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ABSTRACT
The overall aim of this project is to design and build a turntable to help understand how a turntable can be used for 3D imaging radar, some of the objectives behind this include researching the process finding some similar product to take inspiration from, then usings this knowledge design a turntable with certain elements in the design. Methos of doing this include using a library to find related information on 3D imaging radars, finding out what is available to buy that would fit the desired purpose, including components and materials that will allow a functioning turntable to be built. A quick summary of some of the findings include the turntable made was effective and worked efficiently and most of the foreseen problems were taking into account, almost all tests that were run to verify the performance and capacity went correctly and verified the performance. Some recommendations to the project include a change to the motor setup and further development into a wider system to allow for full capacity and automation of some testing procedures allowing for a better product.

Introduction
The purpose of this document is to describe, show and build a of turntables for the use of 3D imaging radar. Al the details, research and consideration below head towards an end goal of making an RF turntable the functions of which are described in detail, and the requirements for this turntable are shown under the design section of this document.
One of the aims is to study how a turntable can be used for 3D imaging radar/antennas, as it is important when attempting to build a turntable for that use. It is vital that various models are looked at and to analyse their function as well as their parental use, but most importantly where there can be lessons/ ideas that could be used in the making of one to fit a desired purpose. 
The second aim is to build a functioning  turn table that follows some specification  to work within certain  parameters given, these will be talked about later in detail, but a brief summary of their parameters are that the turn table can be controlled and can be set at different rotation speeds, it must be able to hold the weight of a radar, as shown later in this document  the example case it will be a horn antenna. Another requirement is it must be a cheaper alternative to market made turntables.
One of the objectives is to research turn tables and the principles of their utilisation when being used for 3D imaging, research will also cover other options, as by showing other uses it not only will become easier to get funding but also can show different alternatives and applications of the product. 
Another objective is to gather the correct resources/ equipment and use them in an efficient, cost-effective manner, to build and subsequently test the functionality and possible other uses of the turn table. To enable this objective gathering the correct equipment, looking into different suppliers, plus different items that serve the same functionality is vital. 
The last objective is use a ghant chart to show the processes involved as well as giving a structure to follow, this will ensure that progress on the project is made and that any possible stumbles and other important steps that need to be taken are made in a timely manner, thus ensuring that the project is done on time, allowing for a full in depth review in to the functionality  and the use of a turn table when looking at 3D imaging radar/ antennas. 
In rest of this document there is considerations to ethics including looking at the IET code of conduct. There is in depth research into the techniques of 3d imaging and the use of a turn table to do this. There is also looking into turn tables and different designs. Design methods and the requirements are looked at, how the development went and what happened, the testing of the design and finally a reflection of events and what could be improved.
IETs code of conduct, which will demonstrated and ensure that ethical guidelines are followed along with proper conduct. Other important items include risk management, which will look at risk and branches of health and safety considerations, along with any potential financial or other risks. Responsibility’s on producing a final outcome, responsibly on communication and finical responsibilities will also be mentions as well.
The research section will cover turntables as a whole, as well as an in depth look in to how to use a turntable when trying to use it for 3D imaging radar and how to do it.
Design will cover a rough first iteration design along with equipment that will be needed, materials and most importantly the requirements for the design.
The development section will include the project requirements, plus quality control ensuring that not only are results reliable and repeatable, but also that the build quality meets the targets set up. 
Development section will cover, project management, all project planning, such as the design and building along with funds and buying of equipment for the RF turntable, along with timescales to both building and buying items and other aspect of the project including time management.
The final part of the report will cover my personal experience when both dealing with the project and the design/building aspect and all changes that happened during the project, ghant charts will show the progress that happened as they are a good way of visualising the changes that happened during the project. Also included in this section will be the changes that I personally would have made having looked back at the project. 
Iet Code of conduct
Ethics Under the ethical guidelines written by IET, it stats a list of rules but not all the rules are applicable to each situation [1] leaving the role of individual judgement, thus making ethical situations to be determined by the project manager. Under their professional ethics resources page, they use the royal academy of engineering ethics and principal page [2] to demonstrate what a set of ethical rules look like and is the base for the fundamentals of the IET code of conduct. In the royal academy of engineering ethics and principal page they have a key finding for some of the better practices and the worst. There are 6 key items they identified, however, the six items identified aren’t relevant for this project, for example item number 3 is “There is evidence many engineers and technicians feel dissuaded from raising concerns in the workplace”. As per the IET code of conduct in determining ethical decisions related to a project this ethical concern can be ignored on the bases of being dissuaded from reporting an issue to the project manager. If the concerns still apply due to the project managers miss management, then it would be taken to the next level of management.
Looking at the IET code of conduct, rule number two states that following the royal academy of engineering should observe the current ethical statement. In this statement there are four main objectives laid out when considering ethical standards. The first is “honesty and Integrity”.  Meaning that during the project trustworthy manners such as openness and fairness should be displayed. Action two is “respect for life, law, the environment and public good” this section of the ethical principles states that there is duty to uphold law and regulations, health and safety is a major concern and protection of data is also ensured. The law and health and safety consideration are when doing RF testing at a high power bodily harm can happen, this would break the law and would also break health and safety regulations as a threat to public health must be consider, this means doing the testing at low power and ensuring that either the public are warned or testing is done in a safe place.
As there is no personal data being collected for this project the data protection act and ethical concerns due to data protection are not applicable.  
There is also an environmental impact to surroundings.  The building and use of radar is an ethical concern to some people. Meaning there is some play when looking at ethical situations, for example choosing the parts that can be used to make a turntable, there is both shipping and manufacturing products that have the potential to cause environmental problems, as both could be releasing harmful substances into the environment. Choosing the correct part, where it was manufactured and what it is made of should be a consideration when looking to build a turntable. To reduce the environmental impact best practice is attempting to use local manufacturers, however, this may not be possible as domestic products could be more expensive, therefore possibly making the project management aspect more difficult and potentially running over budget, thereby making it impracticable to choose a local supplier. Another environment impact could be the use of radar them self’s, however as testing would be done with a low power antenna in a controlled environment meaning any risk is limited to just the power usage from the turntable and the radar resulting in a near zero risk. 
Research and literature review
