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[bookmark: _Toc514239714]Abstract
As a measure for decreasing our carbon footprint, bettering air quality and easing congestion, a proposal for a smart bike light was conceived to enhance the appeal of bicycling by enhancing safety. The light was controlled by a PIC16F887 from Microchip, and a proof of concept was created on a breadboard. Apart from the PIC itself, the prototype consisted solely of discreet electronic components. Among its features were adaptive ambient light-level controlled brightness, speed-controlled brightness and a flashing brake light. Manual override was added as a safety feature, turning the duty cycle of the PWM-controlled headlight to 100%. 
This report covers an exercise in electronic design, programming and project management. Several things were discovered during the development lifecycle, the main discovery being the significance and importance of proper project management and time allocation. 
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[bookmark: _Toc514239716]Introduction
Today, most adults start their day with commuting to and from work and commuting by automobile is overrepresented. A survey ordered by the U.S. Department of Commerce stated that 76.4% of people in the USA commutes alone by automobile[1]. Since the act of going to work is imperative for ensuring a stable economy, it is a widely accepted necessary evil. However, since global warming is a very real problem, the emission of greenhouse gases (GHG) needs to be reduced[2][3]. This is a substantial challenge in urban areas, as both GHGs and particle dust from internal combustion engines also have a significant impact on air quality, as it is proven to cause illness[4]. Commuting needs to go green, and electric automobiles may appear to be the obvious solution. This brings forward the issue of congestion[5], so another solution is required.
Bicycles could be a potential solution, and cities worldwide are catching on by expanding their infrastructure by implementing cycle paths and bicycle parking in public spaces, with good health results as an added bonus[6]. However, cycling brings forth a new issue, namely safety. One study found that cyclists are 26 to 68 times more exposed to accidents than automobiles[7], and to promote cycling as a main means of commuting we need to focus on the security aspect. It can be argued that the most important part of the security aspect is being visible to other motorists. This report will focus on designing and prototyping an e-bike lighting system to increase visibility in an innovative manner. 



[bookmark: _Toc514239717]Bicycle Lighting Today
Enhancing visibility is an important aspect of increasing the safety of commuters. A lighting system is an inexpensive and common way to achieve this, and an array of products already exists on the market to fulfil this goal. A well-functioning lighting system relies on some core principles: Light intensity, battery life and cost. These are all relatively expensive attributes, as they form the basis of the system itself and therefore the most expensive components. However, the trend seems to be a focus on light intensity, to increase visibility from further away. In a review article from Cycling Weekly, the top 13 reviewed front lights (figure 1) had an approximate average light intensity output of 750 lumens[8]. The average price of these lamps calculates to approximately £100.[bookmark: _Toc514238755][bookmark: _Toc514238923]Figure 1 - Top 13 reviewed bicycle front lights in 2018 as reviewed by Cycling Weekly. Sorted by descending luminous flux (lumen, lm) output.


The Exposure Toro MK8[9] can be considered an outlier, as its extremely high luminosity is unfit for urban areas, where commuting usually begins or terminates. A luminous flux output of >1000lm is better suited for unlit roads in rural areas, where the chance of blinding other travellers through exposure is significantly less due to the infrequency of meeting other travellers. 
The Guee Sol 700+ (figure 2) was the project’s main inspiration for the basic feature set of the product design. It has a limited set of features like modes and colours, but it possesses the ability to change its brightness according to the ambient light intensity. This seemed attractive both from a functional view as well as a technical view. Inspiration was also drawn from its simple design language, proving that complex geometric shapes may be unnecessary to design and fabricate a waterproof, robust chassis. [bookmark: _Toc514238756][bookmark: _Toc514238924]Figure 2 - The Guee Sol 700+

The main design choices when comparing the different popular models on the market today seems to gravitate towards the minimalist design philosophy. The modern lamps are not equipped with a massive set of features, but their features are made more robust and amplified. As mentioned, light intensity is increasing, and so is general usability. This may come down to the paradox of choice, where more features are not necessarily viewed as an enhanced experience[10]. The lamps appearances have also drifted towards the robust and simple instead of the prominent modern design language and advanced device operation from previous similar devices. 


