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[bookmark: _Toc102594779][bookmark: _Toc89335193]1 Introduction
This Report will be covering the Individual project that has been caried out throughout the year. This will be covering all the aspects of the Gantt chart such as selecting, proposal, plan and specifications. These will be briefly discussed in the report to ensure understanding of the process. However, many other aspects will be included into the report such as Alternative solutions, improvements, design evaluation, research etc.   
The project itself is an external device that tracks lost items that have a ‘tag’ on them. This project has many challenging sections. This is one reason why it was selected. Another reason is down to the fact that there are many variations available. However, all have a form of disadvantage. By adapting the process I’m hoping to limit the disadvantages that arise with others.
The external device should consist of many different components. One being a Liquid Crystal Display (LCD) screen. This is to allow it to display the ‘item’ name that has been selected. Another component should be on the external device is LED lights. A solid-state Green LED should represent that the device is ready to be used. A Red LED Solid state should be on when the device is not deactivated. And the same LED should flash when a signal is being transmitted for a period of 10 seconds.
[bookmark: _Toc89335194][bookmark: _Toc102594780]1.1 Why is it needed
This project is an adaptation of a device that can locate lost/misplaced items when a ‘button’ has been activated. However, the difference is that this has more interaction with the user. The reason this is stated is because the user can name the ‘tags’ as they see fit. Also, another adaptation that is to be implemented is that there is an unlimited number of ‘tags’ that can be used. Most trackers are an external device have a limited number on them. And ones that use Apps usually need the most advanced technology.
From the developers view this project is a must, as they are a very forgetful person. Every time they leave the house or building, they always leave an item behind. So, this tracker will help keep them organised and un-forgetful in everyday life. As the developer does not have the latest technology (most up to date mobile phone), the apps that are used for other tracking devices are difficult to install onto their phone. Also, with the external devices available they do not have enough ‘tags’ for all the items the developer wishes to keep a track on.
[bookmark: _Toc89335195][bookmark: _Toc102594781]1.2 Selecting Project
Many different ideas were thought of when coming to selecting a project. However, selecting one that would be challenging, and rewarding was very difficult. The ideas ranged from a leveller in a tank that would help determine when a top up was required, to a fingerprint scanner that could record and remember the pattern of the print to find the owner in a system. For personal reasons a tracking device was ideal. It consists of many different aspects from building, research, and coding. Bluetooth and PCB design are the developer’s weakest points so this project is ideal for those reason as well. 
While researching, it was prominent to see that tracking devices already out there, very few are used with a separate stand-alone device. The majority use an app or a form of modern technology that a lot of people struggle to afford. The ones that are a stand-alone device did not consist of any LCD screen. This would be a modification that will be taken into consideration when building this project.
Another factor that has arisen from the research is that there is a limitation of tags on the stand-alone devices. As for the ones that use modern technology there is no limitation on the number of tags purchased. This is another factor that will be taken into consideration.
[bookmark: _Toc89335196][bookmark: _Toc102594782]2 Research	
When conducting the research, the information will be presented into tables. This it to ensure only the key features and facts are presented. 
[bookmark: _Toc89335197][bookmark: _Toc102594783]2.1 Devices already available
[bookmark: _Toc89335198][bookmark: _Toc102594784]	2.1.1	Hardware devices
Hardware devices can be of two different types. One would mean a physical part of a computer like motherboards, RAM e.g. Another would be external hardware. This would (for a computer) a mouse, keyboard etc. Table 1 will show a selection of devices available to purchase with some key information.
[bookmark: _Toc102589669]Table 1 - Hardware Devices
	Name
	Tile
	Click ‘N’ Dig
	SmartThing+
	AirTags

	Buy From
	Tile
	Amazon
	Samsung
	Apple

	Image
	[image: A picture containing text
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[bookmark: _Toc102594723]Figure 1 - Tile (Hardware Devices) [1]
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[bookmark: _Toc102594724]Figure 2 - Click 'N' Dig [1]
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[bookmark: _Toc102594725]Figure 3 – SmartThing+ (Hardware Devices) [3]
	[image: ]
[bookmark: _Toc102594726]Figure 4 - AirTags Apple [4]

	Price
	$25-$30 each
	$19.95 – 2 receivers
$25.95 – 4 receivers
$39.95 – 6 receivers
	£29.00 each
	£29.00 each

	Description
	· Small Square/ Rectangular shape
	· Small (car key size)
	· Small Square shape
	· Small circular shaped

	Keychain?
	Yes, and stick on
	Yes, and stick on
	Yes
	Yes

	Pros
	· Uses an App
· Last a year
· 50% off to upgrade (for existing users only)
	· Different colour for each receiver
· Separate device to activate receiver
· flash when active
	· Uses App
· Activate IoT Devices as well
· Still locate if far away or offline
· Retrace past locations
	· Uses App
· Uses other devices to help locate item
· Still locate if far away or offline
· Easy battery replacement

	Cons
	· No replacement of battery
· Must buy new to replace
· Pre-linked to App
	· Colour has no name to remember what its attached to
· Limited number of tags
	· Must be Pre linked to App
· Activate House appliances
· Must be linked to Samsung account
	· Must be linked to Apple account
· Extra charge for keyrings
· Thicker in Center (bulky)

	Beeping?
	Yes – Quite if submerged
	Yes – Quite if submerged
	Yes
	Yes

	Range
	250ft – 400ft (depending on which one is used)
	80 feet (roughly)
	120M (dependant on environment)
	Anywhere Apple device can connect to iCloud

	Off button?
	Yes on receiver and phone
	Yes on stand-alone device
	Yes on receiver and phone
	Yes on App

	Reference
	[1] [2]
	[1] [2]
	[3]
	[4]


[bookmark: _Toc89335201]


[bookmark: _Toc102594785]2.1.2 Phone based Apps
Phone based Apps are an easy way to locate many different devices. Some apps require you to use external tags, while other connect internally to each other. Table 2 will show some of the options available worldwide. Some of the options selected will be mentioned in other sections as well.
[bookmark: _Toc102589670]Table 2 - Phone based Apps
	[bookmark: _Hlk101047459]Name
	Tile
	Find My
	Samsung
	SmartThing+

	Buy From
	Tile
	Apple
	Samsung
	Samsung

	Image
	[image: A picture containing text

Description automatically generated]
[bookmark: _Toc102594727]Figure 5 - Tiles (Phone based Apps) [1]
	[image: ]
[bookmark: _Toc102594728]Figure 6 - Find My [5]
	[image: Samsung Find My Mobile for Android - Download the APK from Uptodown]
[bookmark: _Toc102594729]Figure 7 - Samsung Find My Mobile [6]
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[bookmark: _Toc102594730]Figure 8 – SmartThing+ (Phone Based Apps) [3]

	Price
	App Free, receiver $25-$30 each
	Free with Devices (Apple ONLY)
	Free with devices (Samsung ONLY)
	App Free, receiver £29.00 each

	Description
	App used to locate receiver on tags
	Internal Bluetooth on apply devices
	Internal Bluetooth on Samsung devices
	App used to locate receiver on tags

	Keychain?
	Yes and stick on
	AirTags optional (extra)
	No
	Yes

	Pros
	· Uses an App
· Connected only to user
· Other items can be tracked and not just digital devices
	· All Apple device linked
· No extras needed
· All on users account
· Pre warning available
	· Pre-installed in settings
· No extras needed
· All on users account
· Many functions optional on App
	· Uses App
· Activate IoT Devices as well
· Still locate if far away or offline
· Retrace past locations