In this section of the report, investigation into critical parts and understanding of building, testing and availability of turntables on the open market, the many different styles and types of turntables, including their use and functionality/ purpose and their build quality, specifications, capacity and price points will be done. Looking at open market options and the qualities mentioned above will give the best chance at understanding what makes a good turntable, this later can be used to help develop one that can be manufactured for helping in 3D imaging an antenna.
The other part of this literature review is looking into how 3D imaging radar is done, how that test is done, how they do them, what equipment is used, how to automate it, best practices and techniques. After looking at all available information into how to do 3D imaging, tests should allow for a better understanding of the requirements of the turntable, combining this with the information gathered from reviewing other products, a conclusive test plan can be draw up along with a comprehendible design that fit the requirements to do 3d imaging test on radar.
One of the aims of this document was to understand how 3D imaging of radar is done, to be able to achieve this aim understanding the principles of 3D imaging radar need to be studied, allowing for a complete comprehension of how 3D imaging works. This then would allow for requirements of a turn table to be drawn up and give a understanding of why it is important to have one and how it can be used to test different antennas, but also test the effectiveness of radar.
2D imaging
To understand how to get 3D imaging of radar, first what 2D imaging is and how these tests can be done this is needed to be understand 3D imaging. 2D imaging radar is relatively straight forward. Pointing a antenna at another antenna can give you a 2D image of what the the radar signature/ image looks like. The 2D image has just two axis this is normally the X and Y axis, which represents the width and height of the radars main beam, it will show it intense lobes and some of the weaker lobes, however it won’t give an accurate distance in the 2D image of where/ how intense they are. [3] this describes the process and their test methods, and the equipment used to get their 2D image, it also has the maths principles behind how they get the 2D image. However, this isn’t needed in the scope of this document, as getting 2D images can be done with the correct equipment as demonstrating how to make a 2D image isn’t a requirement. The best example of what a 2D image of a radar looks like, is an image from the paper [4] as seen in the photo, there are 5 main beams with high intensity, it is possible to get the y distance and the x distance, however, getting the depth in which theses beams originate from and how far they travel can’t be seen from the image. A 3D image would capture this information allowing for a better understanding of the radars capabilities.
3D imaging
3D imaging does require some extra thought to test setups, it also requires a turn table to do. As to capture the 3D image, two 2D images must be made. Three-dimensional inverse synthetic aperture radar imaging based on compressive sensing [5] paper describes in depth how to take the 2D image and turn it into a 3D image. The basic understanding of which is written in the abstract, a summary of which is 2D electromagnetic images, can make a 3D image on their own. To do this, two 2D images are required to successfully get them a turntable is needed. The 2D images are transformed into a matrix’s and stacking data along one dimension, basically making a 2D map of scatter patterns that come from the main beam of the radar. Once this information has been plotted a 3D image can be made by rearranging the 2D information into a 3D map, allowing for 3D image to be made for analysis. Later on in the paper it does describe their test method and how the 2D images were obtained, the test method used was to take the first 2D image of the radar, by setting up the radar on a turn table, facing directly toward their antenna that was being used to measure the data. Next using the turn table, once all the data was collected the radar was tuned 90 degrees to their measurement antenna. Allowing  for the side lobes to be measured and showing how much energy was being produced and the distance at which it was being transmitted. 
Another paper maintains the above papers claims and methodology. The paper being “principles of 3D turntable radar imaging” [6] the paper describes the way in which they composed their 3D imaging methods and how they used a turn table to do so. The paper however does describe using the turntable in a different manner and using 360 degrees of rotation in order to get a more complete picture of what the radar is doing, as allowing for 360 degrees you are able to read the back lode (the amount of electromagnetic radiation that is being sent back towards the radar and behind). The higher amount of electromagnetic radiation received, in the back lode, the worse performance the radar is getting, the reason this is true, is because the optimal radar will have all of its electromagnetic radiation in its main lobe, however, as this can never be true, the closer to 100% the better the radars performance as minimal losses occur. The “radar basics” [7] goes into more depth about radars basic principles, how they function and their applications. It also describes why it is bad to have power going back into the radar, as you get less distance as less power is being outputted.
Turntable
The first product that is the ideal base product to design/ improve to new specifications is the DAMS 7000 [8] made by Diamond engineering. Their design is practical and would make a very good case example to design a turntable system, changing around some of the features and qualities along with removing lead times, as it is an American based product. The DMAS 7000 is excellent at demonstrating what is possible with turntables in RF applications as it can do at least 6 types of measurements, these being 2D, over the air testing, far field, phase centre, spherical testing, these are all very important testing procedures that can be done with a turntable and antenna, as they give a very good picture of how well a antenna or radar system is working. The turn table can also do 3D imaging demonstrating why it will be a very good base example of what a turn table should do and how it can be designed.
There are a few problems with the product, the first being their test equipment is needed to allow for it to work, this would incur an extra cost if it was going to be used, as buying software and test equipment would be expensive, thus making it difficult to keep cost down, therefore a cheaper alternative should be possible to build. The second problem that would make it not be able to fit the requirements is that the user can’t control the spin rate or when it happens, as it is part of there software package, making it a problem for users to control. However, it would be good when automating the process of doing the RF measurement.
Some good features of the product, is that it can hold just above 10KG, it has 360 degrees of motion and has a 45 degrees tilt, these features make it the perfect example of a design that has already been manufactured and tested, thus allowing for features of the design to be implemented in the design of the turntable going forward. Features that make this product good also include the rotary joint allowing for the table to spin flawlessly without getting cables tangled, thus preventing the delicate RF cables from tangling decreasing their performance drastically. 
Two design features that are important are the fact that it is on a tripod, and it uses a stepper motor to drive the table, both of these features will be used in the design and building process. The tripod allows for flexibility, as it allows for height adjustments and for placement of the turntable on uneven surfaces, whist still allowing for the user to aline the antenna that will be used on the turntable, and the antenna that will be used as an output signal, allowing for test to be ran. The last design feature that will be used is the shielding of cables and control mechanism, this ensures that the transmitting an RF signal has no interference in adding/ changing how the table was set up/ running, thus making it more robust and allowing for tests to be ran with no problems caused by RF itself. 
Other examples of turn tables made of RF applications include this [9] which is made of vehicles, the application of the turn table is also slightly different but is still a good reference of what the turn table should be able to do. The turn table does allow for antenna and radar profiling, which is similar to 3D imaging, however, it slightly differs, as rather than profiling the radar it is used to profile the item on the turn table. It is still a good refence of what a turn table can do along with the benefits of having one. These being it allows for speeding up the test process therefore, decreasing costs as less time has to be spent setting everything up multiple times, the best use case however is the ability to test using the same equipment but different antennas or radar making having one a good benefit when doing RF testing.