[bookmark: _Toc514239718]Technical Specifications
The technical requirements for this project was primarily focused on low-cost components. There are multiple reasons for this, first and foremost the academic budget of the electronics lab in which most of the project took place. This limited the component choice to the most basic parts usually found in an electronics lab, although more advanced alternatives were investigated and acquired by the author himself. These components did not make it to assembly, as the time-constraints proved it to be impossible to achieve within the given deadline. 
[bookmark: _Toc514239719]Components
The choice of a Microchip PIC16F887 was a product of necessity rather than desirability. It was the only PIC (peripheral interface controller) in stock at the lab at the time of project initialisation. Utilising Microchip’s parametric search function[11], we find multiple suitable microcontrollers fit for an application of this magnitude and type. 
The initial components were determined by building a prototype circuit diagram in the electronic simulation suite Proteus 8 for Windows. This allowed for testing of multiple components in rapid succession, simplifying the circuit design stage significantly. The initial circuit diagram (figure 3) was built with VN2222L mosfets, but were replaced by BC109 transistors in the breadboard prototype due to availability. IRF530 MOSFETs replaced these in the updated schematic, as plans for a higher brightness LED with an increased current draw was incorporated. An LDR-simulator was added to the circuit diagram, with capabilities for emulating different light levels and adjusting its resistance accordingly. A 6-position switch was connected to the RB0-port, acting as a simulated Hall-effect output for testing the output brightness at differing wheel speeds. This switch was naturally omitted when building the actual breadboard prototype.[bookmark: _Toc514238757][bookmark: _Toc514238925]Figure 3 - Initial circuit diagram

[bookmark: _Toc514239720]Prototype
A power supply with an adjustable voltage output with a range of 0-30VDC was utilised to power the breadboard-based prototype (figure 4). The microcontroller was secured using a zero-insertion force (ZIF) socket, providing effortless installation and removal of the microcontroller in the process of software debugging. Capacitors were placed along the power rails to mitigate noise from the pulse-width modulation (PWM) operations. On the breadboard itself, BC109 transistors were still utilised as an alternative to the IRF530 MOSFETs, as they were readily available in the lab stock. It is important to note that transistors or FETs are not necessary in this context, as the small LEDs used to showcase proof of concept can be easily driven by the PIC itself, with no need for additional power circuitry. Simple pushbutton switches were installed, interfaced directly with the PIC. Pulldown resistors preventing floating inputs and providing a 0V ground-level for stability were also fitted. [bookmark: _Toc514238758][bookmark: _Toc514238926]Figure 4 - Breadboard prototype

The wires to the Hall-effect sensor can be seen going out of frame in the top-right corner of figure 4. These wires were directly soldered onto the sensor itself, which was attached to the wheel-setup shown in figure 5.[bookmark: _Toc514238759][bookmark: _Toc514238927]Figure 5 - Breadboard prototype with Hall-effect simulation setup

The neodymium magnet passing the Hall-sensor can be seen at the lower side of the wheel, and the sensor itself can be seen attached to the wheel frame with a pressure-sensitive adhesive (Blu Tack). This allowed for a simulation scenario closer to the real world than the extremely precise waveform generated in Proteus. It is however important to note that this simulation rig was not designed or built by the author. The signal generator unit can be seen to the right, currently outputting a square wave of approximately 5Hz to simulate wheel rotation with greater accuracy, similar to the Proteus simulation signal. It is not connected to the Hall-sensor input of the PIC in this figure. 

