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                                         1.Introduction.
The purpose of this report is to describe the processes used to design a PIC microcontroller based bicycle computer. The minimum requirements set out for this assignment were, to be based on a PIC microchip device capable of basic data logging of the specified parameters, the ability to connect to a PC via USB for data connectivity, to have an internal battery source that is rechargeable via the USB port and capable of lasting for one weeks’ worth of a user’s cycle routine on a single charge. The minimum parameters that were required to be recorded are, speed, distance travelled, cadence and total time elapsed. In addition to these minimum requirements additional features have been incorporated in to the design, these are a real-time clock providing accurate date and time information, a Global Positioning System (GPS), a temperature and humidity sensor and some type of back lit display. 
Also included in this report is a review and comparison of existing products, a full list of the components used in the design including the proposed supplier and subsequent costs, a detailed explanation of the power consumption of each component and the complete system, a flow chart describing the general software operation, a brief guide of the end user operations and a circuit diagram designed on the CAD software Proteus. Also included will be a list of suggested improvements for the next iteration of the design.
2. existing products.
	There are many different types of bicycle computers available to purchase. They vary massively in price from cheap, basic functioning products costing as little as five pounds to more expensive, higher functioning models that can cost hundreds of pounds. Some of these products were reviewed and compared based on functionality, price and ease of use. Following are tables detailing the specifications of those reviewed.


2.1 Garmin Edge 1030.
This product is a demonstration of the more expensive, high end products. Priced at around £500 this cycle computer (with the addition of extra, purpose made sensors) provides all of the features required for this design exercise plus many more.


[image: ]                                                                                Main Features.
· 3.5-inch touchscreen
· Rechargeable LI-ion battery (up to 20 hours)
· 16GB internal memory Plus micro SD slot
· Wi-Fi, Bluetooth and ANT+ connectivity
· GPS, GLONASS, accelerometer and barometric altimeter sensors


                             
   This product provides a multitude of features designed to enhance the users riding experience including, comprehensive navigation performance and cycle awareness features, inbuilt cycle maps with turn by turn directions and rider to rider communication[1]. Most of these features are accessible due to the inter connectivity of the cycle computer and a mobile phone using Bluetooth and additional software installed to the users’ phone. To measure speed and cadence accurately additional, wireless sensors are required that cost approximately £35 each[2].


2.2 Lezyne Micro GPS.
This product is an example of a more mid-range priced device. Costing around £120 it boasts many of the same features as the Garmin Edge 1030 but at a significantly lower price. Main features.
· High resolution screen with backlight
· Durable compact composite construction
·  accurate, advanced data recording using GPS, a barometer and accelerometer
·  ANT+ and Bluetooth Smart connectivity
· Multiple real-time features when paired with Lezyne Ally app
· Intuitive four button operation
· Lithium polymer battery (up to 14 hours)
· Micro USB rechargeable
· Stores up to 150 hours of ride data
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[bookmark: _Hlk510952536]The Lezyne Micro GPS, when paired with the free Lezyne Ally V2 app turns into a feature-rich system offering turn-by-turn navigation, live tracking, Strava Live Segments as well as phone notifications. The Micro GPS can also simultaneously pair with ANT+ or Bluetooth enabled power meters, heart rate monitors and speed/cadence sensors (sold separately).  An advanced recording system uses measurements from GPS satellites, a barometer and an accelerometer to create accurate data tracking[3].
2.3 CatEye Strada Wireless.
This product is significantly cheaper than the two previous examples, costing around £35 and has a considerably reduced amount of functions when compared to the previous devices.                   [image: ]Main features.
· Current Speed, Maximum Speed, Average Speed.
·  Odometer
·  Trip Distance
·  Elapsed time
·  Clock
· Universal FlexTight™ bracket
· New universal speed sensor
· Front fork speed sensor
· Transmission distance up to 70cm
· Programmable odometer
· Auto start/stop
· Batteries: CR2032 x 2




While not having the added functions available to the previously reviewed products due to the lack of smart integration, the Cateye Strada Wireless Cycling Computer has 8 main functions, includes a speed sensor and is free from wires. It has a large screen compared to similar priced options and has a ClickTec  interface which allows you  to switch easily between functions[4].    

3. Component selections and justifications.
As previously stated the minimum requirements for this assignment were to display speed, cadence, distance travelled and elapsed time. In addition to this the system is required to store the data logged and be able to connect to a PC for data transfer and battery charging.  Other functions have been included in to the design such as a GPS module, this is used to provide accurate time and date information as well as aiding in the distance travelled calculations and a temperature and humidity sensor.