The last useful information that was looked at,  was a small scale automated turntable for 3D scanning [10], the reason this is a very useful is because it shows how to build an turn table, what parts are required, how it was built, how it is being use but most importantly it is a guide on how and what ideas should be considered when designing a turn table. The best example of an idea/ important feature that should be included on the final design is some LEDs, to show what the system is currently doing, which should be a feature in the design as it gives the user information on the status of that the system is doing at any given time, allowing for a better user experience, thus making the testing and the usability of the turn table to vastly improved.
Design
The design part of this report will cover the requirements of the turntable, it also covers what materials are needed to build one. A first iteration/ brief look at that would be designed, a ghant chart showing a brief look at the project planning and variables that may occur along with quality control.
A Radio frequency turn table, the function of which is to rotate exactly 90 degrees at a rotation speed, this formular is f=1/t, which means what frequency was inputted calculates the time in which it takes to rotate 90 degrees. The primary application of an RF turn table is so automation of testing procedures can occur. RF testing that can be automated by the turn table including testing for electromagnetic radiation. Another test could be for antenna pattern measurements, which purpose is to measure radiation patterns of an emitting antenna, this will be the main consideration and one of the requirements and will be used to determine the effectiveness of the turntable made. The reason this is important, is because it will allow for a correct Signature assessment, which means that a cross section of the radar can be characterised. Other possible uses for a turn table, is the doppler effect can be measured; by moving the radar it can simulate targets moving around to test the effectiveness of the radar. 
requirements
Other requirements of the turn table that will be made it is necessary for it to be able to rotate 90 degrees, must be control by the user, must be able to rotate at different speeds. The 90 degrees demand comes from wanting to do 3D imaging and will allow for a test setup similar to the one in Three-dimensional inverse synthetic aperture radar imaging, based on compressive sensing paper. The second requirement comes from wanting controllability over the turn table. The usability should show lights that say what is going on. A controllable dial that will set the speed, a read out of that speed and finally a remote start command that will allow for the user to make the turn table spin when either a button is pressed, or a certain amount of time has elapsed. The last requirement is being able to rotate 90 degrees, this will allow for 3D imaging to occur allowing for the aims of this project to be completed.
To achieve the above requirements a few design choices are required, important factors include the weight it can hold, the time it takes to rotate, and shielding from the RF is also rather important, as to not interfere with any of the electrical components, this way any problems would not be due to electromagnetic radiation.
To accomplish the above using shielded wire will be used, this ensures no electromagnetic radiation will interfere with the wiring, to protect the components against the problem placing them inside a metal box should serve, as the electromagnetic radiation shouldn’t penetrate the metal casing, thus making any potential interference from happening.
Weight considerations are important factors when deciding on the structure and materials that the turntable can be made from. For the turntable design it should be able to hold a 10KG weight without breaking, this weight will be enough to hold most antennas allowing a variation of different tests on different antenna/ radar than the ones being planned, allowing for a diversity of test and also longevity of the turn table as it can be used for different applications with the weight limit.
Allowing for user control is vital to how well the project succeeds, as user control is important, as it allows for test to take place as the user can input information about the speed in which the turn table can rotate, it will also help the user understand what the system is doing and what the turn table is doing, it should give important information such as where it has power, if it waiting for an input and any errors that may have occurred, to accomplish this goal a LCD screen or similar should be implemented into the design, thus helping the user to control what the turn table is doing.
A look into the at a first iteration of the design of the turn table had been drawn and is a basic sketch of what the design should look like
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AI-generated content may be incorrect.] 
Features that make up the design is the tripod at the bottom it acts act as a stand allowing for the turn table to sit on top, connected to the stand will be the control box that will have the motor driver inside, as well as other electronics such as its power supply, next is the stand itself, is where a antenna can be connected onto a counterweight, it can be used this way to ensure rotation speed is stable.
What PCB and micro control is used also has some bearing on the project, as there are many to choose from. What ever is chosen has to both be cheap and practical, allowing for use on the turn table, the practical consideration comes down the functionality of the controller. The micro counter has to be able to control a LCD, control a motor and a few left-over ports for the use of LED to show the user what is happing.  These three factors will allow for a better user experience but allow the full functionality as described in the above section under requirements. Choosing which one will play a role in how well the final product functions. Something like an Arduino would be perfect for this role, there other alternatives like raspberry pi or seeedunio also fit the criteria as both are able to handle a LCD but also be able to other tasks such as making the motor function more information about prices and how they do can be found here [11].
Other considerations is what software is going to be used and why that software is the best fit for this project. There are many different languages and all have different advantages. Languages that could be considered for the project include python, C++, java, java script, they all have their advantages and disadvantages. Python will be used as it is a simple yet effective language, it also can cope with the requirements of the project, python can also be used by almost any microcontroller and seamlessly integrates with many of them, creating very little issues, allowing for a wider option of that microcontroller can be selected of the turntable.
Quality control 
Quality control is a key factor in ensuring that the project can be replicated, and the results will be the same, to accomplish this, using the same parts across the project would ensure the same results. Another factor would be the tolerances that the manufacturers design into their product, to enable a repeatable product, thus ensure a high-quality control is meet, high quality products that have been tested must be used in the project, this way it would ensure that quality standards are meet. To succeed in a high-quality product the level of what a bad product would have to be examined first then standard defined, the best example of this is the accuracy of how much weight and the diameter of a bottom plate of the turn table are within tolerance. Having a good tolerance factor of 1CM for the diameter of the tuneable and a weight difference of 200 grams would be considered good in the case for this turn table, as both aren’t considered to a vital factors in how well the turntable functions and both won’t make a difference when using the table. However, if the turn table was to be manufactured and sold on a large scale then standards would be made higher. A good way of ensuring that good quality control is set is by giving responsibilities to a designated responsible person, this would allow for the maintaining of quality as one or more people can check the quality of the product.
Project planning
To help with development, a brief project timeline of important factors that concern the project is demonstrate in a useful manner, in the form of a ghant chart. 
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AI-generated content may be incorrect.]The ghant chart shows important information about the project and the timelines that follow them, it also shows some of the materials and electronic components that might be required. If used correctly the ghant chart will help with development, as it allows for a designated amount of time for each aspect of the project therefore keeping everything to a timely schedule.