	Cons
	· External tags needed
· App update as well as tags
	· Pre link needed
· Expensive
· Always updating (both device and App)
· Only available for IOS 13 or iPad OS 13
	· Must be set up before hand
· Must be connected to Wi-Fi/Mobile data
	· Must be pre linked to App
· Activate House appliances

	View Map
	No
	Yes – Shows each item
	Yes - Shows each Item
	No

	Range
	250ft – 400ft (depending on which one is used)
	Anywhere there is Wi-Fi, LTE (Long-Term Evolution), Bluetooth
	Anywhere that connects to Wi-Fi or mobile data
	120M (dependant on environment)

	Reference
	[1] [2]
	[5]
	[6]
	[3]


[bookmark: _Toc89335202]


[bookmark: _Toc102594786][bookmark: _Toc89335203]2.1.3   Computer Apps 
Computer Apps are another easy way to locate devices. However, some are specific with which devices they can locate as well as which manufacture. Majority need an account set up to ensure each item can be found. Table 3 will show a selection of apps that can be used.
[bookmark: _Toc102589671]Table 3 - Computer Apps
	[bookmark: _Hlk101047559]Name
	Google
	Apple – Find My Mac
	LockitTight

	Image
	[image: Google Find My Device - Apps on Google Play]
[bookmark: _Toc102594731]Figure 9 - Find My Device – Google [7]
	[image: How to Turn Off Find My Mac - MacRumors]
[bookmark: _Toc102594732]Figure 10 - Find My Mac – Apple [5]
	[image: LockItTight - Crunchbase Company Profile & Funding]
[bookmark: _Toc102594733]Figure 11 – LockitTight [8]

	Price
	Free with account
	Free with Apple account
	Standard - $1.99 monthly
Premium - $4.99 monthly
Ultimate - $9.99 monthly

	Description
	Online / App available to locate devices with Apps/internet available.
	Function available on Apple Computers to find their computers if stolen/lost
	App that is available for everyone, more of a spyware. It does show the location as well.

	Account needed?
	Yes
	Yes
	Yes

	Map
	Yes
	Yes
	Yes, by using google maps

	Activate Camera
	No
	No
	Yes

	Wipe Device?
	Yes
	Yes
	Yes

	Beeping?
	Yes
	Yes
	No

	Lock Device?
	Yes
	Yes
	No

	See activities on device?
	No
	No
	Yes

	View Map
	Yes
	Yes
	Yes

	Range
	Map shows 400m radius
	If lost connection an approximate range will aperea on map
	Does not specify

	Reference
	[7]
	[5]
	[8]





[bookmark: _Toc102594787]2.1.4 Stand-alone activation devices
Stand-Alone devices consist of a device that can be locate other items. However, it can be interpreted in different ways. Table 4 shows a small selection that are available worldwide. 
[bookmark: _Toc102589672]Table 4 - Stand-Alone Devices
	Name
	Eksy
	Gizmo
	Click ‘N’ Dig

	Image
	[image: ]
[bookmark: _Toc102594734]Figure 12 – Eksy [9]
	[image: ]
[bookmark: _Toc102594735]Figure 13 - Gizmo Watch 2 [10]
	[image: Click n dig Model F6 Key Finder. 6 Receivers. Wireless RF Remote Item,  Wallet Locator. : Amazon.co.uk: Electronics & Photo]
[bookmark: _Toc102594736]Figure 14 - Click 'N' Dig [1]

	Price
	$19 – 4 tags
	$99.99 each
PLUS $10 for data plan
	$19.95 – 2 tags
$25.95 – 4 tags
$39.95 – 6 tags

	Description
	Stand-alone device with 4 coloured buttons for each tag
	A watch that has a touch screen with a few features
	A stand-alone device with the corresponding number of buttons to tag

	Keychain?
	Yes
	No
	Yes

	Pros
	· One remote to activate all tags
· Replaceable battery
	· Waterproof
· Acts as a mobile for calling
· Re-chargeable battery
	· Different colour for each receiver
· Separate device to activate receiver
· flash when active

	Cons
	· Not a big rang to detect tags
· Remember which colour correspond with item
· Only 4 tags
	· Extra Charge for LTE Network
· Battery only last up to 4 days
	· Colour has no name to remember what its attached to
· Limited number of tags

	Range
	100 ft
	Not Determined
	60 ft

	Reference
	[9]
	[10]
	[1] [2]


[bookmark: _Toc89335204]
[bookmark: _Toc102594788]2.1.5 Research Comparison
When comparing all the research for pre-existing devices. It was determined that making a stand-alone device that can locate existing Bluetooth devices was the best option. As seen with table 4 it shows that stand-alone devices have a limited number of tags that are activated through specific colours. Also none of the devices have a LCD that shows the name of the tag being activated. However, the Gizmo 2 watch is classed as a stand-alone device, it also have many features that are connected to a smart phone. The developer feels that this product is not a fair comparison to other products that are specified to finding lost items. 


[bookmark: _Toc102594789]3 Project Specifications
[bookmark: _Toc89335205]For the project the developer would like to create a tracking device. This will be a stand-alone device using a microcontroller. While using Bluetooth to connect the stand-alone device to the tags itself. The tags can then be connected onto any item that the user desires. 
This stand-alone device would consist of an LCD, keypad, and LED lights. This can be placed anywhere in a building for the user to be able easily access it. When the keypad is in use it will activate the corresponding tag. This in turn will activate the tag to allow it to send out a sound to be able to detect. 
3.1 [bookmark: _Toc102594790] Operation
The stand-alone device will consist of an LCD screen, keypad, On/Off Button and two LED lights. Each button on the keypad will be pre-installed with a name that corresponds to its own tag. When the button is activated, it will show the name on the LED screen which will give an option of confirming if it’s the one to activate or to return to main screen. A Green LED will be activated from the beginning. When the activation has been selected it will send a signal out to the corresponding tag. When this happens, the Red LED will glow when the signal is sending.  However, until the tag has been detected a red LED will be signalled. This is to allow the user to know that either the item is out of reach or is not in the designated location. When the tag has been found the Green LED while glow again.
3.2 [bookmark: _Toc89335206][bookmark: _Toc102594791]Power Requirements
For the stand-alone device, the developer would like  to use a battery as the source of power. This will make the device easier to assemble than using the mains as well as making it more affordable to create. 
If possible, having a case that allows the user to access the battery would make it easier and affordable for the user. This will also allow the user to use rechargeable batteries if the prefer. 
3.3 [bookmark: _Toc89335207][bookmark: _Toc102594792]Ergonomics
[bookmark: _Toc89335208]This device will have many factors that can help people in many ways. By using this device, it will decrease individuals’ anxiety, and improve mental health and well-being. It will help with time saving while locating items and reduces stress. In turn it will help with improving productivity and above all organisation that people lack.
Size is another feature that helps people. The stand-alone device is big enough to not be misplaces however, small enough to not be bothersome. The tags themselves will be small enough but not too small to impact on everyday life.
[image: Timeline

Description automatically generated]4 Project Plan and contingencies	[bookmark: _Toc99547036][bookmark: _Toc99547070][bookmark: _Toc102594737]Figure 15 – Gantt Chart 

Figure 15 shows the time structure that was created to ensure the work will be completed in the given time frame. Allowing an overlap over certain tasks will help if time is limited. There are many main tasks that have been labelled, for example, Research, Design, Development, Testing and Deployment. Under each of these headings are subheading that allow to break the work down into smaller sections.  Project completion is a heading that shows a full year of completing. This is down to writing the report as the work is caried out to ensure that every aspect has been completed. 
There are many aspects of this project which poses a problem if any error occurs. Having a deadline that cannot be moved is one problem and the only solution that is visible is to simplify elements of the project. Table 5 shows a range of possible solution that can help:
[bookmark: _Toc102589673]Table 5 - Possible Solutions hardware
	[bookmark: _Toc89335209]Name
	Original Explanation
	Original Images
	Solution - Explanation
	Solution - image

