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1. [bookmark: _Toc510824713]Introduction

The purpose of this assignment is to design a prototype bicycle computer through a specified specification. Included within the report are sections on product comparison, general background research and component research and selection.  The suitable components and methods must be selected to realise and implement the design requirements within the final design.
There are some system features which must be considered in order to complete this assignment and design to be successful. Some of the considerations are presented below:
· Selection of an appropriate microcontroller and any peripheral modules and justify the selection
· Produce a completed circuit diagram
· Describe the general principles of operation of the overall system
· Provide a detailed flowchart and/or pseudocode to explain the proposed general software operation of the device
· Provide a full parts list and the prototype build costs
· Produce an end user guide

2. [bookmark: _Toc510824714]Design Specification

Below is the design specification for followed:
1. Must be based on a Microchip PIC device
2. Must be capable of basic data logging of relevant parameters
3. Must be capable of connecting to a PC via USB for data connectivity
4. Must have an internal rechargeable battery that can run for at least 1 week
5. Must be able to recharge the battery via the USB connection
6. Must be capable of displaying (as a minimum):
· Speed
· Distance
· Cadence
· Elapsed time













3. [bookmark: _Toc510824715]Background Research

An odometer was first developed in the 1600s. These instruments were used in order to measure distances travelled by wagons and other horse-drawn vehicles[1]. Blaise Pascal invented the “Pascaline” in 1645, in which gears has been utilized to calculate the measurement[2].


[image: http://metastudies.net/pmwiki/uploads/PA_1W500.jpg]






In 1847, William Clayton and Orson Pratt designed an odometer called the roadometer and was and built by carpenter Appleton Milo Harmon. The roadometer attached to a wagon wheel and counted the revolutions of the wheel as the wag on travelled.[3]
From the development of the odometer a device named the Cyclometer was developed. This is a device that counted the number of rotations of a bicycle wheel to measure the distance. It was invented by Veeder in 1895. Since then it has been developed to measuring speed by tachometer in 1903.[4]
Nowadays basic models of cyclometers are equipped to liquid crystal display to show the current speed, total distance travelled, maximum speed, current time, trip distance and trip time. The more advanced models may have benefits of additional function such as heart rate, temperature and humidity, GPS navigation, average speed, a stopwatch and pedalling cadence.











4. [bookmark: _Toc510824716]Existing Products

In below five different bike computers are going to be compare in terms of functionality and price.

4.1. [bookmark: _Toc510824717]Giant Neos

Giant Neos ANT+ bike computer is a multi-function cycle computer that pairs with any ANT+ device including Giant Ride Sense. 
Sleek waterproof casing with backlit display and an array of features including cadence and heart rate.


Features:
- Multi function computer
- Pairs with any ANT+ 2.4G Wireless transmitter
- Back light
- Waterproof case

INCLUDES:
STEM/ HANDLEBAR MOUNT
EXTENDED HANDLEBAR MOUNT
ANT+ 2.4 GHz digital wireless transmission 
Smart backlight 
Easy calibration 

FUNCTIONS:
Current speed 
Average speed 
Maximum speed 
Distance 1 
Distance 2 
ODO 1 
ODO 2 
ODO 1+2 
Ride time 1 
Ride time 2[5]






4.2. [bookmark: _Toc510824718]Cateye Strada

Strada simplicity and digital reliability. This amazing Strada Digital Wireless computer is virtually interference free, using amazing 2.4ghz digital technology to transfer speed, cadence data to the compact Strada head unit.
The Strada Wireless boasts the largest screen and numbers in its class. Thanks to the new CatEye ClickTec interface, you can switch modes by simply pressing the bottom of the computer face — easy to do, even on rough terrain.
Your selected mode displays at the bottom of the screen, while your current speed appears at the top in huge, easy-to-read numerals. An up/down arrow tells you how your current speed compares to your average speed.
The innovative FlexTight bracket mounts quickly, securely and tool-free to virtually any handlebar or stem.
Top Features:
The Strada Digital features:
2.4ghz Technology
Programmable Display
Automatic Sensor Recognition
Auto Start/Stop
Battery Indicator
Pace arrow
Programmable odometer
Click-tec
Flextight bracket
Functions include:
Current/Average/Max Speed,
Current Cadence,
Trip Distance 1&2,
Elapsed Time,
Odometer,
Clock
Supplied With ISC-10 Speed/Cadence sensor[6]