Development 
This section of the report covers the development and planning of what will inevitably lead to the creation of the turn table, this section will cover potential problems a way round them and certain important components that are required to make a functioning turn table.
The development of the product also comes down to project planning and the time allocation, planning these things early is important to make certain that the project can be completed on time and within a cost limit. One of the aims of this project was to keep the turn table under commercially available ones. After getting quotes, the average price of around £500 was established, before shipment and other requirements, like the software required to run the equipment or test equipment itself. After gathering this information, setting the maximum price limit to around £800 is a reasonable demand, by keeping under this goal it would confirm that one of the aims of this document is complete, thus making the project successful.
The first potential problem is what motor is used, how it is used and why that one should be chosen over the others, there is also a potential problem of the rotation speed not being fast enough possibly creating a problem of a low max speed, thus making the turn table unsuccessful. To prevent these things from happening, finding the correct motor is essential to making the turn table effective.
The first item that must be spoken about is which motor and what type is going to be used in the development and design of a turn table. There are three of good options, stepper, liner and servo, each one has its own advantages and disadvantages along with different ways to be used. The best way to use a normal linear motor is to use some sort of stopper or sensor to tell the motor to stop rotating, otherwise it will just continue to rotate past the 90-degree mark, this wouldn’t be ideal and would involve extra parts and redesigning to some aspects of the design, therefore it would be the best option. A Stepper motor is a good choice for the design. A stepper motor works by moving the motor around in a certain amount of steps, this would make rotating to 90 degrees very simple as telling the motor to rotate a certain amount of steps, it would be in the correct position. The last option of motor is a servo motor, they work in a similar way to stepper motors, however rather than using steps, it counts in degrees, this is even better, however, there isn’t an option to dictate how far to want it to move, without changing the coding base, thus making it harder to implement into the design.
 After consideration of all three types of motor, using a stepper motor was an obvious choice. The reason it would be idea for the application is, firstly it has been used before in commercially available options, such as the one shown in the research section of this report. Secondly its rather simple to use and set up, as telling it how many steps it needs to move making it ideal, the main reason of not using the other two options is because they require more adjustments, subsequently taking more time to design and build the turn table. This would be a negative factor, it also would be harder to ensure quality control as mostly some sort of stopper control would have to be implemented, allowing for more things to go wrong, thus making linear and servo less effective when applying them to a turn table.
Which stepper would be used as part of the turntable is important to think about, there are many different options on the market and some are better than others. Looking at all the ones available the BJ42015 was chosen, as it has 1.8 degrees of rotation, which means there are 50 steps of rotation to get 90 degrees of rotation, this will be enough and the accuracy of the degrees should work well, better yet there one was in stock already, allowing for the development to take place earlier than expected, thus changing the time line in which everything was planned.
To control the stepper motor, a stepper motor controller is needed, this allows for a number of steps and feedback to the controller to happen, without this, a stepper motor won’t work, as such a stepper motor controller will have to added into the design, this will allow for communication preventing potential problem that might occur when trying to get the motor to rotate.
An engineering drawing is produced to demonstrate what the proposed set up will look like, the reason this is done is because it allows for a visual idea of how the design should function.
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AI-generated content may be incorrect.] As seen in the drawing there is a tripods for stability, then a motor box mounted onto the tripod, this will house all the electronic components including the motor, there was a problem mounting the stepper motor into the original sized box, as the motor ordered was too big when combined with all the other electronic components, that would be inside. To solve this problem the box was made bigger, making the box bigger also made the turn table more stable, as the bigger plate was designed at 11CM by 11CM, with a depth of 10CM, this time around. By changing the size of the box it now fits inside, allowing for it to be shielded from the electromagnetic radiation ensuing that it should function when running, another side effect of the box was it allowed for a RF rotary joint to mounted inside, this would prevent the tangling of the cable if it was to spin more than 90 degrees.

