needed on the PLC. The PLC will also need an ethernet solution so that data can be exchanged between the controller and the devices sending data to it.

3.3.1 [bookmark: _Toc102037611][bookmark: _Toc102042266]PLC Selection

  The chosen PLC for this project is the Siemens S7-1200. This PLC has adequate I/O capabilities and can be used with an HMI. As the supply voltage for this PLC is 24 VDC, two 12V batteries will need to be purchased to power it. In order to allow the PLC to connect to the network and HMI, an Ethernet switching module will also be required. The purpose of this switch is to connect wired devices such as laptops, servers, etc, to a LAN and allow data to pass between them [23]. This is vital in sending the written ladder logic from the PC to the PLC. The switching module used in tandem with the PLC is a Siemens Scalence XB005. Another key factor in the decision to use the chosen Siemens PLC and switch are that both units are readily available from the University of Wales Trinity St David. Access to these devices saves time and money and expedites the design process.

3.4 [bookmark: _Toc102037612][bookmark: _Toc102042267]HMI

  In order to view the required data and be able to read the surf conditions, an HMI is required to use in conjunction with the PLC. The HMI chosen for this project is a Siemens KTP700 Basic. No comparison will be made between different HMI screens as there are no key features needed, and the KTP700 is readily available through the university. The features of this HMI can be seen in table 7. In order to send data between the PLC and HMI this system uses Profinet. Profinet is an open industrial ethernet solution and is designed to exchange data between controllers and devices in an automation setting.

	Product
	Siemens KTP700 Basic

	Image
	

	Supply voltage
	24 VDC

	Connection
	Profinet

	Display size
	7”

	Resolution
	800 x 480

	Price (£)
	525.69

	Reference
	[24]


[bookmark: _Toc102041226][bookmark: _Toc102041481]Table 7 – HMI Specifications


3.5 [bookmark: _Toc102037613][bookmark: _Toc102042268]Components list & Costing

  This section details the full list of components and software needed for a final build. The components involved have been derived from the research in section 2 and from the research on PLCs in section 3.3.

	Section
	Item
	Individual Cost (£)
	Quantity
	Overall Cost (£)

	Electrical components
	12V Battery
	10.05
	2
	20.1

	
	Siemens s7-1200
	357.00
	1
	357

	
	Scalance XB005
	225.00
	1
	225

	
	Spark Fun weather station
	62.78
	1
	62.78

	
	KTP700 Basic
	525.69
	1
	525.69

	
	RS PRO 22kΩ resistor
	0.18
	1
	0.176

	
	RS PRO 10kΩ resistor
	0.18
	1
	0.176

	
	Spade connectors
	3.23
	1
	3.23

	Mechanical components
	eFoam pre-cubed packing foam
	15.99
	1
	15.99

	
	Carry case
	4.99
	1
	4.99

	Software
	Siemens TIA V16
	128.44
	1
	128.44

	Misc.
	Carry case (later deemed unsuitable)
	10.00
	1.00
	10.00

	
	
	
	Total cost
	£1353.57


[bookmark: _Toc102041227][bookmark: _Toc102041482]Table 8 – Component list & costing


[bookmark: _Toc102037614][bookmark: _Toc102042269]3.6 Simulation to Prove Design Theory

  In order to test the theory behind this project, an initial design has been created that will simulate the finished project. The simulation uses the same basic principle of collecting data on wind speed and direction and assessing the quality of the waves based on this data. As the simulation uses Factory I/O to test the design, it is not going to be 100 percent the same as the final design. Changes will be made and explained in the final design.


[bookmark: _Toc102037615][bookmark: _Toc102042270]3.6.1 Factory I/O

  The design used on Factory I/O is very simplistic and only utilises four components, two of which are the same. The components used are:
· 2 x 0 – 10V potentiometer (one is used to simulate the change in wind speed and one to simulate change in wind direction).
· 2 x LED decimal displays (one to display wind speed and one to display wind direction).

Factory I/O has been setup using a Siemens S-1200 PLC.
[image: ]
[bookmark: _Toc102041408]Figure 14 – Factory I/O layout
  The four components are connected to the ‘real’ inputs and outputs of the PLC. The configuration of these pins can be seen in figure 15.

[image: ]
[bookmark: _Toc102041409]Figure 15 – PLC pin configuration Factory I/O.


[bookmark: _Toc102037616][bookmark: _Toc102042271]3.6.2 Ladder logic

  In order to simulate the design, a ladder logic needed to be created, that would have changing values of ‘wind speed’ and ‘wind direction’ and output their change onto a decimal display.

[bookmark: _Toc102037617]3.6.2.1 Network 1

  Network 1 is used to connect the ladder logic from TIA V16 to Factory I/O. This network is only used in the simulation.

[image: ]
[bookmark: _Toc102041410]Figure 16 – Network 1

[bookmark: _Toc102037618]3.6.2.2 Network 2

  This network takes the ‘wind speed’ from its associated potentiometer and moves it to a memory. This is so that a tag can be set that can be read by the HMI later. The HMI will not read a value from the factory I/O potentiometer without some kind of function included in the Siemens ladder logic. The same operation is carried out for the ‘wind direction’ potentiometer.

[image: ]
[bookmark: _Toc102041411]Figure 17 – Network 2

[bookmark: _Toc102037619]3.6.2.3 Network 3

  Network 3 is used to take the output of the potentiometer, that works in zero-to-ten-volt range and inputs its value into a multiplier with a multiplicand of 36, to simulate a 360-degree directional range. As the potentiometer changes the resultant value is multiplied and the result of this is sent to the memory “direction multiplier degrees”.

[image: ]
[bookmark: _Toc102041412]Figure 18 – Network 3: Multiplier for 360 degrees

[bookmark: _Toc102037620]3.6.2.4 Network 4

  In a similar manner to network 3, this network is a multiplier for the wind speed. This uses a multiplier with an input from the wind direction potentiometer and a multiplicand of ten, to simulate wind speeds up to a maximum of 100 mph. The result of this multiplier is a memory “wind speed multiplier 100”.

[image: ]
[bookmark: _Toc102041413]Figure 19 – Network 4: Wind speed multiplier

[bookmark: _Toc102037621]3.6.2.5 Network 5

  This network operates the conversion from mph for knots. As explained in section 2.5.1.1, the Beaufort scale that is used to estimate wave heights, uses knots as a unit of wind speed. Because of this, the output from ‘wind speed multiplier 100’ needs to be divided by 1.15078 (as explained in the equation from section 2.5.1) to give a knots value that is stored in memory location “MPH to knots”.