4.3. [bookmark: _Toc510824719]Garmin Edge 1030

 For the best possible on the bike performance, the Garmin Edge 1030 Cycling GPS Computer - Performance Bundle ensures that all bases are covered. Bringing together all the metrics you could possibly want and delivering them with everything needed to get started, this performance bundle is ideal for the discerning rider looking to take full control and responsibility for their ride, analysing the minutiae and pushing their limits in every which way they can. With the bundle headlined by Garmin's leading GPS head unit, but improved by the inclusion of an HRM chest strap, speed sensor and cadence sensor, you can make sure to mark your ride out from the get go, and in astounding detail.
FEATURES:
3.5" high-resolution capacitive colour touch screen
Greatly improved waterproofing for more versatile use
External battery available separately can boost battery life up to 20 hours
More mountain bike friendly than ever before
Enhanced popularity routing for better riding
Improved waterproofing
Includes: Charge cable and out-front mount
Preloaded map
Ability to add maps from Strava
Sharp turn ahead alerts
ANT+ and Bluetooth compatible
Battery life: up to 20 hours, extendable up to 40 hours with the optional Garmin Charge power pack
ANT+ and Bluetooth compatible
Incident detection
Strava Live segments
Group Track and live track
Sharp Turn ahead alerts
Phone linkage with Android/Windows phones
Simplified device setup
16 GB plus microSD
Rider to rider messaging between Edge 1030 units on a private network
3.5" high-resolution capacitive colour touch screen
Ability to add maps with ease from Strava files
Audio prompts
Full Varia Compatibility
2-year warranty
Power meter compatible
Training peaks pre-loaded
Text message replies
Wifi enabled
In-ride performance monitoring[7]





4.4. [bookmark: _Toc510824720]Lezyne Mini GPS cycling computer

The Lezyne Mini GPS cycling computer is compact, powerful and ideal for the cycling minimalist. Simply turn it on, press start and go for a ride. Essential ride data is presented on a sharp, easy to read, semi-customisable display and logged for later analysis. The display also features auto-scrolling ride info, custom lap presets and an optional auto start/stop function. An Optimised GPS recording system stores up to 100 hours of data and can easily accessed via flash drive technology. Rides are saved as .FIT files for cross-compatibility with third party interfaces like Strava. Housed in a stylist aluminium bezel, the computers features a simple three-button operation and is micro USB rechargeable for up to 10 hours of runtime.
FEATURES:
The smallest and lightest cycling GPS computer available (30 grams)
No sensors required
Ultra sharp, easy to read and semi-customisable display with backlight
Elegant, machined aluminum bevel
Simple three button operation
Optimized GPS recording stores up to 100 hours of data
Scrolling data ticker and auto start/stop functions
Custom lap presets
Up to 10 hours of runtime
Micro USB rechargeable
Includes X-Lock Standard Moun
SPECIFICATIONS:
Weight: 30g
Runtime: 10 hours
Memory: 100 Hours Max
DIMENSIONS:
Computer 33.4mm (W) x 50.8mm (L) x 22.5mm (H)
Screen: 20.9mm (W) x 24.4mm (L)
CONNECTIVITY:
Upload directly to GPS Root website for ride organizing and analysis
Instant download of ride files (.fit) via plug-and-play flash drive technology (WindowsÂ®/MacÂ®)
Compatible with third-party sites like Stravaâ„¢ and TrainingPeaksÂ®
DISPLAY DATA:
Moving time, ride time, elapsed time
Temperature
Distance: current, trip total, odometer
Time: ride time, clock
GPS signal strength
Battery life indicator
Laps
Elevation: ascent, descent, current
Speed: current, average, max[8]



