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Abstract 
This report shows the research carried out by the student for the task of designing a bicycle computer. The components and modules used in this report have entirely been chosen by the author from several options that were uncovered during research.  Due to the lack of access to prototyping materials including physical components and CAD software, layouts and designs have not been tested to ensure functionality. The components and modules chosen will provide a suitable starting point for future testing and development to increase efficiency and performance.

Introduction 
For this report the student was tasked to design and create a prototype bicycle computer, based around a PIC microcontroller from the Microchip family. Along with this guideline there were several functional requirements for the prototype to meet including:
Data logging of relevant parameters 
USB connectivity 
Rechargeable battery source
Have a LED display that can show:
 	Speed
 	Distance
 	Cadence 
 	Elapsed Time
Accompanied by the prototype will also be a block diagram giving an overview of the different stages of the circuit, a circuit diagram produced by hand or via a CAD if the student has access to, and flowcharts and pseudocode will also be shown later in the report.
Cadence 
In the cycling world cadence is the measurement of revolutions of the pedals that the rider makes per minute, known as RPM. Cadence is also one of the two factors needed to calculate power on a bicycle [1]:
		Power=Torque(Pedals) x Cadence [1]
Keen cyclists will use cadence as an aid to improve their efficiency, which then as a result will boost their performance on a bike [2]. Cyclists aware of their cadence can help minimize the risk of sustaining injuries as stated by Dr Xavier Disley as stated in Paul Normans [3], “Cycling at lower cadence typically puts more strain on muscles, while higher cadence shifts the load to the cardiovascular system”.
The most common way to measure cadence on a bicycle is to mount a magnet on the inside of the crank arm, and a sensor on the chain stay. As shown in figure 1 [4] and figure 2 [5].
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Figure 1 Magnet Location
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Figure 2 Sensor Location


The sensor will then count how many times the magnet will pass the sensor per minute. The data will then be sent to the display [1].
Hall Effect sensor
The sensors used for measuring cadence will be Hall Effect sensors. These are sensors that can convert magnetic energy into electrical signals are solid-state devices and are growing in popularity, due to the ability to measure movement, speed, and positioning. These solid-state devices are activated when an external magnetic field is detected. The Hall sensor produces an output voltage when the pre-set threshold has been passed by the density of the magnetic field [6].
	The sensor is polar sensitive, in an electrical circuit the sensor will read open circuit until, the correct polarity of magnetic field is detected, this is usually the south pole. Once this field is detected a potential difference between the two sides of the semiconductor is generated, because of the 90-degree angle difference to the flow of current.
	VH (the unit for the output voltage is generated from the Hall sensor) output strength is directly related to the strength of the magnetic field detected. Even a strong magnetic field may only produce millivolts on the output, because of this many sensors are designed to have a DC amplifier built into the package to make the output more manageable [6].
	Although there are many applications of this sensor and different detection paths for the magnetic field there are two methods used much more frequently.
 - Head on Detection
	The magnetic field is moving toward the face of the Hall sensor. The closer the field is to the sensor the larger the output voltage is produced, as shown in figure 3 [6].
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-Sideways Detection

The magnetic field is moving across the face of the sensor within a fixed air gap as shown in figure 4 [6]. The output voltage produced by this method can be both positive and negative depending on the position in the field passes the face of the sensor. Typical applications of sideways detection can include speed rotation for motors [6]. This will be the chosen method for measuring speed, distance, and cadence. 
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Figure 4 Sideways Detection



Distance calculation

To calculate the distance travelled on a bicycle a measurement for diameter is needed. The average bicycle wheel diameter is 662mm, now that measurement is multiplied by Pi to produce the circumference. 662 x Pi = 1.95 metres. The circumference can now be included in the following formula Circumference x Speed rpm(cadence) x Time(minutes).
513 complete wheel rotations are needed to complete 1KM.

Chosen components/Modules.