	Circuit
	A completed circuit is desirable
	N/A
	A simulation of the project would prove the theory. This would be produced and tested in Protues.
	N/A

	Keypad
	A qwerty Keyboard is desirable as it is easier for the user to use.
	[image: Qwerty.keyboard Images, Stock Photos & Vectors | Shutterstock]
[bookmark: _Toc102594738]Figure 16 - Qwerty Keyboard – table 5
	If time is short one  option is to code a smaller keypad.
Another solution is the keys can be predetermined beforehand.
	[image: ]
[bookmark: _Toc102594739]Figure 17 - 4x4 keypad - table 5

	LCD Screen
	Having the LCD is important for this project. It is to help show each step in the system. Also, allowing the option of selecting other devices
	[image: Standard LCD 16x2 + extras [white on blue] : ID 181 : $9.95 : Adafruit  Industries, Unique & fun DIY electronics and kits][bookmark: _Toc102594740]Figure 18 - LCD Screen – table 5

	What the screen shows can be simplified if time is short.
	N/A

	LEDs
	LEDs will help the user know if the device works and also if a tag has been located. They are not essential though.
	[image: ]
[bookmark: _Toc102594741]Figure 19 – LEDs – Table 5
	Not using LEDs is always an option if time runs out.
	N/A

	Bluetooth
	Using Bluetooth for this project is also imperative to talk to the tags.
	[image: A close-up of a circuit board

Description automatically generated with medium confidence]
[bookmark: _Toc102594742]Figure 20 - Bluetooth Device – Table 5 [11]
	N/A
	N/A

	PCB
	A PCB would be preferable as it will make the overall view of the work neater.
	
	Breadboard is another way of connecting all the components together. However, this is not as neat as PCB. Nor is it permanent.
	[image: ]
[bookmark: _Toc102594743]Figure 21 - BreadBoard

	On/Off
	Having a switch on the stand-alone device would make it look neater.
	[image: A black computer mouse

Description automatically generated with low confidence]
[bookmark: _Toc102594744]Figure 22 - On/Off Button – Table 5
	If time is short a button does not need to be added to the circuit. As it will need to be added to the code.
	N/A



If other complications arise there is another solution available. This includes running everything on Protues with all the code and components connected. Protues is used as a simulation to check if everything works together. But, this also means that it can prove the developers method.   


[bookmark: _Toc102594794]5 Project Approach	
When it comes to the project approach there are many possibilities. All the methods that are out there are designed to help break down each section. This in turn makes it easier to prioritise and ensure every possible task has been completed.	
5.1 [bookmark: _Toc102594795]‘The Onion Research method’
[image: Diagram, venn diagram
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[bookmark: _Toc99547037][bookmark: _Toc99547071][bookmark: _Toc102594745]Figure 23 – Onion Method [12]

Figure 23 shows an image of the onion method layout. As shown, it has several layers which are split into many subcategories. Each of the section will be briefly discussed however, it will only cover the sub-sections that are relevant to the developer as an engineer.
[bookmark: _Toc102594796]	5.1.1 Philosophy
Firstly, there is the research Philosophy category which contains the following subcategories: Positivism, Critical realism, Interpretivism, Postmodernism and Pragmatism. These refer to a system of beliefs and assumptions about the development of knowledge. Here is a brief explanation of some sections within the method. [12]
[bookmark: _Toc102594797]		5.1.1.1 Positivism
Positivism is knowledge that exist outside of what is being studied. This cannot include any personal viewpoints, which can only be done objectively. The knowledge can be acquired through research, which is based on measurements and observation. If something is not true or false it would be dismissed as it no longer holds ground. [12]
[bookmark: _Toc102594798]	5.1.2 Approach of Theory Development
As mentioned previously there are different layers. The next layer is Approach to theory development. Deductive, Abductive, and Inductive are the subcategories that are listed under this layer. Here is a brief explanation of the subcategories below: [12]
[bookmark: _Toc102594799]		5.1.2.1 Deduction
Deduction is when investigating changed in the physical properties over time, as this would be rooted in theory. The starting point is a well-established pre-existing body of research. [12]
[bookmark: _Toc102594800]	5.1.3 Strategies 
This layer of the onion is a bit more practical, as it details how research can be conducted based on the aims of the study. There are several different approaches that can be taken. Here is an explanation of the one best suited for engineering. [12]
[bookmark: _Toc102594801]		5.1.3.1 Experimental research 
Experimental research manipulates one variable while observing the other. This is to confirm and support any research as well as refute them. This research follows a scientific method which is conducted in a controlled environment. [12]
This tests existing theories rather than creating new ones. So, this would follow the deductive approach to development. It also aligns with positivism research philosophy. [12]

Depending on the subject, it would depend on which methods would be chosen. The developer is an engineer, and the subject of this project requires the following:
Positivism for the first layer seeing as the developer is doing engineering. This would be the most practical choice to make. As stated, it is based on measurements and observation of research. 
Deductive for the next layer would be the next logical step in the onion method. The reason for this is that the physical properties over a duration of time would be rooted in the theory.
Experimental and development would be incorporated into the other layers. This is due to engineering needing facts and figures and needing to prove that a theory works. 
[bookmark: _Toc102594802]5.2 Waterfall Development method
[image: Diagram

Description automatically generated]The waterfall method is a method that is similar to the onion method. However, the differences consist of it flowing from one category to the next. Figure 24 shows and image of a waterfall method.[bookmark: _Toc99547038][bookmark: _Toc99547072][bookmark: _Toc102594746]Figure 24 – Waterfall Method [13]

