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Introduction
The brief of this project is ‘to set up a small company specialising in designing electronic based products’ or to design an alternative to an existing product.
Our idea was based on solving a problem that was close to the heart of members of our group, and therefore we saw this as an area that we would like to make a difference in or generate a solution to. With some members of the group being parents and working with mental health patients and the elderly, we thought the idea of developing a tracking device to know that your loved ones are safe, could give people peace of mind when going about their daily business. 	Upon discussion amongst our group we expanded on the idea and thought of the different types of applications this product could be used in. These included its use in care homes, tracking valuables (like car keys) and on school trips.
After a brief bit of research in this field and once we had decided on the direction we were going with the project, we set about allocating different roles amongst the team to do further research in this preliminary time for the project. The team members and their roles at this stage are as follows:
Matthew Porch – Research into existing products on the market 
Wayne Davies – Research into different methods of communication (Bluetooth, GPS etc.)
Matthew Williams – Research into the use and application of Radio Frequencies (alongside Wayne Davies’ research and findings) 
Sevginar Salif – Research into components and processors

Choosing to go with radio frequencies
After this initial research phase, we decided to go with radio frequencies as our method of communication. 
The main reasoning behind this decision was its reliability, this really appealed to us, with a product like this, it is not something where you want to be dealing with a potential loss of signal for any length of time. Although it is not pinpoint, it is very accurate and cheaper than GPS, as well as having fewer running costs, this would make development less stressful on budget. Battery life also heavily factored into our decision, GPS devices usually last around 5 days to a week, whereas radio frequency-based products can last months at a time. Eliminating the worry of losing communication in critical moments.
The product is going to be on 2.4GHz frequency, this has many benefits to us as it should not be troubled with penetrating through solid surfaces like walls or floors and has a bigger coverage and not as susceptible to interference (Logitech, 2019) than some of the other potential frequencies considered. Another benefit of 2.4GHz is that you do not need a license to use this frequency. 




Our product
The two main components we will be developing will be a HUB, this is to be held by the parent or teacher, and then the tag, this will be on the vulnerable person, this could be a child or elderly person. 
Radio frequency trackers work by sending and receiving signals between the HUB and tag. The strength of the transmission received from the tag is used to indicate distance as well as direction in relation to the HUB. The tag is intended to sit quietly until it is pinged by the HUB, at which point it transmits back. The HUB processes the return signal and can confirm it is from the correct tag and will be able to determine distance and direction based on the delay and strength of the returning signal. Tags will have unique identifiers and display as 01, 02, 03 etc. on the HUB, this is instead of assigning names to each tag, the reasoning behind this is if there were to be a breach of security, no personal information could be found on those wearing the tags.
The range we were going to set our Safe Zone at is 30 meters, this was subject to change depending on the application. The frequency that we are using can easily cover this, but the idea is that once a tag has gone outside the Safe Zone and the HUB has not had its returning message, it recognizes this and action is then required by the teacher, parent, carer etc.

Keeping track of progress
[image: ]Below is our planned list of objectives with the allocated time slot that we intend to complete each stage by, in order to deliver the project on time.
[image: ]KEY:



Once the initial stage of research is done, a key time for the project is after the initial presentation where we receive feedback on the concept and whether this changes the direction that we intend on taking. There is also plenty of time allocated to the actual construction and testing of the product, this is as it is most likely to give us issues and be the most challenging stage of the project.
Review and Developments from further research
At this point in our project we consulted a member of staff to explain what our product is and how it works. We were recommended to go back and review the options of what form of communication we wanted to use, and to investigate radios speed of transmission. By using radio frequencies alone, even though it is accurate to an extent, it is not pinpoint. The only way we could pinpoint exactly where the tag is in relation to the HUB is by having several HUBs in different locations, this is shown in the diagram that follows:
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· The circles represent a 30-metre radius around each HUB.
· The area shaded in grey represents the only zone where we could exactly pinpoint where a tag is in relation to the HUB(s)
This is not practical for most of the intended Safe Zone applications. Also as stated previously our intended area of coverage is only 30 metres, that is a small enough zone that it should be a requirement to have pinpoint accuracy. 
Below shows the calculation for the speed of the transmission using radio frequencies which we were recommended to look into, where:
Δs = Distance in metres 
Δt = Wave travelling time in seconds
C = Speed of light (299,792,458 m/s)

Δs = (Δt*c)/2

By rearranging the formula for wave travelling time we get:

Δt = (2Δs)/c

As our range is 30 metres, we can calculate the wave travelling time.
Δt = (2*30) / 299,792,458
Δt = 2.001384571*10^-7

The time it takes for the signal to transmit for our intended area of coverage (30m) is too small for our processor to process. This led to us reviewing our options of what components we are going to use.