[image: ]
[bookmark: _Toc102041414]Figure 20 – Network 5: mph to knots conversion


[bookmark: _Toc102037622]3.6.2.6 Network 6 & 7

  Network 6 controls the ‘wind speed’ digital display in Factory I/O. It uses the move function to move the output of the wind speed potentiometer, and move it to the ‘wind speed display’ which is connected to output pin QD30 of the PLC. Network 7 works in an identical manner to network 6, however, this time utilising the ‘wind direction’ potentiometer and moving it to the ‘wind speed direction’ display.

[image: ]
[bookmark: _Toc102041415]Figure 21 – Network 6

[image: ]
[bookmark: _Toc102041416]Figure 22 – Network 7

[bookmark: _Toc102037623]3.6.2.7 PLC tags for simulation

  Below are the PLC tags used in the creation of this project simulation.


[image: ]
[bookmark: _Toc102041417]Figure 23 – Simulation PLC tags



[bookmark: _Toc102037624][bookmark: _Toc102042272]3.6.3 HMI Setup

  In order to have a visual representation of the surf local conditions, the design of this product will take the live data, compare it to the data in the Beaufort table, and output the relevant conditions onto an HMI. This HMI screen will act as an operation screen for the user to switch back and forth between wind speed and wind direction data. Each data type has been given its own screen so that data is easily readable and not overwhelmed by a ‘busy’ screen. This section details the HMI screens used in the simulation, along with how they were setup.

[bookmark: _Toc102037625]3.6.3.1 Wind speed report

  This screen shows the current wind speed in knots, a wind description, a description of the surf quality, and an estimate of the average wave height. ‘Wind speed knots’ takes its data from the ‘mph to knots’ tag, shown in network 5.

[image: ]
[bookmark: _Toc102041418]Figure 24 – Wind speed report HMI screen

  The ‘wind description’ display takes its data from a text table that uses data from the Beaufort scale. As seen in table 4 of section 2.5.1.1, column 2 in the table shows the wind description compared to the incoming wind speed range. These wind speeds have been used with the HMI so that when a value in each range is met, it will output the associated text value of that range.

[image: ]
[bookmark: _Toc102041419]Figure 25 – Wind description text table

  The displays for surf quality and average wave height work in the same manner as wind description. The only change to each is the text value that is being output changes in relation to the incoming speed range. The actual speed ranges are not changed between any of these three displays.

[image: ]
[bookmark: _Toc102041420]Figure 26 – Surf quality text list

[image: ]
[bookmark: _Toc102041421]Figure 27 – Average wave heigh text list

[bookmark: _Toc102037626]3.6.3.2 Wind direction report

  This screen on the HMI works as a virtual wind vane. As the direction of the vane cannot be seen (since this is a simulation only), a 360-degree view has been created that shows the offset of the wind, from zero degrees. Zero degrees has been used to show that the wind is blowing offshore and 180 degrees signifies the wind direction is onshore. The finished product will have the zero point of the vane facing offshore when used. This is so that deviation from offshore is always apparent and a reading of cardinal direction (North, south, etc) is not needed.
  Wind direction has been sectioned into 16 different directions, between zero and 360 degrees, in stages of 22.5 degrees. The reason for this is that the chosen wind direction sensor has 16 different resistor combinations available, with each of the 16 signifying a 22.5 degree change in direction. A more in-depth explanation of the physical sensor is given in the Test & Evaluation section, 4.0.


  [image: ]
[bookmark: _Toc102041422]Figure 28 – Wind direction report HMI screen

  The ‘deviation from offshore’ display is given by the tag ‘direction multiplier degrees’ seen in network 3. This value has been multiplied by 36 to give a full 360-degree variability. This tag’s value is also what’s used to show which direction the wind is currently blowing. Each of the 16 sections of the direction display are capable of changing colour from black to green, when their incoming direction range value has been satisfied. In order to do this, an animation has been added to each of the 16, stating the value range that will activate the animation and the colour they are to change to when activated. Examples of these ranges and how they are setup can be seen in figures 29 & 30.

[image: ]
[bookmark: _Toc102041423]Figure 29 – Wind direction display, animation range.

[image: ]
[bookmark: _Toc102041424]Figure 30 Wind direction display, animation range 2.

  As the output of the potentiometer will very rarely be at an exact variation of 22.5-degrees, ranges have been set for each of the 16 direction displays, so that if the potentiometer value appears in these ranges, the associated direction will be displayed in green. The ranges used can be seen in table 9. In order to define the appropriate range, an initial range needed to be set. Working from zero to 22.5°, the difference here is 11.25 (rounded down to 11). This meant that the starting operation range for the 22.5° range would be 12 (the next whole degree from 11). After this, 22 is added to each starting number to give the end range, and to account for the extra .5 of a degree, the next starting range would begin at the following whole number. For example:

12 + 22 = 34 (range 12 – 34). The next range begins at 35.
35 + 12 = 57.

All the following range have an increasing range, except for zero degrees, as if a range 11 – 350 is used, the direction would be permanently active. To avoid this, the range for zero degrees has been reversed to 350 – 11.

	Direction in degrees (22.5° steps)
	Activation range

	0
	350 - 11

	22.5
	12 – 34

	45
	35 – 57

	67.5
	58 – 79

	90
	80 – 102

	112.5
	103 – 124

	135
	125 – 147

	157.5
	148 – 169

	180
	170 – 192

	202.5
	193 – 214

	225
	215 – 237

	247.5
	238 – 259

	270
	260 – 282

	292.5
	283 – 304

	315
	305 – 327

	337.5
	328 – 349


[bookmark: _Toc102041228][bookmark: _Toc102041483]Table 9 – Wind direction ranges for simulation HMI

[bookmark: _Toc102037627]3.6.3.3 HMI tags for simulation

  This section includes the full tag list used in the creation of the simulation HMI screens.

[image: ]
[bookmark: _Toc102041425]Figure 31 – HMI tags for simulation


[bookmark: _Toc102037628][bookmark: _Toc102042273]3.7 Final Design

  This section includes the final design of ladder logic and HMI that are used to control the forecaster as well as a listing of the physical components that make up the final build. The full list of components used to create the final design can be seen in table 8.