Waterfall method is a sequential, linear process for managing projects. It has several phases, and no phase will begin until the prior has been completed. This may sound strict however, this method is essential for manufacturing or construction. In these situations, it is impossible to return unless starting afresh. [13]
[bookmark: _Toc102594803]5.2.1 Requirement Gathering and Analysing
The first stage consists of gathering information about what the project requires. When gathering information there is a variety of ways, from brain-storming to interviews to questionnaires. When coming to the end of this phase it should be clear what the project requirements are. [13]
[bookmark: _Toc102594804]5.2.2 System Development
At this stage of the process the information gathered should help design the system. The specification, such as program language or/and hardware requirements should be made. However, no coding is to be taken place at this stage. [13]
[bookmark: _Toc102594805]5.2.3 Systems Implementation and Code
In this section is where the coding would be taken place. Programming takes information, as found in previous stage, and creates a functional product. [13]
[bookmark: _Toc102594806]5.2.4 Testing
When all the coding has been completed, testing the product can begin. This section is where testers will find and report any problems that have arisen. This section also decides if re-evaluation needs to be taken into consideration. [13]
[bookmark: _Toc102594807]5.2.5 Deployment
This is the stage where the product has been completed and the product can be deployed or released. [13]
[bookmark: _Toc102594808]5.2.6 Systems Operation and Maintenance 
This stage covers any issues that have arisen that need to be patched up or updated. Again, if the problem is too big re-evaluation will need to be taken into consideration. [13]
The developer used both methods in order to complete this Project. Figure 15 proves that the waterfall method was used as it shows a Gannt chart. Each of the heading has been listed as well as sub-heading to ensure each section and process will be completed in the correct order to ensure completion.
[bookmark: _Toc89335210][bookmark: _Toc102594809]6 Design Specification
As stated in project specification, it will be a stand-alone device that can activate tags. The stand-alone device itself will be controlled using a micro-controlled that has been implemented with code to run the sequence required. When certain circumstances have been met the sequence will continue. 
[bookmark: _Toc89335211][bookmark: _Toc102594810]6.1 number of devices to be activated
For this project the developer originally wanted to create each tag individually to work in correspondence to the stand-alone device. However, this would have been too complicated to complete in the time frame given. So, instead the developer will use existing Bluetooth devices as examples of the what the tags can do.
Even though the tags will not be created the developer is hoping to prove that anything that has a Bluetooth signal can be found. And by implementing this into the code some of the devices will be pre-installed for demonstration purposes. 
[bookmark: _Toc89335212][bookmark: _Toc102594811]6.2 Bluetooth Classic vs Bluetooth LE
Both Bluetooth and Bluetooth Low Energy (LE) are very similar in the sense that they help connect people together. Bluetooth is a frequency hopping radio technology that transmits data within a 2.4 GHz band. These get exchanged through one of 79 designated Bluetooth channel (each of which is 1MHz in bandwidth). The difference, however, lies in how they both distribute data for energy saving. [14]
[bookmark: _Toc89335213][bookmark: _Toc102594812]	6.2.1 Bluetooth  
Bluetooth is originally designed to continuously stream data applications. This means exchanging a lot of data at a close range. That is why Bluetooth is so popular and a good fit for consumers. It can allow the user to simultaneously receive data and talk at the same time. Also, it allows them to quickly exchange large amount of data. However, it does quickly consume battery life and costs a lot more. Here is a list of M2M and IoT that uses Bluetooth: [14]
1. Wireless Headphones
2. File transfers
3. Wireless keyboard / mouse
4. Wireless headset
5. Wireless speakers
Bluetooth devices keep being invented and re-invented. This is down to advancements that help with strain of battery life. [14]
[bookmark: _Toc89335214][bookmark: _Toc102594813]6.2.2 Bluetooth LE (Low Energy)
Bluetooth LE originally started in 2011. The aim of Bluetooth LE is that is has a low energy consumption capability. With this it means that applications can run on a small amount of battery at a longer period. It also only takes a few milliseconds of connections instead of the couple of seconds on normal Bluetooth.  However, this is not ideal for talking on the phone. It is vital though for applications that periodically exchange small amount of data. [14]
After researching into both standard and low energy Bluetooth, it was decided to go with the Low Energy. While choosing to use Low Energy it was also decided that the devices the Stand-alone will track will be Low Energy Bluetooth as well.
[bookmark: _Toc102594814]6.3 Stand-Alone device
The stand-alone device is the most essential part of this project. It consists of many different elements which will be listed shortly. When considering the lack of knowledge the developer has with Bluetooth and coding, This is a very difficult task to complete which is why no external tags will be produced. Appendix 15.1 shows a flow chart of how the developer would like the device works.
[bookmark: _Toc102594815]6.3.1 Outside construction
In order to go through each section of the stand-alone device it was essential to separate it into different categories. In this section it will explain each part of the device that the user will see and use on the outside. In the tables below, the ones that are highlighted in blue are the items that have been selected.
[bookmark: _Toc102594816]6.3.1.1 Keypad Comparison
[bookmark: _Toc102589674]Table 6 - Keypad Comparison
	Name
	4x4 Keypad
	3x4 Keypad
	Qwerty Keyboard

	Company
	Amazon
	CPC
	RS Components

	Image
	[image: ]
[bookmark: _Toc102594747]Figure 25 - 4x4 Matrix Keypad – table 6 [15]
	[image: ]
[bookmark: _Toc102594748]Figure 26 - 3x4 Keypad [16]
	[image: ]
[bookmark: _Toc102594749]Figure 27 - qwerty Keyboard [17]

	Voltage
	High
	High
	N/A

	Max Current
	Mid-Range
	Mid-Range
	N/A

	Measurements
	Small
	Small
	Big*

	Connection
	Simple
	Simple
	Simple

	Cost
	Cheap - Expensive
	Expensive
	Very Expensive

	Reference
	[15]
	[16]
	[17]


*For project (smaller than standard)
	


[bookmark: _Toc102594817]6.3.1.2 Kaypad Selection
[bookmark: _Toc102589675]Table 7 - Keypad Selection
	Name
	Matrix Array 4x4
	EOZ IP40 16 Key Keypad
	MCAK1604NSSBWPMM

	Company
	Amazon
	RS Online
	Farnell

	Manufacture Number
	B08CSRKKVJ
	ECO.16250.06
	MCAK1604NSSBWPMM

	Image
	[image: ]
[bookmark: _Toc102594750]Figure 28 – B08CSRKKVJ - Table 7 [15]
	[image: ]
[bookmark: _Toc102594751]Figure 29 - ECO.16250.06  [18]
	[image: ]
[bookmark: _Toc102594752]Figure 30 - MCAK1604NSSBWPMN [19]

	Max Voltage
	24V
	24V
	24v

	Max Current
	30mA
	20mA
	20mA

	Connection
	8 Wire
	8 wire
	8 wire

	Measurements
	69mm x 77mm x 1mm
	64mm x 65mm x 10.6mm
	64mm x 65mm x 9mm

	Cost
	£6.99 (5 pack)
	£10.94
	£47.26

	Reference
	[15]
	[18]
	[19]



[bookmark: _Toc102594818]6.3.1.2 Light Emitting Diode (LEDs)
Two LEDs will be used for this project. One will be red and the other green. The Red LED will be luminated when the Bluetooth cannot locate the device selected. On the other, hand Green LED will be used when the stand-alone device has been activated. The data sheet for the following are in appendix 15.3(Red) and 15.4(Green). 
When working with LEDs it is essential to calculate the value of the resistor that is required to connect in series. The calculation is as followed:
[bookmark: _Toc102240276]Equation 1 – LED resistor value





[bookmark: _Toc102594819]6.3.1.3 LCD Screen
[bookmark: _Toc102589676]Table 8 - LCD Screens
	Name
	KEYESTUDIO 1602
	NHD-0420CW-AG3
	MC21605C6W-APR-V2

	Display
	16x2
	20 x 4
	16 x 2

	Company
	Amazon
	Digi-key
	Farnell

	Image
	[image: ]
[bookmark: _Toc102594753]Figure 31 - KEYESTUDIO 1602 - Table 8 [20]
	[image: ]
[bookmark: _Toc102594754]Figure 32 - NHD-0420CW-AG3 - Table 8 [21]
	[image: ]
[bookmark: _Toc102594755]Figure 33 - MC21605C6W-APR-V2 - Table 8 [22]

	Voltage
	5V
	5.5V
	5V

	Pins
	7 pins (16 pins)
	9 pins (20 pins)
	7 pins (16 pins)

	Dimensions
	80mm x 36mm
	92mm x 31mm x 2mm
	80mm x 36mm x 10mm

	Interface
	I2C, IIC
	Parallel, SPI, I2C, 8-Bit
	parallel

	Cost
	£9.99
	£29.36
	£8.16

	Reference
	[20]
	[21]
	[22]



[bookmark: _Toc102594820]6.3.1.4 Switch (On/Off)
[bookmark: _Toc102589677]Table 9 - Switch (On/Off)
	Name
	Toggle Switch
	Rocket Switch
	Arcolectric DPST

