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[bookmark: _Toc503283661][bookmark: _Toc507662241][bookmark: _Toc509141342][bookmark: _Toc510818910]1. Introduction

This report outlines the design of a microcontroller based bicycle computer. Presented are sections overviewing the background research, design procedure and final design. Findings along with future recommendations are concluded at the end of the report.

[bookmark: _Toc503283662][bookmark: _Toc507662242][bookmark: _Toc509141343][bookmark: _Toc510818911]2. Background Information

Bicycle computers were first introduced by Curtis Veeder in 1985 when he invented the ‘Cyclometer’ [1]. This was a mechanical device which counted rotations of a bicycles wheel by using an analogue odometer. Existing systems are extensively sophisticated in comparison with the majority using microcontrollers.
Local councils in the UK are now encouraging people to cycle, this especially the case in city areas to reduce congestion and for environmental issues. A government report in the UK presents planning to fund £385 million on cycling schemes and £85 million on local cycle roads [2]. A report by ‘Lucintel’ [3] predict that the global bicycle industry by 2021 could be as large as $59.9 billion (figure 1). This market increase is possibly due to encouragement factors from councils with this increase potentially leading to a demand in bicycle computers.  

[image: https://cyclingindustry.news/wp-content/uploads/2016/08/luc4.jpg]
[bookmark: _Toc510819039]Figure 1: Bicycle Industry Forecast (2016 to 2021) [3]
[bookmark: _Toc503283663][bookmark: _Toc507662243][bookmark: _Toc509141344][bookmark: _Toc510818912]2.1. Existing Products
The following overviews the features and functions of six bicycle computers on the market. To ensure a full comparison products ranging from budget to premium are analysed.

[bookmark: _Toc503283664][bookmark: _Toc507662244][bookmark: _Toc509141345][bookmark: _Toc510818913]2.1.1. Pedal Pro Wireless Multifunction Computer
The ‘Pedal Pro’ wireless bike computer is a budget product (figure 2). It features waterproof casing, touch screen display and input buttons. The system uses a wireless ‘Hall Effect’ sensor attached to a bicycles wheel which detects data from wheel movement. It measures speed, cadence, distance, temperature and more. 

[image: https://www.pedalpro.com/media/catalog/product/cache/1/image/650x/040ec09b1e35df139433887a97daa66f/C/O/COM_20002_20b.jpg]
[bookmark: _Toc510819040]Figure 2: Pedal Pro Wireless Multifunction Computer [4]

[bookmark: _Toc509141346]

[bookmark: _Toc510818914]2.1.2. Sigma BC 16.16
The ‘Sigma BC 16.16’ is a compact budget computer (figure 3). It features LCD display, user input, water tight enclosure and is compatible with sigma sport wireless sensors. Although not included as standard wireless ‘Hall-Effect’ cadence sensors can be purchased separately. It can also be connected through a dedicated app where estimated arrival time (ETA) and distance to destination can be displayed. The system with included sensors measures speed, distance, fuel savings, temperature and more.

[image: ]
[bookmark: _Toc510819041]Figure 3: Sigma BC 16.16 [5]

[bookmark: _Toc507662246][bookmark: _Toc509141347][bookmark: _Toc510818915]2.1.3. Cateye Strada wireless 8 function RD300W
The ‘Cateye Strada RD300W’ is a mid-range bicycle computer (figure 4). It features LCD display, long battery life of up to 1 year through low power modes, wireless ‘Hall-Effect’ sensor and real time clock. It measures speed, distance, elapsed time and temperature.

[image: http://www.cateye.com/images/product/7/267_img1.jpg]
[bookmark: _Toc510819042]Figure 4: Cateye Strada RD300W [6]
[bookmark: _Toc509141348][bookmark: _Toc510818916]2.1.4. Garmin Edge 25
The ‘Garmin Edge 25’ is a mid-range compact system (figure 5). It features LCD display, rechargeable lithium-ion battery, internal GPS and memory to store up to 10 rides. It also features Bluetooth which can be paired to a mobile device through a dedicated mobile application. It measures distance, speed, time and temperature. 

[image: ]
[bookmark: _Toc510819043]Figure 5: Garmin Edge 25 [7]

[bookmark: _Toc507662248][bookmark: _Toc509141349][bookmark: _Toc510818917]2.1.5. Polar V650
The ‘Polar V650’ is a premium cycle computer (figure 6). It features HD touch screen, water resistant casing, rechargeable battery with up to 10 hours training time and internal memory to store 10,000 hours ride time. It also boasts connectivity through USB and Bluetooth which can be paired with a dedicated application. It measurers speed, distance and displays map information through GPS. 

[image: https://www.polar.com/sites/default/files/product2/600x600/v650_600x600.png]
[bookmark: _Toc510819044]Figure 6: Polar V650 [8]
[bookmark: _Toc507662249][bookmark: _Toc509141350][bookmark: _Toc510818918]2.1.6. Xplova X5
The ‘Xplova X5’ is a premium bicycle computer (figure 7). It features capacitive touch screen, Bluetooth and USB connectivity, mobile application pairing, 8 GB of RAM, Wi-Fi compatibility and internal memory. The device also features a HD 720 by 30 FPS video camera to store rides which can be viewed from a video application. It measures speed, distance and displays map information through internal GPS. Temperature and light sensors are also internal to the device, however cadence and other measurement sensors are sold separately.

[image: https://static.evanscycles.com/production/bike-accessories/gps--cycle-computers/product-image/969-638/xplova-x5-evo-gps-computer-with-action-camera-black-EV323092-8500-1.jpg]
[bookmark: _Toc510819045]Figure 7: Xplova X5 [9]





[bookmark: _Toc507662250][bookmark: _Toc509141351][bookmark: _Toc510818919]2.2. Product Comparison
Below is a comparison of previously discussed products specifications (table 1).
[bookmark: _Toc510819082]Table 1: Existing Product Comparison
	
	Pedal Pro [4]
	Sigma BC 16.16 [5]
	Cateye RD300W [6]
	Garmin Edge 25 [7]
	Polar V650 [8]
	Xplova X5 [9]

	Image
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	Power
	
	
	
	
	
	

	Battery
	Lithium-Ion
	Lithium-Ion
	Lithium-Ion CR2032
	Rechargeable Lithium-Ion
	Rechargeable Lithium-Ion
	Rechargeable Lithium-Ion

	Battery Life
	25 hours
	20 hours
	1 year (1 hour per day)
	10 hours
	10 hours
	12 hours

	Display
	
	
	
	
	
	

	Type
	LCD Touch Screen
	LCD Screen
	LCD Screen
	LCD Screen
	Colour Touch Screen
	Colour Touch Screen

	Resolution
	Low
	Low
	Low
	128 x 160
	320 x 240
	240 x 400

	Sensors
	
	
	
	
	
	

	Internal
	X
	Accelerometer
	X
	GPS, GLONASS
	GPS, GLONASS
	GPS, GLONASS, Accelerometer

	External
	Wireless Hall-Effect, Wired Remote Switch
	Wireless Hall-Effect
	Wireless Hall-Effect
	X
	X
	X

	Measurements
	
	
	
	
	
	

	Speed
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Cadence
	Yes
	Yes (Separate Sensor)
	Yes (Separate Sensor)
	Yes (Separate Sensor)
	Yes (Separate Sensor)
	Yes (Separate Sensor)

	Distance
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Time
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Temperature
	Yes
	Yes
	X
	Yes
	Yes
	Yes

	Clock
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Other Features
	
	
	
	
	
	

	Connectivity
	X
	NFC
	X
	Bluetooth, USB
	Bluetooth, USB
	Bluetooth, USB, Wi-Fi

	Memory
	X
	X
	X
	10 rides
	10,000 hours
	1 GB

	Camera
	X
	X
	X
	X
	X
	Yes (HD 720p @ 30fps)

	Extra Features
	- Sleep Mode
- User Input
- Waterproof
	- Sleep Mode
- User Input
- Waterproof
- Mobile App Pairing
	- Sleep Mode
- User Input
- Waterproof
	- Sleep Mode
- User Input
-Waterproof
- Mobile App Pairing
- PC Charging
	- Sleep Mode
- User Input
- Waterproof
- Mobile App Pairing
- PC Charging
- Map Display
- Custom Profiles
	- Sleep Mode
- User Input
- Waterproof
- Mobile App Pairing
PC Charging
- Map Display
- Custom Profiles

	Price
	£11.95
	£26.79
	£38.98
	£87.00
	£189.50
	£389.96



[bookmark: _Toc507662251][bookmark: _Toc509141352][bookmark: _Toc510818920]2.3. Research Analysis
The majority of existing systems compared all measure similar parameters irrespective of price. All products measure speed, distance, average speed, trip time and display a real time clock as standard. As well as these standard parameters all systems record cadence either with an included or separately sold sensor. 
The sensors the products adopt are dependent on price. Generally premium products use GPS/GLONASS technologies to measure speed and distance. These premium computers such as the ‘Xplova X5’ also display maps from the internal GPS and application information. Budget and mid-range systems use a wireless or wired ‘Hall-Effect’ sensor which is attached within proximity of the wheel where a paired magnet is placed on the spokes (figure 8).

[image: S&C_mountain_bike2]
[bookmark: _Toc510819046]Figure 8: Hall-Effect Sensor Fitting Location [10]

Another comparable difference between premium and budget products is the display quality. Many premium products use colour screens which have a higher resolution. Lower end products use standard non colour LCD screens with lower resolution.
Connectivity functionality is also dependant on price with higher end models generally featuring Bluetooth as standard, this therefore giving the ability to be paired with dedicated mobile applications. Higher end models also include USB and even Wi-Fi connectivity which lower end systems lack. Lower end models also lack the ability to store any data due to the lack of internal memory and external memory compatibility. 
All compared systems implement low power modes to reduce the power consumption from the respective batteries. Lower end systems compared generally have a better battery life, this possibly due to the lower functionality, lack of internal sensors and lower quality display. However they mostly use standard batteries which are not rechargeable via PC, whereas higher end models are.
Although extra features such as app pairing and enhanced connectivity are beneficial it is believed it can make the system over complicated. E. Burke [11] believes that more sophisticated systems are overcomplicated and future systems may lead to be impossible for the average person to operate. This is regarded as an important factor to consider when designing the computer as the system should be made as easy as possible for the cyclist to use whilst riding.
From the research collected it is believed that a system which can provide ease of use to the user whilst maintaining standard functionality to be a key factor. It is also believed that safety features would be beneficial to the system as which surprisingly the majority of systems lack. 
All products on the market provide functionality which can be used by all types of cyclists. Producing a system which can provide functionality from a hobbyist, to a mountain biker, to a professional tour de France rider would be beneficial as it would not limit the product to a sole target audience. The design specification for the system is discussed in the following section.