[bookmark: _Toc102037629][bookmark: _Toc102042274]3.7.1 Ladder logic

The ladder logic used has changed entirely from the simulation, as the function of each sensor had to be replicated, instead of being able to link factory I/O components directly to the PLC. In order to understand how each section works, the function of the sensors used will be explained along with the networks that represent them.


[bookmark: _Toc102037630]3.7.1.1 Network 1

  This network simulates the function of the anemometer. The anemometer works by closing a switch with each full rotation. In order to produce an input for this switch closing, the input “anemometer pulse” has been used. Anemometer pulse is the Boolean input being received which has been set as input pin I0.0. Each time the switch closes it will activate this input and add one to the count-up function. The count-up function will wait for a total of one second to see how many pulses are received in this time and then send the value to the memory location “anemometer rotations”. The count of the anemometer pulse is reset every, one second to stop the count from perpetually increasing, thus making it seem as if the wind is constantly increasing in strength. The reset function is activated by the memory “count reset” which is the final step in the logic.
  The integer value of “anemometer rotations” has to be converted into a real data type in order to divide the resultant “anemometer real” with a real number. This is done by moving the original integer “anemometer rotations” into a new memory “anemometer store”. This new memory is then input into a converter that converts integers to real. This value can now be divided by the real number 0.67 in order to gain a speed in mph. The reason that 0.67 has been used is that the known value of 1.492mph produces a closed switch every one second. As the stored values are taken every one second in this system, the value of 0.67 can be derived by:



  The network is set and reset using the flag ‘ready anemometer’ which is at the beginning and end of the process, creating a loop.



[image: ]
[bookmark: _Toc102041426]Figure 32 – Extract from the anemometer datasheet

[image: ]
[bookmark: _Toc102041427]Figure 33 – Network 1 final design

[image: ]
[bookmark: _Toc102041428]Figure 34 – Network 1 continued final design

[bookmark: _Toc102037631]3.7.1.2 Network 2

  This network is used to convert the speed from the anemometer from mph to knots. The stored valued in “mph” from network 1 is divided by 1.15078 in order to give a speed in knots. The number that it is divided by has already been established in section 2.5.1.


[bookmark: _Toc102037632][bookmark: _Toc102042275]3.7.1.3 Network 3

  In order to understand how this network works an understanding of the inner workings of the wind vane is needed. The inner construction of the wind vane consists of eight switches, each connected to a different resistor. The magnet in the vane can close one or two switches at once, allowing up to 16 different positions to be indicated. These resistor values can be used in conjunction with an external resistor to create a voltage divider, as seen in figure 36.

[image: ]
[bookmark: _Toc102041429]Figure 35 – Inner configuration of weathervane. Resistors & switches
[image: ]
[bookmark: _Toc102041430]Figure 36 – External voltage divider









  The internal resistance values that are possible from the weathervane, along with their accompanying direction in degrees are seen in table 10.

	Wind direction degrees
	Integer value Min
	Integer value Max
	Resistance (k)
	Voltage (V)

	112.5
	1080
	1280
	0.688
	0.36

	67.5
	1281
	1600
	0.891
	0.47

	90
	1601
	1804
	1
	0.52

	157.5
	1805
	2459
	1.41
	0.72

	135
	2460
	3672
	2.2
	1.09

	202.5
	3673
	5015
	3.14
	1.5

	180
	5016
	6031
	3.9
	1.81

	22.5
	6032
	9144
	6.57
	2.76

	45
	9145
	10782
	8.2
	3.26

	247.5
	10783
	15468
	14.12
	4.69

	225
	15469
	16647
	16
	5.05

	337.5
	16648
	19695
	21.88
	5.98

	0
	19696
	23692
	33
	7.2

	292.5
	23693
	25920
	42.12
	7.88

	315
	25921
	29459
	64.9
	8.96

	270
	29460
	32767
	120
	10


[bookmark: _Toc102041229][bookmark: _Toc102041484]Table 10 – Direction positions. Integer values range


  Table 10 also shows the voltage readings from each resistance value, when the voltage divider is applied. In order to calculate these voltage readings and the correct resistor to use in the voltage divider, Proteus has been used to create a mock-up of the voltage divider and possible resistance values. By using a 12V source (this will be available from one of the two 12V batteries used to power this project) the divider can be added between the internal resistors, and the values of the 16 different resistors can be input.
  The first step is to calculate the value of the resistor to be used in the divider and to do this, the largest resistor value of 120KΩ needs to be switched to. The analogue input of the PLC can handle a maximum of around 10V so the largest voltage reading of the system can only be 10V. After trying a few common resistor values, the 22KΩ resistor produced a voltage reading of 10.1V. This resistor value is suitable for the divider.
  Next the voltages for each of the 16 direction values can be calculated and can be seen in table 10. These voltage readings will be read by the PLC in the form of an incoming integer. To calculate the values of these integer ranges the following formula has been applied:
  
Maximum integer range for 16 bits = 32767



From this, the voltage values in table 10 can be manipulated to provide an integer value at the given voltage reading from any one of the 16 directional positions. This is done by dividing the voltage of each by 0.00031. Once established, each integer is given a minimum and maximum value by subtracting 100 and adding 100 to the given integer. For example 9044 is derived from = 9044. The minimum of this range is 9044-100=8944 and the maximum of this range is 9044+100 = 9144.
  Each minimum integer value needed to be changed to be one value higher than the maximum of the previous direction values. This is to stop dead spots in the integer ranges. For example, direction 112.5 has a range 1080 to 1280. The minimum range of the next direction 67.5 would then begin at 1281.
  This formula has been applied to all 16 resistor values and has produced the minimum and maximum figures seen in table 10. These ranges are what will be used to highlight the different directions on the weathervane.
[image: ]
[bookmark: _Toc102041431]Figure 37 – Proteus simulation of voltage divider
  From the established integer ranges the logic to read direction has been created. This has been done by using “in range” comparators to see if the incoming integer value “wire range direction” (set by the analogue input of the vane) is between the maximum and minimum value. If the value is between the minimum and maximum a pulse timer will activate after 999ms to trigger the resultant directional memory location.
  The time 999ms has been set so that the directional value will be displayed before the memory “ready anemometer” that sets the network is activated. This way the direction will be displayed all the time apart from 1ms which is not observable to the human eye. A memory has been created for each of the 16 directions seen in table 10.