	Company
	RS Online
	Amazon
	RS Online

	Mfr. Number
	734-7154
	B006GQBZJ2
	C1553PLNAAB

	Image
	[image: ]
[bookmark: _Toc102594756]Figure 34 - Toggle Switch [23]
	[image: ]
[bookmark: _Toc102594757]Figure 35 - Rocket Switch – Amazon[24]
	[image: ]
[bookmark: _Toc102594758]Figure 36 - Rocket Switch - RS online [25]

	Contact Resistance
	10MΩ
	50MΩ
	

	Voltage
	28V
	12V
	12V

	Current
	5A
	20A
	20A

	Dimension
	12.7mm x 6.86mm
	23mm x 8.5mm
	27mm x 22mm

	Cost
	£2.60
	£2.15
	£11.93

	Reference
	[23]
	[24]
	[25]


[bookmark: _Toc102594821]6.3.2 Internal
When considering the internal elements to this device. There are many sections to take into consideration. These will be listed below and have a more in-depth explanation. Resistors and capacitors are also part of the internal design, however they will not be mentioned thoroughly. 
[bookmark: _Toc102594822]6.3.2.1 Microcontroller
A microcontroller is a very important aspect of any electronic device. This device is the ‘brains’ of any device that connects all the components together. When coding needs to be implemented the microcontroller holds the code and runs through the program when activated. Also, a capacitor will be added as close to the microcontroller to eliminate any noise that may interfere.
	[bookmark: _Toc99547212]
	Pins
	Group together?

	Power
	2 or 4 (Depending on chip)
	

	Switch
	1
	

	LCD screen
	7
	Yes (recommended) section D

	Bluetooth
	2
	

	Keypad
	8
	Yes (recommended) section B

	LED
	2
	

	Total
	25
	


[bookmark: _Toc102589678]Table 10 - Number Of Pins

[bookmark: _Toc102589679]Table 11 - Microcontroller
	Name
	PIC18F4550 – I/P
	PIC18F45K50-I/MV
	PIC18LF45K50 – I/P

	Company
	RS-Online
	Farnell
	Farnell

	Image
	
[image: ][bookmark: _Toc102594759]Figure 37 - PIC18F4550 - I/P [26]

	[image: ]
[bookmark: _Toc102594760]Figure 38 - PIC18F45K50-I/MV [27]
	[image: ]
[bookmark: _Toc102594761]Figure 39 - PIC18LF45K50-I/P[28]

	Layout
	Easy
	Hard
	Hard

	CPU Speed
	48MHz
	48MHz
	48MHz

	SPI
	Yes
	Yes
	Yes

	I2C
	Yes
	Yes
	Yes

	Program Memory
	32KB
	32KB
	32KB

	Max Voltage
	5.5V
	5.5V
	3.6V

	Min Voltage
	2V
	2.3V
	1.8V

	Ram Memory
	2KB
	2KB
	2KB

	No Pins
	40
	40
	40

	Cost
	£9.24
	£4.06
	£3.71

	Reference
	[26]
	[27]
	[28]



[bookmark: _Toc102594823]6.3.2.2 Bluetooth
[image: A close-up of a circuit board

Description automatically generated with medium confidence]
[bookmark: _Toc102594762]Figure 40 - HM-10 Bluetooth Device [11]
It was decided to use the HM-10 Bluetooth Module that DSD TECH have Produced. It is a Low Energy Bluetooth device that can be used as a master/slave/iBeacon Mode. Figure 40 shows an image of the device [11]. Challenges arise shortly after selecting the HM-10 Bluetooth Module. These were both in code as well as connection to the circuit.
[bookmark: _Toc102594824]	6.3.2.3 Battery
Table 12 shows the maximum current for all the components that will be used. This value shows the amount of current that will be used in an hour. 
	Components
	Max Current

	4x4 Keypad
	30mA

	Bluetooth
	50mA

	LEDs
	10mA (20mA for 2)

	Switch
	20A

	LCD Screen
	1.5mA

	Total
	20.1015A


[bookmark: _Toc102589680]Table 12 - Maximum Current





[bookmark: _Toc102589681]Table 13 - Battery Comparison
	Battery
	Alkaline
	Lithium-ion
	Lead Acid

	Images
	[image: ][bookmark: _Toc102594763]Figure 41 – Alkaline [29]

	[image: A picture containing stationary, stapler

Description automatically generated][bookmark: _Toc102594764]Figure 42 - Lithium-ion [30]

	[image: A picture containing text, battery, electronics

Description automatically generated][bookmark: _Toc102594765]Figure 43 - Lead Acid [31]


	Pros
	· Cheap
· Available everywhere
· High energy density
· Some Rechargeable
· Great resistance
	· High energy density
· Self-discharge
· Low maintenance
· Variety
	· Cheap
· powerful
· High power capacity
· Rechargeable

	Cons
	· Can be Bulky
· Toxic chemical
· Can leak, Possible fault
	· Protection
· Ageing
· Cost
	· Heavy
· Low power density
· Big in size

	Reference 
	[29]
	[30]
	[31]


[bookmark: _Toc102589682]Table 14 - Battery Selected
	Name
	LiCB 23A, 12V
	GP 27A
	Duracell MN21

	Company
	Amazon
	GP Batteries
	Amazon

	Image
	[image: ]
[bookmark: _Toc102594766]Figure 44 - LiCB 23A 12V [32]
	[image: ]
[bookmark: _Toc102594767]Figure 45 - GP 27A [33]
	[image: ]
[bookmark: _Toc102594768]Figure 46 - Duracell MN21 [34]


	Voltage
	12V (x 2)
	12V (x 2)
	12V (x 2)

	Amp/Hourly
	23A
	27A
	23A

	Dimension
	20cm x 6cm x 1.4cm (Package dimension)
	8mm x 28mm
	2cm x 1cm x 1cm

	Weight
	50g (package weight)
	4.4g
	10g

	Cost
	£3.99 (5 Pack)
	£5.99 (5 pack)
	£2.36 (2 x AA)

	Reference
	[32]
	[33]
	[34]



[bookmark: _Toc102594825]6.3.2.6 Base
The base of the Project can be either a Printed Circuit Board (PCB) or breadboard. Printed Circuit Board (PCB) is a board that contains all the copper lines that are pre-installed for every component that is required to be connected. In order to get a PCB, a schematic design which will be produced on Easy PC, will need to be produced and sent to a company that specialises in producing the PCB. 
[bookmark: _Toc102594826]6.3.2.7 Code
The code for this project will be created using CCS and Protues while in the language of C. CCS helps define pins as well as give key libraries required for the code. The code then is extracted and placed into Protues coding schematic. This allows the developer to develop the code and allowing it to run with the circuit in a simulation. 
Appendix 15.9 shows the code that has been produced. Also tables 15 to 19 shows all the key elements of the code that has been implemented in.
[bookmark: _Toc102589683]Table 15 - Code - Keywords
	Keywords
	Comments

	Char
	Stores characters ASCII as code

	Int
	(means integer) stores numbers

	If
	Statements control (has to follow with a comparison)

	Switch
	Multiple selection statement

	Case
	One option of a switch statement

	While
	Loop statement control (has to follow with a comparison)

	Else
	(optional) 2nd part of if statement

	break
	Used with switch to break out of a case

	Default
	Default case of a switch statement

	for
	Loop statement control

	return
	return


	Directive
	Comments

	#include
	Tells processor to add file to the top of the program to allow the program to run

	#Define
	When processor finds a command it replaces the name and adds the value in its place. NO semicolon after the value