3.1 Speed and cadence sensors.
For both the speed and cadence measurements hall effect sensors were chosen. Hall Effect Sensors are devices that are activated by an external magnetic field. When the magnetic flux density around the sensor reaches a certain pre-set value, the sensor detects it and generates an output voltage called the Hall Voltage[5].  For measuring speed, the SS360NT Honeywell digital hall effect sensor was chosen. The following table shows the product specifications found at RS online.
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This sensor was chosen for several reasons, it could be operated from a 3v supply, the output signal is digital making for easy interfacing with a microcontroller and it has built in reverse voltage which enhances the protection of the sensor and the associated circuit[6]. This sensor would be connected to the main unit via a cable that terminates with a 3-pin connector. A suitable connector would be the Lumberg SV Series, 3 Pole Din Plug.
[image: ]	This connector has an IP65 rating making it suitable for most weather conditions that a cyclist may experience. The sensor its self should be positioned on the inside of the front fork of the bike and two magnets of opposing polarities should be placed 180 degrees from each other on the front wheel. When the bike is in motion the magnet with its south pole directed towards the sensor will produce a low output and the one with its north pole directed towards the sensor will produce a high output. This will mean that a complete transition from either low to high and back to low or high to low and back to high will equal one complete revolution of the front wheel. The speed at which these transitions occur can then be used in conjunction with the wheel size to determine the speed in either KPH or MPH and the total distance travelled. 
The same sensor used for the speed measurement will also be used for the cadence measurement. The reasons that make it suitable for measuring speed make it equally suitable as a cadence sensor. The sensor will connect to the main unit in the same way as the speed sensor but with a 4-pin connector instead to ensure that the sensors are not incorrectly attached. The difference is in the positioning of the sensor, the cadence sensor should be placed on the frame near to the pedal crank and the magnets on the crank its self in the same position as the speed sensor. Again, one full transition in output states will equate to one revolution of the pedal crank which when counted over a specific time frame will allow for the cadence measurement to be recorded as RPM.





3.2 temperature and humidity sensor.
[bookmark: _Hlk511408887]The inclusion of a temperature and humidity sensor in the design was an extra function added to the design. It is relatively simple to incorporate and adds information that would be beneficial for the user. There are many different types of temp/humidity sensors available, the one chosen for this design was the Sensirion SHT21, Temperature & Humidity Sensor found at RS online. 
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This sensor was chosen because it can be operated at 3v which helps maintain a single supply voltage level for all the sensors, the operating temperature is well within an acceptable range for the desired function and it has a digital output through an I2C interface allowing for easy interfacing with the microcontroller. This sensor would be surface mounted to the pcb and enclosed inside the casing protecting it from any adverse weather conditions.

                                  3.3 GPS module.
The addition of a GPS module allows for the utilization of real time clock and date information as well as location information. The module chosen for this design was the Quectel L86-M33 GPS Receiver found at RS online.
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This module was chosen because, like the other sensors, it can operate from a supply of 3v, it has ultra-low power consumption of only 22 mA in tracking mode and 25mA in acquisition mode and can be connected to the microcontroller via a UART interface. This sensor is also surface mounted to the pcb inside of the product casing.
                                        
                                     3.4 display.
A display is an obvious necessity for this type of product design, allowing the user to view the information being recorded in real time as well as being stored for uploading to a pc. There are several different types of screen that would be suitable for this type of product but an OLED display was chosen. The specific screen chosen was the NEWHAVEN NHD-0420CW-AB3 OLED display from RS online. 
[image: ][image: ]
 The reasons behind this choice were the fact that an OLED display is self-illuminating allowing for the user to be able to clearly see the display even in low light situations, it can operate from the same 3v supply as the other sensors, it is low on power consumption and can be connected via SPI, I2C or 4/8-bit parallel interface. For this design it was decided that the I2C interface was to be used. As this is the second device chosen that interfaces through the I2C port both data sheets were checked to ensure that the two devices had different address identities and could be simply connected in parallel to the I2C pins.
           3.5 Total elapsed time measurement. 
The total elapsed time is part of the required measurement for the design specification. This function can be achieved using the built in timer module of the chosen microcontroller and software to create a digital stopwatch that can be displayed on the OLED screen.

                     3.6 Microcontroller selection.
As previously mentioned this assignment required the use of a PIC microcontroller. The specific microcontroller chosen was based on the sensors being used, the interfaces required as well as the additional features available on the chip. It was decided that a USB module, an I2C module and a UART module would be required. These parameters were entered in to the parametric search engine on the Microchip website and from this the PIC16f1459, 20 pin chip was chosen. This MCU satisfied all the desired parameters as well as containing a multitude of additional feature that could be used to improve and enhance the design in future iterations.
    [image: ]                              [image: ]
In addition to the features mentioned in the above table this MCU has an internal 48MHz oscillator and a Universal Serial Bus 2.0 Module making it suitable for the design specifications.