[bookmark: _Toc507662252][bookmark: _Toc509141353][bookmark: _Toc510818921]3. Design Specification

Presented below is the design specification of the system. 
The system must:
1. Measure and display speed, distance, cadence, altitude, elapsed time, calories burned, real time and date.
2. Have directional indicators which can be controlled through the computer.
3. Have USB connectivity.
4. Have an internal battery which can be recharged through USB lasting for 7 days (average ride time 3 hours a day).
5. Have user input to allow the user to enter height, age and weight.
6. Have SD Card compatibility for ride statistics to be stored.
7. Have vehicle detection which will alert the user of a vehicle within the rear vicinity.
8. Incorporate a low battery indicator.
9. Adopt power saving methods to reduce power consumption.
10. Use a PIC based microcontroller.



[bookmark: _Toc507662253][bookmark: _Toc509141354][bookmark: _Toc510818922]4. Design Procedure

The design strategy adopted was to use component analysis. This allowed for a variety of components, methods and design principles to be analysed for each of the requirements allowing optimal selection.

[bookmark: _Toc510818923]4.1. Speed and Distance
All types of cyclists will require to be made aware of speed and distance. Keeping track of targeted distances and speeds can be beneficial for training and for every day purposes. The speed of an average cyclist on a flat surface is around 10.5mph [12]. However, professional cyclist have been recorded at speeds of 60mph downhill [12]. Due to the system being designed for all cyclists it must register over a speed of 60mph. Both speed and distance can be measured together through one sensor. Outlined below are the technologies considered for speed and distance.

· IR (Reflective): Works by pulsing an infra-red beam in which if a reflective property is present it will reflect and the sensor will receive the beam [13]. To achieve a speed and distance measurement an IR sensor may be placed near the front wheel. A reflective strip could be fitted on one of the spokes. Every time the beam is reflected the sensor would count the RPM. Calculations could be made from the RPM to determine both speed and distance. 

· Hall-Effect Sensor: A sensor in which the output voltage is affected by the presence of a magnetic field [14]. This sensor could measure both distance and speed through obtaining the RPM. It could be placed in proximity of the wheel with a magnet fitted to the spokes with each rotation activating the sensor.

· GPS: A system consisting of satellites in space which functions by sending and receiving radio signals. To determine positioning GPS uses the time taken for the signal to reach the intended receiver and use extensive coding to achieve this [15]. By determining positioning GPS can calculate distance and speed.

· Switch: A switch maybe used by fitting it to the wheel with a latch. The latch would hit the switch after each rotation in which speed and distance can be calculated.

[bookmark: _Toc510818924]4.1.1. Sensor Requirements
Outlined below are the requirements of the sensor and technology to measure speed and distance.
Must:
· Be capable of measuring up to or above 60mph.
· Have low power consumption.
· Be low cost.
· Be reliable.



[bookmark: _Toc510818925]4.1.2. Technology Selection
Below is a comparison of technologies considered (table 2).
[bookmark: _Toc510819083]Table 2: Technology Comparison for Speed and Distance
	
	IR Reflective
	Hall Effect
	GPS
	Switch

	Accuracy
	Medium (absorbed in water)
	High
	High
	Medium (bounce issues)

	Response
	High
	High
	High
	Medium

	Robustness
	High
	Medium (Mechanical)
	High
	Low

	Reliability
	Medium (absorbed in water)
	Medium (sceptical to wear and tear)
	High
	Low ( wear and tear major concern)

	Size
	Medium
	Small
	Small
	Small

	Cost
	Fairly expensive
	Inexpensive
	Medium
	Inexpensive

	Score
	13
	16
	17
	12


	= 3	 	= 2		= 1



Regarded as most suitable for measuring speed and distance is GPS. GPS provides high accuracy, high response time and due to it not being mechanical it is reliable. The other advantage of GPS compared to other technologies is it can be fitted internally to the computer, so no external wiring or external fittings are required. 
Although ‘Hall-Effect’ sensors and switches are less expensive their mechanical nature means they are prone to wear and tear. IR was disregarded as it can be absorbed in water therefore suffers from accuracy and reliability issues. 




[bookmark: _Toc510818926]4.1.3. Sensor Selection
Below is a comparison of selected GPS modules (table 3).
[bookmark: _Toc510819084]Table 3: Sensor Comparison for Speed and Distance
	
	Parallex PAM-7Q [16]
	U-Blox Neo 6M Module [17]
	U-BLOX NEO-7 M Mini GPS Module [18]
	GMouse Mini GPS PS2 [19]

	Image
	[image: 28509: PAM-7Q GPS Module]
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	Supply Voltage (V)
	5
	3.3 - 6
	2.7 – 5.5
	5

	Power Consumption (mA)
	35
	50
	35
	60

	Number of Channels
	56
	50
	56
	66

	Horizontal Accuracy (m)
	< 2
	2
	< 2.5
	3

	Speed Accuracy (m/s)
	0.1
	0.1
	0.1
	0.2

	Max Speed (mph)
	1,000
	1,118
	1,000
	980

	Max Update Rate (Hz)
	10
	5
	10
	10

	Interface
	UART (TTL)
	UART (TTL)
	RS232 (TTL)
	RS232 (TTL)

	Cost
	£32.18
	£22.69
	£21.45
	£32.67

	Score
	24
	23
	26
	21


	= 3	 	= 2		= 1



The GPS sensor selected for measuring speed and distance is the ‘U-BLOX NEO-7 M Mini’. This GPS is a 56 channel module with built in antenna which has high speed and distance accuracy, low power consumption and has a UART (RS232 TTL) output. The majority of other GPS sensors compared similarly in terms of accuracy, however they were mostly more expensive or featured higher power consumption.
[bookmark: _Toc510818927]4.1.4. Signal Conditioning
The GPS module requires no signal conditioning due to the interface being UART (RS232 TTL). It can be directly connected to configured UART TX and RX pins on the microcontroller.

[bookmark: _Toc509141356][bookmark: _Toc510818928]4.2. Cadence
Cadence is the measurement of the number of completed pedals per minute. It is an important measurement for all cyclists. Keeping track of cadence information can improve a cyclist’s efficiency and present intensity information to the rider. On average a typical cyclist will have a cadence of around 60-80 rpm [20]. Professional cyclists generally pedal at a higher rate with an average maximum of 165 rpm. Technologies for measuring cadence are discussed below.

· Accelerometer: A sensor which measures the acceleration applied to an object due to external force [21]. An accelerometer could be used to measure cadence by being attached to the cyclist’s upper body. Due to the movement made when pedalling cyclists exert movement up and down around the shoulder area. This is considered as proportional to the pedal rate.  

· Hall-Effect: It can be used to measure cadence by being placed on the crank shaft of the bicycle with the magnet connected to the pedal. With every rotation the magnet would pass activating the sensor.

· Coil: A device which when a voltage is applied creates its own magnetic field. A coil may be used to open and close a switch after each revolution.

· IR: It could be placed near the crank shaft to detect a beam break every time the pedal passes, thus counting the pedal rate.




[bookmark: _Toc510818929]4.2.1. Sensor Requirements
The technology and sensor requirements for cadence are below.
Must:
· Have a response time able to measure up to 165rpm.
· Have low power consumption.
· Be cost effective.
· Be adequately sized.

The minimum response time should be calculated approximately. Taking 165rpm as the maximum:




So if approximated to three revolutions per second:


This is the minimum response time required from the sensor.



[bookmark: _Toc510818930]4.2.2. Technology Selection
Below outlines a comparison of technologies (table 4).
[bookmark: _Toc510819085]Table 4: Technology Comparison for Measuring Cadence
	
	Accelerometer
	Hall-Effect
	Coil
	IR

	Accuracy
	Medium
	High
	Medium
	Medium (affected by water)

	Reliability
	Medium (Could potentially be affected by bumps)
	Medium (Mechanical)
	Medium
	Medium (affected by water)

	Response
	High
	High
	Medium
	High

	Size
	Small
	Small
	Can be Bulky
	Small

	Cost
	Medium
	Inexpensive
	Medium
	Expensive

	Score
	12
	14
	9
	11


	= 3	 	= 2		= 1



The technology best suited for measuring cadence is a ‘Hall-Effect’ switch. This technology provides high accuracy, high response time and are fairly inexpensive. All other technologies suffer accuracy issues. Although an accelerometer would provide high response times it is regarded as inaccurate as it may be affected by any large bumps or ride jerks. 
‘Hall-Effect’ sensors can be wireless or wired. For this system a wired sensor is regarded as more suitable. This is due to wireless sensors being more expensive and require wireless modules for connectivity. It is believed that the cost to implement this would outweigh the benefits. Another disadvantage for wireless sensors is a separate power source is required.


[bookmark: _Toc510818931]4.2.3. Sensor Selection
Below is a comparison of considered ‘Hall-Effect’ sensors (table 5).
[bookmark: _Toc510819086]Table 5: Hall-Effect Sensor Comparison for Cadence
	
	Hamlin 55100-3M-02-A [22]
	Comus PGN-SP-003 [23]
	Honeywell 103SR13A-1 [24]
	Honeywell SR 16/SR 17 [25]

	Image
	[image: 55100-3M-02-A - Hall Effect Proximity Sensor, Flange Mount, 55100 Series, 3 Wire, 130 G, 3.8 to 24 Vdc]
	[image: https://media.rs-online.com/t_large/R8662621-01.jpg]
	
[image: 103SR13A-1 - Hall Effect Sensor, Position, 103SR Series, Sink Output, 400 mV out, Cylindrical, 4.5 to 24 Vdc]
	
[image: https://media.rs-online.com/t_large/F4077666-01.jpg]


	Supply Voltage (V)
	3.8 - 24
	4.5 - 24
	4.5 - 24
	3.8 - 30

	Current Consumption (mA)
	10
	5.2
	10
	10

	Switching Speed (µs)
	100
	80
	1.5
	1.5

	Output Type
	Digital (0-5V)
	Digital (0-5V)
	Digital (0-5V)
	Digital (0-5V)

	Cost
	£12.10
	£6.29
	£20.72
	£11.24

	Score
	12
	14
	12
	13


	= 3	 	= 2		= 1



The sensor regarded as most suited is the ‘PGN-SP-003’ by Comus. This sensor provides a response time of 100µs which is below the required 330ms. It also features low current consumption, is inexpensive and is compact. Although it does not feature switching speeds as high as both Honeywell sensors it has a lower current consumption and is less expensive.