[bookmark: _Toc514239721]Programme
The programme running the PIC was programmed in the C language and compiled with the CCS C compiling suite. A CCS wizard was utilised to generate the setup variables and parameters into the main header file, such as fuses, brownout reset, PWM setup, etc. This was done mainly due to initial technical incompetence by the author, avoiding early technical errors in an unfamiliar programming environment. Proteus communicates seamlessly with CCS, which made programming and compiling effortless. This enabled programming directly in Proteus with the CCS compiler possible.
The program has 3 functions, excluding the main function; the RTCC, interrupt and the speed-sensing light adjustment function. The main function handles the different modes and utilises these 3 additional functions as small programmes reading and comparing data. 
[bookmark: _Toc514239722]The RTCC Function
This function handles the timing necessary to obtain an accurate rotational speed measurement of the wheel. As seen in figure 6, the RTCC (Real Time Clock Calendar) routine constantly operates in the background, unaffected by the other routines in the program. A reliable timing setup was achieved by setting the resolution of the real-time clock to 8 bit, with 16 divisions (the internal oscillator was set to 4MHz). The resulting clock speed generated an overflow time of 4ms, which equates to 250 overflows per second. Every second, the RTCC routine executes the speed-sensing light adjustment function (named “reading();” in the code).[bookmark: _Toc514238760][bookmark: _Toc514238928]Figure 6 - The RTCC function

[bookmark: _Toc514239723]The Interrupt Function
The operation of the RTCC function described earlier allows the interrupt function (figure 7) to produce comparable data. Every time the Hall-sensor outputs a voltage pulse, it increments an integer by one and thereafter clearing the interrupt flag. The magnitude of this integer is utilised by the speed-sensing light adjustment function to adjust the brightness of the headlamp according to the speed of the bicycle.[bookmark: _Toc514238761][bookmark: _Toc514238929]Figure 7 - The interrupt function

[bookmark: _Toc514239724]The Speed-sensing Light Adjustment Function
This function (figure 8) adjusts the PWM signal output according to the speed of the bicycle. It is triggered by the RTCC function. The incrementation counter in the interrupt function is utilised to determine the speed of the wheel. This value correlates to one of the logic arguments in the several if-statements of the function, adjusting the pulse width when a match is discovered. A safety feature was added to this part of the program, limiting the lower brightness to 20% when the bicycle is stationary. This ensures visibility at intersections.[bookmark: _Toc514238762][bookmark: _Toc514238930]Figure 8 - The Speed-sensing Light Adjustment Function

A notable performance decrease is noticeable when braking in light-sense mode. This is due to the inline nature of the brake light blink routine and the light adjustment routine. The 100ms delays makes the adjustment choppy, but it poses no real impact on performance or safety.
[bookmark: _Toc514239725]The Main Function
[bookmark: _Toc514239726]Setup Components
Initialisation of the programme parameters was set first in the code. These parameters include RTCC setup, setting up analogue ports for LDR input, enabling the interrupt functionality and setting the interrupt to trigger on the falling edge of the output pulse. As instructed by Dr. Gary Jones, a small delay was added after RTCC setup to help the PIC initialise properly before executing anything programme-related. These setups can be seen in figure 9.[bookmark: _Toc514238763][bookmark: _Toc514238931]Figure 9 - Start of main and initialisation parameters

[bookmark: _Toc514239727]Override
Perhaps the most important safety feature of this device is the possibility to discard all modes and activate full brightness of the headlamp. This was achieved by monitoring the override input button (figure 10). If the override is triggered, the program deactivates the speed-sense mode LED indicator and sets integer “x” to 1. The next operation is a while-loop triggered by the “x”-integer. This loop sets the brightness to 100%, while also maintaining correct rear light functionality. The loop can only stop when the override button is depressed a second time. No other button can deactivate override mode. Simultaneously, override can deactivate any current mode, to ensure the safest and simplest possible operation for the user. 
[bookmark: _Toc514238764][bookmark: _Toc514238932]Figure 10 - Override mode

