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Abstract
This report will cover the intelligent bike lighting project undertaken as part of the group module. The first section will cover the research behind the project, with the second section covering the design and methodology. The third section will cover project planning, risks and considerations before the final section which will be a conclusion. As this project was part of the Group Project module, students were originally separated into groups or ‘companies’. These were then required to discuss and decide upon the individual projects to be undertaken by members of the team. An example of the minutes conducted by the group and taken by the author can be found in the appendix.
[bookmark: _Toc514139515]Introduction
The intention with this project is to design and build a functioning prototype of an intelligent component or accessory for an electric bicycle. It is required to be based around a PIC microcontroller. We will also be working as part of a team during the entire duration of this project. Whilst the projects will be individual in nature there will be an inherent group aspect. This will involve regular meetings with other group members to discuss current progress and any issues that have arisen. 
This individual project is designing and building a functioning prototype of an intelligent accessory for an electric bicycle. In this instance, an intelligent rear lighting system has been chosen. This will be based on the PIC16F887 microcontroller and it’s ‘intelligence’ will be derived from an accelerometer.
[bookmark: _Toc514139516]Background Research
The background for this project can be split into two overarching sections. Firstly, the group the reasoning behind the project, secondly, the research and choices behind individual components chosen for this project. This section of the report will look at both.
With the increasing cost of both petrol and diesel [1] it is hardly surprising that many are turning to more ecological and sustainable means of travel. A popular alternative is cycling as this both economical and provides a daily form of exercise. A study undertaken by the Department for Transport states that one eighth of adults in the UK cycled at least once a week between November 2015 and November 2016 [2]. With the increased number of cyclists however, comes an increased number of accidents and injuries. The Royal Society for the Prevention of Accidents reported that in 2016 there was 18,477 cyclists injured in reported accidents on the road. These statistics are reported below [3]:
	