4.5. [bookmark: _Toc510824721]RANIACO 546c

Built-in steel ball switch shakes while receiving signals, the bike computer will be automatically awake from sleeping mode. Please kindly note slight rattle coming from the odometer device is common as the steel ball is working.
Long gone are the days of a bunch of ugly, tangled wires on handlebars and no need to worry about rainy day. Wireless and waterproof design makes it more convenient and durable.
Small size and light weight cyclocomputer, measuring both speed and distance, and riding time, functions both as a bicycle speedometer and odometer, three numbers which no serious bicyclist or fitness fanatic wants to go without knowing.
The wireless computer backlight can be turned in either day & night mode, so data can be read clearly at any time of a day.
Suitable to all types of bicycles. Often there's no limits of wheel size, but distance between sensor and receiver shouldn't be more than 60cm, transmitter and magnet not more than 3mm, or it may not get the signal.
Specifications: 
Dimensions:56mm*41mm*20mm 
Weight:3oz 
Battery:12V/CR2032 
Screen: LCD display 
Functions: 
1. Record traffic speed (SPD) 
2. Record the total traffic mileage (ODO) 
3. Record the single lane mileage (DST) 
4. The maximum driving speed (MXS) 
5. Show driving average speed (AVS) 
6. Show driving time (TM) 
7. 12/ 24-hour clock (CLK) 
8. Automatic circulatory function (SCAN) 
9. Comparison prompt ("+" "-") 
10. Miles set (KM / hr, M / hr) 
11. The tire circumference is set (SET) 
12. The total length of the initial value setting (SETTING TYRE CIRCUMFERENCE) 
13. Driving data sampling function (FREEZE FRAME MEMORY) 
14. Maintenance reminder function (MAINTENANCE ALERT) 
15. Switch: automatic awake from sleeping mode (AUTO ON / OFF)[9]








4.6. [bookmark: _Toc510824722]Product Comparison

The table below presents existing product comparison.
	[bookmark: _Hlk510539997]Product name
	Giant Neos Ant+ computer[5]
	CATEYE Strada Slim[6]
	GARMIN EDGE 1030[7]
	[bookmark: _Hlk510172720]Lezyne Mini GPS cycling computer[8]
	[bookmark: _Hlk510186292]RANIACO 546c[9]

	Image
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	[image: https://images-na.ssl-images-amazon.com/images/I/71sJdKWv1zL._SL1000_.jpg]

	Battery Life
	33 hours
	10000 Km
	20 hours
	10 hours
	12V

	Speed
	
	
	
	
	

	Distance
	
	
	
	
	

	Cadence
	
	
	
	X 
(separate sensor can be fitted)
	X

	Temperature
	
	
	X
	
	X

	Real time
	
	
	
	
	

	Additional Features
	-Multi-function computer
-Smart back light
-Waterproof case
-Easy calibration
	-Programmable Display
-Automatic Sensor Recognition
-Auto Start/Stop
-Battery Indicator
-Pace arrow
-Programmable odometer
	-16 GB plus microSD
-Wifi enabled
-3.5" touch screen
-External battery
-Enhanced popularity routing for better riding
-Improved waterproofing
-Preloaded map
-Ability to add maps from Strava
-Sharp turn ahead alerts
	-No sensors required
-Ultra sharp
-Optimized GPS recording stores up to 100 hours of data
-Auto start/stop functions
-Micro USB rechargeable
-Includes X-Lock Standard Moun
	-The tire circumference is set 
-The total length of the initial value setting
-Driving data sampling function 
-Maintenance reminder function 
-Switch: automatic awake from sleeping mode

	Connectivity
	Pairs with any ANT+ 2.4 GHz digital wireless transmission
	2.4ghz Wireless Technology
	Bluetooth and ANT+
	-Upload directly to GPS Root
 