[bookmark: _Toc510818932]4.2.4. Signal Conditioning
Due to the sensor being an open collector output it requires a pull up resistor to connect the output to the power supply. This will pull the sensors output to 5V which can be connected to a digital input on the microcontroller.

[bookmark: _Toc510818933]4.3. Altitude/Elevation
Altitude/elevation would be useful information for mountain bikers and professional athletes. Altitude/Elevation is the height of a point relative to sea or ground level. In terms of suitable measurement range +/- 20 kPa which equates to around 2,000 meters above sea level. The types of technology which are considered for measuring altitude are outlined below.

· GPS: Can use positioning information to calculate relative altitude. 

· Barometric Pressure Sensor: Uses a pressure switch or other displacement technologies in which the output is relative to the force applied [26]. Due to pressure differing at specific altitudes the sensor can calculate the altitude. 


[bookmark: _Toc509141358][bookmark: _Toc510818934]4.3.1. Sensor Requirements
Outlined below are the requirements for an altitude/elevation sensor.
Must:
· Measure around 2,000 meters above sea level or equivalent
· Measure with a fairly high degree of accuracy.
· Have low power consumption.
· Be cost effective.
· Be able to measure reliably.

[bookmark: _Toc509141359]

[bookmark: _Toc510818935]4.3.2. Technology Selection 
Below outlines a comparison of the technology selection (table 6).
[bookmark: _Toc510819087]	Table 6: Technology Comparison for Altitude/Elevation	
	
	GPS
	Barometric Pressure Sensor

	Accuracy
	Medium (signal attenuation may occur)
	High

	Reliability
	Medium
	High

	Size
	Small
	Small

	Cost
	Medium
	Inexpensive

	Score
	10
	12


	= 3	 	= 2		= 1



The technology selected is a barometric pressure sensor. Barometric sensors generally feature higher accuracy compared with GPS sensors. This due to GPS signals being delayed and attenuated from buildings, trees and other objects [27]. Due to this feature generally aimed at mountain bikers, who are likely to be in either a forestry or rocky environments it may lead to inaccuracies and less reliability. Pressure sensors are also less expensive. 

[bookmark: _Toc509141360]

[bookmark: _Toc510818936]4.3.3. Sensor Selection
Below is a comparison of considered barometric pressure sensors (table 7).
[bookmark: _Toc510819088]Table 7: Sensor Selection for Altitude/Elevation
	
	SparkFun - MPL3115A2 [28]
	Parallax Inc. - Module 29124 [29]
	MPXV7002 Pressure Sensor [30]
	GY-68 BMP180 [31]

	Image
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	[image: https://media.digikey.com/Photos/Freescale%20Photos/MPXV2202DP.JPG]
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	Pressure Range (kPa)
	20 - 110
	1-120
	+/- 2
	-30 to +110

	Supply Voltage (V)
	1.95 – 3.6
	3.3 – 6.5
	4.75 – 5.25
	1.8 – 3.6

	Current Consumption (mA)
	2
	1.74
	10
	1

	Accuracy
	+/- 30 cm
	+/- 20 cm
	+/- 5%
	17 cm

	Output Type
	I2C (20 bit)
	I2C (24 bit)
	Analogue (0.5V – 4.5V)
	I2C

	Structure
	Evaluation Module
	Evaluation Module
	SMD
	Evaluation Module

	Price
	£13.46
	£26.98
	£9.67
	£5.16

	Score
	16
	17
	17
	20


	= 3	 	= 2		= 1



The pressure sensor regarded as most suitable is the ‘GY-68 BMP180’ evaluation module. The sensor has low current consumption (the lowest of compared sensors), a more than optimal range of -30 to 110 kPa (equating to -500 to 9000m), and is the most inexpensive of compared sensors. The majority of other sensors were disregarded mainly due to higher current consumption and costing. Although the ‘BMP180’ does have a non-ideal voltage of 1.8V to 3.6V, a voltage regulator can be used to drop the voltage from an assumed 5V supply. 


[bookmark: _Toc509141361][bookmark: _Toc510818937]4.3.4. Signal Conditioning
Due to the selected pressure sensor having an I2C interface there is very little signal conditioning required. However due to the sensor having an open drain terminal it requires an external pull-up resistor. A 10k resistor will be used on both data pins and clock pins of the I2C bus.

[bookmark: _Toc509141362][bookmark: _Toc510818938]4.4. Temperature
External air temperature is a useful parameter for all types of cyclists to be made aware of. It can be used as an indicator for when extreme conditions may be apparent. For example if the conditions are below freezing it can give an indication that the cyclist should be aware of ice. Outlined below are the technologies which may be used to measure temperature. 

· Thermocouple: Measures air temperature by using two dissimilar metal alloy wires joined at one end. A difference in temperature can create a proportional voltage difference [32]. 

· Thermistor: A sensor whose resistive value or current value changes with temperature [33]. Thermistors are made up of semi conductive material whose resistance is sensitive to temperature. 

· Resistance Temperature Detector (RTD): Work off the same principle as thermistors with resistance changing with temperature. The main difference is that the materials in RTD are pure metals.

· Infrared (IR): Detects the thermal radiation given off by an object or surrounding. This radiation given off is mostly IR radiation which IR sensors can detect. The sensor can calculate the temperature by the distribution of these frequencies, thus allowing the device to provide a non-contact measurement [34].

· Temperature IC: These are integrated circuits which consist of extensive signal processing, semiconductor technology and ‘Proportional To Absolute Temperature’ (PTAT). 
[bookmark: _Toc509141363][bookmark: _Toc510818939]4.4.1. Sensor Requirements
The temperature sensor requirements are outlined below.
Must:
· Measure a temperature range of around -20 to 50˚C (suitable outdoor temperature range).
· Be compact in size.
· Have low power consumption.
· Be cost effective.

[bookmark: _Toc509141364][bookmark: _Toc510818940]4.4.2. Technology Selection
Below compares the considered technologies (table 8).
[bookmark: _Toc510819089]Table 8: Technology Comparison for Temperature Measurement
	
	Thermocouple
	Thermistor
	RTD
	IR
	IC

	Range
	Wide Range (-200 to 1750˚C)
	Large Range (-50 to 150˚C)
	Large Range (-200 to 600˚C)
	Large Range (-50 to 2000˚C)
	Good Range (-70 to 150˚C)

	Accuracy
	Low (0.5 to 5˚C)
	High (0.05 to 1.5˚C)
	High (0.1 to 1˚C)
	High
	Medium (0.5 to 3˚C)

	Stability
	Fairly Stable
	Medium
	Medium
	Fairly Stable
	Stable

	Size
	Fairly Bulky
	Small
	Medium
	Medium
	Small

	Cost
	Medium
	Medium (Linearization circuitry required)
	Expensive
	Expensive
	Inexpensive

	Score
	11
	13
	11
	12
	14


	= 3	 	= 2		= 1



The technology which is best suited for the design is a temperature IC. An IC has been selected as they are reasonably inexpensive, provide a good measurement range and are compact. Technologies such as RTD’s and IR are disregarded for generally being expensive and being bulky. This may lead to either the sensor having to be fitted externally to the computer or increasing the size of the computer. Thermistors provide better accuracy over a temperature IC, however they do require linearization circuitry to linearize the output. This additional circuitry can increase the overall cost of the system, therefore was disregarded. 

[bookmark: _Toc509141365][bookmark: _Toc510818941]4.4.3. Sensor Selection
Below compares selected temperature IC’s (table 9).
[bookmark: _Toc510819090]Table 9: Sensor Selection for Temperature
	
	LM35 [35]
	AD590JH [36]
	MCP9701A [37]
	Maxim DS18S20 [38]

	Image
	[image: ±0.5°C Temperature Sensor with Analog Output with 30V Capability - LM35]
	[image: AD590JH - Temperature Sensor IC, Current, ± 5°C, -55 °C, +150 °C, TO-52, 3 Pins]
	[image: ]
	[image: Image result for Maxim DS18S20]

	Operating Voltage (V)
	4 to 30
	4 to 30
	3 to 5.5
	3 to 5

	Current Consumption (mA)
	0.060
	0.2
	0.012
	4

	Range (˚C)
	-55 to 150
	-55 to 150
	-40 to 120
	-55 to 125

	Accuracy (˚C)
	+/- 0.5
	+/- 0.5
	+/- 2
	+/- 0.5

	Output 
	Analogue
	Analogue (Current)
	Analogue
	Digital

	Cost
	£1.68
	£12.98
	£0.26
	£4.12

	Score
	17
	14
	17
	15


	= 3	 	= 2		= 1



The sensor which is regarded as most suited for the design is the LM35 IC. It provides optimal measurement range, low current consumption and good accuracy. The ‘AD590JH-ND’ was disregarded due to it being expensive and having a current output which would require current to voltage circuitry to interface to the microcontroller. The ‘DS18S20’ was also disregarded due to price but also due to its higher power consumption. Microchips ‘MCP9701A’ compares similarly with the selected LM35, however although it is a considerably cheaper it has +/- 2˚C of accuracy which is deemed unsuitable. Although accuracy is not essential for the temperature of the system it is considered too much of an error.

[bookmark: _Toc509141366][bookmark: _Toc510818942]4.4.4. Signal Conditioning
The LM35 sensor with the basic configuration measures from 2 to 150˚C. This reading is not enough as it needs to measure down to -20˚C. To achieve this some signal conditioning circuitry will be required to use the sensor in its full measurement range. As from the manufacturers data sheet of suggested circuits two diodes and a resistor are used (figure 9). This works by using the two diodes to offset/lift the ground pin of the LM35 to around 1.4V. By connecting the positive output through an 18k resistor allows the device to measure the negative temperature range.

[image: ]
[bookmark: _Toc510819047]Figure 9: LM35 full temperature range configuration [39]

To interface to the microcontroller an analogue to digital convertor is required. Both negative readings and positive must be taken to separate pins and converted. The temperature can be calculated by subtracting the positive from the negative (pin 2 output – pin 3 output respectively). 




[bookmark: _Toc509141367][bookmark: _Toc510818943]4.5. Real Time Clock and Date
It is important for any type of cyclist to keep track of time for varying reasons. A professional cyclist may need to track time for training, whereas a daily commuting cyclist may want to track time for journey purposes. The methods which may be used to achieve a real time clock and calendar are outlined below.

· Software Algorithms: A clock can be achieved through timer and counter software routines. A timer can be used to time each instruction and then after a specified limit add it to a counter to calculate the time. This method requires fairly extensive software and there can be inaccuracies as the timers set are dependent on the selected crystal [40].