	Child (0-15)
	Adult
	All

	Killed
	8
	94
	102

	Seriously Injured
	309
	3,088
	3,397

	Slightly Injured
	1,664
	13,314
	14,978

	Total
	1,981
	16,496
	18,477



These report in which these statistics are located, goes on to state that driver/ rider error is the most common reason for accidents, with 71% of the incidents reported being down to this. In incidents involving a cyclist and another vehicle, the most common recorded factor was a failure to look properly by either party. Unexpectedly only 20% of reported accidents occurred at night [3]. 
Despite 80% of cycling accidents being during the daytime, it was decided that this project would be focussed on a lighting system. This would not only be effective at night but would also increase visibility during the day, helping to make the cyclist more visible to other cyclists, as well as other vehicles. As part of the research process, a variety of different products that are currently available were viewed. This was done to get an idea of what intelligent lighting systems are presently on the market, what makes them intelligent and how they are priced. From the market research two products were chosen, the Garmin Varia and the Fabric Lumasense. These were chosen as they represent two approaches at a smart lighting system.
[bookmark: _Toc514139517]Garmin Varia
The Garmin Varia is a high end intelligent lighting system from Garmin. When paired with an Edge 520 or Edge 1000 cycling computer, also Garmin products, it is can project the headlight closer to the bike or further ahead depending on the speed at which you are travelling. When paired with the Edge 1000 it is also able to brighten or dim according to the lighting conditions. With a front light of 600lm and a rear light of 28lm the headlight is extremely bright however the rear is rather dim. It also has other utility such as the rear light acting as an indicator, this however comes at a cost as it requires you to buy both two rear lights at £59.99 each, as well as the remote which costs an additional £39.99. That doesn’t include the headlight, which costs a substantial £179.99. This also does not account for the cycling computer to utilise the smart features, which cost £279.99 for the Edge 520 or £499.99 for the Edge 1000 [4]–[6]. This is an extremely expensive solution, however the smart features, for some people, may outweigh the cost. 
[bookmark: _Toc514139518]Fabric Lumasense
The Lumasense from Fabric is a much simpler design, and as such is considerably cheaper, costing only £54.99 for both a front, and a rear light. Neither the lights, or their smart features require an additional remote or cycling computer. As the rider slows down, the rear light increases in brightness to increase visibility [7]. This is still a smart feature, although it is ‘less smart’ than the Garmin, however with the lower cost, it is a much more accessible option for many cyclists. Both the headlight and the rear light are 30 lumens, so both are relatively dim, however they can be attached to a helmet so offer extra flexibility to make up for it. 
Both products have different approaches to the idea of smart features. The Garmin Varia has some impressive smart features, the ability to change the distance that the light is projected at depending on speed and changing brightness according to brightness conditions are both notable features. However, it’s requirement of an additional cycling computer drastically increases costs and the viability of the product as an option. The Fabric Lumasense on the other hand, has much simpler smart features, simply changing brightness according to the user’s speed. Because of it’s drastically reduced cost but still effective features make this a much more viable, and attractive product. 
[bookmark: _Toc514139519]Design and Methodology
[bookmark: _Toc514139520]Initiation
The first stage for this project, once the focus had been chosen as intelligent bike lighting, was deciding upon the direction. How would the lighting system be intelligent? The final decision was to follow the example of Fabric Lumasense, adjusting the brightness of the rear light depending on the speed of the cyclist. The next stage was choosing components.
There are three major components within this project, the PIC microcontroller, the accelerometer and the LED. The first component to decide upon was the PIC microcontroller as this will control the device. There were few requirements when it came to deciding upon the PIC, namely it required at least three ADC ports for analogue to digital conversions and it needed to be capable of operation with a voltage of 3V-3.6V. After utilising the Microchip product parametric search [8] to narrow down the selection of PIC microcontrollers, the PIC12F1571 was determined to be the ideal PIC for this project as it has the appropriate operating voltage and four ADC ports providing an extra port should it ever be needed [9]. The PIC12F1571 was determined to be ideal however due to stock limitations, the PIC16F887 was used in its place. The PIC16F887 has an operating voltage range of 2V-5.5V and 14 ADC ports so is easily capable of interfacing with the accelerometer. 
The second major component was the accelerometer. For this the Pixnor ADXL335 accelerometer module was chosen. It is a 3-axis accelerometer, with a signal conditioned voltage output for each axis. It is because of these 3 outputs that the PIC microcontroller requires at least 3 ADC ports. It has an operating voltage of 1.8V to 3.6V and is both cheap and low power, making this ideal for a low cost bike accessory such as a light [10]. As a Micro-Electro-Mechanical Sensor (MEMS) it works by containing a small mass etched into the silicon of the circuit. As acceleration is applied on one or more axis the small mass is displaced, and is detected by the accelerometer [11].
The final major component is the LED. For this there are a couple of requirements. As the light being designed for this project is intended as a rear light, the LED must firstly be red. It must be bright enough to make the rider visible but also not so bright that it distracts other road users, because of this an LED with a luminous flux between 40lm-70lm would be ideal. The Cree XLamp XP-E LED fulfils these criteria, it has a forward voltage of 3.1V at 350mA, allowing for a luminous flux of 45.7lm, and it has a red variant [12].
An additional consideration for this project was the legality of bike lighting. It is illegal to cycle on a public road after dark in the UK [13], but there is no limit to the brightness of the lights. There will be other users of the road and as such some logic has to be implemented so that the lights are not so bright as to blind other users. Flashing lights are legally permitted as long as they flash between 60 and 240 times per minute [14] so this also has to be taken into consideration in the design stage.
[bookmark: _Toc514139521]Design

The second stage for this project is designing the first prototype for the lighting system. Initially the prototype was designed electronically using the Proteus simulation software. This was a relatively simple process, however, Proteus lacks an accelerometer library so there was no accelerometer available to simulate. This issue was resolved by simulating the accelerometer using three potentiometers, one to represent each of the three-axis measured by the accelerometer. The final design can be seen in figure 1. Figure 1 The finished proteus design.