[bookmark: _Toc102589684]Table 16 - Code - Directive

[bookmark: _Toc102589685]Table 17 - Code - Format codes
	Format code
	Comments
	Backslash character
	Comments

	%s
	String
	\f
	Form Feed (printf() only)

	%c
	Character
	
	



[bookmark: _Toc102589686]Table 18 - code – Standard Functions
	Functions
	Comments

	Printf()
	Write information into the console window

	Kbhit()
	Waiting for the keyboard to be hit

	Lcd_init()
	To initialize the lcd in 8-bit mode

	Strcpy()
	Use to copy string pointer (char or array)

	Lcd_gotoxy()
	Instruction of where to place characters on LCD screen



[bookmark: _Toc102589687]Table 19 - code - Operations
	Operations
	Comments

	=
	Equals (is assigned)

	= =
	Equals to (must be to continue)

	-
	Subtract

	--
	decrement

	!
	Not

	+
	Add

	++
	Increments

	-=
	Subtract from

	<=
	Less than or equal to

	>
	Greater than

	*
	Multiply

	( )
	Open and close the parameter list of a function

	{   }
	Start and end a group of statements and ending of a function declaration

	[  ]
	Array element


[bookmark: _Toc89335215]



[bookmark: _Toc102594827]7 Design Evaluation			
Many different implications had arisen when coming to the design of the project. However, due to already coming up with alterations for many sections it made it possible to carry out the project. Protues helped mostly with this as all the code and simulation of the components were all together. It made it easy to test and correct any imperfections that awoke in the process. 
Table 20 will show all the problems and solutions that had happened during the time building the project. This in turn only allowed a simulation to be produced. As shown, Bluetooth and code were the sections that caused most problems during the time frame. 
[bookmark: _Toc102589688]Table 20 - Design Evaluation
	Items
	Problems
	Explanation
	Solution
	Explanation

	Bluetooth
	Not available in Protues
	Protues has packages, Bluetooth not being available on premises
	Connecting through comport via USB
	Using a Bluetooth module but connecting it as an external component through USB

	
	Connecting through comport via USB
	It was impossible to connect the Bluetooth device without a converter
	Buy a converter
	Finding the right converter wasn’t difficult when the decision was USB

	
	Wrong setting on Device manager
	When connecting the device the Device Manager stated that the driver needed had been phased out
	Keep reinstalling it
	Uninstalling the original driver and downloading the one needed wasn’t difficult but every time the computer turns off reinstallation is required.

	
	Bluetooth Broke
	When coding the developer believed the Bluetooth module had broken as no code was responding to the device.
	Order a new one
	Ordering the

	Keypad
	Qwerty keyboard to big
	When searching the qwerty keyboard that were available were too big for the project
	4x4 keypad
	It was decided to go for a 4x4 keypad as it was smaller. Also less coding was needed.

	
	4x4 keypad not the same on Protues
	Protues gave 2 types of 4x4 keypad. One was a calculator and the other had different pin configuration
	Renaming keys on Protues
	It was decided to go for the calculator one as the pin configuration was easier to connect to.

	Switch
	Too high in voltage
	When researching most switches were for a heavy duty use.
	Bigger battery
	Getting 2 battery’s was better than finding one that could deal with the high voltage required as size and weight was an issue.

	Code
	Key words
	Finding the correct wording for sections was difficult
	Asking for advice and guidance
	Asking for help was the best solution with someone with experience as they understood the solution

	
	Structure
	Sectioning the work into the right statements and loops was difficult
	
	

	[bookmark: _Toc89335216]Code/BLE
	Finding the activation code
	With many hours of research the activation code could not be found
	N/A
	Late realisation of the issue made it impossible to find a quick solution.

	Base
	Construction
	Time management and coding issues caused problems with building.
	Show simulation in Protues
	Protues has all the elements that the construction has. This in turn shows how the project works.

	Tags
	Activations code
	Finding the activation string ID was causing many problems
	N/A
	Using a micro:bit V2.2 would have been a good solution if time was present. [35]


[bookmark: _Toc102594828]8 Costing and Resources			 
Table 21 will show the cost of all the components that were ordered. 
	[bookmark: _Toc99547214]Items
	Mfr. Number
	Supplier
	Qty.
	Cost
	Total Cost
	Reference

	Bluetooth
	B06WGZB2N4
	DSD Tech
	1
	£10.99
	£10.99
	[36]

	Starter pack
	04-08473-28352
	eBay
	1
	£4.90
	£4.90
	[37]

	USB converter
	24-08361-98013
	eBay
	1
	£3.49
	£3.49
	[38]

	4x4 matrix Keypad
	6qf0dv7yg0gx0-UK06
	Amazon
	5
	£13.14
	£2.63
	[15]

	LCD Screen
	04-08473-28349
	Amazon
	2
	£8.90
	£4.45
	[20]

	Microcontroller
	PIC18F4550-I/P
	RS online
	2
	£27.98
	£15.99
	[26]

	Battery
	B000CSLIP6
	Amazon
	1
	£5.99
	£5.99
	[39]

	Switch
	RW-S1
	Amazon
	1
	£2.15
	£2.15
	[24]

	Total
	
	£55.04


[bookmark: _Toc102589689]Table 21 – Costing Table
However, it is essential to take into consideration the equipment that was used. They are very expensive to buy, Fortunately, for the developer all this was provided in the laboratory.  Also, another factor that needs to be taken into consideration is the duration of time it has taken to build and program this project. In the costing it does not show this.
Even though it has been expensive to produce this product, what also need to be remembered is that this is a single prototype. When buying the individual components, the pricing of them is more expensive. If a factory was to build the same product, they would get a form of discount due to quantity they will be buying. Even though they would get the discount, the money they would save would go to adapt the product. Whether that being hiring extra staff or adding to the product for the company’s needs. 
[bookmark: _Toc89335217]

[bookmark: _Toc102594829]9 Testing 
When coming to testing, it was decided to follow the black box testing. This is shown in table 22 with the expectations and result obtained.
[bookmark: _Toc102589690]Table 22 - Testing Table
	Test Number
	Test inputs
	Expected Outputs
	Actual outputs
	Image of proof
	Pass/Fail