· Built-in RTC: Some microcontrollers have internal RTC arrangements. These can be activated through software. They can use external oscillators, internal oscillators or power line frequencies to achieve a clock.

· External RTC IC: A real time clock IC is a device which outputs real clock time and date information. They are available in a variety of data interfaces including I2C and SPI.


[bookmark: _Toc509141368][bookmark: _Toc510818944]4.5.1. Method Selection
All the discussed methods have advantages and disadvantages. Regarded as the most suited method for a real time clock would be to use an external RTC IC. These chips are inexpensive and are accurate in providing date and time information. 
Although using software algorithms would be cheaper and use fewer components it can be made inaccurate due to potential overflows needing to be considered. Also, implementing this method would mean that the microcontroller will be continuously counting and will not be free to do anything else. Using an internal RTC has also been disregarded as it is believed to be beneficial to leave microcontroller selection as open as possible so the optimal microcontroller can be selected.


[bookmark: _Toc509141369][bookmark: _Toc510818945]4.5.2. Component Requirements
Outlined below are the requirements for the RTC) IC.
Must:
· Have a low power consumption.
· Use compatible interface output for a pic microcontroller.
· Be low cost.
· Measure both time and date.

[bookmark: _Toc509141370][bookmark: _Toc510818946]4.5.3. Component Selection	
Below compares RTC ICs considered (table 10).
[bookmark: _Toc510819091]Table 10: Component Selection of RTC IC
	
	MCP7940M-I/P [41]
	Epson Q42730111000200 [42]
	Maxim DS1307+ [43]
	Intersil CDP68HC68T1EZ [44]

	Image
	[image: MCP7940M-I/P - RTC IC, Date Time Format (Date/Month/Year hh:mm:ss), I2C, 1.8 V to 5.5 V, DIP-8]
	[image: https://media.rs-online.com/t_large/R0403636-06.jpg]
	[image: https://media.rs-online.com/t_large/F5402726-01.jpg]
	[image: CDP68HC68T1EZ - RTC IC, Date Time Format (Day/Date/Month/Year hh:mm:ss), SPI, 3 V to 6 V, DIP-16]

	Operating voltage (V)
	1.8 to 5.5
	2.4 to 5.5
	4.5 to 5.5
	3 to 6

	Current Consumption (mA)
	0.3
	6
	1.5
	0.08

	Stand by Current (µA)
	1.2
	15
	200
	20

	Output Type
	I2C
	Parallel (16 bit)
	I2C
	SPI

	Price
	£0.71
	£3.49
	£4.13
	£8.74

	Score
	15
	11
	11
	12


	= 3	 	= 2		= 1



The RTC IC best suited for the design is regarded as the ‘MCP7940M-I/P’ by microchip. This IC was selected as it is a low cost option with low power consumption. Other ICs such as the Espon ‘Q42730111000200’ and Maxim ‘DS1307+’ were disregarded due to both having high current consumption in both stand by and operation modes. Although the Intersil ‘CDP68HC68T1EZ’ has fairly low current consumption which compares similarly to the selected IC it is substantially more expensive so was also disregarded.

[bookmark: _Toc509141371][bookmark: _Toc510818947]4.5.4. Signal Conditioning
The ‘MCP7940M-I/P’ has an I2C interface so it requires an external pullup resistor due to it being an open drain terminal. A 10k resistor will be used to pull both clock and data pins to the power rail of the system.

[image: ]
[bookmark: _Toc510819048]Figure 10: Microchip 'MCP7940M-I/P' pin layout [45]

The IC also requires an external clock to X1 and X2 pins (see figure 10). A 32 kHz crystal will be used as recommended by the manufacturer with two external load capacitors connected to ground [45]. Also featured on the IC is a multifunction pin which can be used as an output pin for an alarm or square wave output functions. This pin will be not be required for the design.  

[bookmark: _Toc509141372]

[bookmark: _Toc510818948]4.6. User Input
User input in any system improves the user interaction and interface. The system will require user input for entering the cyclist’s weight, height and age. This information will be used to calculate the calories burned by the user. The user may also be required to switch information on the display. Below are the considered user input methods.

· Capacitive Touch Screen: This type of screen uses a charge which is held by specific layers under the screen. As a pressure or an object closes the reference charge is changed [46]. This change is picked up via sensors which can determine the x and y coordinates.

· Resistive Touch Screen: Is made up of several layers where two conductive layers are separated by a gap [47]. The bottom layer is usually connected to a voltage supply in which as pressure is applied to the top layer, the second layer makes contact to the voltage source. This voltage is then read and can be used to locate a point of contact. 

· Push Button: A push button is one of the simpler forms of user inputs and can be used within this system.

· Capacitive Touch Sensors: As a capacitive switch is touched it changes the capacitance of the switch. This is due to the electrical charge carried disturbs the sensors own charge causing the switch to operate. 

[bookmark: _Toc509141373]

[bookmark: _Toc510818949]4.6.1. User Input Requirements
Below are the requirements for selecting a technology for user input.
Must:
· Be cost effective.
· Be suitable for outdoor conditions.
· Be responsive and reliable so the cyclist does not have to be pre occupied ensuring an input is made.

[bookmark: _Toc509141374][bookmark: _Toc510818950]4.6.2. Technology Selection
Below compares the technologies considered (table 11).
[bookmark: _Toc510819092]Table 11: Technology Comparison for User Input
	
	Capacitive Touch Screen
	Resistive Touch Screen
	Push Button
	Capacitive Switch

	Responsiveness
	Medium (can be affected by water)
	Medium
	High
	Medium (can be affected if rider is wearing gloves)

	Reliability
	Medium
	Medium (poor visibility in outdoor conditions)
	Medium (Mechanical considerations)
	Medium

	Durability
	High
	High
	Medium
	High

	Cost
	Expensive
	Medium
	Inexpensive
	Medium

	Score
	8
	9
	10
	9


	= 3	 	= 2		= 1



The technology regarded as best suited for user input are push button switches. Although they are mechanical and do not possess the best reliability they are a cost effect option which provide high response. A high response is extremely important as the cyclist will not want to be pre occupied pressing inputs, as this may affect the cyclists ride experience. Other user input technologies were disregarded mainly as they are affected by outdoor conditions. For example capacitive touch screens and touch sensors are less responsive to materials. Capacitive technologies are generally more expensive. 

[bookmark: _Toc509141375][bookmark: _Toc510818951]4.6.3. Component Selection
Below compares the considered push buttons (table 12).
[bookmark: _Toc510819093]Table 12: Component Selection for User Input
	
	EOZ FL Series [48]
	Vandal Resistant [49]
	Schneider ZB4BA4 [50]
	PB Series Pushbutton [51]
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	Voltage Rating (V)
	5
	24
	5
	24

	Button Size (mm)
	12
	28
	22
	20

	IP Rating
	67
	66
	67
	65

	Cost
	£2.23
	£12.10
	£5.11
	£4.60

	Score
	12
	9
	11
	10


	= 3	 	= 2		= 1



The push buttons regarded as most suited for the final design are the ‘FL Series’ by EOZ. They provide an IP67 rating meaning they are readily suitable for outdoor use, have optimal voltage rating and are inexpensive. Other push buttons were disregarded mainly due to being more expensive. Although all other compared push buttons have a larger diameter they would increase the overall size of the computer. The ‘PB’ pushbutton compares similarly however they have a lower IP rating with no built in rubber seals, therefore have a lower protection against outdoor conditions.


[bookmark: _Toc509141376][bookmark: _Toc510818952]4.6.4. Signal Conditioning
The only required conditioning for the buttons is for a pull up resistor or pull down resistor. For this system a pull up resistor configuration will be used. This means that initially the pin on the microcontroller will be high due to the high impedance state of the pin (figure 11).  

[image: ]
[bookmark: _Toc510819049]Figure 11: Pull up Resistor Switch not Pressed

Once the switch is pushed then the current flows through the resistor and then to ground. This is due to the switch effectively looking like a short circuit (figure 12). However it is not considered a short as the resistor will limit the current to ground.

[image: ]
[bookmark: _Toc510819050]Figure 12: Pull up Resistor Switch Pressed
[bookmark: _Toc509141377][bookmark: _Toc510818953]4.7. Indicators
Indicators are regarded as a beneficial safety feature for the system. Many accidents involving cyclists are caused by vehicles. A report by the Royal Society for the Prevention of Accidents [52] states that 57% of cyclist collisions with vehicles are caused by the driver/rider failing to look properly, with also 17% of accidents due to poor turn or manoeuvre. It is believed that indicators would alert and make drivers more aware of cyclist’s intentions, thus effectively improving the communication between each other.  
LEDs will be used for the indicators. The reason LEDs are the chosen light source as they provide a good bright source which is inexpensive and energy efficient. The indicators will require waterproof casing to allow the LEDs to function in outdoor conditions.

[bookmark: _Toc509141378][bookmark: _Toc510818954]4.7.1. Component Requirements
Overviewed below are the requirements for the indicator LEDs.
Must:
· Have low power consumption.
· Provide an overall brightness over 20 lumens.
· Be cost effective.

[bookmark: _Toc509141379]

[bookmark: _Toc510818955]4.7.2. Component Selection
Below is a comparison of considered LEDs (table 13).
[bookmark: _Toc510819094]Table 13: LED Comparison for Indicators
	
	Dialight 679-2222-332F [53]
	VCC PML50 [54]
	RS Pro 763-7918 [55]
	Waytek Amber LED Indicator [56]
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	[image: Dialight 679-2222-332F LED Panel Mount Indicators]
	[image: https://www.mouser.co.uk/images/vcc/lrg/PML50_red_SPL.jpg]
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	Brightness (Lumens)
	5.3
	5.8
	12
	5

	Operating Voltage (V)
	6
	5 - 28
	5 - 24
	12

	Power Consumption (mA)
	20
	20
	20
	20

	Cost
	£9.35
	£8.79
	£2.86
	£6.48

	Score
	8
	9
	12
	9


	= 3	 	= 2		= 1



Regarded as the most suited LEDs for the indicators are ‘RS Pro 763-7918’. These provide the most brightness out of all compared LEDs and feature low power consumption at a very low price. Although the selected LEDs do not provide the required brightness, two will be connected in series to compensate for this. Other LEDs were disregarded due to lower brightness and for being more expensive. 