	Wireless

	Price
	£35.99
	£39.99
	£550.00
	£65.99
	£9.99


[bookmark: _Hlk510822384]Table 1: indicates comparison table of five different bike computer
From comparison of above table and available descriptions of each product on their website, it can be confirming that “Cateye Strada” ticks all the boxes that expect for a basic cycle computer, and all in a slim, light package. This is also a good computer if biking between road and mountain is interested, as there is the option to have more than one bike with different wheel sizes pre-programmed into the device.
Cateye Strada is smaller than an average wristwatch, it’s just 4.5cm x 3cm x 1cm, but with the screen taking up the majority of the space and being well laid out, it’s really easy to read, despite its minute size. The head unit mount, bar or stem compatible, looks slightly bulky because of the tool-less approach, but a tiny modification makes it attachable with a zip-tie, which makes for an ultra-clean look. Another neat feature of the Cateye Strada Wireless is the lack of buttons. It just simply needs press the lower part of the head unit to scroll between functions.[10]

[bookmark: _Toc510824723]5. Design Selection
In this section the design method is presented. The method opted for in this assignment is component compression through research. In each subsection sensors for Cadence, Speed, Distance, Temperature and Humidity and Positioning are identified.
[bookmark: _Toc510824724]5.1. Cadence
Cadence or pedalling rate is the number of revolutions of the crank per minute (RPM) akin to a speedometer or pedometer. Many users have attempted to use the pedometer as a way of measuring distance, speed or even effort when cycling, but such a sensor proves inadequate in gauging data during cycling training. Cadence is directly proportional to wheel speed but is a different measurement and depends to the gearing, which determines the ratio of crank RPM to wheel RPM. This is the rate at which a bikers and cyclist is pedalling/turning the pedals to maximizing workout results.[11]

[bookmark: _Toc510824725]5.1.1. Techniques to measuring Cadence 
There are different techniques to measure the RPM and varies models of RPM sensors available in the market. In below some of them are going to be compare against each other.
•	Optical 
· Reflective
· Beam breaker (descriptive)
•	Magnetic
· Hall effect
· Coil
•	Switch
[bookmark: _Toc510824726]5.1.2. Cadence Techniques Comparison Table

	
	Reflective 
	Beam breaker 
	Hall effect 
	Coil
	Switch 

	Contact type
	Non-contact
	 Non-contact
	Wired/contact
	Wired/contact
	Wired/contact 

	Accuracy
	High 
	Medium 
	High 
	High 
	Low

	Ruggedness
	Low 
	High
	Medium 
	High 
	Medium

	Size 
	Small 
	Small
	Small
	Small
	Medium	


Table 2: indicates comparison table of different techniques for measuring cadence

After comparing each application for measuring RPM, it is obvious that Hall Effect sensors are not affected by ambient conditions, such as dust, humidity, and vibrations and because they do not have contact with neighbouring mechanical parts, making these sensors strong and sensitive enough to detect movement. Hall Effect sensors were developed in 1950 and have come a long way to become a major requirement for several industrial and automotive applications. They also benefit small conductivity and large voltage through semiconductor material structure that display low carrier density. There are more advantages of using hall effect sensors to measure cadence such as reproducibility and reliability, high speed operation, measuring zero speed, working in a wide temperature range, providing high repeatable operation, and capable of measuring a large current.[12]
[bookmark: _Toc510824727]5.1.3. Cadence Sensors comparison
In table below 5 of different Hall Effect sensors will compare to choose the best one for this section.
	Product Name
	SZYT 
F49E 
49E 
S49E[13]
	Taiwan Semiconductor
TSH481CT B0G[14]
	YourCee U18 US1881 OH188 1881U18[15]
	kechuangte SS443A[16]
	DiodesZetex AH180-PG-A[17]
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	Voltage Supply (V)
	2.7 – 6.5  
	3 – 6.5
	3.5 – 24 
	3.8 – 30
	2.5 – 5.5

	Current Supply
	6mA
	5mA
	5mA
	10mA
	3mA

	Current Output (Max)
	10mA
	1.5mA
	50mA
	20mA
	9mA

	Output Type
	Analogue
	Linear 
	Digital
	Digital
	Digital 

	Operating Temperature
	-40 – 100°C
	-40 – 85°C
	-40 – 150°C
	-40 – 150°C
	-40 – 85°C