[image: ]
[bookmark: _Toc102041432]Figure 38 – Network 3 extract final design

  This network is quite long and uses the same functions throughout. As seen in figure 38 the range values and flag that is set are the only things that differ. This is the case for all 16 positions in this network. To save multiple repeat images, only figure 38 has been displayed.

[bookmark: _Toc102037633]3.7.1.4 PLC Tags for Final Design

  This section includes the PLC tags that have been used to create the final ladder logic.
[image: ]
[bookmark: _Toc102041433]Figure 39 – PLC tags final design
[bookmark: _Toc102037634][bookmark: _Toc102042276]3.7.2 HMI Setup

  This section covers the setup process for the HMI on Siemens.

[bookmark: _Toc102037635]3.7.2.1 Wind Speed Report

  The wind speed report for the final design is much the same as for the simulation. The only changes are from the tags used to activate the text lists and wind speed. The tags for wind speed, wind description, surf quality, and average wave height are all derived from the “knots” memory location on network 2.

[bookmark: _Toc102037636]3.7.2.2 Wind Direction Report

  The wind direction report has changed slightly from the simulation. This time the direction has been displayed by an LED indicator and when the current direction is active it will change from red to green.

[image: ]
[bookmark: _Toc102041434]Figure 40 – Wind direction HMI final design
[image: ]
[bookmark: _Toc102041435]Figure 41 – Setup for the LEDs on the direction report HMI

[bookmark: _Toc102037637][bookmark: _Toc102042277]3.8 Assembly of Final Design

  The final design is made up of the physical components listed in section 3.5 and is linked with the ladder logic that has been written in section 3.7.

[bookmark: _Toc102037638][bookmark: _Toc102042278]3.8.1 Carry Case

  In order to carry all the necessary components in one container and to keep them from getting damaged, a carry case has been created. This design has been made in a simple but effective format. The case only consists of two components. They are:

· 1 x 32L storage box [25]. The dimensions of the box are 540mm x 340mm x 160mm.
· 1 x pre cubed packing foam [26]. The dimensions are 560mm x 360mm x 50mm.

  As the dimensions of the foam were slightly bigger than the carry box, the edges were trimmed so that it would fit exactly. Once the foam had been trimmed to size and fitted into the box, all components were laid out on top of the foam so that the best arrangement could be made.

[image: ]
[bookmark: _Toc102041436]Figure 42 - Initial layout of components

  Now that a layout that would house all components had been constructed, the foam cubes could be removed to fit components inside. Each pre-cut cube measured 25mm x 25mm x 50mm. These cubes made removal and re-insertion incredibly easy. Once all the cubes had been removed and components laid inside each could be tweaked to ensure they are in the best position. The finished position can be seen in figure 43.



[image: ]
[bookmark: _Toc102041437]Figure 43 - Final configuration of foam inserts


[image: ]

[bookmark: _Toc102041438]Figure 44 - Side view of finished carry case


[bookmark: _Toc102037639]3.8.1.1 Schematics of Foam Inserts

  Here is a layout of the foam inside the carry case. Dimensions have been included to show how big each area is. All components have been listed so that their position is clearly known.


[image: ]
[bookmark: _Toc102041439]Figure 45 - Schematics of foam inserts

[bookmark: _Toc102037640][bookmark: _Toc102042279]3.8.2 Battery Configuration

  This section covers the configuration of the batteries. Firstly, the batteries need to supply two different voltages as the PLC, switch, and HMI all use a 24 VDC power supply. In order to do this, the two 12V batteries are connected in series. This can be seen in the blue oval, where the positive terminal of one battery is connected to the negative terminal of the next with a black wire. Also in this connection is a 12V connection to one battery, this can be seen in the blue oval as the red cable on battery 2.
  The red oval on battery 1 represents the 24V supply from the batteries connected in series. The black oval on battery 2 is the 0V connection that is used for all the components.


[image: ]
[bookmark: _Toc102041440]Figure 46 - Battery configuration

The 0V connections seen in figure 47 are connected to the 0v of the PLC, HMI, and switch.


[image: ]
[bookmark: _Toc102041441]Figure 47 – 0V connections

The 24V connection seen in figure 48 is connected to the power inputs of the PLC, HMI, and switch.
[image: ]
[bookmark: _Toc102041442]Figure 48 – 24V connection

[bookmark: _Toc102037641][bookmark: _Toc102042280]3.8.3 Weather Station Configuration

  In order to properly connect the weather station, the appropriate pins from the weathervane and anemometer need to be connected. This is done by joining pins together with copper wires and solder. As mentioned in section 3.7.1.3 external resistors also need to be connected to the analogue and digital pins of the sensors so that an appropriate voltage is sent to the PLC. Firstly pins 1 & 2 are soldered together so that they can be used as a 0V connection. Pin 3 is then soldered with a 10kΩ resistor to so that the digital signal from the anemometer can be read. Pin 4 is the analogue signal that is obtained from the changing resistance values of the vane. As mentioned in section 3.7.1.3, an external resistor is needed to connect with the analogue signal and create a voltage divider. A 22kΩ resistor is soldered to pin 4 ready to connect to the PLC.

[image: ]
[bookmark: _Toc102041443]Figure 49 - Soldered weather station configuration
[image: ]
[bookmark: _Toc102041444]Figure 50 - Weather station pin configuration data sheet

[image: ]
[bookmark: _Toc102041445]Figure 51 - Wire configuration from the weather station ADSL plug

Pins one to four can be established from checking the layout in figure 51 and comparing it to the pin diagram in figure 50.


[bookmark: _Toc102037642][bookmark: _Toc102042281]3.8.4 PLC Configuration

  In order to get the PLC working correctly the PLC must be connected in the configuration shown in figures 52 & 53. This shows the connection from the weather stations along with the power to the PLC. In figure 52 the green wire from the analogue connection of the vane (which includes the 22KΩ resistor that’s used for the voltage divider) is connected to the analogue input of the PLC. The yellow connection is the 24V connection that’s needed for the anemometer and the black cable is the 0V connection for the anemometer. The red connection is the 24V supply from the batteries that powers the PLC and the blue connection is the 0V for the incoming supply.