[bookmark: _Toc509141380][bookmark: _Toc510818956]4.7.3. Indicator Control
It is believed that the user input for the computer and indicators remain separate. The reason being it would be awkward for the user to reach over to the computer. Having inputs on the handle bar grips is believed to be a valuable feature. 
Capacitive touch sensors would be a viable option as they have a high response time and could be fitted to the side of the handle bars. However, these are fairly unreliable when gloves are worn which would be a concern. Another possible method is to use proximity sensors. They could be fitted in an array so when the cyclist waves or swipes over each sensor it could switch the corresponding indicator on (figure 13). When the three sensors output in a set order it would light the corresponding indicator.

[image: ]
[bookmark: _Toc510819051]Figure 13: Proximity Indicator Control

This method however may also be unreliable, if the user accidentally waves his hand across whilst riding they could unintentionally turn the indicator on. Regarded as the most suitable option would be to use the standard push button switches selected in the user input section. Adjustable clamps will be used so the user can place them wherever suited. 

[bookmark: _Toc509141381]

[bookmark: _Toc510818957]4.7.4. Signal Conditioning
The LEDs may require external hardware as they may draw to much current for the selected microcontroller. The average microcontroller can output around 25mA on an I/O pin. The current draw for the LEDs will be 40mA therefore a transistor will be used to control the LEDs (figure 14). In this case as the microcontroller outputs high the transistor will conduct allowing current to flow through the LEDs. 

[image: ]
[bookmark: _Toc510819052]Figure 14: Transistor Switch Circuit

This will be however dependant on whether the microcontroller selected will feature high current drive output pins. If this is the case this circuitry will not be required.





[bookmark: _Toc509141385][bookmark: _Toc510818958]4.8. Vehicle Detection
This feature of the bike computer will alert the user of any vehicles which may be in the rear vicinity. This can be a major safety feature as it can make a road cyclist more aware of surroundings. The types of sensors on the market are generally sold separately and do not interface directly to a bike computer. To implement this feature distance measuring and detection technologies will be considered. Outlined below are types of technologies which may potentially be used. 

· Ultrasonic: Uses a transmitter which transmits an ultrasound signal generally over 40kHz. If there is an object in the near vicinity it will reflect the sound back and will be picked up by a receiver. The distance can then be calculated using time of flight principle [57].

· RADR: Produces radio waves and transmits them using a magnetron. If the waves detect an object they will reflect back where a receiver then picks up the signal. The time taken for the return signal can be used to calculate the distance.

· LiDAR (Light Detection And Ranging): This transmits and generates a pulsed laser light. Any reflective pulses are picked up by a receiver in the sensor in which time of flight is calculated to give the distance [58]. 

· Camera: Can be used for object detection by using various software algorithms. Once the camera sensor is set up the information it gathers can be used in various ways.
[bookmark: _Toc509141386]

[bookmark: _Toc510818959]4.8.1. Sensor Requirements
Below are the requirements for vehicle detection sensor.
Must:
· Measure a distance of over 15m.
· Have low power consumption.
· Have a quick response time.
Although cost will be considered due to most technologies being fairly expensive it is not a necessity. The price for the sensor should be under £100 as a budget. 
[bookmark: _Toc509141387][bookmark: _Toc510818960]4.8.2. Technology Selection
Below overviews a comparison of the types of technologies considered (table 14).
[bookmark: _Toc510819095]Table 14: Technology Selection for Vehicle Detection
	
	Ultrasonic
	RADAR
	LiDAR
	Camera

	Range
	Short to medium (0-10m)
	Short to Long range
	Short to Long range
	Short to Long

	Accuracy
	Accurate
	Accurate
	Accurate
	Medium

	Response
	Low to Medium
	Medium
	High
	High

	Reliability
	Medium (Directivity issues)
	Reliable
	Reliable
	Not Reliable (affected by dust and fog)

	Cost
	Inexpensive
	Medium to Expensive
	Medium to Expensive
	Expensive

	Score
	12
	13
	14
	10


	= 3	 	= 2		= 1



The technology which is regarded as best suited for vehicle detection is LiDAR. LiDAR works over a range of distances and provides a reliable measurement. Camera systems are primarily disregarded due to them being unreliable as they are affected by fog and other conditions [59]. RADAR is comparatively similar to LiDAR, however due to it having a generally lower response time it is also disregarded. 
Finally ultrasonic was disregarded as although it is cheap and accurate it has directivity issues.  If an object is angled in a specified direction to the sensor only some of the reflective signal is received [60].

[bookmark: _Toc509141388]

[bookmark: _Toc510818961]4.8.3. Sensor Selection
Below presents a comparison of selected LiDAR sensors (table 15).
[bookmark: _Toc510819096]Table 15: Vehicle Detection Sensor Selection
	
	Garmin LIDAR Lite v3 [61]
	Benewake ToF LiDAR [62]
	SF02 Laser Rangefinder [63]
	Benewake TF02 LIDAR [64]
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	[image: SF02 Laser Rangefinder – 40 m]
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	Range (m)
	0.05 to 40
	0.3 to 12
	0 to 50
	0 to 22

	Operating Voltage (V)
	4.75 - 5
	4.5 - 6
	4.5 – 5.5
	5

	Power Consumption (mA)
	130
	120
	150
	200

	Accuracy (cm)
	+/- 2.5
	+/- 1
	+/- 2
	+/- 2

	Response Time (ms)
	2
	5
	2
	5

	Interface
	I2C
	UART
	UART
	UART

	Cost
	£93.18
	£33.46
	£279.67
	£132.45

	Score
	19
	18
	18
	16


	= 3	 	= 2		= 1



The sensor selected for vehicle detection is the Garmin ‘LiDAR Lite V3’. This sensor provides excellent range, low power consumption and high response time. Although not the least expensive other sensors such as the Benewake ‘mini’ and Benewake ‘TF02’ suffered in range and power consumption respectively. The Parallex ‘SF02’ is comparatively similar to the selected sensor, however it is almost three times the price meaning it is an unviable choice. 

[bookmark: _Toc509141389][bookmark: _Toc510818962]4.8.4. Design Consideration
Due to the high price of the LiDAR sensor it would increase the overall cost of the bicycle computer. If the product was going to be released onto market it would be viable to sell this as an optional extra. This would allow customers to buy the basic bike computer and allow them to buy this extra sensor. This will require detection circuitry so when the sensor is plugged into the corresponding socket the program may read the sensor. 
To achieve this a resistor can be connected on the power connection for the sensor (figure 15). The voltage across the resistor can be monitored through analogue pins on the microcontroller. With no load connected there will be no voltage drop across the resistor. 

[image: ]
[bookmark: _Toc510819053]Figure 15: Current Sensing Circuit without Load

With a load connected there will be current flowing through R1 and through the load causing a voltage drop across R1 (figure 16). This voltage drop can be monitored to detect whether the sensor is connected. This can then enable the software to read the sensor for the vehicle detection function.

[image: ]
[bookmark: _Toc510819054]Figure 16: Current Sensing Circuit with Load
[bookmark: _Toc509141390][bookmark: _Toc510818963]4.8.5. Signal Conditioning 
As the LiDAR sensor has an I2C interface there is very little signal conditioning required. The device will be connected to the already discussed I2C bus which will use a 10k pull up resistor on both data and clock pins. As referred to the manufactures data sheet a recommended 680µF capacitor should be connected between ground and power (figure 17) [65]. This capacitor is used for decoupling purposes. 

[image: ]
[bookmark: _Toc510819055]Figure 17: Garmin LiDAR Sensor I2C Connection Layout [65]

[bookmark: _Toc509141391][bookmark: _Toc510818964]4.9. Display
The display for the system is a vital part as it will be displaying information continuously to the user. Information displayed will be distance, speed, time elapsed, calories burned, user information, date, time, temperature and elevation. Due to user input already determined as push buttons touch screen systems are not considered. The types of display which may be used are discussed below. 

· LED Display: Uses Light Emitting Diodes (LED) at different arrangements [66]. Usually are available in three configurations being edge lit, full array and direct lit.

· LCD Display: Uses liquid crystals to rotate and polarise light to turn on and off pixels [67]. Generally LCD are good for low power battery systems. 

· Seven Segment Display: Uses LEDs to light up pre-arranged pixels. They are usually very limited to the amount of letters and numbers displayed.

· Graphical LCD Display: Works off the same principle as standard LCD displays. However they use graphical drivers meaning that they can display graphic files and can display text at specified sizes and positions.

[bookmark: _Toc509141392][bookmark: _Toc510818965]4.9.1. Component Requirements
Below are the requirements for selecting the display.
Must:
· Be low power.
· Be able to display characters, numbers and special characters. 
· Be suitable for outdoor viewing.
· Be low cost.


[bookmark: _Toc509141393][bookmark: _Toc510818966]4.9.2. Technology Selection
Below compares each selected technology (table 16).
[bookmark: _Toc510819097]Table 16: Technology Selection for System Display
	
	LED
	LCD
	Seven Segment
	Graphical LCD

	Character Limit
	Characters, numbers, special 
	Characters, numbers, special 
	Limited
	Characters, numbers, special and graphics

	Refresh Rate
	High
	Medium
	High
	Medium

	Power Consumption
	Low
	Low
	Low
	Low

	Reliability
	Excellent (operate at low temperatures)
	Medium (can freeze)
	Excellent (operate at low temperatures)
	Medium (can freeze)

	Outdoor Viewing
	Medium (dependant on brightness of LED)
	Excellent
	Medium (dependant on brightness of LED)
	Excellent

	Cost
	Expensive
	Medium
	Inexpensive
	Medium

	Score
	15
	15
	15
	15


	= 3	 	= 2		= 1



The display best suited for the system is a graphical LCD. A graphical LCD fits the requirements due to low power consumption, low cost and excellent outdoor viewing. It was selected over a normal LCD as characters can be resized and positioned freely. A seven segment display was disregarded due to the limited display options. A LED type screen was also not considered mainly as they are a more expensive option over LCD displays.