The next problem to solve, would be how is the stepper motor controller is to be controlled. The solution to this is a microcontroller, but which one and why that one, is the next question to solve. There a few to choose from as mentioned previously. The main two options for this project where raspberry PI or Arduino, as both are commonly used and are good for any level of understanding,  both also work with python the programming langue chosen for the project, more information between the differences is found here [12]. the chosen microprocessor will a be raspberry Pi, the reason this was chosen, is because their boards are cheap, they have very good processing power and allow for full system control, better yet it can allow upgrades in the future, as it can run operating systems. A raspberry PI is also a compact microcontroller allowing for it to be fitted in a small area making it a good fit for use in this project. The raspberry Pi also allows for other outputs to be used at the same time, allowing for LEDs to be attached, plus for a better user experience the PI can also control LCD screen allowing the user to be able to set the rotation speed.
Another problem to overcome is the radiation emitted for the antenna, over coming this is very simple, a metal box can be placed on the underside of the turntable as shown in the drawings. This would prevent any interference from happening, the design of the box would be a 10CM by 10Cm box with a depth of 5CM, this would allow for plenty of space for the motor and all the electronic components. Another benefit of the box would be its a good base to connect the tripod to whist make sure the electronics inside are safe from any damages.
A potential problem could be the weight of the antenna, as it would off centring the turntable which would lead the system breaking or falling over. Whist testing, an incorrect weight cab be used to demonstrate the results of not having a counterweight. Which can be found in the test/ analysis section of the report. As this was a foreseen problem the plan was to use a counterbalance which would weigh the same as the antenna, this would prevent the turn table from being of centre, thus preventing the issue. However, a lot of thought went into how the counterweight gets attached, where, what and how to place a variable weight to counter the effect. Where does the weight go was an easy solve, as it will be placed directly behind the antenna. However, solving the problem of how to make it variable weight with ease wasn’t possible given the time constraint of test everything, due to already knowing that the counterweight needed to be (10KG) solving this issue wasn’t on the priority list, therefore was left to be solved later. An interim solution was considered, though this being the use of different weights, this is a solution although it requires knowing the weight of the antenna, then placing the same wight on the back, a better solution couldn’t be found. 
Testing
This part will describe the various test methods that can be used to validate the turntable performance. There are 3 individual tests that can confirm where the project was a success. All three have different procedures and methodology to prove that the turntable was successful. The first is how well the system operates; this test can be done by rotating the turn table 90 degrees in both directions. The next test will test how much the counterweight does affect the system. The last test will combine the first two and adding the 2D imaging to it, allowing for a 3D image to be created.
The first test done to gather confidence in the design and confirm that it was built correctly was a 90 degree turn in both directions. The test is important for two reasons, firstly it is an aim of the project to get it working, thus if done successfully shows success in the project. The second reason is that it will allow for the second objective of this project, to be completed which is to able to produce a 3D imagine for the 2D images of an antenna. 
The test is very simple to set up and achieve, the tripod is used to set up the turn table on a flat plain. It can be used to level out the turn table, thus making it rotate in balanced manner, once set up the test can be run. To run the test first set a speed in which the turn table should rotate at, the first test was set to 1hz, meaning the table should rotate at 90 degrees in a second, this is derived from aforementioned formula written in the requirement section. Secondly it was told to rotate to the right, afterwards it was reset to the centre and told to rotate to the left. After this was done and successfully completed a series of different speeds could be set to determine how well it functioned at rotating 90 degrees, the resulting data can be found below which shows the success of the testing.
	Frequency 
	Rotation Speed
	Time it took to rotate 90 degrees to the right
	Time it took to rotate 90 degrees to the left