	Sensing Range
	1 – 1.75 mV/G
	500 – 800G
	9.5mT Trip 
-9.5mT Release
	18mT Trip 7.5mT Release
	10 – 60Gs

	Price 
	£0.84
	£0.486
	£1.00
	£8.55
	£0.591


Table 3: indicates comparison table of five different hall effect sensors
AH180 is a Hall-Effect switch designed for portable and battery powered equipment. Based on two HallEffect plates and a chopper stabilized architecture the AH180 provides a reliable solution over the whole operating range. To support portable and battery powered equipment the design has been optimized to operate over the supply range of 2.5V to 5.5V and consumes only 24uW with a supply of 3V.
Features are such as:
· Omnipolar (north or south pole) operation
· Micropower operation
· Single open drain output
· 2.5V to 5.5V operating voltage
· Chopper stabilized design provides
• Superior temperature stability
• Minimal switch-point drift
• Enhanced immunity to stress
· Good RF noise immunity
· -40°C to 85°C operating temperature[17]
[bookmark: _Toc510824728]5.2. Speed
This section is going to briefly discuss about the speedometers, how they work and what the future may hold for speedometer design. A speedometer or a speed meter is a device that measures and displays the speed of a vehicle.
Like as other technologies, the first speedometers were expensive and available only as options until 1910 that cars manufacturers began to include the speedometer as standard equipment. In 1923 the first Otto Schulze Autometer (OSA) speedometer was built and its basic design didn't change significantly for 60 years.[18] 
The calibration of the speedometer must be considered as several factors, including the ratios of the gears in the drive cable, the final drive ratio in the differential and the diameter of the tires. All of these factors affect the overall speed of the vehicle. Take tire size, for example. When an axle makes one complete turn, the tire it's connected to makes one complete revolution. But a tire with a larger diameter will travel farther than a wheel with a smaller diameter. That's because the distance a tire covers in one revolution is equal to its circumference. So a tire with a diameter of 20 inches will cover about 62.8 inches of ground in one revolution. A tire with a diameter of 30 inches will cover more ground -- about 94.2 inches.[19]


Typical bicycle speedometers measure the time between each wheel revolution, and give a readout on a small, handlebar-mounted digital display. The sensor is mounted on the bike at a fixed location, pulsing when the spoke-mounted magnet passes by.

[image: ][20]


[bookmark: _Toc510824729]5.2.1. Technique to Measuring speed
There are different techniques to measure the Speed and varies models of Speed sensors available in the market. In below some of them are going to be compare against each other.

•	Optical 
· Reflective
· Beam breaker (descriptive)
•	Magnetic
· Hall effect
· Coil
•	Switch
•	GPS



[bookmark: _Toc510824730][bookmark: _Hlk510823908]5.2.2. Speed Techniques Comparison Table

	
	Reflective 
	Beam breaker 
	Hall effect 
	Coil
	Switch 
	GPS

	Contact type
	Non-contact
	 Non-contact
	Wired/contact
	Wired/contact
	Wired/contact 
	Non-contact