                  4. Battery and power consumption 
The design specifications require that it can be used on a single charge for one weeks’ worth of cycling routine. Following is a list containing the individual power requirements of each component and the total power consumption of the complete design.
· Hall effect speed sensor        = 3.5 mA
· Hall effect cadence sensor    = 3.5 mA
· GPS module                             = 20 mA
· [bookmark: _Hlk511390494]Temp\humidity sensor          = 330 µA
· OLED display                            = 70 mA 
· PIC 16f1459                             = 50 µA
·           TOTAL                             = 97.38 mA 
	      As the total current draw is approximately 100 mA, if a daily cycle routine of 2 hours was implemented over a 7-day period the minimum capacity of a battery needed to maintain a charge for this time period would be 1400 mAh.
An RS Pro CR123A 3V Lithium Manganese Dioxide Battery was chosen for this design as it was the correct voltage required for all the components being used and it has a capacity of 1700 mAh, more than the requirements specify.

                    5. Circuit design and explanation.
      Following is a complete circuit design created using Proteus CAD design software. The design contains all of the sensors used as well as a USB connection, an SD card slot for memory storage and a charging circuit for the battery through the USB connection.
[image: ]  
       The OLED display connects to pins RC0 and RC1 of the PIC for bi-directional data transmission and the I2C clock. Also connected to these pins in parallel to the OLED display is the temperature and humidity sensor. The 2 hall effect sensors are connected to pins RC7 and RC6 which are configured as digital I|O ports. Pins RC2 – RC5 have been configured to connect to the SD card reader. The GPS module uses the UART module on pins RB5 and RB7 as per the datasheet, voltage clamps have been included in this part of the design for extra circuit protection. The USB connects to pins RA0 and RA1 and to the battery through a charging circuit consisting of a potential divider and diodes bringing the 5v USB supply down to the 3v needed to charge the battery. Also included in this part of the circuit is a power button for switching on and off the cycle computer. Two additional buttons have been connected to pins RA5 and RB4 to serve as a mode transition button and a start/stop button for the stopwatch. These 2 buttons when pushed and held together will also serve as a reset function for the stopwatch. When the device is first used the wheel size would be input to develop the needed calculations for speed and distance readings, pushing buttons RA5, RB4 and the power button simultaneously will cause a complete reset and new wheel size information would be added. 


                                   6. software flowchart.
Following is a flowchart showing the proposed software operations. this chart shows the interactions between the sensors and the microprocessor, not the specific coding of the microprocessor itself.
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  This smaller flowchart shows the block functioning of the stopwatch function that would be coded in to the microcontroller to display on the OLED screen.
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                                   7. prototype costing.
    Following is the approximate costing of the prototype build for this design. This costing would significantly decrease in the event of mass production and does not include smaller passive components or a PCB as it would be prototyped on a bread board.



	              Part
	            Supplier
	              Price

	SS360NT Honeywell digital hall effect sensor
	https://uk.rs-online.com
	              £1.00

	SS360NT Honeywell digital hall effect sensor
	https://uk.rs-online.com
	              £1.00

	Quectel L86-M33 GPS Receiver
	https://uk.rs-online.com
	              £12.50

	the Sensirion SHT21, Temperature & Humidity Sensor
	https://uk.rs-online.com
	              £4.70

	NEWHAVEN NHD-0420CW-AB3 OLED display
	https://uk.rs-online.com
	              £22.62

	Microchip PIC16F1459
	www.microchip.com
	              £1.10

	RS Pro CR123A 3V Lithium Manganese Dioxide Battery
	https://uk.rs-online.com
	              £3.66

	Total cost
	
	             £46.50


 

                                   8. user instructions.
Following are the basic instructions provided to the user for operation.
· First attach speed sensor to the inside front fork.
· Then place magnets on to the wheel 180 degrees from each other.
· Next attach the cadence sensor to the frame near the pedal crank.
· Then place the magnets to the pedal crank 180 degrees from each other.
· Ensure all cables are securely clipped to the frame and the terminating ends reach the centre of the handle bars.
· Attach the computer to the handle bars with the buttons at the bottom.
· Connect the sensors to the correct ports on the computer.
· When first turned on use the mode button to select wheel size the press the start/stop/ button
                                   Operation.
· To change modes, press mode button once for speed, twice for distance travelled, three times for cadence reading and 4 times for GPS location information.
· Stopwatch, time and temperature information is displayed on all modes.
· To start and stop the stopwatch use the start and stop button.
· To reset the stopwatch push both the mode button and the start/stop button at the same time.
· To change the wheel size push all three buttons simultaneously.

                        9. future improvements.
	There are many ways that this design could be improved. As with most newer types of cycle computers the inclusion of blue tooth capabilities would allow for many more functions to be incorporated in to the design. This allows for the user’s phone to act as a sensor and store and process data. Additional sensors could be introduced to the design to improve functionality such as a rear proximity sensor to alert the user of approaching traffic. A more modern touch screen could be used to remove the need for buttons and improve the screen quality and potentially through the use of the GPS and Bluetooth functions to allow for real time maps to be available.
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