Pic – Microcontroller 16F887

This device is readily available, cheap, and relatively straightforward to use only 35 different instructions for programming to desired use, with its inbuilt RISC CPU. The 16F887 has interrupt capability as well as crystal fail detection which will be worthwhile as the use of an external crystal oscillator will be required for the 16F887 and the Real Time Clock Module in the circuit. The unit has an operating voltage range from 2-5.5V, which will help reduce the size of the internal battery required for the circuit.  Another feature to help reduce overall power consumption is the power saving sleep mode as well as additional elements including Power up Timer [7]. Power up Timer allows the start up power to stabilize by producing a delay of 64 mS, which will keep the PIC in reset mode until stabilized. During this period the unit is in reset and allows the oscillator to stabilize (OST) along with the start up power. Internal circuitry to detect Brownouts is also included in the package. Having a device with these capabilities eliminates the need to include external rest circuitry in the overall circuit [8]. 
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Figure 5 CPU Features [8]



The unit has up to 35 general purpose input and output pins available. When connecting peripherals, the associated pins will no be able to perform as a general-purpose pin. The programmable input/output pins can be found within PortA, along with TrisA which is the related data register, allowing 8-bit bidirectional data transfer. To program PortA to be an input the output driver must be disabled, to do this the corresponding TrisA bit will need to be set to 1. TrisA should be set to 0 to allow PortA to function as an output. TrisA will still determine the characteristics of PortA even with analogue inputs [9].
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Pin RA0 has a unique feature in which it allows an interrupt to be generated from a gradual decline voltage. To enable this function first, the ULPWU (ultra-low power wake up) must be set within the PCO register. Then the steps shown in figure 7 [9] must be taken.
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Figure 7 ULPWU Steps



An interrupt will be generated once the voltage on RA0 falls to the value of Vil. This interrupt will wake-up the PIC from its sleep mode and then carry out the following instruction. This continuous wake up interrupt is a very low power which will be needed for this prototype to have the device on a active during typical long journeys by the end user. It is recommended that a resister is to be connected in series with the external capacitor to provide over current protection for the RA0 pin [9].
PortB shares some the same features and characteristics that are present with PortA. PortB again is an 8-bit bidirectional port with each pin being able to be set to an input or output, depending on the corresponding TrisB register. Additional benefits PortB pins all have Weak Pull-Up capability when set to an input. Setting the pin to output will automatically remove this feature. Interrupt on change is when a PortB pin is configured so that the pin can compare the current value to the last value,( which is stored on a latch) if different it can produce a system interrupt [9]. This feature can be used as a power on for the prototype.
The device can be clocked using two different methods, firstly by using external circuitry with a quartz crystal oscillator, or with a resistor, capacitor time constant. This device has an internal oscillator that can be used [10]. For this project an external crystal oscillator will be used, a crystal provides a more reliable and accurate source of external clock source. 

The comparator module is also a standard feature with the 16F887 which allows the device to produce digital outputs from analogue inputs. Each comparator is controlled and programmed individually. The outputs produced by the comparator can be used for internal or external purposes, with it able to wake the device from sleep. All this is set within the corresponding registers CM1CON0 for comparator C1 and CM2CON0 for comparator C2. Only comparator C2 can be linked to the internal timers [11]. 

For the prototype design to feature a display a driver chip will be required, this will be covered later on in the report. The driver chip will be connected via the MSSP (Master Synchronous Serial Port). This particular port is designed to communicate with external peripherals. There are different ways in which the MSSP can function:

SPI (Serial Peripheral Interface)
I^2C (Inter-Integrated Circuit)

During SPI mode 8 bits of data can be sent and received simultaneously, for these the following 3 pins are often used:

SDO (Serial Data Out)
SDI (Serial Data In)
SCK (Serial Clock)

Programming appropriate bits will allow the device to initialize the SPI [12].

LCD Display and display driver 

The main circuit will be operating at around 3.6V, the LED display chosen will require 4.5-5v to be operational. Most of the modules chosen for this prototype have a maximum operating voltage of 5V. There was difficulty trying to source a reasonably sized battery that could produce exactly 5V. Upon further research chip LM2700 was found, which is a step up PWM DC/DC convertor, as well as being a designed LED driver chip. It features a switching component for frequencies 600KHz and 1.25MHz. Making constant switching available smaller loads with a dormant current of 2mA for 600KHz and 3mA for 1.25MHz. The LM2700 has a wide input range from 2.2V to 12V, and an adjustable output range peaking at 17V [13].    
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Figure 8 Typical Operation of LM2700 [13]



To set the output voltage, a potential divider needs to be connected between the output and feedback pin. A formula is given (see figure 9) to calculate the required value of the feedback resistor, given that the voltage on the feedback pin is 1.26V [14]. Because 5V is a standard voltage that the configuration and values of the required resistors for this output can be seen in figure 10 [15].
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Figure 9 Feedback Resistor Formula
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The display that LM2700 will be driving will be a MikroElektronika MIKROE-55. This display in a 2-line 16 character LCD display. Although there this display is not as sophisticated as many other options it is a viable starting display to ensure required functions work correctly and that data is correctly being displayed. The display houses 2x8-bit registers IR (Instruction Register) which only the microprocessor or PIC can write to. Address information for the RAM is stored with the IR as well as character generator. The second register is the DR (Data Register) is a temporary storage for data written and read to and from the IR register [16].