[bookmark: _Toc514239728]Ambient Light Controlled Brightness Adjustment
In figure 11, we see a section of code controlling the LED pulse width signal by reading in the ambient light level (voltage) from the LDR-circuit. The rear light is activated at the beginning, to ensure it stays active throughout the process. The “read_adc();” is a built-in function of the analogue-to-digital converter (ADC) of the PIC. This reading is then placed in memory under the integer “duty”. The range of pulse width settings ranges from 0-1000, (0-100%), and the ADC has a range from 0-255. The “duty” integer therefore had to be roughly scaled by multiplying it with 4. Since the real-world range of the LDR is smaller (it cannot reach 0), the maximum and minimum settings were hard coded to 100% and 1%, respectively. The light can only change if a 1% decrease or a 10% increase in ambient light level is detected, through argument logic in the if-statements. This is the purpose of the “old_dutypc” variable.
The blinking routine for the brake light can be seen at the bottom of figure 11. It is an uncomplex if-statement incorporated into each different mode, switching the rear LED on and off with a 100ms delay. [bookmark: _Toc514238765][bookmark: _Toc514238933]Figure 11 - Ambient light controlled brightness adjustment

[bookmark: _Toc514239729]Final Prototype Circuit Schematic
After successful debugging of the programme, a few refinements were made to the schematic. The wire routing was cleaned up and the rest of the I/O interfacing for the different modes were added. The appropriate resistor values were also added, and capacitors were added where voltages fluctuate (PWM output and LDR input). The 6-position switch mentioned earlier is also visible. The final schematic can be seen in figure 12. 


[bookmark: _Toc514238766][bookmark: _Toc514238934]Figure 12 - Final circuit diagram

Please note that the power supplies are set to 5V, which is the voltage utilised by the breadboard simulation. Higher voltages and different components would be utilised in the final, fully developed design. 3.7V Samsung 18650 Lithium-Ion cells were purchased, along with an Osram Duris P10 front LED. This LED has a maximum luminous flux output of 1300lm, and a forward Vmax of 12V. It can handle up to 1A. The theoretical max net current draw of all the components in max brightness mode (override) is 1375mA. This calculation is based on the max brightness level of the front and rear LEDs, added with the actual measured breadboard prototype current draw in idle state with indication LEDs lit (25mA). [bookmark: _Toc514238767][bookmark: _Toc514238935]Figure 13 - Load test, all batteries

As seen in figure 13, all the batteries were in good health upon arrival. To form a baseline runtime test, average battery specifications were needed. The average capacity of these 4 batteries were at 2270mAh, which when divided by the theoretical max current gives this equation:
 
This gives a maximum theoretical runtime of 1 hour and 39 minutes. This is not completely correct, as the idle power consumption when utilising MOSFETs instead of bipolar junction transistors is lower because of a higher input impedance at the gate. The front and rear light will not draw max current continuously due to longevity of the components, affecting the runtime additionally. Due to these real life observations and considerations, it can be assumed that 1 hour and 39 minutes is the minimum theoretical runtime in override mode with new lithium-ion batteries. 
[bookmark: _Toc514239730]Conclusion
Several points of improvement were discovered when the entire course of the project was reflected upon. Most improvements fall into the technical category, while some fall into the planning and management category. More measurements and a deeper analysis of the system should have been performed to fully explain and justify prototype component choices. The breadboard should also have been developed in tandem with the circuit schematic to better track progress and ensure a smoother development life cycle. Construction of the final prototype should have commenced earlier.
A bike lamp driven by simple, readily available components seems viable to produce and market. A satisfactory runtime is also easy to achieve with current battery technology. The cost of labour will dramatically affect the price of this product negatively, if outsourcing is not considered. 
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Appendix 1
Planned Parts List
Front LED – Farnell no. 2762581
GW P7STA1.PM-QURQ-50S5-1 LED, HB, WHITE, 5000K, SMD
£2.46
Rear LED – Farnell no. 2627658
THEM-CLRX (RED) HB LED, RED, 630NM, SMD
£2.66
MOSFETs – Farnell no. 8648263
IRF530NPBF MOSFET, N, 100V, 17A, TO-220
£0.6380
Control switches – Farnell no. 1634684
R13-509A-05-BR SWITCH, SPST-NO, MOM, RED, 3A
£1.20
Main switch – Farnell no. 186764
R13-112A SWITCH, SPST, 10A, 250VAC, BLACK, I/O
£1.71
Hall-effect switch – Farnell no. 2748273
AH3369Q-P-B HALL EFFECT SWITCH, UNIPOLAR, SIP-3
£0.7850
[bookmark: _GoBack]PIC – Farnell no. 1439541
PIC16F887-I/P MCU, 8BIT, PIC16, 20MHZ, DIP-40
£2.02
LED driver – Farnell no. 2492181
LM3409QHVMY/NOPB LED DRIV, BUCK, 2MHZ, HVSSOP10
£1.97
Please note: The rest of the components utilised in the prototype were provided by UWTSD. 
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image1.PNG
Light Weight| Lumens | Modes| Run time| Price
Am-Tech Cree LED front light 102¢g | 180 3 AAA £18.20
battery
Blaze Laserlight 215g | 300 3 2-29 £125
Bontrager ION 350 R bike light 78g 350 5 1.5-9 £44.99
Exposure Switch 778 375 3 2-24 £79.96
NiteRider Lumina Micro 450 148g | 450 5 1:30-14 | £64.99
Lezyne Lite Drive 700XL 140g 700 8 1:30-76 | £56.99
Guee Sol Plus 700 181g 700 5 2457 £59.99
13:30