The second part of the design stage is the programming, this was done using CCS for proteus. This is based on the C programming language. The final code is shown in figure 2 below. The code shows that first the PIC must be coded to set the ADC channels to the relevant ports, in this case AN0/AN1/AN2. These ports are then read by the PIC and that reading is then put into the relevant ‘axis’ X/Y/Z. This data is then analysed and put through an ‘if statement’ to determine what the PIC should do next. As the PIC is converting the analogue reading into a 10-bit digital number it has a range of 0-1023. In the final section of the code this reading goes through an if statement. If the reading is equal to or below 50 (approximately 5%) when converted to digital, then the light stays off. Similarly, if the reading is equal to 400 (approximately 40%) the light stays on. Between these two values however the LED is flashing.




Figure 2 Shows the final code for the PIC.











[bookmark: _Toc514139522]Prototype construction
The final stage was constructing the initial prototype. This was done on a breadboard and connected to a power supply to provide the power. The final breadboard construction can be seen below in figure 3. Once everything was connected the PIC was programmed using a PICplus tool. Initially the LED lit up and began to flash, however, whenever the breadboard was moved to stimulate the accelerometer there was no change and the LED continued to flash. This was later deemed to be an issue with the connection between the accelerometer and the pins connecting it to the breadboard. Once soldered it was tested again and unfortunately no success, the LED stayed off. The circuit failed at this stage due to an assembly error, as the author applied a voltage beyond design specification of the accelerometer causing a catastrophic failure. The replacement parts have not yet been fitted, although for future testing and assembly an improved procedure and more rigorous checks would negate this issue.
[bookmark: _Toc514139523]Project Planning
This project was planned using a Gantt chart, seen below in figure 4. The Gantt chart allows the project to be put into scope, showing each section of the project and all the tasks within them. It’s shows the length of time dedicated to each task. The start date for this project was set as 02 October 2017 and its deadline is 14 May 2018. Additional time has been accounted for and added at the end of the Gantt chart, this accounts for Holidays and unforeseen delays, this could include illness or component shortage. 

Figure 4 Shows the Gantt chart for the project.












A project also requires aims and objectives. These objectives should be S.M.A.R.T in nature [15];
· Specific
· Measurable
· Achievable
· Relevant 
· Time-Orientated
With this considered, the Aim for this project is:
To design and develop a prototype for an intelligent bike lighting system that utilises an accelerometer to provide its smart features.
And the objectives:
· To simulate a prototype circuit in the Proteus simulation software.
· To produce the required code for the PIC.
· To construct and program a prototype breadboard model.
[bookmark: _Toc514139524]Risk
As with all projects, with the undertaking of this project risks had to be account for. A risk is defined by the Association for Project Management as "an uncertain event or set of circumstances that, should it occur, will have an effect on achievement of one or more objectives"[16]. There are three sections when considering the management of risks:
· Identification
· Analysis and Prioritization
· Planning
[bookmark: _Toc514139525]Risk Identification
Before any risk can be accounted for and managed it must be identified. For this project the risks have been identified as:
· Personnel shortfalls (R1)
· Last minute changes to requirements (R2)
· Shortfalls in available components (R3)
· Gold Plating (R4)
· Personnel illness (R5)
Two of these require additional clarity. Personnel shortfalls refers to a lack of knowledge or experience from members of the team or the author. This could lead to damage to parts or increased time taken to undertake certain tasks. Gold plating refers to the addition of features that are either unnecessary or only marginally useful and can therefore be ignored.
[bookmark: _Toc514139526]Risk Analysis and Prioritisation
All the above risks have two factors, impact and probability. These can be assigned a qualitative value using figures 4 and 5. This allows us to identify which risks have the greatest chance of occurring and which will have the most damaging effect if they were to occur.
Figure 3 Assigning a qualitative probability.