[bookmark: _Toc509141394][bookmark: _Toc510818967]4.9.3. Component Selection
Below compares selected graphical LCDs (table 17).
[bookmark: _Toc510819098]Table 17: Graphical LCD Display Comparison
	
	Winstar WDG0151-TMI [68]
	JHD521Y/JG [69]
	RX160160B-FHW [70]
	Vishay LCD-128G064E [71]
	LGM12864B [72]

	Image
	[image: MIKROE-4 - Graphic LCD, 128 x 64, White on Blue, 5V, Parallel, No Font, Transmissive]
	[image: 64x128 Graphic LCD Display (Blue Backlight)]
	[image: https://static4.tme.eu/products_pics/0/c/c/0ccb9e1a760913793956893be07e664c/55963.jpg]
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	Operating Voltage (V)
	7.6 – 9.26
	4.5 - 5
	3 – 3.6
	2.8 – 5.5
	4.5 – 5.5

	Current Draw (mA)
	100
	50
	80
	330
	240

	Resolution
	128 x 64
	128 x 64
	160 x 160
	128 x 64
	128 x 64

	Refresh Rate (ms)
	250
	250
	250
	250
	250

	Interface
	Parallel
	Parallel
	Parallel
	Parallel
	Parallel

	Cost
	£13.27
	£13.68
	£14.53
	£11.34
	£15.98

	Score
	16
	17
	15
	16
	15


	= 3	 	= 2		= 1



The LCD regarded as most suitable for the final design is the ‘JHD521Y/JG’. This LCD has primarily been selected due to its low power consumption which is lower than all compared displays. It also uses a built in graphic driver and provides a suitable refresh rate. Other LCDs were mainly disregarded due to higher power consumption. The Winstar ‘WDG0151-TMI’ compared similarly to the selected module. However was disregarded due to having a higher power consumption and a non-optimal operating voltage. This would require more discrete hardware potentially increasing the cost.
The selected LCD features a parallel interface which requires many pins. Although using an I2C interface would require less pins it would have a slower response time. This mainly due to it being serial data which would directly impact refresh times.
[bookmark: _Toc509141395][bookmark: _Toc510818968]4.9.4. Signal Conditioning
The graphical LCD display selected has a built in graphical driver IC, therefore there are no requirements for the microcontroller to have its own built in driver. The display will require all data, register select, read write, chip select, enable and reset pins to be connected to digital output pins on the microcontroller. These require no signal conditioning and can be directly connected. 
To reduce the current consumption of the display the backlight can be dimmed. This can be automatically achieved by using a Light Dependant Resistor (LDR). The LDR can be connected to an analogue pin on the microcontroller. By reading the LDR the backlight could then be controlled through a PWM signal through a transistor.

[bookmark: _Toc510818969]4.10. Low Power Indicator
A low power indicator will provide the user with an indication of when the battery is low. Although this could be achieved by reading the batteries voltage through the microcontroller a hardware implementation will be adopted to reduce the number of pins. 
One way of achieving this is to use a low drop out voltage regulator which would be fed into a comparator. The reference voltage can then be set through a variable resistor. When the battery level drops to the threshold voltage, the comparator would output and turn on an LED. Although this method would work it is believed that a better way would be to use a precision reference voltage Zener. This method would be cheaper and uses less components (figure 18). 

[image: ]
[bookmark: _Toc510819056]Figure 18: Low Voltage Indicator
The reference voltage for the device is set by the potential divider between R2 and R3. As the voltage drop across R3 reaches 2.5V the diode will conduct through terminal three, thus effectively shorting the LEDs out. Two LEDs must be used as the device has a minimum ‘on’ voltage of 2V which is not enough to light one LED [73].

[bookmark: _Toc510818970]4.11. Elapsed Time and Calories Burned
Both elapsed time and calories burned can be achieved through software routines on the microcontroller. Built in timer modules can be used to work out the elapsed ride time. The timer could start once a reading is read from the cadence sensor. If the rider stops pedalling the timer could stop halting the total elapsed ride time. 
Calories burned can be achieved through software calculations. It can use an energy activity value called a MET rating which can be used to calculate calories burned. The MET rating is variable with intensity. Three variables could be used to store a light, medium and high intensity comparing this with speed readings (table 18). 
[bookmark: _Toc510819099]Table 18: MET Units [74]
	Light Cycling under 10mph
	4.0 MET

	Cycling 10-16mph
	6.0 MET

	Cycling 16+mph
	8.0 MET



Within the calculation the user’s weight and elapsed ride time can be used. 




[bookmark: _Toc509141396]

[bookmark: _Toc510818971]4.12. Microcontroller
The system will use an 8 bit microcontroller. Before a microcontroller can be selected the following parameters must be acquired.
· Number of pins required.
· Size of RAM and program memory.
· Clock frequency.
· Analogue to digital convertor resolution.

[bookmark: _Toc509141397][bookmark: _Toc510818972]4.12.1. Number of Pins
Below are number of pins required (table 19).
[bookmark: _Toc510819100]Table 19: Pins Required
	Pin
	Number Required

	Analogue Inputs
	5

	Digital Inputs
	5

	Digital Outputs
	3

	Serial Peripheral Interface
	4

	USB
	2

	RS232
	2

	I2C
	2

	Display
	12

	Power
	4

	Total
	39



The microcontroller will require 39 pins, although it is good practice to have five spare pins the system would require a larger microcontroller. Microcontrollers over 40 pins generally have very high specifications which maybe overkill and costly for the application. An internal clock will be used to save pins and potentially decrease PCB land costs.

[bookmark: _Toc509141398]

[bookmark: _Toc510818973]4.12.2. Program Memory and RAM
An approximation of both the required program memory and RAM are below. The program memory is required to perform four analogue to digital conversions, I2C, RS232 and SPI interfacing and additional calculations. 
An average complied program language is around 1 Byte per 1 character. On average one line is 25 characters long.

Below shows approximated number of lines required (table 20).
[bookmark: _Toc510819101]Table 20: Program Memory Approximation
	Code
	Number of Lines

	Configurations
	30 lines

	Analogue to Digital Conversion
	8 lines x 4

	Timers
	6 lines x 2

	Loops
	30 lines

	Calculations
	10 to 20 lines

	Data Storage
	40 lines

	LCD Interfacing
	50 lines

	I2C Interfacing
	100 lines

	RS232 Interfacing
	80 lines

	USB Interfacing
	50 lines

	SPI Interfacing
	50 lines

	Other code
	100 lines

	Header Files
	600 lines

	Total
	1,144 lines



Over approximations have been made to allow for any errors.

The RAM for the system is approximated using the program memory information.


[bookmark: _Toc509141399][bookmark: _Toc510818974]4.12.3. Clock Frequency
To calculate the required clock frequency an approximation of instruction cycles are required.
 A/D conversions required for current sensing, temperature and LDR. Below is an overview of the instructions required for an A/D conversion.







The current sensing circuit will be read once every 10 seconds.


 per second

The LDR will be read every 10 second.


Temperature will be read once every 10 seconds. The difference is it will be stored on the SD card. 





For cadence a digital input is required. This input will need to be read for the maximum specified RPM which is around 165. 

This means that the reading will need to be taken at every 200ms. Outlined below are the instructions required for a digital input.





For cadence: 



Three sensors use I2C interface which all have to be initialised and read. I2C requires for the microcontroller to have a built in Master Synchronous Serial Port (MSSP) module. The relevant registers must be set to configure the module as I2C. I2C uses a master and a slave in which communication between the two devices is essential. In this case the microcontroller is the master and the sensor is the slave.









The elevation sensor is I2C and will be read every 1 second.



The real time clock is I2C and will be read every 0.1ms



The vehicle detection sensor is I2C and will be read once every 25ms. This data however will not be stored so the storage instructions are not accounted for.



The other readings which will be taken are from the speed and distance GPS module. This uses RS232 interface. To use this the USART module of the microcontroller must be accessed. To allow this the relevant USART registers must be set. 





For speed and distance calculations are also required to convert the coordinates into speed and distance. 

The GPS will be read every second.


For the display and other instructions not accounted for, 5,000 cycles will be allocated to the total.

For the system a 34 kHz clock is optimal. However due to approximation errors and microcontrollers running at high frequencies the total will be multiplied by 50.

The system running at 2 to 4 MHz is optimal. 

[bookmark: _Toc510818975]4.12.4. Analogue to Digital Convertor Resolution
The system requires five A/D conversions. These are from the current sensing circuit, temperature sensor and LDR. Outlined below are calculations for the minimum required A/D conversion resolution.
The sensing circuit is supplied off 5V. With a 1Ω resistor used the voltage drop across the resistor is as follows:





So an A/D resolution is required to detect a 0.128V drop.
An 8 bit resolution is as follows at 5V:


This is more than enough to register the voltage drop 

For the temperature sensor it provides a positive temperature output and negative temperature output. 
When a positive temperature is read it has a maximum reading of 150˚C with a voltage output of 2.40V. At 0˚C it has a voltage output 0.19V.



This means an 8 bit resolution would not satisfy this. A 10 bit resolution is as follows:

This is enough to satisfy the positive temperature reading.
For the negative reading it outputs at -55˚C with a voltage of 1.13V and at 0˚C measures 0.19V.


The 10 bit resolution is more than enough to satisfy this.
So the microcontroller requires to have at least a 10 bit A/D convertor resolution.
The LDR is not considered as accuracy is not essential.
[bookmark: _Toc509141401]


[bookmark: _Toc510818976]4.12.5. Microcontroller Selection
The required microcontroller will have a minimum of the following specifications.
· Pin Count: 39
· Program Memory: 28.5kB
· RAM: 400 Bytes
· Clock Frequency: 2 to 4 MHz
· A/D Resolution: 10 bit
The following parameters were entered on microchips parametric search in which only one suitable microcontroller was matched. The microcontroller found was ‘PIC 18F45K50’ (table 21). (See Appendix A for search screenshot).
[bookmark: _Toc510819102]Table 21: PIC 18F45K50 Specification Overview
	Name
	PIC 18F45K50 [75]

	Image
	[image: ]

	Program Memory
	32kB

	RAM
	2048 Bytes

	Internal Oscillator
	16MHz

	A/D Channels
	25

	A/D Resolution
	10 bit

	Pin Count
	40

	Price (per 5k)
	£1.41



Although there are no other microcontrollers to compare it against. The selected microcontroller provides optimal program memory, number of pins and A/D resolution at a low cost. Although RAM and the internal clock are regarded as overkill it will not effect the performance of the system.



[bookmark: _Toc510818977]4.12.6. Microcontroller Information
Presented below is information of the internal modules included on the ‘PIC18F45K50’.
4.12.6.1. Enhanced Capture/Compare/PWM (ECCP)
This module is used to control time based pulses. The capture part of this module can write the value of an internal timer when a rising or falling edge of a pulse is detected. The compare module can set an interrupt or change the state of an output pin when the value of the timer reaches a set threshold. Finally the PWM part can output a programmable set square wave at a specified frequency were the duty cycle can be reconfigured. 
An enhanced CCP module includes all three of these elements and more. The other features include selectable polarity for PWM signals, auto detection for shutdown, restart of the module timers and pulse steering control. For this system the CCP module will be used as a PWM signal which will control both LED indicators.