[image: ]
[bookmark: _Toc102041446]Figure 52 - PLC configuration
[image: ]
[bookmark: _Toc102041447]Figure 53 - Pin layout of PLC









Here is a pin layout from the PLC showing which function each connection relates to. Circled pins represent the wiring inputs from figure 53. Colours have been kept the same as the original wire colours.

[image: ]
[bookmark: _Toc102041448]Figure 54- Pin diagram of PLC



[bookmark: _Toc102037643][bookmark: _Toc102042282]3.8.5 Switch Configuration

  The switch needs connections to 24V and 0V. Figure 55 demonstrates the layout of each pin in the switch connector. The brown cable is connected to 0V and the yellow cable to 24V.

[image: ]
[bookmark: _Toc102041449]Figure 55 - Switch pin layout
  Two ethernet connections are needed for the switch, one from the HMI and one from the PLC. This is to allow the PLC to communicate with the HMI.

[image: ]
[bookmark: _Toc102041450]Figure 56 – Switch configuration ethernet



[bookmark: _Toc102037644][bookmark: _Toc102042283]3.8.6 HMI Configuration

  The connections needed for the HMI are only a 24V and a 0V connection. In figure 57 these can be seen by the orange wire which is connected to the 24V and the black wire connected to 0. The HMI also has an ethernet connection that connects to the switch, as shown in section 3.8.5

[image: ]
[bookmark: _Toc102041451]Figure 57 - HMI configuration



4. [bookmark: _Toc102037645][bookmark: _Toc102042284]Test & Evaluation


This section details the methods used for testing that the various stages of the design process, have created a successful product. The success criteria of each test are based on previously set objectives and aims, outlined in section 1.1.

4.1 [bookmark: _Toc102037646][bookmark: _Toc102042285]Test of Simulated Design


  In order to test the design detailed in section 3.5, the design on Factory I/O has been manipulated so that the two potentiometers provide output values. From these values, the expected wind speed (with associated text), and wind direction (with associated text) can be calculated. If the expected ranges are being produced and resultant text options displayed, the simulation can be considered a success.

4.1.1 [bookmark: _Toc102037647][bookmark: _Toc102042286]Wind Speed Report

  In order to test that this screen is working correctly and displaying the desired figures, the ‘wind speed’ potentiometer is twice turned a random amount, to produce an output value. The first figure from this is given on the visual display as 2.99V. As detailed in network 4, this value is then multiplied by 10, to give a mph speed range from zero to 100. From this, the expected value should be:

2.99 x 10 = 29.9

From this figure the conversion from mph to knots can take place by:



From this formula it is known that the speed in knots should read as 25.98, which rounded to the nearest whole number should show 26 knots. This has been proven with figures 58 & 59. The associated text outputs from these values can also be checked from the Beaufort table and match the expected text outputs from a 26-knot speed. This proves that the simulation works.

[image: ]
[bookmark: _Toc102041452]Figure 58 – Wind speed pot: Simulation testing

[image: ]
[bookmark: _Toc102041453]Figure 59 – Wind speed report: Simulation testing


  The same test method is conducted again but with another random potentiometer value. This time it became 7.16 on the potentiometer display. Again, from this the speed in knots can be calculated from:

7.16 x 10 = 71.6mph




  The speed value in knots shown on the wind speed report should show as above and prove the simulation works as intended. This can be seen in figures 60 & 61. As with the previous test, the expected text options were also output.

[image: ]
[bookmark: _Toc102041454]Figure 60 – Wind speed pot: simulation testing 2



[image: ]
[bookmark: _Toc102041455]Figure 61 – Wind speed report: Simulation testing 2

4.1.2 [bookmark: _Toc102037648][bookmark: _Toc102042287]Wind Direction Report

  In order to test and prove the wind direction simulation was working as intended, the ‘wind direction’ potentiometer is turned to produce a random output value. The value produced gave a figure of 4.84. From this it should be observable that the expected ‘deviation from offshore’ should be:

4.84 x 36 = 174.24

This is observable as the value shown in figure 63 is 174.20 (the logic has rounded .24 to .20). From checking table 9, this value falls in the range 170 – 192, which should highlight 180 degrees (onshore wind). As seen in figure 63 this is the case and proves that the direction report works as intended.

[image: ]
[bookmark: _Toc102041456]Figure 62 – Wind direction pot: Simulation testing

[image: ]
[bookmark: _Toc102041457]Figure 63 – Wind direction report: Simulation testing
















4.2 [bookmark: _Toc102037649][bookmark: _Toc102042288]Test of Final Design 

  This section outlines the testing methods used to prove that all elements of the final design work properly. They include testing of the physical components, testing of the ladder logic and testing of the two combined.

4.2.1 [bookmark: _Toc102037650][bookmark: _Toc102042289]Test of Physical Component

  In order to test that the purchased components are working as intended, each has been tested with a digital multimeter to check that a signal is being sent from them.

4.2.1.1 [bookmark: _Toc102037651]Weathervane & Anemometer

  In order to check that the weathervane is working, the multimeter is switched to the x 20Ω setting and the probes are placed across pins one and 4 of the weathervane. When slowly turning the vane to change its direction, the resistance being read by the multimeter can be seen to be changing. This proves that the vane is working as intended and is not broken. Next the same method is used to test the anemometer. By holding the probes over pins 2 & 3 of the connector, a resistance can be seen on the multimeter. By slowly rotating the anemometer so that the switch is closed, the reading on the multimeter changes every time the system reaches a closed contact.

4.2.1.2 [bookmark: _Toc102037652]Batteries

  In much the same way as the vane and anemometer, the batteries were tested to be functional with a digital multimeter. This time the meter was set to the x 10V setting and the positive end of the probe connected to the positive end of the battery, and vice versa for the negative probe. When doing this to each battery, a voltage reading of 13.1V is displayed.