Bontrager Ion 700 118 700 5 15-40 | £109.99
Cateye Volt 800 135g | 800 5 2-80 £89.99
Gemini Xera LED 950 99¢g 950 4 1.5-5.5 | £94.99
Lezyne Super Drive 1250XXL 237g | 1200 6 1.5-30 | £99.99
Cateye Volt 1200 230g | 1200 5 5-17.5 | £149.99
Exposure Toro MK8 236g | 1800+ | 10 2-36 | £274.95
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7 #INT_RTCC //Real-time clock interrupt

8 void RTCC_isfvoid) /Hlnterrupt service routine

98 {
10 counter++;

11 if (counter==250&&toggle==1) //250 overflows = 1 second
128 {
13 reading(); HJumps to light adjustment function
14 }
15 }
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17 #INT_EXT //RBO interrupt
18 void RBO_isr(void)

198 {

20 y++,; //Rotational incrementation

21 clear_interrupt(INT_EXT); /Clears interrupt for next reading
22 }

23

24 void reading() //Light adjustment function
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24 void reading() /Light adjustment function

26 if (y<=1)

278 {

28 y=0;

29 pwm_set_duty_percent(200); //20% brightness if less than or equal to 1RPS. Mostly for stationary lighting.
30 }

32 if (y>1&&y<=2)
{
34 y=0;
35 pwm_set_duty_percent(400); //40% brightness if between 1 and 2 RPS
36 }
38 if (y>2&&y<=3)
{
40 y=0;
41 pwm_set_duty_percent(600); //60% brightness if between 2RPS to 3RPS
42 }
44 if (y>3&&y<=5)
{
46 y=0;
47 pwm_set_duty_percent(800); //80% brightness if between 3RPS to 5 RPS
48 }
50 if (y>5)
{

52 y=0;
53 pwm_set_duty_percent(1000); /#/100% brightness if over SRPS
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59 void main() //Main program start

60

618{

62 setup_timer_O(RTCC_INTERNAIRTCC_DIV_16RTCC_8_bit); //4ms overflow. 250 overflows = 1 second.
63 setup_adc_ports(sAN2); /Setting AN2 to ADC

64 setup_adc(ADC_CLOCK_INTERNAL,  /Makes ANZ2 use internal osc.
65 set_adc_channel(2); //Sets AN2 to analogue channel

66

67 delay_us(10); /Short 10us delay to help the PIC initialize

68

69 enable_interrupts(INT_RTCQC);

70 enable_interrupts(INT_EXT_H2L);

71 enable_interrupts(GLOBAL);
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if( input(override)&&x==0) //Override switch polf
{
toggle=0; /Turns off rom toggle
output_low(PIN_D4);  //Turns off speed sense toggle LED
output_high(PIN_D3%); /Turns on override toggle LED
x=1;
delay_ms(250); //Small delay to prevent runaway buttons