Figure 4 Assigning a qualitative impact.
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Table 1 A probability impact matrix showing the qualitative probability (y axis) against qualitative impact (x axis).
The probability impact matrix shows that there is only one risk considered significant in both Impact and probability and that is personnel shortfalls. This is due to a lack of expertise with both software and equipment, which could potentially lead to set backs.
[bookmark: _Toc514139527]Risk Planning
Once the risks have been identified and prioritised they must be managed. To do this some planning is required. This can be done in a variety of ways:
· Risk acceptance. If the cost of preventing the risk is greater than the financial impact, then it is often best to accept the risk.
· Risk avoidance. Some risks can be avoided, this could be through the use of a programming language, or a piece of software that is already known to team members.
· Risk reduction. This can take many forms, from additional prototypes to purchasing components from a more reputable manufacturer.
· Risk transfer. Passing the risk to another individual or company, for example purchasing a component from a more trusted supplier.
· Risk mitigation. This doesn’t prevent risks, but it can limit the damage done by them. This could be through multiple back ups of data or purchasing more components than are necessary.
[bookmark: _Toc514139528]Conclusion
This project was to design and develop a prototype for an intelligent bike lighting system. It was based on the PIC 16F887 microcontroller from Microchip and its smart features came from an accelerometer. It was designed to swap between flashing and solidly on depending on the speed at which the user was cycling. Whilst this worked in the simulation that was designed on the Proteus simulation software, due to an error in assembly the breadboard prototype was not functional. 
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Minutes of Yr2 e-bike Project Group 2 Meeting
16.03 pm, Monday 23rd October 2017



	Present:	
	Derek Lockhart (Interim Chair)
Edward Russell (Sectretary)
James Denning
Adam McGowan
	


	Apologies:

	
	



[bookmark: _Toc514139533]1.	Previous Minutes

The minutes from the previous meeting were declared true and accurate. 
Outcome: Unanimous

[bookmark: _Toc514139534]2.	Matters arising from previous minutes

(a) In the previous meeting Adam was deemed as doing Lighting Systems for his project. This was incorrect and has been corrected to Smart Charger.
(b) Edward was tasked with creating an outline fro the group’s presentation on the 30th October. This task has been completed and is now considered closed.
(c) Derek tasked with creating an introductory section for the presentation. This could not be completed due to the group’s motto being unconfirmed. It has been altered and is now due to be completed for Thursday 26th October.
(d) Individual sections of the presentation have not been completed. The deadline has been moved to Thursday 26th October.
(e) The summary section has reassigned from Adam to Edward.

[bookmark: _Toc514139535]3.       Issues Discussed
(a) Motto
Derek has proposed that the previously chosen motto was not suitable in hindsight and has moved to have it changed. He has taken it upon himself to decide upon a new one by Thursday 26th October. 
Proposed: Derek	Second: Edward
Outcome: Unanimous
(b) Logo
Derek has proposed a logo for the company.
Proposed: Derek	Second: Edward
Outcome: Unanimous.


	
4.	Any Other Business

(a) Company Direction
Derek has suggested a company direction. Furthermore he has suggested “Design affordable smart electric bikes that enable access to cycling for those with physical stamina limitations” as the direction.
	Proposed:Derek	Second: James
	Outcome: Unanimous
(b) Group Gantt Chart
James proposed a group Gantt chart to be added to the presentation. There was no second. The vote was not taken forward.
(c) Next Secretary
Derek asked for volunteers to carry out the role of Secretary for the next meeting.
James volunteered to carry out the next duty.
There were no other volunteers.
Proposer: James	Second: Derek
Outcome: Unanimous
Action: James will carry out the role of Secretary at the next meeting. 


5.	Date of the next meeting

The date of the next meeting will be on Thursday 26th October at 1230 in the Cafeteria.

6.	Meeting Closed

	The meeting closed at 1637



Edward Russell
Edward Russell
Meeting Secretary
 
Distribution:

Derek Lockhart		DLockhart.151664@student.uwtsd.ac.uk
Adam McGowan		AMcGowan.147250@student.uwtsd.ac.uk
James Denning		JDenning.151597@student.uwtsd.ac.uk
Edward Russell		ERussell.151512@student.uwtsd.ac.uk
Gareth Jones			Gareth.Jones@uwtsd.ac.uk
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