4.2.2 [bookmark: _Toc102037653][bookmark: _Toc102042290]Test of Full System

  Now that the sensors involved in the system are known to work, all components can be connected, and the ladder logic and HMI design can be loaded onto the PLC. Once the logic has been loaded to the PLC the logic can be set to monitor mode so that the activities of the system can be seen in real time. When an area of the logic becomes active it will highlight in green. This can be used to trouble shoot and ensure that each sensor is activating the correct network. An initial test to check the system is working is to close the anemometer contact and see if the count from network 1 increases as it closes.
  When doing this the count changed from zero to one and initially it looked as if the design was working. When the speed of anemometer pulses was increased the LED from the PLC that displayed the digital signal was seen to be activating at a speed like the speed of the anemometer. However, the count on the counter would not increase past about 2 or 3 before being reset. It was evident that the PLC was picking up the signal correctly, but the logic was not working as intended. After some troubleshooting the issue turned out to be that the first network in the system (seen as network 1 in section 3.6.2.1) had not been removed. This network is used to link Siemens with Factory I/O and was causing a delay error. Once removed the count worked as intended.
  To check the directional display was working as intended, network 3 was analysed in monitor mode to see if the directions were becoming active. When slowly turning the wind vane, it could be seen that the memory of each of the direction displays would become active.

4.2.2.1 [bookmark: _Toc102037654]HMI Test

  Now that the sensors were working with the ladder logic, the HMI needed to be tested to ensure it was reading the intended data. To accomplish this, the sensors were set to a fixed position and a fan was used to apply a varying wind speed. The wind speed and text options were displayed correctly, proving the system was working to its intended design. When the speed or proximity of the fan was altered the speed on the HMI would increase or decrease, so the theory of the system was working as intended.

[image: ]
[bookmark: _Toc102041458]Figure 64 – HMI wind speed working with ladder logic

  The wind direction HMI was tested in the same manner. Firstly, the HMI was turned so that the zero-degree LED was displayed. This was then marked on the sensor so that zero degrees could easily be determined when in use.

[image: ]
[bookmark: _Toc102041459]Figure 65 – HMI wind direction working with ladder logic
  The vane was then turned slowly, and the direction of the vane could be seen to match that of the HMI.
[image: ]
[bookmark: _Toc102041460]Figure 66 – Zero degree marking on vane
  A video of the system operating can be seen at the web address in the following reference [27].



4.3 [bookmark: _Toc102037655][bookmark: _Toc102042291]Evaluation of System Effectiveness

  The system worked effectively in that all components worked together as intended with the ladder logic. As detailed in section 4.2, when the speed and direction of the wind was altered, the wind speed and direction reports would also alter on the HMI. A test of system effectiveness was conducted at Langland Bay in order to prove the concept. The conditions of the surf on that day can be seen in figure 67.


[image: ]
[bookmark: _Toc102041461]Figure 67 – MagicSeaweed surf report Langland Bay

  From the surf report shown, the direction of the wind is reading as a cross/onshore wind. The arrow circled in red shows the direction of the wind relative to the sea (facing the sea). From figure 68, the wind of the vane can be seen to be facing the same way as the wind in the report and so the report is presumed to be accurate.

[image: ]
[bookmark: _Toc102041462]Figure 68 – Surf forecaster setup at Langland Bay.
  A wind direction reading from the HMI is shown to be in the same area as in figure 68 and from the reports in figure 67. The image shown in figure 69 is a screenshot of a video that was taken at the beach. Unfortunately, because of the brightness of the sun it was very difficult to see the HMI in the video. A screenshot of the HMI was taken and fortunately it is readable. The direction displayed has been highlighted in blue to make it easier to read.

[image: ]
[bookmark: _Toc102041463]Figure 69 – Wind direction from Langland Bay

  The wind speed was also tested but again, due to the light conditions at the bay, it was almost impossible to make out the HMI display and none of the video attempts were readable. In order to counter this, a jumper was placed over the box to try and cover the screen. When doing this it was possible to take a photo of wind reading of the HMI. It read as seen in figure 70.

[image: ]
[bookmark: _Toc102041464]Figure 70 – Wind speed from Langland Bay
  As seen in figure 67, the wind speed at the time was around 15mph. Therefore the speed in knots should have been around:  13.03 knots (13 knots). The wind speed on the HMI showed 12 knots. The slight difference in speed could be due to the sensor not being entirely accurate or from the report in figure 67 not being entirely accurate. Assuming the sensor is not accurate then the current accuracy of the wind speed report is:


15 – 13.81 = 1.19 mph

The system reads at ± 1.19 mph or ± 1 knot. As the wind ranges used are quite wide, this degree of accuracy is adequate and would be accurate enough to be considered a success.

  As for the text descriptions of the wind, this section did not provide the accuracy that was expected. The surf quality was showing poor-fair and an average wave height of 3 foot. This was not mimicked on the wave being produced at the time. As seen in figure 71 the sea was very calm at the time of testing and the average wave height was not more than a foot (this can also be seen in the report in figure 67). This could be due to factors such as swell period not being accounted for or the topography of the bay. Some bays have longer shallower inclines leading to the shore and perhaps the waves do not break in the same way at every beach.

[image: ]
[bookmark: _Toc102041465]Figure 71 – Waves from Langland Bay during test



4.4 [bookmark: _Toc102037656][bookmark: _Toc102042292]Future Improvements

  After evaluation of the system’s effectiveness has taken place, several improvements have been identified. This section outlines some of the changes that could be implemented in order to make the overall product performance better.

[bookmark: _Toc102037657][bookmark: _Toc102042293]4.4.1 Swell Period

  Swell period is the time taken for a wave cycle to pass a fixed point. Swell period is measured in seconds and can be measured from two waves peak to peak, or trough to trough. Often a strong wind can start far out at sea and create swell that travels coastward. By the time it reaches the coast it can lose some of its power and period can change. Long period swell like this is transformed into surf as it trips up and topples over in shallow water near the shore [12]. Complicated weather systems can take these readings far out at sea and predict how the swell will be once it reaches the coast. A slightly modified version of this could potentially be taken from measuring nearer the shore.

4.4.1.1 [bookmark: _Toc102037658]Swell period ranges

  Now that an understanding of swell period has been established, a focus can be set on how the various swell period ranges affect surf and which ones are most favourable. Using information gained from ‘Magic Seaweed’ [4] a table has been produced that offers a simplified view of how these ranges look. Swell period ranges from one to 22 seconds generally and these times broken down into six ranges. They are as follows.

