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Introduction
For this assignment I was tasked with designing an initial proof of principle prototype design for a bicycle computer. The minimum requirements of this project were to be;
· based on a Microchip PIC device
· capable of basic data logging of relevant parameters
· capable of connecting to a PC via USB for data connectivity
· Have an internal rechargeable battery 
· Be able to recharge the battery via the USB connection
The main principles of the systems are to be able to;
· Measure speed
· Measure distance
· Measure cadence
· Measure elapsed time
The designed system must then be able to calculate and display all the previous measured data for the user to access and store via a USB connection.
As this is a proof of principle, basic ‘off the shelf’ components will be selected with the idea that once proved, improvements on parts selection can be made.
My goal was to break the assignment down into the tasks given and then split the work out into stages, the first stage was to produce a block diagram, then a side by side exercise of producing a wiring diagram and selecting components, and finally producing a simple flow chart to show how the system functions.

Block Diagram 
The first stage of this assignment was to produce a block diagram to aid in the development of the system, this diagram also enabled me to separate the individual parts into their own systems to aid in my understanding and part selection.
Figure.1 is the block diagram I produced, the first stage of the system is the USB charging interface, this was made up of 2 parts, the 5V battery, and the USB interface module. The function of this part of the system is to re-charge a re-chargeable battery, and also deliver information to the chip used to control the circuit. 
The PIC is the brain of the circuit, this will be used to connect all the individual sensors and display, and also to perform any required calculations when in use, in the case of my system the calculations required would be for speed, cadence and distance travelled. 
I have decided to use a display connected straight to the chip to allow the user to see their output whilst riding, without the need for connection to a PC to download the data and view on there. 
There are two parts to the system which will be used to measure the riders output, a speedometer and rev counter, the speedometer will let the rider know how fast they are travelling using a sensor on the wheel, the rev counter will utilise a sensor on the crank arm to determine the rider’s cadence. 
I have also decided to utilise a push button switch to turn the system on and off.


Figure.1

Component Selection 
Once the block diagram was complete work was started on component selection, I had a rough idea of how my system was going to work and what each part required, each component was selected based on its ability to perform the task as a prototype, if the system was to be developed further a more specific part selection would be undertaken. 
Microcontroller
The first step was to select a PIC, from my block diagram I had a rough idea of the inputs and outputs required, and I also knew that I wanted the system to run on 5V for ease of component selection when it came to sensors, after spending a large amount of time using the microchip selector tool I found that I did not know enough about the requirements of the chip to select one this way, so I used the recommended chip available to me in the uni lab, this was the PIC16F887, this PIC has all the necessary requirements for me to produce this system. I required a 5V operating voltage, a minimum of 10 Digital and analogue Inputs & Output, must be capable of storing data with a minimum memory size of 10Kb and be capable of USB connection. From doing some research I also found that the operating voltage of 20MHz for this PIC would be extremely efficient for this type of system, as when measuring speed, the wheel of the bike could be completing multiple full rotations a second when at top speeds. 

Sensors 
For the sensors used to measure speed and cadence, I first did some research into optical rev counter sensors, but from this I found that the measurement range for most was too high for the minimum speed as most start with a high measurement minimum, i.e. the ‘multiplex optical rev counter’ is an optical sensor specifically for determining RPM, but when looking at the data sheets for this style of sensor it can be seen that the minimum range is 400 RPM, with a resolution of 100RPM, these specifications lay outside of my requirements. A decision was made that the sensor I need would be required to go from an extremely low count for cadence, as some riders only pedal in intervals, and pump when going downhill, and then the ability to count to a potential high RPM of 500 from the wheel when doing top speeds. 
These requirements made me research into more solid sensors which do not rely on light but more of an electrical signal, hall effect sensors were the second option. The first hall effect sensor researched was the SS490 series [3], this is a ‘miniature ratiometric linear sensor’, the main issue which makes this sensor unsuitable for the purpose required was that the output voltage was too low. With the idea that a hall effect would be most suitable further research was done into the SS400 sensor [4], when first reading the data sheet it was clear that this sensor was the correct one for the circuit, it had an operating voltage of 3.8V-30V, and the output voltage was suitable for what was needed. This sensor also operates as a negative edge trigger [5] which allows the system to be more power saving as I read in [6]. 
The final decision to go with the SS400 sensor also meant that pull down resistors were required, ‘a Pull-down resistor is used to correctly bias the inputs of digital signals to stop them from floating about randomly when there is no input condition [7]’. A 10KΩ resistor was selected as these are the most suitable and available, if the system were to progress further than proof of concept, then a suitable resistor value would be calculated using;