	Accuracy
	High 
	Medium 
	High 
	High 
	Low
	High

	Ruggedness
	Low 
	High
	Medium 
	High 
	Medium
	High

	Size 
	Small 
	Small
	Small
	Small 
	Medium	
	Small


Table 4: indicates comparison table of different techniques for measuring speed

After comparing each application for measuring Speed, it is obvious that GPS devices are positional speedometers, based on how far the receiver has moved since the last measurement. Its speed calculations are not subject to the same sources of error as the speedometer (wheel size, transmission/drive ratios). Most speedometers have tolerances of some ±10%, mainly due to variations in tire diameter. Speedometers accuracy are also can vary based on several factors, most notably differences in wheel size due to wear, pressure, and temperature. Instead, the GPS's positional accuracy, and therefore the accuracy of its calculated speed, is dependent on the satellite signal quality at the time. Speed calculations will be more accurate at higher speeds, when the ratio of positional error to positional change is lower. The GPS software may also use a moving average calculation to reduce error.[21]
With a clear view of the sky, GPS speed has shown to be more accurate than most vehicle speedometers. “GPS isn’t perfect, but it’s a lot more accurate than a vehicle speedometer.
[bookmark: _Toc510824731]5.2.3. Speed Sensors Comparison
In table below 5 of different GPS sensors to measuring speed will compare to choose the best one for this section.
	Product Name
	RF Solutions GPS-622F[22]
	ADAFRUIT INDUSTRIES 746[23]
	Quectel L76-M33[24]
	NEO-7
u-blox 7 GNSS[25]
	Quectel L70B-M39[26]
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	Voltage Supply (V)
	2.7 – 5.5 
	3.3 – 5 
	2.8 – 4.3
	2.7 – 3.6 
	2.8 – 4.3

	Current Supply
	50mA
	20mA
	18mA
	10mA
	12mA

	Current Output (Max)
	70mA
	20mA
	25mA
	67mA
	18mA

	Output Type
	UART
	I2C
	UART
	UART
	UART

	Operating Temperature
	-20 – 65°C
	
	-40 – 85°C
	-40 – 85°C
	-40 – 85°C

	Number of Channel 
	65
	66
	33 (Tracking), 99 (Acquisition)
	56
	22 (Tracking), 
66 (Acquisition)

	Price 
	£19.04
	£28.74
	£9.71
	£15.55
	£8.66


Table 5: indicates comparison table of five different GPS sensors

The NEO-7 series benefit from the exceptional performance of the u-blox 7 GNSS (GPS, GLONASS, Galileo, QZSS and SBAS) engine. The NEO-7 series delivers high sensitivity and minimal acquisition times in the industry-proven NEO form factor and provides maximum sensitivity while maintaining low system power. The NEO-7M is optimized for cost sensitive applications, while NEO-7N provides best performance and easy RF integration. The combination of a high level of integration capability with flexible connectivity options makes it perfectly suited for industrial applications with strict size and cost requirements.
Features are such as:
· Programmable
· RTC crystal
· Extra front-end LNA
· Front-end SAW filter
· Oscillator
· Antenna supply
· Time pulse
· External interrupt/wakeup
· Antenna short circuit detection/protection
· Antenna open circuit detection pin[25]
[bookmark: _Toc510824732]5.3. Distance
As mentioned previously an odometers are a device used for measuring the distance travelled by a vehicle, such as a bicycle or car. The device may be electronic, mechanical, or a combination of the two.
For as cheap as possible device a basic bike odometer with an LCD display can be purchased. These units attach to the handlebars and fulfil several functions and run on standard batteries. In another case, for odometer it should be double checked to ensure that it displays the mileage in the system of measurement that is preferred as kilometres or miles or both.
The cost of odometers are depending on the quality of the unit, the information it provides and whether it has a back-lit screen and other options. These units weigh a couple of ounces and track everything from speed to trip time, trip distance, temperature, clock time and calories burned. The computers are useful for optimizing workout routine, and some even include heart monitors.[27]
[bookmark: _Hlk510803341][bookmark: _Toc510824733]5.3.1. Technique to Measuring Distance
An odometer can measure the distance and it may be off depending on whether the odometer is properly calibrated for tire size and other factors.
The pedometer can be translated into distance if couple of options are specified. Many pedometers ask to measure wheel size and enter it into user profile, then it automatically calculates the distance. For this to be reliable, the information have to be very accurate which is not possible and always ends up with some errors. Therefore, it's wise to use the pedometer distance reading only to get an estimate and not to rely on it as an official reading.
Nowadays, GPSs for cyclists are more precisely and it can display both speed and distance and may link with heart rate monitor straps or have LED pulse detection built in. They may be more convenient for checking on the fly compared to mobile phone app, but they are fairly expensive. More and more smart watches and fitness bands are incorporating GPS for distance and speed readings as well, such as the Apple Watch 2 and Fitbit Surge.[27]
[bookmark: _Toc510824734]5.3.2. Distance Technique comparison table
Technique to measuring distance are same as speed measurement as well as same comparison table.
[bookmark: _Hlk510805531][bookmark: _Toc510824735]5.3.3. Speed Sensors Comparison
[bookmark: _Hlk510805629]“NEO-7 u-blox 7 GNSS” has been utilized to measure the distance.
[bookmark: _Toc510824736]5.4. Positioning
Bike GPS units became a vital tool for competitive mountain bikers, cyclists, and many avid lovers of two wheels, allowing them to track riding performance, speed, distance, altitude, location, position and vitals. It’s not only a great way to track movement or heartbeat, but it can also increase safety and indicate the way back home from an unknown location in case of scat.
Bike GPS Units or GPS Computers, unlike bike basic computer’s magnets measuring wheel rotation, get their data from connectivity with a network of Global Positioning System (GPS) satellites placed around the earth. These satellites determine the exact position of the bike GPS device and, as traveling between points, they are able to record the speed of the ride. Quality models should also offer compatibility with GLONASS, the Russian version of GPS. Depending on the price, the features and functionality of an individual product can vary.[28]
[bookmark: _Toc510824737]5.4.1. Technique to Measuring Position