}

while(x==1) /Override envelope

{

output_high(REARLIGHT);
pwm_set_duty_percent(1000); //Sets front light to 100%

if( input(brakesw) ) //Rear light blink routine
{
output_low(REARLIGHT),/LED off
delay_ms(DELAY); //100ms delay
output_high(REARLIGHT),/LED on
delay_ms(DELAY); //100ms delay
}

if( input(override) && x==1) //Override off
{
x=0;
output_low(PIN_D5);

delay_ms(250);,  /Small delay to prevent runaway buttons

}
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if( input(override)&&x==0) //Override switch polf
{
toggle=0; /Turns off rom toggle
output_low(PIN_D4);  //Turns off speed sense toggle LED
output_high(PIN_D3%); /Turns on override toggle LED
x=1;
delay_ms(250); //Small delay to prevent runaway buttons

}

while(x==1) /Override envelope

{

output_high(REARLIGHT);
pwm_set_duty_percent(1000); //Sets front light to 100%

if( input(brakesw) ) //Rear light blink routine
{
output_low(REARLIGHT),/LED off
delay_ms(DELAY); //100ms delay
output_high(REARLIGHT),/LED on
delay_ms(DELAY); //100ms delay
}

if( input(override) && x==1) //Override off
{
x=0;
output_low(PIN_D5);

delay_ms(250);,  /Small delay to prevent runaway buttons

}
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output_high(REARLIGHT);,/Powers the rear light

duty = read_adc(); //Takes a reading from analogue port 2
dutypc = duty * 4; //Multiplies the reading from port 2 so it correlates closer
//to the percentage value (max 1000)

if(dutypc>800&&toggle==0)
{

dutypc=1000; //Sets and limits the duty cycle to max 100%
pwm_set_duty_percent(1000);

if(dutypc<50&&toggle==0)

dutypc=10; HSets lower duty cycle limit to 1%

if(lold_dutypc > (dutypc+100)&&toggle==0) Hf ambient light has increased more than 10%

pwm_set_duty_percent(dutypc); /Set PWM duty cycle to match output from LDR

}

if(lold_dutypc<(dutypc-10)&&toggle==0) /If ambient light has decreased more than 1%

pwm_set_duty_percent(dutypc); /Set PWM duty cycle to match output from LDR

}

old_dutypc=dutypc; //Defines ambient light reading as old ambient light reading

if( input(brakesw) ) //Rear light blink routine
{
output_low(REARLIGHT);, ZLED off
delay_ms(DELAY); //100ms delay
output_high(REARLIGHT); /LED on
delay_ms(DELAY); //100ms delay
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output_high(REARLIGHT);,/Powers the rear light

duty = read_adc(); //Takes a reading from analogue port 2
dutypc = duty * 4; //Multiplies the reading from port 2 so it correlates closer
//to the percentage value (max 1000)

if(dutypc>800&&toggle==0)
{

dutypc=1000; //Sets and limits the duty cycle to max 100%
pwm_set_duty_percent(1000);

if(dutypc<50&&toggle==0)

dutypc=10; HSets lower duty cycle limit to 1%

if(lold_dutypc > (dutypc+100)&&toggle==0) Hf ambient light has increased more than 10%

pwm_set_duty_percent(dutypc); /Set PWM duty cycle to match output from LDR

}

if(lold_dutypc<(dutypc-10)&&toggle==0) /If ambient light has decreased more than 1%

pwm_set_duty_percent(dutypc); /Set PWM duty cycle to match output from LDR

}

old_dutypc=dutypc; //Defines ambient light reading as old ambient light reading

if( input(brakesw) ) //Rear light blink routine
{
output_low(REARLIGHT);, ZLED off
delay_ms(DELAY); //100ms delay
output_high(REARLIGHT); /LED on
delay_ms(DELAY); //100ms delay
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