	1HZ
	1 Second
	1 Second
	1 Second

	2HZ
	0.5 seconds
	0.5 seconds
	0.5 seconds

	10HZ
	0.1 seconds
	0.1 seconds
	0.1 seconds

	0.1HZ
	10 seconds
	10 seconds
	10 seconds



From looking at the table it is clear that rotating the turntable at different speed was successful. It is possible to come to this conclusion by looking that the data, at each speed the turntable was tested and the fact that it did in fact rotate 90 degrees each time, in both directions without fail demonstrates that the one aim, defined for this project was meet, therefore it was a success.
Another great success was the use of the tripod, it was a great way of setting everything up and was really useful to level out the turntable and made test run smoothly. After the above tests were done the idea to test the effectiveness of the tripod was created to determine its effectiveness. The test done was just to place the turntable on an uneven surface and see how well it still worked. A test was done to see if the same result were achieved as in the first test. The test setup was to set the turntable to rotate at one second and see if it coped the same as before and how well it did, the turntable rotted flawlessly in the same time and preciseness as done on flat ground, thus showing how useful of a feature it is to the overall product.
Although the test went well some improvements could be made to improve the set up and the time it took to run these tests. A calibration method could be added into the design, although not required it would be a useful feature to add, making running the test simpler, as less work would have to done to set everything up. This could be done by adding a calibration button that ran some quick tests to check where the turntable was functioning correctly, some extra electrical components would have to be added for this, the two items that can be thought of without any experimentation is swapping to a servo motor and using a laser detector or light detector to see if it had rotated 90 degrees. If this change was implemented then, self-testing could be run to see if they matched up and if the turntable was rotating at the correct speed, by making sure that the time it took to rotate matched the same time it should take this calibration test.it wouldn’t have been impossible to add if a servo motor was used. The calibration feature wasn’t required and would only help usability.
A better example of an improvement that could have been made quicker was either swapping to a more precise stepper motor, as the current one has 1.8 degrees with a small degree of latitude, as that is the angle with each step, although it wasn’t a problem in this test doing the imaging it is yet to see how much this will affect the outcome.
The second test done was to test the impact of having a counterweight behind the antenna and the best place to have the weight to ensure that the turn table rotated effectively and without hinderance or falling over. The reason this is an important test is because it would show the effectiveness of the counterweight and how vital it is was to the performance of the turn table.
For all the tests done, to test the effectiveness of the turntables ability to function and rotate 90 degrees, the counterbalance was placed directly behind it and match the weight of the antenna at 10KG. For this series of tests different weights would be used to see what would happen to it, the weights were also moved up and down the main shaft to test the effectiveness of the placement to determine the ideal location of the weight.
	Speed 
	Weight
	Location 
	Time it took to rotate 