In the past, cycling GPS devices were primarily for riders who wanted 'pure' navigation and trail guidance. 
However, their usage has changed greatly, and these devices now combine navigation, regular bike computer functions, heart rate monitors and lots else into one unit. The GPS is now just as much a dedicated training tool and ride tracker as it once was a navigation unit.
GPS bike computers are now also hitting price points that rival basic bike computers. Using GPS technology to provide speed and distance information means it's no longer necessary to use wheel-mounted magnets and sensors, so switching the computer between bikes has never been easier.[29]
[bookmark: _Toc510824738]5.4.2. Positioning Sensors Comparison

As well as speed and distance, “NEO-7 u-blox 7 GNSS” has been utilized to indicate the positioning.
[bookmark: _Toc510824739]5.5. Temperature and Humidity
There are humidity probes, transmitters and sensors are available in the market with combination of analogue outputs each for humidity and temperature or a digital output that can help to maintain an accurate moisture control in a variety of applications. The variety could be such as humidity probes in miniaturized design, micro-modules or as robust humidity probes for challenging, industrial purposes. They also can be connected to a data logger, PC or SPC[30]. Below these to be compared against each other for the suitability of the design.
[bookmark: _Toc510824740]5.5.1. Techniques to measuring Temperature and Humidity 
There are varies models of temperature and humidity sensors available in the market. Thermistor, thermocouple, thermometer, infrared, pyroelectric detector, colour pyroelectric detector includes some examples.
[bookmark: _Toc510824741]5.5.2 Temperature and Humidity Techniques Comparison Table
	
	Thermistor
	Thermocouple
	Thermometer
	Infrared
	Resistor temperature detector
	Semiconductors

	Contact type
	Wired/contact 
	Wired/contact 
	Contact 
	Non-contact
	Wired/contact 
	Contact 

	Accuracy
	High 
	Medium 
	Medium 
	High 
	Medium
	High 

	Ruggedness
	Low 
	High
	Medium 
	High 
	High
	High 

	Size 
	Small 
	Small
	Medium 
	Small 
	Small 	
	Small 


Table 6: indicates comparison table of different techniques for measuring temperature and humidity

Regarding design specification and peripheral limitation of the bike body, it is better that sensors have to be not connected to the body of the bike. Therefore, sensors with pins that can be mounted to the circuit are the best choice for measuring temperature and humidity.


[bookmark: _Toc510824742]5.5.3. Sensors Comparison Table 
Below five of different type of these sensors are going to be compare for best design configuration.