A simple round 5mm x 1mm magnet will be mounted to the wheel and crank arm for the sensors to detect.
Display 
the display selected is a simple off the shelf Arduino display which connects to a PICs analogue inputs and runs on I2C. I2C is a serial data protocol which utilises a 2 wire bus system to transfer data between a master and slave component [8], in the case of this project, the screen is the only part operating on I2C meaning the SDA and SCL lines of the monitor are connected straight to one of the analogue input and output of the chip. My aim for the screen is to be able to run on a rolling text method, where it displays speed, cadence and distance travelled in a rolling format, so each is displayed for a few seconds before the next piece of data is displayed, switching between the 3 constantly. 
Push button  
a push button is included in the system as a way to turn the system on and off, at first the idea was to use the sensor on the crank arm, so once the user starts pedalling the system turns on, then after a set amount of time with no incoming signals the system turns off. Due to the nature of bike wheels being able to coast and move freely even when not in use I decided against this option and went for a push button, the main aim of this button is to reduce power consumption, and also to give more control to the user to switch the system on and off when required. The button I selected was a simple 8632 off the shelf push button.
USB Unit
the USB unit being used for this prototype is an off the shelf Arduino USB type A female breakout, this component consists of a female USB connector, integrated into a small board for easier connection. D+ and D- are the differential pair lines for USB, usually they should be connected to D+ and D- of the host circuit, in the case of this system they connect to pins 25 and 26, which are the TX and RX pins respectively. This connection will allow data upload and download from the chip. This will be extremely useful when first programming the chip to perform the required calculations for speed and cadence a 15kΩ pull-down resistor is needed on each D+ and D-.
MCP73853 Battery Recharging 
The ability to recharge the battery and also have a data connection on the same USB port I found to be difficult, but after undergoing some research the MCP73853 chip was found. The MCP7385X devices are highly-advanced, linear charge management controllers. This chip allowed me to utilize the 2 free pins on the USB unit, VOUT & VIN. the VOUT pin on the USB port connects to the chip, which in turn connects to a battery. This allows the battery to be isolated form the USB when not charging, it also performs internal functions such as ‘automatically performing a series of safety checks to qualify the charge [9]’ and ‘monitoring the charging current during the Constant-voltage Regulation mode ensuring power levels stay safe. The chip also utilises automatic end of charge control, meaning once the battery is fully charged the chip will no longer allow power to flow to it. The additional components required for this system were taken from the data sheet for the chip which can be seen in figure.2.
[image: ]
Figure.2
Wiring Diagram 
Once the components were selected it was time to produce the wiring diagram. 
From the block diagram it was easy to see which part of the system needed to be worked on first. As the sensors were the simplest part of this system that was the logical place to start. Firstly, the sensor is connected to the 5V output, pin 11, and then the Ground connection, pin 12. the output signal from the sensors was then terminated at pin 19 for the wheel mounted sensor which measures speed, and pin 20 for the crank arm mounted sensor which measures cadence, as can be seen in Figure.3. Both of these output signals required a 10KΩ pull down resistor to stop the signal floating. The idea is that these sensors measure the RPM of both the wheel and the cranks, then the chip does internal calculations shown in the Figure.4 to output the required information to the display. 