	1
	AT
	OK
Or
OK+LOST
	OK
	[image: ]
	Pass

	2
	AT+IMME?
	OK+GET:[P1]
	OK+GET:1
	[image: ]
	Pass

	3
	AT+NAMECarys
	OK+SETCarys
	OK+SETCarys
	[image: ]
	Pass

	4
	AT+NOTI1
	OK+SET:[P1]
	OK+SET:1
	[image: ]
	Pass

	5
	AT+NOTP1
	OK+SET[P1]
	OK+SET:1
	[image: ]
	Pass

	6
	AT+ROLE1
	OK+SET:1
	OK+SET:1
	[image: ]
	Pass

	7
	AT+FLAG0
	OK+SET:[P1]
	OK+FLAG0
	[image: ]
	fail

	8
	AT+DISC?
	OK+DISCS
Then
OK+DISCE (end)
	See image
	[image: ]
	Pass

	9
	AT+CONN0
	OK+CONN[P2]
	OK+CONNN
	[image: ]
	Pass

	10
	Out_high(PIN_A4)
	PIN A4 (Green LED) on
	Green LED on
	[image: ]
	Pass

	11
	Keypad 7 pressed
	1
	1
	[image: ]
	Pass

	12
	Keypad 8 pressed
	2
	2
	
	Pass

	13
	Keypad 9 pressed
	3
	3
	
	Pass

	14
	Keypad A pressed
	A
	A
	
	Pass

	15
	Keypad 4 pressed
	4
	4
	[image: ]
	Pass

	16
	Keypad 5 pressed
	5
	5
	
	Pass

	17
	Keypad 6 pressed
	6
	6
	
	Pass

	18
	Keypad B pressed
	B
	B
	
	Pass

	19
	Keypad 1 pressed
	7
	7
	[image: ]
	Pass

	20
	Keypad 2 pressed
	8
	8
	
	Pass

	21
	Keypad 3 pressed
	9
	9
	
	Pass

	22
	Keypad C pressed
	C
	C
	
	Pass

	23
	Keypad * pressed
	*
	*
	[image: ]
	Pass

	24
	Keypad 0 pressed
	0
	0
	
	Pass

	25
	Keypad # pressed
	#
	#
	
	Pass

	26
	Keypad D pressed
	Clear screen
	Clear
	[image: ]
before
[image: ]
after
	Pass



As shown by the tests majority of the results came back the same as expected. This proves that the program runs as predicted. Some of the commands that are tested are a follow up from a previous command. Those commands set the Bluetooth. This means that once they have been used they do not need to be run again. Which is why they are not shown in the test results.
Here is short clip showing how the simulation is working(https://youtu.be/8wmLeuDJSjk).
[bookmark: _Toc89335218]

[bookmark: _Toc102594830]10 Risk Assessment	
[bookmark: _Toc102594831]10.1 Preliminary Project Risk:
[bookmark: _Toc102594832]10.1.1 Time Management 
With this being a project consisting of many elements like Research, coding, PCB design and Testing. Due to having 4 other modules as well as producing this project. It is important that the developer stay as close to the Gantt chart as much as possible. This is to balance out all the work and ensuring everything is completed on schedule.
[bookmark: _Toc102594833]10.1.2 Background Knowledge 
To ensure the project runs smoothly a lot of research about how the device and tags can communicate to each other. Also, to find information about the best software / code to use for the device. It important that the developer have the right reading materials as reference. So, enough time to gather data is also important.
[bookmark: _Toc102594834]10.1.3 Software competency 
As coding will take a long time to develop, the developer needs to make sure to have all the relevant knowledge and correct reading materials. As well as tutorials to help with the learning process.  With the code it is also imperative that the developer knows what language is needed to write the code in.  
[bookmark: _Toc102594835]10.2 Preliminary Personal Risk:
This project will have lab-based software, that will take place on site. No experimental work will be taken off site.
The Hazards that may occur will include Human factors Work equipment, Stress and Lone working
Due to having tutorial help, the Hazards factors will be reduced as they will ensure all safety measures are taking into consideration.
[bookmark: _Toc102594836]10.3 Safety Precautions:
[bookmark: _Toc89335219]Ensuring good communication and good working relationship with the supervisor and other tutors who work on site is a precaution that needs to be taken into consideration. The reason for this is due to any issues and problems that may arise can be delt with a quick and efficient response. This will help with stress levels as well and combat some of the negativity that is associated with lone working. Also, this will ensure the project stays on track.


[bookmark: _Toc102594837]11 Conclusion			
As stated previously, this projects aim is to help people be more organized by saving time on locating misplaced items and objects after activating the BLE ‘tags’. The people that could benefit range from engineers to those with ADHD or even dementia. This is because people in these categories or high pressure jobs tend to lose or misplace items frequently. The developer themselves fit into two of these categories and that is why this item has been developed. Many other people in varying occupations may find this item useful such as a doctors. This would save them time if they are in an emergency, which in turn saves money for the company as they wouldn’t be searching for their items for a long period of time. This would also ensure that they arrive to work faster with more of an opportunity to save patients’ lives. 
It crossed the developers mind to contact the company which offer users ‘tags’, however it was a struggle to find the activation code for BLE. Another issue was time, as this didn’t allow enough of it to get the correct information from any companies. Due to this issue it caused many complications during the code as it was not possible to follow the flowchart in appendix 15.1. 
The cost was higher than expected however, but this was not surprising as it was created for just product. Even though the components were not used at present, it was essential to gather them as soon as possible, especially with the microcontroller, as they are low in stock.
After everything that has been accomplished during this project it is pleasing to see that the Bluetooth device can successfully locate ‘tags’. During the testing stage, other BLE items/products were being located through the device. This was also an aim of the project however, it was the most complicated aspect.









[bookmark: _Toc102594838]12 Reflection and Recommendation for Further Work
There are many aspects of this project that could have been accomplished at a higher standard if more time was available. However, with poor time keeping it was difficult to accomplish everything that was intended.
Firstly, a qwerty keyboard would have been ideal for this project. The reason for this is down to ease of use for the user for them to be able to re-name the tags as well as selecting the tag they wanted. Time management, lack of experience and difficulty to code are a few reasons why a qwerty keyboard was not used. This meant that a 4 x 4 matrix keypad was implemented instead. 
While rechargeable batteries are a simple replacement for standard ones. Another solution would be implementing solar panels into the device and tags so that they could charge during the day and still be active at night. This would give the devices an extended shelf life. 
Another solution is that each tag and the stand-alone device themselves have a separate compartment for the battery. If this was implemented into the design, then it would be much easier to replace the batteries when required. This would also make it more environmentally friendly. 
Where the Bluetooth is concerned there are many other pins that could have been connected. These would then allow the devices to receive and transmit more information which would create a wider range for the devices to be able to be communicated with. 
If the project was to be recreated again, it would be highly recommended for the tags to be built with the stand-alone device. The reason behind this is ensure that there is no need for an activation code. The device would only need to send a signal to activate the buzzer on the ‘tags’. This would allow the project to accomplish everything that it was meant to produce.
One option would be to use the reference to micr:bitV2.2 [35]. It is very simple to connect up and also it is much cheaper than most of the tags that companies produce.
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#include <main.h>

#define LCD_ENABLE_PIN PIN_D2
#define LCD_RS_PIN PIN_DO
#define LCD_RW_PIN PIN_D1
#define LCD_DATA4 PIN_D3
#define LCD_DATAS PIN D4
#define LCD_DATA6 PIN_DS
#define LCD_DATA7 PIN_D6

7/ include = Library/folder~~"
//define = pre determin pins = activates corosponding pin“"*

#include <lcd.c>

// include = Library/folder~~"

#define read_timeout 100000

// when read_timout is in code it replaces with value*"*

void send_command(int, int);
void message_send(int, int, int);
void read_data(void);

char read_keypad(void);
void set_line(int);
int get_line(void);
void clear_line(void);
void keypad(void);

char command[60];
char mac_add[15];
char name[15];

// defined functions from bottum to simplify main code //prototype
// defined functions from bottum to simplify main code //prototype
// defined functions from bottum to simplify main code //prototype

// function Prototype
//function Prototype
//function Prototype
//function Prototype
// function Prototype

YV
YV
V4
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void main()

{

char character;

port_b_pullups(0xFF);

output_b(6x0f) ;
input(pin_b4);
input(pin_bs);
input(pin_b);
input(pin_b7);

setup_adc_ports (NO_ANALOGS, VSS_VDD);

led_init();

printf(led_putc,"se
output_high(PIN_A4);
while(TRUE)

{

keypad();
strepy(command, "AT"); message_send(3,0,0);
delay_ms(250);

1f (input(PIN_A2))
{

while (input(PIN_A2))
{

strepy(command, “AT+TIME?") ; message_send(1,0,1);

// Main Function

// set port b pull ups
// set port b Low nibble high
// set port b high nibble to input;

// set port b high nibble to input;