Changes and Moving Forward
After further research and a review with staff and members of our group we have decided on a few changes being made to the product going forward.
The first change is that we are going to trial using two different microprocessors, initially we were going to only use Raspberry Pi, but now we are also going to develop the product with the use of an Arduino. This decision on which microprocessor we choose to use in our final product will be further down the line later in the project after testing each device and seeing which gives us the more desired outcome.
The other change is that we have decided now for our method of communication to not only go with the use of radio frequencies, but now include the use of GPS. The GPS will provide the pinpoint accuracy that we are looking for in our product, by adding this we will be able to not just tell when a tag is outside of our Safe Zone, but also where in relation to the HUB it was. As illustrated below:
· The HUB will now have an Arduino microprocessor and a radio frequency transmitter and receiver (transceiver).
· The tag will now have an Arduino microprocessor and a radio frequency transmitter and receiver AND a GPS chip.
[image: ]







Components required for the updated product
Now with the intention of using the Arduino as our processor, we needed to compile a list of the rest of the components to complete the product.
For our transmit and receive function that is required for each product, the transceiver that we decided to go with was a nRF24L01. This is designed to operate between 2.4 and 2.525GHz (2400 – 2525MHz) frequency, in order for there to be communication between the two they have to be on the same channel, each channel occupies a bandwidth of less than 1MHz. In this instance there could be up to a possible 125 different channels in operation, the first would be 2400MHz, the second 2401MHz and so on. A feature that the nRF24L01 has that is very important to our product is that it is a Multiceiver (Multiple Transmitters Single Receiver), this is where each radio frequency channel is divided logically into 6 parallel data channels (Millervet, 2020), these will have their own physical address and can be configured. This is ideal for our product as the intention is to have the one hub and multiple nodes (tags) communicating with it, this is displayed in the diagram below.
[image: ]









Image taken from (Lastminuteengineers, 2020)


The hub receiver will also be able to stop listening and act as a transmitter. 
The nRF24L01 is low cost and has a very low power consumption. 
For the GPS chip we decided to go with a NE0 – 6M, as it has a high-performance positioning engine as well as being reasonably priced (u-blox, 2020).  Its compact architecture, power and memory options make this chip ideal for battery operated mobile devices with strict cost and space constraints. Contrary to what we had found previously when researching GPS chips.
This then leading on to the battery that the tag is going to use, for this we chose to go with a 3.7V 290MAH lithium ion polymer battery. This is rechargeable and the voltage can range from 4.2V when fully charged and 3.0V when completely discharged. This battery also has the benefit of protection circuitry, which will stop it from over charging or completely discharging.
We also need a display for the hub, for this we would use a simple 16 x 2 character LCD display as we only need to be able to display each tags unique identifier (Tag 01, 02 etc.). This component is the most likely to be subject to change through future developments.
[image: ]The components listed are also picked as they can be made easily compatible with the Arduino.
Another component that we looked at was the material of the strap, this very important as it must be comfortable to the point that the wearer is not tempted to try take it off. As this person is likely to be a member of a vulnerable group (a child, a dementia patient etc.), the importance of wearing the tag may not be clear to them, and if it is at all uncomfortable they may be inclined to take it off. We decided that the strap would be made from silicone, this is for its waterproof quality, if it were made of a standard fabric and to become wet, it could become irritating/aggravating for the wearer.

Update to project progression
[image: ]Below is the updated progression chart of our project. Due to unforeseen circumstances, progress has been impacted. The chart shows the original planned time allocated to each step and the actual amount of time each step took.

[image: ]
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As displayed, the stage that we had gotten to in the project was beginning to order the finalised list of components. Although we could not perform the last few stages of the project, I feel that I have learnt plenty from the ones that we have. Being able to break up complex tasks into multiple steps amongst team members and make them more manageable has been very useful, as well as having to plan and manage our own time and time spent as a team to be as productive as possible has been challenging but beneficial. 
Technically, I have learnt a lot, whether this is looking through data sheets to find the specifications of components and if they are compatible with one another, or gathering information on forms of communication I did not know where possible prior to this project.

Future development
A development that we would have hoped to have been able to achieve in the future, was a more advanced version of the hub. Here it would have a large full screen display on a tablet and could be downloaded as an app. The display of the hub would show a GPS map of the area and the whereabouts of each tag in its allocated Safe Zone, if a tag where to go outside the Safe Zone the display would mark where they last were.
[image: ]









The above image shows a sample of what this future development would look like, the green dot in the centre representing the hub and the amber ‘X’ near the bottom left representing the last location of a tag after it has left the Safe Zone. 
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