	Range (seconds)
	Description
	Quality

	1 – 4
	Swell is so small and weak that it can almost never be surfed.
	Unsurfable

	5 – 6
	Like range 1 – 4 but with the occasional weak rideable wave.
	Very poor

	7 – 9
	This is the typical range where waves are considered ‘surfable’. Still weak waves but strong enough to carry a board.
	Poor

	10 – 12
	This range creates good quality surf. This swell is often strong enough that waves starting miles out at sea are strong enough to reach the shore.
	Good

	13 – 15 
	These are normally created far out to sea and produce strong waves that reach the shore. These will arrive at shore before the strong winds that created them, which is ideal for avoiding strong onshore winds.
	Very good

	16+
	Extremely powerful waves are generated by this swell period. Consistent size and power behind each wave and good amount of time to prepare for the following wave.
	Amazing


[bookmark: _Toc102041230][bookmark: _Toc102041485]Table 11 – Swell period

  How can swell period be utilised to improve this system? There are two methods that are immediately obvious.

4.4.1.2 [bookmark: _Toc102037659]Swell period to predict wave power

  This is a simple use of swell period. Swell period could be measured at the shoreline and using table 11, the range in which the swell period falls can be utilised to output text to the HMI, in a similar manner to how it is currently being used with the wind speed report. In order to accomplish this, a stopwatch would need to be incorporated into the system. The simplest method of accomplishing this would be to purchase a simple LCD stopwatch and attach it to the finished design. This stopwatch would not need to be programmed into the ladder logic of the product as the recorded times on the stopwatch could be entered into a new screen on the HMI.
  The function of this screen would be to collect data on the swell period and utilise the results as explained previously. Times between waves breaking on the beach could be recorded on the stopwatch, for a period of five to ten waves and the results entered on the HMI. As seen in figure 72 each wave will have its own display for recording the time taken to reach a set point. In order to achieve this, the I/O modules would need to be set to ‘input’ mode so that these values can be changed at the HMI screen, rather than being changed from an output in ladder logic.



[image: ]
[bookmark: _Toc102041466]Figure 72 – Swell period HMI screen mock-up
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[bookmark: _Toc102041467]Figure 73 – I/O module

[image: ]
[bookmark: _Toc102041468]Figure 74 – I/O module set to input mode
  
  The following is a mock-up of how the ladder logic might work. This has not been tested and is intended as a visual aid only to illustrate the logic behind this idea. The input modules of waves one to five are linked to tags named ‘wave 1 time’, ‘wave 2 time’, and so on. The values entered in these input modules will give values to each of these memory tags. In figure 75 the time taken for waves one to five, is input into a series of multipliers to produce a total time for the five waves, which can be seen with tag ‘total of 5 waves’. To gain an average of the time for five waves, network 9 (figure 76) uses a divide function to divide the time for five waves, by five, to give an average for one wave. This tag ‘average of 5 waves’ can then be used in a text list in the same manner as used for the wind speed report.

[image: ]
[bookmark: _Toc102041469]Figure 75 – Network 8: Total time of 5 waves

[image: ]
[bookmark: _Toc102041470]Figure 76 – Network 9: Average for 5 waves


4.4.1.3 [bookmark: _Toc102037660]Improved Carry Case

  Another area where quality could be improved is with the build quality of the carry case. As the initial idea of this project was to be a portable surf forecaster, the portability of the case could be improved with some design tweaks. The current design is portable but is a bit heavy and cumbersome. In order to better plan the storage of the components, all components have been separated into one of two categories. These are ‘fixed components’ and ‘active components’. The fixed components are the components that are essential to the operation of the system but do not need to be seen or moved from their original position. Components in this category include:
· PLC
· Switch module
· 2 x 12V battery

  These fixed components will make up the bottom layer in the carry case and will be set inside foam casing, as with the current design. Where the two designs will differ is that this design will have a foam layer covering all the fixed components so that the active components can be stacked on top of them. The active components are:

· Anemometer
· Weathervane
· Bracket to house sensors
· 2 x poles to extend the sensors vertically

  The active components need to be stored in the case but easily accessible when they are needed to take readings of wind condition. Because of this, they will be placed on the top layer above the fixed components. Once assembled the active components do not take up a great deal of room, but when in their collapsed form they take up a surprising amount of space. This was one of the considerations that was not made when originally designing this project. With this considered and the components stacked, the size of the case used can virtually be halved.
  

[image: ]
[bookmark: _Toc102041471]Figure 77 – Carry case improved design mock-up

  A further improvement to the design of the case would be the addition of a waterproof ‘O-ring’ seal that the cables from within the case can pass through. This way the internal electronics can be kept safe from water damage whilst still being able to use the wind sensors. These seals are readily available in carry cases today and can be purchased with a high-quality IP rated case.

[image: ]
[bookmark: _Toc102041472]Figure 78 – Pelican case with ‘O-ring’ seal


4.4.1.4 [bookmark: _Toc102037661]Surf Calculations

  The initial idea for this project was for all the surf conditions to be collected and used within a formula to produce a surf rating between zero and ten, where zero would be the worst rating and not possible to surf, and ten being the absolute best surf conditions possible. As research progressed and the data from the Beaufort table became apparent, the idea for this calculation was left behind. As an improvement, this calculation could be incorporated into the system along with the current data from the Beaufort table. Here is a brief summary of how it could work.
  Firstly, each section would have to be allocated a numbered rating. This rating would be between zero and five, with the solitary number of minus six used for unsavoury and dangerous conditions. Table 12 shows an example of how these rating numbers might look.

	Beaufort number
	Wind description
	Wind speed (knots)
	Average wave height (feet)
	Quality
	Rating number

	0
	Calm
	0
	0
	No surf
	0

	1
	Light air
	1-3
	<1/2
	Flat: Unsurfable
	0

	2
	Light breeze
	4-6
	1/2
	Flat: Unsurfable
	0

	3
	Gentle breeze
	7-10
	2
	Very poor
	1

	4
	Moderate breeze
	11-16
	3
	Poor - fair
	2

	5
	Fresh breeze
	17-21
	6
	Good
	3

	6
	Strong breeze
	22-27
	9
	Very good
	4

	7
	Near Gale
	28-33
	13
	Very good (caution to inexperienced riders)
	4

	8
	Gale
	34-40
	18
	Caution: Pros only
	5

	9
	Strong Gale
	41-47
	23
	Dangerous
	-6

	10
	Storm
	48-55
	29
	Dangerous
	-6

	11
	Violent Storm
	56-63
	37
	Dangerous
	-6

	12
	Hurricane
	64+
	45+
	Dangerous
	-6


[bookmark: _Toc102041231][bookmark: _Toc102041486]Table 12 – Surf calculation table (example only)
  The figures in table 12 would cover the wind speed and so a similar approach would need to be used for the wind direction. Table 13 shows an example of how rating numbers could be applied to each direction. As established from the research in section 2.5.2 wind direction can play a key role in the formation of good quality waves. Wind that is blowing on shore as well as winds that are perpendicular to the shore can cause choppy and uneven waves. Because of this, only offshore wind is deemed to be of good quality, with slight deviations to offshore being the only other directions considered any good.

