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[bookmark: _Toc514243278]Abstract
This report will detail the research and creation of a PWM operated light system which uses two separate inputs, an LDR and a potentiometer, to light up and operate the brightness levels of a set of LEDs which act as the lights for a theoretical bike light. There have been several iterations of this design until a final one was considered satisfactory enough to place on a breadboard and program. However the breadboard version did not function as expected.
[bookmark: _Toc514243279]Introduction
The purpose of this report is to summarize and explain the project that has been undertaken for the past year by this student. The project is about creating a technological product for a fictitious bicycle company. This project in particular is about the simulation, coding and eventually construction of a bike light system.
[bookmark: _Toc514243280]Aims
The aim of this student’s project is to create a working bike light system that can adjust its levels of light either manually or automatically via a light sensing system.
[bookmark: _Toc514243281]Objectives
The objectives that need to be completed in order to achieve the aim are as follows:
· The system will either be activated automatically by an LDR reversal system or manually via a potentiometer.
· The LDR will be programmed to activate at a certain level of light.
· The light’s lux level must be capable of increasing and decreasing, either due to the ambient light level or the rider’s discretion.
[bookmark: _Toc514243282]Research
In order to achieve the dimming effect research must be undertaken in order to discover how to do so. There are two ways to dim and brighten a light: analogue and Pulse Width Modulation (PWM). 
The analogue methods works by simply altering the current that is entering the LED [1]. Compared to the PWM method the analogue method is a far simpler way of creating the dimming and brightening on account that it would only require the use of a variable resistor to adjust the amount of current going into the LED [2]. 
In comparison the PWM can alter brightness levels by sending timed voltage pulses into the LED, switching the voltage on and off at extreme speeds that cannot be seen by human eyes. The amount of time the pulses are positive depends on a percentage level called the duty cycle, for example, if a ten volt signal was activated and deactivated every half a microsecond in microsecond, then it would be a fifty percent duty cycle and measure up to five volts [3], this value can be changed depending on the duty cycle, so by making the duty cycle 75% one would be making the LED brighter and by switching the duty cycle to 25% the LED would dim. It should be noted that PWM and analogue do not only affect LEDs, motors and speakers can be operated by PWM and analogue. 
Comparing the two it is obvious that the analogue method is a far simpler way of achieving what is needed, however it has some disadvantages, such as causing the colour to fade in the LED, and has a 25% reduction in dimming accuracy [4]. The PWM method will be used for this method.
There are also two components that require some understanding as well, the LDR and the MOSFET. 
LDRs, otherwise known as Light Dependant Resistors, are resistors that changed their resistance value depending on the amount of light they are exposed to.  LDR resistance values decrease depending on how bright the surrounding area was. LDRs are usually used as lighting switches for street and garden lights, as well as camera shutters, adjusting the shutter speed depending on the level of light [5].
There are ways to effectively reverse the LDR’s function via the use of a potential divider circuit, shown in Figure 1.
[image: LDR (Light Dependent Resistor) controlled transistor circuit]
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In the circuit for Figure 1 it is shown that the way an LDR’s resistance method is reversed is by connecting the centre of the circuit to a transistor. When the LDR registers lowering light levels its resistance value increases, increasing its voltage drop. When the voltage drop reaches a high enough level (0.7V) the transistor will activate [5]. 
The function of a MOSFET, also known as a Metal Oxide Semiconductor Field Effect Transistor, is to control the voltage and current between the source and the drain. To this end the MOSFET is used as a switch. The MOSFET has two modes of operation, enhancement and depletion. Enhancement mode only works if there is voltage at the gate, and will be more conductive when voltage is added to the gate. The depletion mode acts in the opposite manner, being at its most conductive if there is no voltage at the gate at all [6]. 
[bookmark: _Toc514243283]Other Designs
There are other works that already exist that this project takes inspiration from, and if it had been fully completed and placed on the market it would have to compete with such products.
The first product was the Uelfbaby bike light. This bike light possesses a 1000 lumen bulb which can alter its brightness levels, a USB charger and is splash resistant [7]. 
[image: ]
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The secondary light was the Pantala Trail bike light, a 400 lumen light which can self-adjust its lumen level automatically, and is also USB rechargeable [8].
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These two bike lights would be examples of the competition that this work would face, and also where the idea gained inspiration from.
[bookmark: _Toc514243284]Designs and Prototypes
During this project there were several different circuits which needed to be altered or gotten rid of entirely due to reasons such as being too simple or not possessing the required components. 
As mentioned above there are ways to deal with the LDR issue, however there was another, albeit less efficient way of dealing with this issue as shown in Figure 4:
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This circuit is merely a method of proving that the LDR reversal method was possible. Note that this circuit is not part of the final product, it is merely a demonstration. It should also be kept in mind that this is an inefficient circuit, due to the fact that when the LDR is registering high amounts of light, the entirety of the voltage will be sent through the LDR, resulting in a short circuit, breaking the component.
The way that the design should work is shown in the flowchart figure below. It is a simplification on how the circuit will function.
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[bookmark: _Toc514242900]Figure 6: Flowchart of System
[bookmark: _Toc514243285]Initial Design
At the beginning of the project, the aim was to create a circuit that would be activated by a switch or the reverse LDR method. The Proteus circuit design is shown in Figure 7:
[image: ]
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The circuit in figure 7 is the first working prototype to be created, using a PIC16F616. It should be noted that another circuit was created before this, using a PIC16F506, however due to errors on Proteus the microcontroller in question did not follow the instructions made by the code. 
After some deliberation this circuit design was replaced by another circuit with a different microcontroller, which possessed an analogue to digital converter.
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The secondary design is mostly the same as the first design, albeit with the aforementioned analogue to digital converter.
[image: ]
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The second circuit possesses a PIC12F1501, which possessed an internal Digital to Analogue converter as well as LDR reversal method. It uses a simple push switch as its secondary input. However it is the third design that shows a rise in design quality.
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However after some research another method was discovered, one that could perform the required task in a far more efficient manner: PWM dimming. There was a secondary option of using analogue dimming, which works by changing the current flow to dim or brighten the lights, however compared to PWM it is inefficient due to its lack of accuracy despite it being the simpler option.
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The two figures above show the oscilloscope readings for duty cycles. When the variable resistor, or whatever other analogue input—in this case, the LDR—is set to a high resistance, the duty cycle will lower and thus the light will dim, and will brighten as the duty cycle increases when the variable resistor is set lower. It should be noted that on the simulation the light will not merely dim and brighten but flicker at different paces. This is because the simulation is incapable of showing what is meant to happen, therefore it can only be effectively shown with a breadboard demonstration.
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[bookmark: _Toc512243740][bookmark: _Toc514238703][bookmark: _Toc514242905]Figure 11: Third Circuit
The circuit above shows the third circuit, which uses a PIC12F1572 which possesses an internal PWM module. After some issues regarding the code the method by which the PWM method would be used was relatively simple. The initial method was to have different levels of preprogramed levels of brightness.  In the figure below it shows the code of the initial method.
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The code shows that when the value of the input reaches a certain percentage, the light will adjust accordingly. For example if the variable resistor value was set to 50-59% then the light would have a 50% duty cycle. However after some experimentation another, simpler and more efficient method: the output was programmed to be equal to the input, which meant whatever setting the input is on, the output’s duty cycle would copy it. Due to this the program didn’t need the pre-set commands that were programmed earlier. The code is shown in Figure 13:
[image: ]
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The microchip for this is programmed by a device called a Pickit 3, which uses the code for Proteus to program the microchip, ergo this is the final design before the work went onto the breadboard stage.
[bookmark: _Toc514243288]Breadboard Testing and Results
After the construction of the breadboard was complete, the testing face was enacted. Here there was an unfortunate issue: the dimming and brightening function did not work. While the LEDs were activated when the power was connected, but would not respond to the inputs. The breadboard circuit is shown in figure 14. Note that in the picture the Vss and Vdd are not connected to the power and ground, but in reality they are.
Tests have been run to discover the cause for this issue, and it was discovered with a voltmeter that there is a voltage running from the output of the microchip to the LEDs, therefore the issue is most like due to the PWM function.
[image: ]
[bookmark: _Toc514242908]Figure 14: Breadboard Circuit
[bookmark: _Toc514243289]Future Improvements and Design Intentions
While a lot of work has been placed into this project there is definite room for improvement, namely solving the issue of the breadboard. If there were more time to further develop the project it would be possible to add the following features:
· Create a flashing function
· Install a small LED which indicates that the smart mode is active.
· Possibly create a PCB for the circuit if there was enough time remaining.
If the design were to go on the market then it would possess the following features:
· An Acrylonitrile Butadiene Styrene (ABS) outer cover, which would provide physical protection and a resistance to corrosion.
· A USB port.
· Silicon bike straps.
· 200-1000 lumen light.
The batteries used for this device would be the Sanyo Enelop batteries [9]. These batteries are capable of being charged up to 1500 times and can hold 75% of their charge even after three years. The batteries would be AA batteries on account that they are better suited for electronic lights [10]. The other advantage is that because the batteries are Nickel Metal Hydrite batteries they will maintain their full power so long as the charge lasts [11].
[bookmark: _Toc514243290]Conclusion
While the circuit did not manage to function as it should in reality, it is capable of working as it did so in the Proteus simulation. There some issues with the time management that could be the reason why there was little time left to deal with the physical circuit and discover the reason for its lack of dimming and brightening.
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Minutes of  Swansea Cycle Electronics Meeting
4:00 pm, Monday 23rd October 2017



	Present:	
	Alex Hall (Chair)
	Robert Lucas (secretary)
	



Robert Lucas		Alex Hall	Nathan Davies	Michael Edwards

APOLOGIES

None given

[bookmark: _Toc514243293]PREVIOUS MINUTES 

Group name: Swansea Cycle Electronics
Group Ideas
Gareth’s Suggestions


[bookmark: _Toc514243294]MATTERS ARISING ON THE PREVIOUS MINTUES
(Now re-read the last minuites and comment on any actions taken, in chronological order)
(a)	No problems have currently arisen since previous minutes.
(b)	
(c)	

[bookmark: _Toc514243295]ISSUES DISCUSSED

(a)	Proteus Components (not found) Nathan
(b)	LDR functionality Robert
(c)	Construction difficulties on Proteus Alex

ANY OTHER BUSINESS

N/A

DATE OF NEXT MEETING

REPORTED:	The next scheduled meeting of the Group is Monday October 30th 2017 at 3:30 pm, to be held on the 5th floor of the main building.
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