4.12.6.2. MSSP
The Master Synchronous Serial Port (MSSP) is a module which allows for a range of serial interfacing. The microcontroller supports I2C master and slave modes as well as SPI. For this system SPI will be used for the SD card with I2C configured on other pins.

4.12.6.3. High/Low Voltage Detect
This module can be used to detect a set voltage point in terms of high or low power. As a set point is tripped this can generate an interrupt which can perform a sub routine.

4.12.6.4. CTMU
Charge Time Measurement Unit (CTMU) is a module which is used with other analogue modules to provide differential time measurements between pulse sources [75]. The unit can measure changes in capacitance, time and actual capacitance. It can be used in conjunction with capacitive touch screens were measurements can be made from the change in capacitance given from these devices.

4.12.6.5. USART
The built in USART module can be used to interface and communicate with devices using RS-485, RS-232 and LIN/J2602. It features an auto wake up when a start bit is addressed and auto baud detection. This module will be used in the system for interfacing the GPS module.

4.12.6.6. Watch Dog Timer
The watch dog timer module in the PIC microcontroller is a module which can be configured to generate a system reset if the software faults or crashes. This can be used through software or through hardware ICs. This may be done in this system with the watchdog timer configured after each loop.

[bookmark: _Toc509141403][bookmark: _Toc510818978]4.13. Battery
The battery required for the system will need to be 5V as the majority of sensors run off a 5V supply. A 3.3V regulator can be used to drop the voltage for the elevation sensor and the SD card. Below is the total current draw from the system (table 22).
[bookmark: _Toc510819103]Table 22: Total Current Consumption
	Component
	Maximum Current Draw (mA)

	U-BLOX NEO-7M Mini GPS
	35

	Comus PGN-SP-003
	5.2

	GY-68 BMP180
	1

	LM35
	0.060

	MCP7940M-I/P
	0.0012

	RS Pro 763-7918 (four required)
	80

	Garmin LIDAR Lite v3
	130

	JHD521Y/JG
	50

	Microcontroller
	20 max.

	Total
	321.26 mA



This is the total current consumption for the system on at all times. By controlling the backlight of the LCD through the LDR the backlight potentially could be off for the majority of the time. So if approximately there is a 50% reduction in power consumption from the LCD it would make the current draw 25mA. 
Another consideration is that the indicators are not likely to be constantly on. They will be switched on and off for short intervals. They are likely to be off for around 80% of the time so this current can be approximated to 16mA.
Refined total current draw:

For the system to last the specified 7 days with 3 hours cycle time a day:





[bookmark: _Toc510818979]4.13. Battery Selection
The battery must be rechargeable to satisfy the design specification. The battery type regraded as most suitable for this system is a lithium ion battery. Although lithium ion batteries are more expensive than Nickel–metal hydride batteries (NiHM) and other types they have many advantages. 
Lithium ion batteries provide high energy density meaning that they generally have a larger power capacity whilst remaining compact in size. Although they can lose some of their capacity over time they can handle 1000s of recharge and discharge cycles. Lithium ion batteries also possess quick recharge times which would make them a suitable choice for the system.
A 7.3V battery with at least 5,500mAh is required. Below compares selected batteries (table 23).
[bookmark: _Toc510819104]Table 23: Battery Comparison
	
	Ansmann Rechargeable [76]
	Tenergy 7.4V Lion [77]
	Samsung 7.4 Volt Lithium Ion Battery [78]

	Image
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	[image: ]
	[image: ]

	Voltage (V)
	7.4
	7.4
	7.4

	Capacity (mAh)
	6900
	5200
	5200

	Size (mm)
	70 x 37.5 x 37.5
	72 x 70 x 20
	76.2 x 69 x 18

	Weight (g)
	196
	190
	199

	Price
	£23.95
	£35.89
	£42.69

	Score
	14
	13
	11




The battery regarded as most suitable for the system is the ‘Ansmann’ rechargeable battery. This battery provides the most capacity out of the compared batteries and is considerably less expensive. The cost of the other compared batteries is the main reasoning for disregarding them. 

[bookmark: _Toc510818980]4.14. USB
The USB in the system will interface to a PC for data transfer and to recharge the battery. USB 2.0 will be used due to the microcontroller supporting USB 2.0 modules. Due to the selected microcontroller featuring a built in USB module it means that the D+ and D- data pins can connect to the related pins. 
Complexity is with the USB charging. USB 2.0 produces a 5V output with a maximum current of 500mA. However if there is a source trying to draw more than 500mA say at 1amp for example. This would not be good and would end up shutting down the USB. To achieve a limited current draw from the battery a lithium ion charger controller IC is required. Although this could be done in discrete hardware, ICs are cheap and reduce the development and design time. The selected IC is the LM3622 by Texas Instruments. This IC can be used for 8.2V batteries. It was selected due to it being inexpensive and available as standard at many retailers meaning that bulk ordering could be achieved. The circuit functions using a transistor to control the current through the battery. This is fed through a sensing pin were a diode is connected. A current sensing resisitor is connected through ground to provide feedback. Below is the typical application which will be used in the final design (figure 19). 

[image: ]
[bookmark: _Toc510819057]Figure 19: Lithium Ion Controller [79]



Due to the selected battery being at 7.4V (8.4V maximum charge) and the maximum output from the USB being 5V a step up in voltage is required. To achieve this a DC to DC step up convertor IC will be used. The selected IC to be used is the MC34063. This IC provides up to 1amp output and functions from an input range of 3V to 40V. This IC will be used before the control circuitry. The recommended circuit by the manufacturer for a non-inverting step up convertor will be used (figure 20).

[image: ]
[bookmark: _Toc510819058]Figure 20: DC/DC Step Up Convertor [80]

The circuit functions by acting as a high speed switch. The diode prevents the voltage discharging through the internal circuitry. As the internal circuitry on pin one closes current will flow through the coil and through pin one. This effectively shorts out the coil but only for a short time for the coil to build up energy. As the coil increases in energy the voltage increases. The required output voltage is around 9V considering the voltage drop across the control transistor and diode. The output given from the manufactures data sheet is given by:

Therefore to achieve a 9V output if R1 = 1k then R2 will = 6.2k.


[bookmark: _Toc510818981]4.15. SD Card
The system requires external memory to log parameters such as calories burned, distance, speed, date and user entered information. A SD card would provide a suitable means of storage. SD cards are cheap and are easily implemented due to the built in MSSP module on the PIC. A micro SD card is regarded as more suitable to ensure the casing for the system is as small as possible. To implement this in the final design a female micro SD card connector is required.








	












[bookmark: _Toc510818982]5. Final Design

All final circuit designs including a circuit schematic, a PCB layout and software diagrams are presented in the following. 

[bookmark: _Toc510818983]5.1. Initial Block Diagram
Below is a block diagram of the system (figure 21).



[bookmark: _Toc510819059]Figure 21: System Block Diagram




[bookmark: _Toc510818984]5.2. Circuit Schematic
All components used are described in more detail in the previous related design procedure sections. Please refer to ‘Appendix B’ for a full schematic.
[image: ]
[bookmark: _Toc510819060]Figure 22: Battery Charger Circuit

Battery Charger Circuit (figure 22):
· The MC30463 steps up the 5V from the USB bus to around 9.2V with the gain given via R19 and R20.
· C4, C5 and C6 provide power de coupling.
· The LM3622 is used as a charger controller.
· Please refer to ‘USB’ section for detailed workings of the circuit.

[image: ]
[bookmark: _Toc510819061]Figure 23: Voltage Regulator

Voltage regulators (figure 23):
· The 7805 is used to provide 5V from the battery input.
· The 7803 provides 3V from the battery input.
· C8 to C11 are used as decoupling capacitors.
[image: ]
[bookmark: _Toc510819062]Figure 24: Voltage Clamp

Voltage Clamp (figure 24):
· A voltage clamp is used to prevent the voltage exceeding 5V.
· It is connected before the output of a sensor is connected to the microcontroller.
[image: ]
[bookmark: _Toc510819063]Figure 25: I2C Sensors

I2C Sensors (figure 25):
· The I2C bus is a serial bus which allows multiple slave devices to be connected to a sole master device unlike SPI and other asynchronous serial interfaces.
· Although I2C allows multiple devices to be connected it can be slower as for every 8 bits of data transmitted acknowledge bits must be sent. This can make it slower than other serial transmissions.
· However due to the system using only three devices it is satisfactory. 
· The vehicle detection sensor uses a 1Ω resistor in which the voltage can be monitored. 

[image: ]
[bookmark: _Toc510819064]Figure 26: Temperature Sensor
Temperature Sensor (figure 26).
· The LM35 is connected to 5V.
· It has a two analogue outputs due to the configuration used.
· The two outputs are fed into analogue channels on the microcontroller.
· A voltage clamp is used on each output pin (shown in figure 24).

[image: ]
[bookmark: _Toc510819065]Figure 27: GPS module

Speed and Distance GPS (figure 27)
· The GPS is powered from 5V.
· Due to it being UART interface it is connected to the relevant TX and RX pins on the microcontroller.
· A voltage clamp is used to prevent the voltage exceeding 5V on both RX and TX pins (shown in figure 24).
[image: ]
[bookmark: _Toc510819066]Figure 28: Cadence Sensor

Cadence Sensor (figure 28)
· The sensor is connected to 5V.
· Digital output which uses a 10k resistor to pull the output high.
· A voltage clamp is used on the output (shown in figure 24).

[image: ]
[bookmark: _Toc510819067]Figure 29: User Inputs
User Input (Figure 29):
· Uses 10k pullup resistors to connect the button to positive.
· Four buttons are used select, back, indicator right and left.
· These are all connected to digital pins on the microcontroller.

[image: ]
[bookmark: _Toc510819068]Figure 30: LDR Configuration
LDR (figure 30):
· The LDR is connected to 5V with a 10k resistor acting as a potential divider.
· The output is fed into an analogue pin of the microcontroller.

[image: ]
[bookmark: _Toc510819069]Figure 31: USB and SD Card
USB and SD Card (figure 31) 
· The SD card is connected to relevant SPI pins configured in the MSSP module of the microcontroller.
· The CS pin is connected to a digital output pin.
· The USB is connected to the relevant configured pins.
· The USB bus pin is connected to the battery charging circuit.
[image: ]
[bookmark: _Toc510819070]Figure 32: Indicators

Indicators (Figure 32):
· The Indicator LEDs are connected through a transistor.
· The input to the transistor is connected through CCP module pins were a PWM output can be used to control the LEDs.