	1 Second
	10KG
	behind
	1 Second

	1 Second
	10KG
	+ 1CM
	1 Second

	1 Second
	10KG
	+ 2CM
	1 Second

	1 Second
	10KG
	+ 3CM
	0.96 Second

	1 Second
	10KG
	+ 4CM
	0.94 Seconds

	1 Second
	10KG
	- 1CM
	1 Second

	1 Second
	10KG
	- 2CM
	1 Second

	1 Second
	10KG
	- 3CM
	1.04 Second

	1 Second
	10KG
	- 4CM
	1.06 Seconds

	1 Second
	5KG 
	behind
	1.1 Seconds

	1 Second
	5KG 
	+ 1CM
	1.1 Seconds

	1 Second
	5KG 
	- 1CM
	1.1 Seconds

	1 Second
	2KG
	behind
	1.2 Seconds

	1 Second
	No weight
	-
	Couldn’t rotate



After running the test it showed that the location of the counterweight were inconclusive to some extent. After looking at the data it can been seen that the same weight as the antenna is needed, however, the location doesn’t entirely matter, as seen for the data the weight can withing around 2 centimetres, as long as it is directly behind the antenna. Also shown from the data a counterweight is required as the test done, as with a lighter counterweight the centre of gravity was rather far off. This did in fact cause problems with the turn table as it struggled to rotate as the load was uneven and the motor chosen struggled to take the weight. Upgrading the motor to make sure it can rotate would be pointless as centring the balance point is more important, to help with this a spirt level could be mounted onto the top, this would allow the user to see if it was centred and how far it was out, this would just make it easier to setup the turntable and allows for a quick check before any tests are run. 
Another problem encountered when doing the tests was taking on and off the different weights, it took longer than expected and proved rather challenging, to prevent this a permanent weight could be add but this wouldn’t account for the different weight of different antenna. There isn’t a clear solution for this however, after some consideration and thought the user should know the weight of their antenna and can add the correct counterweight to the mount. a problem would only arise if different antenna were used in rapid succession which would be a rare example of a possible problem. 
The final and most important test that will be done to determine the outcome and the success is how well it perform at gathering the information needed to do 3D imaging, this is one of the aims of the project, thus this needed to be thoroughly tested. 
Running the test isn’t very different to the two tests done before, however, there is a few setup changes, first the antenna must be attached and plugged into the test equipment, another antenna also must be placed a certain distance way. For this test the test equipment was a spectrum analyser and the distance that the antenna a was place inside an anechoic chamber was 7 meters away from the turntable. This set up would allow for reading for the antenna on the turntable. The output of the antenna set 7m away was set at 1Ghz and results of the 2D imaging/ modelling is shown below.

(red were high point of radiation were measured)
The images above show that a successful 2D imaging setup was done, thus completing part of one of the aims of this project. However, the 3D imaging part of that aim wasn’t completed for a few different reasons, the first being although the 2D images are good they don’t quite aline and the matrixes couldn’t quite line up, thus failing the aim. The problem was traced to the 1.8 degrees of rotation error that originated from the stepper motor. As previously mentioned, there are a few ways of solving this problem, the first most simple solution, is to upgrade the stepper motor, this would allow for a more accurate tests to be done, however, as proven by this test it may still allow for some error, therefore the best solution would be either to use a liner motor or servo motor. A servo motor would be the better option the reason for this choice, is it allows for more control and gives feed back to the microcontroller allowing for the system to know where it is, this would allow itself to know when it is exactly at 90 degrees, another way to confirm this, as mention before, would be a LDR or PIR sensor at 90 degrees, this would definitely confirm that the system is at the correct angle. 
There was also some human error when doing the test, after rereading some of the literature proposed in this document the test setup wasn’t quite correct, the human error made was in the timing of when the table rotated, as processing the data took longer than original planned for, this is also the reason some of the maxixes didn’t aline ,to prevent this problem in the future a full automation along with a better understanding of the test procedure would have to used.
Other suggestions after running these test was to add the ability to rotate 360 degrees, allowing for other tests such as being able to test how much power is in the back lobe of an antenna, this isn’t a requirement, however, it would improve the system, this also wouldn’t be too hard to implement, as making it rotate 360 degrees would just be a case of removing the limiters and allowing for the system to know where it is at all time, the easiest way of accomplishing this would be using a servo motor. The RF rotary joint that was already implemented into the design would have more of a use, as the current set up of just 90 degrees, it wasn’t needed during the test, however when using the functionality it added 360 degrees of rotation, it would damage the cable and make using the table not practical if it wasn’t already in the design.
The last suggestion was to add the ability to complete automate the system with a switch to swap between automated and human input. Implementing this would require a lot more thought and more in depth reading into how other have done it, and whether it is truly cost effective to add the feature. 
Finding, Improvements and suggestion
One of the aims of the project was to make sure that everything stayed within budget allowing for the turntable to complete with market options, this was one of the aims and by doing the research and looking at market options and what manufacturing items cost or by building them for the project, the budget was kept down.  the original budget was £500 which is very high compared to how much was really spent of just £112, the only problem with that value, is that it doesn’t include the time that was spent doing the project, however, nor does the market options of making everything work coherently. The amount spent being so low is a great success for the project and completing one of the aims.
Overall, the project was success as almost all aims where meet, these aims where meet by completed the objectives created. The only aim that failed was getting a complete 3D image of the antenna that was used there was a few errors made when doing the testing, if more time was spent to keep developing the turntable by adding some of the improvements suggested after each test, it is definitely possible to fix the errors made to get the 3D imaging tests done and working.
The improvements that could have been add are above along with the reason each one should have been made, but a summary can be found here, of what could be done in a cost effective and timely manner, which would allow for a better user experience and better overall product.
Where a raspberry PI was chosen as the micro controller, a lot of extra feature could have been added, a long term improvement could be to have a better ability to automate simple tests, like adding the ability to calibrate the 90 degrees rotation, the use of the raspberry PI is also allow for the ability to add full automation of the testing process, along with the ability to talk to another computer that would control the whole system and tell when the radar/ antenna would be turned on and off, this would remove the human error that was present when doing the 2D imaging/ modelling test, thus improving the overall system, this combined with a servo motor fully allowing for 360 degrees of rotation might lead to a better overall turntable.