Real Time Clock 

To have the real time feature, a RTC (Real Time Clock) module Microchip MCP79400 will be incorporated into the design. This module is capable of tracking years to seconds using internal counters, alarms are available to programme up to a month in advance [17]. As mentioned in the datasheet [17] an external crystal oscillator with the value of 32.768KHz is required for full functionality. MCP79400 comes with a wide operating range of 1.8-5.5V, with low current consumption of 1.2µA at 3.3V which should allow for straight forward integration into the prototype [17]. 
[image: ]Appropriate crystals should be chosen with a capacitance load range from 6-9pF, crystals with loads of 12pF should not be considered for the module [18]. A MSV-T1R(see figure 11 [19]) with a frequency of 32.768KhZ and load capacitance of 9pF( See appendix 7 for further information). Figure 11 MS3v-T1R Crystal















It is also recommended in the datasheet [18] that the external oscillator circuitry should be located as close to the MCP79400 as possible.
There is a secondary input pin on the MCP79400, this is used as a back-up power source when primary power is lost, this ensures that all timekeeping and alarms remain fully functionals whilst storing a time stamp of when primary power is lost [20].

Battery & USB Charging 

For the power source of the circuit a Panasonic CGR-18650 rechargeable lithium Ion 3.6v battery cell, with a typical capacity of 2.24A. It also has a maximum charge voltage of 4.2V, which needs to be considered for the rechargeable feature.
To manage the charge for the chosen battery a MCP73831 Mini Charge Management Controller will be used. These devices are designed to be used in space limited, budget sensitive devices. The unit has four options for output voltage including, 4.2V, 4.35V, 4.4V or 4.5V with output charge being dependant on one external resistor [21].















Block diagram 
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Flowchart 
Cadence Hall Sensor Flowchart 

No
No
Yes
Yes
Data displayed on LCD
Move data from Bank0 to MSSP Port
Add 1 to count in Memory register Bank0
60 seconds passed
Initialize PortA0
Set TrisA0 bit =1
Input at PortA0




























Distance/speed Hall sensor
No
No
No
Yes
Yes
Yes
Add 1 to Register Bank 1
Is total 513?
Has Reset Been pressed
Send to display
Add 1 to Bank 2
Input at PortA1?
Set TrisA1 bit=1
Initialize PortA1






























Schematic Diagrams
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RTC Module 
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Conclusion
This task to design a prototype item was extremely beneficial to get familiar with the different types of modules that are available out there. The major difficulty encountered throughout this task was, the lack of exposure to physical components and CAD software to be able to experiment with the modules and components chosen for this design.  Having the access to these would have helped with the final design of the circuit and be able to pinpoint any problems with the design. The submitted design and components for this task would not necessary be the final layout but just the initial design to improve on in future.
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Appendix 
1. 16F887 Data sheet link
http://ww1.microchip.com/downloads/en/devicedoc/41291d.pdf
2. RTC Module MCP79400 Data sheet link
https://ww1.microchip.com/downloads/en/DeviceDoc/MCP79400-MCP79401-MCP79402-Data-Sheet-20005009G.pdf
3. LCD Driver LM2700 Data sheet link
https://www.ti.com/lit/ds/symlink/lm2700.pdf?ts=1618490314843&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct%252FLM2700%253Futm_source%253Dgoogle%2526utm_medium%253Dcpc%2526utm_campaign%253Dapp-null-null-GPN_EN-cpc-pf-google-wwe%2526utm_content%253DLM2700%2526ds_k%253DLM2700%2526DCM%253Dyes%2526gclid%253DEAIaIQobChMIvazJnqKA8AIVMwWiAx29cQsaEAAYASAAEgJoHfD_BwE%2526gclsrc%253Daw.ds
4. LCD Display Data sheet
https://docs.rs-online.com/d50a/0900766b8127cd1d.pdf
5. Mini Charge Management Controller Data Sheet link 
https://ww1.microchip.com/downloads/en/DeviceDoc/MCP73831-Family-Data-Sheet-DS20001984H.pdf 
6. Rechargeable Battery Data Sheet
http://www.farnell.com/datasheets/1441767.pdf
7. Crystal oscillator Data Sheet
http://www.farnell.com/datasheets/1782547.pdf
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