[image: ]
[bookmark: _Toc510819071]Figure 33: Display

LCD (Figure 33):
· The LCD is powered through 5V.
· The contrast pin is connected to a variable resistor.
· All data pins, enable, RS and CS pins are connected to digital output pins.
· The backlight is controlled by the transistor in which when the LDR is over a particular threshold the backlight will activate.
· This transistor is connected to a digital output pin.

[image: ]
[bookmark: _Toc510819072]Figure 34: Low Battery Indicator

Low Power Indicator (Figure 34)
· The TL431 is used a low power indicator
· The input reference is from the potential divider with the output in the form of an LED.

[image: ]
[bookmark: _Toc510819073]Figure 35: Microcontroller
Microcontroller (Figure 35)
· Shows all inputs and outputs from sensors and modules from the microcontroller.


[bookmark: _Toc510818985]5.3. PCB Design
Below is the PCB layout design for the final system (figure 36 to 41).

[image: ]
[bookmark: _Toc510819074]Figure 36: Composite PCB View
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[bookmark: _Toc510819075]Figure 37: Top Veiw
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[bookmark: _Toc510819076]Figure 38: Bottom View
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[bookmark: _Toc510819077]Figure 39: Top 3D View
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[bookmark: _Toc510819078]Figure 40: Side 3D View

[image: ]
[bookmark: _Toc510819079]Figure 41: Bottom 3D View
	
The PCB is designed so all connectors are situated on the outside of the board as good practice. All signals are connected via copper tracks on the top and bottom layers. For the power rails a copper pour is made for 0V, 3.3V and 5V. This was done to reduce the number of tracks on the board. 

[bookmark: _Toc510818986]5.3. Software Design
Presented in the following section is the software design for the system. It includes the pseudo code and flowcharts for the start-up, user input and main readings.
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[bookmark: _Toc510819080]Figure 42: User Input Flowchart
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[bookmark: _Toc510819081]Figure 43: Main Routine Flowchart
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Below is the overall cost (table 24).
[bookmark: _Toc510819105]Table 24: Final Cost of the System
	Component
	Manufacturer/Product Code
	Source
	Quantity
	Price

	Distance and Speed GPS
	U-BLOX NEO-7 M Mini GPS Module
	Cheap Drones UK
	1
	£21.45

	Cadence Sensor
	Comus PGN-SP-003
	Comus
	1
	£6.29

	Elevation Sensor
	GY-68 BMP180
	banggood.com
	1
	£5.16

	Temperature Sensor
	LM35
	Texas Instruments
	1
	£1.68

	RTCC
	MCP7940M-I/P
	Microchip
	1
	£0.71

	User Input
	EOZ FL Series (Push Buttons)
	EOZ
	6
	£13.38

	Indicators
	RS Pro 763-7918
	RS Components
	4
	£11.44

	LCD Display
	JHD521Y/JG
	Piccircuit.com
	1
	£13.68

	DC/DC Step Up
	MC34063
	Texas Instruments
	1
	£0.99

	Lithium Charger Controller
	LM3622
	Texas Instruments
	1
	£1.43

	Microcontroller
	PIC18F45K50
	Microchip
	1
	£1.41

	Battery
	Ansmann Rechargeable
	RS Components
	1
	£23.98

	USB Module
	USB Module
	Mouser
	1
	£2.22

	SD Card Module
	SD Card Module
	Mouser
	1
	£2.19

	Voltage Regulator
	7805
	RS
	1
	£0.38

	Voltage Regulator
	7803
	RS
	1
	£0.35

	Switch
	C & K Slide Switch
	Farnell
	1
	£0.89

	Resistor
	0.25Ω
	Farnell
	1
	£0.186

	Resistor
	1Ω
	Farnell
	1
	£0.15

	Resistor
	330Ω
	reichelt.com
	2
	£0.28

	Resistor
	180Ω
	reichelt.com
	1
	£0.08

	Resistor
	1kΩ
	Farnell
	5
	£0.70

	Resistor
	6.2kΩ
	reichelt.com
	1
	£0.09

	Resistor
	10kΩ
	Maplin
	11
	£0.33

	Resistor
	18kΩ
	reichelt.com
	1
	£0.14

	Capacitor
	210pF
	Mouser
	1
	£0.54

	Capacitor
	22nF
	Farnell
	2
	£0.80

	Capacitor
	0.1µF
	Farnell
	2
	£0.22

	Capacitor
	0.33µF
	Farnell
	3
	£0.29

	Capacitor
	10µF
	Farnell
	1
	£0.08

	Capacitor
	100µF
	Farnell
	1
	£0.11

	Capacitor
	680µF
	Farnell
	1
	£0.52

	Coil
	17µH
	Mouser
	1
	£1.83

	Diode
	1N914
	Mouser
	1
	£0.78

	Diode
	Generic Diode
	Mouser
	1
	£0.43

	Schottky Diode
	1N5819
	Farnell
	1
	£0.30

	Crystal
	32kHz
	The Pi Hut
	1
	£0.90

	Transistor
	2N1711 (NPN)
	Farnell
	3
	£2.97

	Transistor
	2SA1493 (PNP)
	Farnell
	1
	£0.89

	Potentiometer
	10kΩ
	Farnell
	1
	£1.39

	LDR
	Generic LDR
	Hobby Tronics
	1
	£0.60

	Total
	
	£122.32



This is the total cost of the system without including the vehicle detection sensor. Although this price seems high due to the features of the product it compares relatively well with existing systems in its price range. With the vehicle detection sensor the systems cost would be around £222.32.
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Getting Started
1. Insert a micro SD card into the card slot (located at the top of the computer).
2. Ensure the battery is fitted correctly by sliding the back panel off the computer.

Fitting the Computer
1. Fix the supplied adjustable bracket onto the handle bars fixing at the desired location.
2. Place the computer into the bracket by sliding the computer until a click is heard.
3. Ensure the computer is locked into place before use.

Fitting the ‘Hall-Effect’ Sensor
1. Place the main sensor within the near proximity of the pedal shaft.
2. Fix using the supplied adjustable bracket.
3. Fix the paired magnet on the pedal directly opposite the sensor.
4. Using the supplied cable ties fix the cabling along the bicycles body at the most feasible route.
5. Cable tie any overhanging cable insuring it is not in direct contact with moving parts.
6. Insert the connector into the socket at the base of the computer.

Fitting the Indicator Lights
1. Firstly insure the seating is correctly adjusted to desired level.
2. Fix the indicator with the supplied adjustable bracket at the back of the bicycle on the seat pole.
3. Using supplied cable ties fix the cabling along the bicycles body to the computer at the most desired route.
4. Cable tie any overhanging cables insuring they are not in direct contact with moving parts.
5. Insert the connector into the marked connector labelled (IND).
6. Fix the two control switches to the handle bars.
7. Cable tie any overhanging wire to the computer.
8. Connect to respective slots labelled (RIGHT) and (LEFT).
Note: Always test indicators before rides, never assume they are functioning.

Fitting the Vehicle Detection Sensor
Note this feature is optional and not supplied with the main product.
1. Firstly insure the seat is correctly adjusted to desired level.
2. Fix the sensor using the supplied bracket (note if indicators are fitted use the multipoint bracket provided).
3. Using the supplied cable ties fix the cabling along the bicycles body to the computer at the most desired route.
4. Cable tie any overhanging cables insuring they are not in direct contact with moving parts.
5. Insert connector into slot marked (VDS).

Turning on my Bicycle Computer
1. Slide the power switch to the left (facing screen).
2. Check the display for introductory message.
3. If Low power light is lit then the battery requires charging (see charging my computer section).
4. If the display is functioning the system is on and ready to use.

Start up
1. When starting a new profile you will be prompted with “Enter your Height”.
2. Press the button labelled ‘Select’ to increase height.
3. Press the button labelled ‘Back’ to decrease height.
4. To reset the system from this menu hold the ‘Back’ button for a minimum of 5 seconds.
5. Once you’ve selected a height press the ‘Select’ button to for 5 seconds to enter it (this will be stored on the SD card).
6. After entering height you will be prompted to enter weight and age. To enter these parameters use the inputs described above.
7. Once entered height, weight and age the bike computer is ready to use.




Main Function
1. Once set up you will be prompted with the initial screen shown (image below).
[image: ]
2. All information will be automatically logged by the computer.
3. To switch to display other parameters press the ‘Select’ button.
4. This will display other parameters such as temperature and time.
5. To switch back press the ‘Select’ button again.
6. To reset the whole system press and hold the ‘Back’ button for 5 seconds.

Charging the Battery
1. Plug the USB into a PC with USB 2.0 compliance.
2. Once the system is charged enough the low battery indicator will go out.

Switching off my Bicycle Computer
1. Slide the power switch fully to the right (facing display).
2. Check the display to ensure computer is off.





[bookmark: _Toc510818989]6. Recommendations and Conclusion

Although it is believed the system has beneficial features there can be improvements made. Firstly the implemented low power system only will light the LED after a particular voltage drop. This means the user cannot track when the system is fully charged. To improve this the battery supply could be connected to an analogue pin on the microcontroller. This would allow for the batteries voltage to be monitored through all levels and could be displayed on the LCD. 
Although the system has both PC connectivity and external storage it could add Bluetooth connectivity as provided by many existing systems. To implement this a Bluetooth module will be required to provide connectivity to other devices. This requires complex software algorithms to achieve this. 
One of the main system improvements can come from featuring error detection. Using a watchdog timer can reset the system if any faults or crashes are detected. This can be done through software using the built in modules of the microcontroller.
More functionality may be added to the system which may include sensors such as UV levels. This would be beneficial as it would allow for cyclists to monitor safe UV levels and can indicate whether they require protection. This can be achieved by using a UV sensor module which can be either I2C interface, digital or analogue. Another feature which may be added is to add a bike light which can be controlled through the computer. This can be achieved in a similar way to the indicators already in the system. A transistor can be used to amplify the current and control the LEDs of the bike light. PWM can then be used for brightness and even flash control. This can be inputted by the user to select different lightning modes. To achieve some of these features a larger microcontroller with more pins is required. Using a larger microcontroller would allow for more external features to be added.



[bookmark: _Toc510818990]6.1. Conclusion
Although there are many features and improvements which may be added to the system the core design provides excellent functionality. It is believed the system is easy to use for the user and provides valuable safety features which are beneficial to all types of cyclists. If the recommended improvements were made it would enhance the product even more. Although these additional improvements would be valuable cost should be considered. 
The only drawback to the system is the cost. The cost was much higher than anticipated and although initially targeted at a mid-range price it ended as a premium price. However it does provide additional functionality which many products lack currently on the market. If the system was to be re designed however more consideration would be taken in terms of costing. Overall however the system is regarded a success due to the functionally featured.
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