REFLECTION
Apon reflection there are thing I wish I could have done differently; however, I as a whole, believe the project went well, and was a good learning experience when it comes to leading a project by myself and understanding timescales, plus what are important factors lead to success within a project.
Timing on the project was a bit tight where certain personal circumstances weren’t factor in for obvious reason, when original planning of the project was done, this meant that timeline shifted rather dramatically. This has taught me that when planning, when something is to happen and what stage of the process you are in, can change very quickly. When it comes to planning something there is always some factors that weren’t thought of when doing the project as shown by my very differing ghant charts.
[image: A screenshot of a computer

AI-generated content may be incorrect.]As seen the original one was vastly different. However, I did find it rather useful when planning certain events and just by moving time allocations around, it was possible to still finish everything within the given time. This is a very useful skill, as it allows for planning in the future and a better understanding of how long a task really takes and the thought process behind doing it.
There were many key successes during the project, for example the turntable did function and tests showed that it did work correctly, this is a good sign of the success, as many objective were met, this doesn’t mean I wouldn’t do it the same way, if I was to redo the project, one of the main learning experience I had was the coding and connecting of the stepper motor and the extra items that are required to make it run. If I was to redo the project, I think a servo motor would have been a better idea, as it would allow for more flexibility. Another great thing about hindsight, is I also would have spoken to more people about the project to get some feedback, and ideas that were missed in the research stage. My best example of this is, after describing what I was doing to someone, they did mention that using a stepper motor may not work as well as predicted and that a servo motor might have been better. The only problem was, by that point most of everything was done and it was to late to change the motor setup, as testing needed to be done to verify if everything worked. I was also a little naive and believed that 1.8 degrees would be acceptable degree of error, when as it turns out it a lower degree would have been better and more likely to of worked.
I am disappointed with the 3D imaging setup and how the test ran as a whole, to improve this next time, reading a few more papers on what they did and how they have done these test would have been a good idea to get a better understanding, the best way of finding the correct things to read would have been to read though some of the reference paper made, this hopefully would have given me a better understanding of what to do and how to do it, on this topic I think 3D modelling radars was a little to advanced to start with and getting 2D imaging from the cross cut of the radar would have been better, as it follows the same principles and still does require a  turntable to get the images, however, the level of comprehension is lower and wouldn’t have required as much time to research and develop.
Doing more research into the different techniques would have helped in doing the 3D testing and rather than just reading there test theory once, it would have been a better idea to consider reading it twice and consulting a few people of just what exactly they did, how and why. That would have given me a better understanding of what to do when the test didn’t go as well as planed, another thing I would have done is plan to do another test, thus allowing for me to fix my mistakes.
Overall, I do feel like a learnt a lot from this experience and feel if done again the outcome would be different. I learnt that not everything can be planed for and that planning is key to making sure that everything can run as smoothly as possible. Other things I have learnt involve, rather than just choosing a product double checking that it a practical item and that its dimensions would fit inside any area given, just by doing this it would have saved time in the development allowing timelines to move up, allowing for more tests to be done and that might have lead to the 3D imaging side of the project to have been completed.
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