// no analogs

// Display
// Green LED ON
// while Loop

// call keypad function

// if statement for switch

// while Loop for switch

// line, timeout, clear screen
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strcpy(command, "AT+IMIE?") ; message_send(2,0,0);
strcpy(command, "AT+TI1E?"); message_send(3,0,0);

// line,
// Lline,

strepy(command, “AT+IANECarys”); message_send(4,0,0);

delay_ms(2000);

strepy(command, “AT+I0TT1"); message_send(1,0,1);
strepy(command, “AT+I0TP1"); message_send(2,0,0);
strepy(command, “AT+ROLEL"); message_send(3,0,0);
strepy(command, “AT+FLAGO"); message_send(4,0,0);
delay_ms(2000);

strepy(command, “AT:DISC?"); message_send(1,1,1);
read_data();

delay_ms(2000);

// strcpy(command, "AT+MODE2") ; message_send(1,0,0);
// strcpy(command, "AT+PI010"); message_send(2,0,0);
strepy(command, “AT+CONNG"); message_send(2,0,1);

delay_ms(2000) ;

while(linput(pin_b2));
{

// RED LED flashing
//output_high(PIN_A3);
//delay_ms(500);
//output_Low(PIN_A3);
//delay_ms(500);

//T0DO: User Code
//led_gotoxy(1,1);

// GREEN LED flashing
// output_high(PIN_A4);

// Lline,
// Lline,
// Lline,
// line,

// line, timeout, clear screen
// line, timeout, clear screen

timeout,
timeout,

timeout,
timeout,
timeout,
timeout,

clear
clear

clear
clear
clear
clear

screen
screen

screen
screen
screen
screen

// line, timeout, clear screen
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95 // delay_ms(500);

% //  output_Low(PIN_A4);

o7 //  delay_ms(500);

%

%

100

101 } //end while */
102 }//end while

103 }// end if

104 } // end while
105 } // end void main

106

107 // define function underneath/outside main function // use within main function // prototype the function before main//
108

109

110 void keypad(void) // definition of function 1

111 { Va

12 unsigned long long int kpto = 1000;

13 int ret=1;

14 char character;

15 while(ret) // while Loop for ret

116 {

117 output_high(PIN_A4); // Green LED ON

118 //T0DO: User Code

119 character = read_keypad(); //call read keypad function

120 if(character) // if statement for

21 {

122 if(character==68)

123 {

124 printf(led_putc,”
125

126 ret=0;

// if character ‘D' returned clear screen and reset cursor to top left
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127 }
128 else  printf(led_putc,"%c",character);

129 delay_ms(350); // repeat stop delay

130 kpto = 12000; // time delay

131 3

132 kpto--;

133 if(1kpto){ret=0;}

134 3

135

136

w3

138

139

140

141 char read_keypad(void) // definition of function 2

142 {

143 char g[]1= @,49,50,51,65,52,53,54,66,55,56,57,67,42,48,35,68; // store for character Look up table

144 // ox00, 1, 2, 3, A, 4, 5, 6, B, 7, 8 9, C, *, 0, # D, character order

145

146 int q,2=0,21=0,22=0;

147

148 for (g=0;a<=3;q++)

149 {

150 2=8%q; // multiply line number (q) by 4
151 set_line(q+l); 7/ call set line

152 z1=get_line(); // call get response

153 clear_line(); // clear Line

154 if(z1) // if z1 is non-zero

155 {
156

157

158 }

// add z to z1
// transfer z1 to z2
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170
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175
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177
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179
180
181
182
183
184
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190

}

if(z2) return(g[z2]); // return the character
else return(0); // return zero
¥
void set_line(int line) // definition of function 3
{
switch(line) //switch ststement //goes through each option//
{
case 1 : output_bit(pin_be,0); // clear the appropriate Line
break; // break out of Line
case 2 : output_bit(pin_b1,0);
break;
case 3 : output_bit(pin_b2,0);
break;
case 4 : output_bit(pin_b3,0);
break;
default: // if something else happens
¥
¥
int get_line(void) // definition of function 4
{

int value=0;
if(!input(pin_Ba)) value=1; // if the line is low numberate the Line.
if(!input(pin_BS))
if(!input(pin_B6))
if(!input(pin_B7)) value=4;
return(value);
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void clear_line(void)

{
output_bit(pin_be,1);
output_bit(pin_bl,1);
output_bit(pin_b2,1);
output_bit(pin_b3,1);
¥
void get_mac(void)
{
59<=19; g++)
mac_add[q-8]=command[q];
¥
for(q=28;a<=36; q++)
{
name[q-28]=command[q];
¥
¥

void read_data(void)
{
long long int timo=(read_timeout*s);
int q=0,line=1, x=1;
printf(lcd_putc,”\F");
while(!timo=-0)
{
timo--;
if(kbhit())

// definition of function 5

// ensure that all lines are reset to 1

// definition of function 6

// definition of function 7

// display
// while Loop




image73.png
241
242
243
244
245
246
247
248
249

251

}

1

command[q]=getch();

a+e;

timo=read_timeout;

¥
¥
get_mac();
printf(lcd_putc,
1ed_gotoxy(25,1);
printf(lcd_putc,

,mac_add);

,name);

void message_send(int line, int pi,int p2)

{

}

Y4
void send_command(int ti, int cs)

{

int x=1;
if(line>2)
{ x=21;1ine-=2;}

1cd_gotoxy(x, Line) ;
send_command(p1,p2);

delay_ms(200);

int q=0;

unsigned long long int timeout;

char c[40];
while (!command[q

)

// definition of function 8

// definition of send message
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printf("%c”, command[ql);
are;
delay_ms(1);
¥
switch(ti)
{
case 3: timeout=600000;
break;
case 2:  timeout=200000;
break;
case 1: timeout=60000;
break;
default: timeout=30000;
break;
¥
a=0;
while(timeout)
{
timeout--;
if(kbhit())
{
clal = getch();
are;
switch(ti)
{
case 3:
case 2:
case 1:

timeout=600000;
break;
timeout=200000;
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clal = o;
if (cs)
{
printf(led_putc,
¥
else
{
printf(led_putc,
¥

BOH

BOH

break;

: timeout=20000;

break;
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Option 1: Basic Starter Kit

1400 holes Breadboard

5 x3 colours of 5mm LED lights(Red,yellow,green)
2 Photoresistor 5528

3 xButton

3 x Bution cap

1 x9V Battery Connector

10x Resistor 220R

10x Resistor 1K

10x Resistor 10K

20x Dupont Jumper Ribbon Cable Male-Male
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HM-10 DataSheet

Welcome to DSD ECH branded products!

If you have any questions, please contact us: Info@sihaicorp.com

1. Product Parameters

>
>

>

BT Version: Bluetooth Specification V4.0 BLE
Working frequency: 2.4GHz ISM band
Modulation method: GFSK(Gaussian Frequency Shift Keying)
RF Power: -23dbm, -6dbm, 0dbm, 6dbm
Speed: Asynchronous: 2-6K Bytes
Synchronous: 2-6K Bytes
Security: Authentication and encryption
Service: 0xFFEO (Modifiable use AT+UUID command)
Characteristic: 0xFFE1 (Modifiable use AT+UUID command)
Characteristic: Notify and Write (Modifiable use AT+UUID command)
Power: +2.5V~3.3VDC 50mA
Power: Active state 8.5mA; Sleep state 50~200uA
Working temperature:—20 ~ +95 Centigrade
Size: HM-10  27mm x 13mm x 2.2 mm
Size: HM-11  18mm x 13mm x 2.2mm
Size: HM-15  65mm x 32mm x 16mm