The display was the second part of the system which was added as it was a simple 4 connection display, SDA and SCL both connected to pins 9 & 10 respectively, this allowed the chip to transmit the data to the screen through analogue outputs. VCC and GND were connected to their specific pins, which in the case of this pic were pins 11 and 12. 
Next was the 8632 push button, this was connected to pin 8 and is treated as an analogue input, as it is a push button it is always low, but when the switch goes high the system turns on, the button then serves no other purpose to the system until it is finished being used, then pushing the button switches the circuit off. 
The final part of the wiring diagram involved integrating the MCP73853 USB charging module chip into the circuit with the USB interface module. As can be seen in Figure.3 the data ports of the USB are utilised straight into the chip at pins 25 & 26 to allow data upload and download, again pull down resistors are used to ensure a clean signal and eliminate noise. 
The positive power pin of the USB module was then connected to the MCP73853 chip, this chip allows for the 5V lithium ion battery to charge safely as the chip regulates the power, and isolates the battery from the incoming supply when fully charged. Power comes into the chip through VDD1 and is then delivered through the chip and to the battery through pins VBAT1 & VBAT2, between these terminals and the battery there is a 4.7μf capacitor which is used to stop the battery becoming over charged and potentially failing as a fire hazard.
The positive terminal of the battery is then connected to the PIC, and the negative terminal is connected to ground, this allows the system to be powered from the battery once its disconnected from the mains and fully charged. One idea I had when creating this wiring diagram was to put a N/O switch in between the battery and the PIC and use that to start and stop the system, but on further research I found that this can have the potential to disrupt the chips memory and loose some data. 

[image: ]
Figure.3

Flow chart
The final stage of the project was to produce a flow chart [Figure.4] for the system designed in the previous steps. Through designing the block diagram and wiring diagram I had a good understanding of how the system should function and process all the information. With the requirements for the system determined, determining the required calculations which would be completed within the PIC was done before completing the flow chart. 
The first calculation required was for speed, this would be done using; 

Where;
V= velocity in M/s
C= wheel circumference 
N= number of revs per second
It is then multiplied by 3.6 to convert from M/s to KM/H
The second calculation required was for cadence, after not fully understanding the definition of cadence I did some research and found ‘that cadence is the rate at which you spin the cranks whilst pedalling [11]’
this was a much simpler calculation than speed, it simply took the measured RPM and displayed it on the screen;

Now that the calculations were determined I could implement a flow chart which represented my system, as can be seen in Figure.4.
Once on the system instantly displays the total trip from factory, then starts recording timer for trip, this is displayed on the screen at start and cycles through with the other data recorded. 
The wheel diameter needs to be known for this system, once inputted the system will then calculate circumference using;

Where;
C= Cadence
d= wheel diameter 
Once inputted the system is the ready to start and record the data.
The hall effect sensors are negative edge triggers, so once the signal is low, it counts and stores the data ready to be sued for the calculations to display the required data on the display. The system repeats this process continuously storing the number of times it has received a signal and comparing it with time to display the outputted speed and cadence.
Finally, once the trip has come to the end, the user pushes the off button then the screen displays the total trip length and time, then shuts down after a time delay of 10 seconds.
[image: ]Figure.4

Improvements
As the system designed is only a proof of principle, there is room for improvements in some areas, if I was to perform an improvement exercise on this system, I would firstly do a more detailed analysis of the required chip, and complete a selection matrix for multiple chips to find the best option, whilst minimising cost as efficiently as I could. Secondly I would have liked the system to be button less, and operate the starting and stopping through a signal coming from either of the sensors, preferably the sensor on the crank arm as the wheels have more freedom than that. Overall I can see a number of ways I would have liked to improve on my circuit but due to time constraints I was unable to.








Reflection
 During this assignment I have been able to widen my knowledge and understanding of the components and requirements needed for a project such as this. It allowed me to do research into microcontrollers and sensors such as the hall effect, gave me a better understanding of positive and negative edge triggers, and also added to my initial understanding of the use of pull down and pull up resistors to eliminate noise and unwanted signals. 
I found that producing a flow chart is much more difficult than first thought, which meant after researching and completing my own I now feel much more confident that I can understand supplier flow charts, and also produce my own when they are required. 
[bookmark: _GoBack]Overall, I have enjoyed producing this system and researching into the components and methodologies used when undertaking a task such as this, and feel that I have developed some good skills which I can carry over into my day-to-day work life. 
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