	Deviation from offshore (degrees)
	Rating number

	0
	5

	22.5
	4

	45
	3

	67.5
	2

	90
	0

	112.5
	0

	135
	0

	157.5
	0

	180
	0

	202.5
	0

	225
	0

	247.5
	0

	270
	2

	292.5
	2

	315
	3

	337.5
	4


[bookmark: _Toc102041232][bookmark: _Toc102041487]Table 13 – Wind direction number ratings for calculation
  With both number rating tables established, the resultant numbers could be collected from the live data. For example, if the wind speed was between 17 and 21 knots and the direction of the wind was 22.5-degree deviation from offshore, then the resultant ratings output would be 3 and 4 respectively. Using the comparator functions on TIA V16, ranges could be set to check the incoming speed and direction and output the rating based on these. Both resultant ratings could be added together using the add function and a final number given as a memory flag called “overall quality rating”.
  For the calculation not to show any dangerous conditions as potentially surfable, each wind range with dangerous wind speeds has been allocated a minus 6 as the rating number. The logic behind this is that even with the best wind direction of zero degrees offshore giving a rating of five, the resultant of the two ratings combined will still results in a negative number. Any negative rating from “overall quality rating” will display a message not to surf as the conditions are too dangerous.
4.4.1.5 [bookmark: _Toc102037662]On/Off Switch

  One basic component that the planning failed to include was the implementation of a switch to turn the system on/off. Currently the design is started by connecting the PLC to the voltage supply which is less than ideal. In order to improve the system design, a switch should be added so that the connections do not need to be altered at all. To do this, the ladder logic would need to be altered to include a network for starting and stopping the system with flags. All networks that will become active/inactive after pressing the switch will also need to have this flag incorporated into them.

[image: ]
[bookmark: _Toc102041473]Figure 79 – TE on/off switch

[image: ]
[bookmark: _Toc102041474]Figure 80 – Pin configuration of on/off switch

   Figures 79 and 80 show a basic switch that can be purchased. With only two connections, one pin is wired to the positive of the 24V power source and the other pin to the 24V of the PLC. The 0V of the PLC is then joined to the negative of the battery to complete the circuit. Power can now be switched between on and off.


4.5 [bookmark: _Toc102037663][bookmark: _Toc102042294] Reflection

  Reflecting on this project, there are several areas in which I am proud of my work and what I have achieved. Undertaking this course alongside working a full-time job has proved challenging. Balancing work, life, and university has at times pushed the balance in favour of work or life rather than university.
  The idea for the initial proposal came as I had not long started surfing and wasn’t entirely sure as to what produced good surf conditions. I had been researching online and regularly checking the forecast sites to see how the conditions at my local beach were affected by current weather conditions. Because of this, I wanted to undertake more in-depth research and to see if I could create something that would help me understand the surf conditions at my local beaches. I viewed the proposal as a strong idea which would have plenty of substance and was an idea which I was passionate about. I started the initial research section strongly and collected adequate information of how weather conditions affect surf, which components are used for reading and transmitting wind data, and the sources of data that I could utilise for my project.
  Despite the initial research going well my planning then changed as work commitments got in the way of my initial timing plan. Because of this, some of the objectives were pushed to a later date. Fortunately, the initial plan had been made with room for error so that if objectives could not be completed at the planned time, there would still be time to complete at a later date.  I had created my simulation and ladder logic but failed to account for the fact that the final design would not mimic the simulation design. When it came time for the initial test, the logic did not work as intended. I then had to write new logic that would work with the selected sensors.
  The main area where I believe I could have improved this project was with my overall planning and timekeeping. Lots of the writeup was completed but was not down on paper. There were many sections of the report that I had written in other documents and later transferred to the final document. Having multiple documents confused the issue and wasted some time in correlating all the data into one coherent document. Looking back, I would create smaller tasks and complete them on a weekly basis and note them properly in the final report, rather than just taking notes.
  One other area in which I struggled was with the wiring of the system. The final wiring configuration could have been slightly tidier, and the wires could have been tucked away neatly.
  Overall, I’m happy with the quality of my work, both in the written report and physical build, and have created a product which I believe to be of good quality. I believe that the quality of my written work has increased greatly due to this project and the reports I produce are of a better quality than before I started. I have learned lots about PLCs and their operation and now have a good understanding of how to create ladder logic to allow external sensors to work with the PLC. The skills gained from this project will certainly help in furthering my career. Budgetary constraints for this project were quite limited as after my monthly bills I did not have much disposable income. Fortunately, there were many components available to lend through the university and I pushed the design phase to fit the options I had available. A previous student was kind enough to lend me his weather station which consisted of the anemometer and wind vane that I needed.  

4.6 [bookmark: _Toc102037664][bookmark: _Toc102042295]Conclusion

  In conclusion, this project can be considered a success in many aspects as the final build read all the sensors as intended and displayed data as intended. The data displayed was proven to be accurate in most regards, with the wind speed and direction reading correctly. There is potentially a slight accuracy issue on the wind speed sensor, but it is possible that the wind readings from Magic Seaweed, that were used to judge accuracy, could be slightly different than they were reading. In the worst case the sensor was accurate to ± 1 knot. Wind direction appeared to read as intended.
  Unfortunately, the predicted wave heights were not entirely accurate and would need some tweaking in order to gain better ranges. It is possible that the wave heights are affected by the topography of each beach. Further research on this would be needed but if this is proven to be true then unfortunately each beach would have a slight variation in wave height. In the worst case, the wave heights shown could be used as a rough indication of how big the waves will be at that time. Perhaps with the addition of swell period (as discussed in section 4.5.1) the overall report could be more accurate.
  The overall design of the project was adequate but could be improved in several sections. A better-quality carry case could be used. One that is IP rated, more compact, and with a lid that does not detach. The wiring of the system could also be improved and tidied up. Some of the lengths of cable to the PLC were slightly too long and stuck up above the components. Ideally, they would be sized better and hidden away on a future model.
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