	[bookmark: _Hlk501722450]Brand / Model
	[bookmark: _Hlk501795794]TE Connectivity / HPP809A031[31]
	Sensormetrix / IP67 TEMP SENSOR 3M[32]
	INNOVATIVE SENSOR TECHNOLOGY / HYT221[33]
	Sensirion / SHT71[34]
	Honeywell / HIH6020-021-001[35]

	Photo
	[image: TE Connectivity HPP809A031, Temperature & Humidity Sensor -40 → +85 °C ±5%RH Analogue]
	[image: Sensormetrix IP67 TEMP SENSOR 3M, Temperature Monitor -10 → +70 °C ±0.5°C 1-Wire, 4-Pin]
	[image: IST INNOVATIVE SENSOR TECHNOLOGY HYT221, Temperature & Humidity Sensor -40 → +125 °C]
	[image: Sensirion SHT71, Temperature & Humidity Sensor -40 → +123.8 °C 3% Serial SIP, 4-Pin]
	[image: Honeywell HIH6020-021-001, Humidity Sensor -40 → +100 °C ±4.5%RH Serial-I2C SIP, 4-Pin]

	Temperature Range (°C)
	-40 to +85
	-10 to +70
	-40 to +125
	-40 to +123.8
	-40 to +100

	Humidity Range
	0 to 100
	0 to 100
	0 to 100
	0 to 100
	0 to 100

	System Accuracy
	±5%RH
	± 0.5°C
	±0.2(Temp) K, ±1.8(Humidity)%
	3% RH
	±4.5%RH

	Output Type
	Analogue
	1-Wire
	Serial
	Serial
	Serial

	Power supply
	3 to 10V
	0 to 5V
	2.7 to 5.5 V
	2.4 to 5.5 V
	2.3 to 5.5 V

	Price (£)
	56.52
	90.07
	38.17
	17.36
	8.99


Table 7: indicates comparison table of five different temperature and humidity sensors

SHT71 is a humidity and temperature sensors with pins. The sensors integrate sensor elements plus signal processing in compact format and provide a fully calibrated digital output. A unique capacitive sensor element is used for measuring relative humidity while temperature is measured by a band-gap sensor. Some of the features also included in below such as:
· Excellent reliability and long term stability. 
· 14bit analogue to digital converter and a serial interface circuit. 
· Superior signal quality
· Fast response time
· Insensitivity to external disturbances (EMC)
· 2-wire serial interface and internal voltage regulation
· Easy and fast system integration.
· The small size and low power consumption 
· Supplied on FR4 with pins which allows for easy integration or replacement[34].

[bookmark: _Toc510824743]5.6. Low Battery Indicator

Feeding the connection from battery to analogue input and connect the LED to digital output of microcontroller. By monitoring the voltage from the battery, a threshold can be set. Once the battery voltage drops below this threshold the Led will light on[36].




[bookmark: _Toc510824744]5.7. Bike Light
The CCP module, configured in PWM mode, is ideal for varying the intensity of an LED. Adjustments to the intensity of the LED are made by simply varying the duty cycle of the PWM signal driving the LED. This is accomplished by varying the CCPRxL register between 0 and 0xFF. The intensity of an LED can be varied by pulse width modulating the voltage across the LED. A microcontroller typically drives an LED.
[image: ]The purpose of R1 is to limit the LED current so that the LED runs in its specified current and voltage range, typically around 1.4 volts at 20 mA. Modulating the LED drive pin on the microcontroller will vary the average current seen by the LED and thus its intensity. LEDs and other light sources should be modulated at no less than 100 Hz in order to prevent noticeable flicker[37].
In addition, due to not being able test components it is unclear how many LEDs will be needed in terms of brightness. However, 2 LEDs for front and 2 LEDs for rear of the bike have been considered.
[bookmark: _Toc510824745]5.8. Microcontroller

Microcontroller cannot be selected till number of parameters will verified. These parameters are:
· How many analogue input
· How many digital input
· How many output
· Amount of memory
· How to store data
· What to do with information been stored 
This clarification will assist to not picking up as biggest microchip as possible when only smaller version of it can offer everything that needed in piratical purpose. It effects to the land of PCB that employers have to pay for, that is much bigger than it should be. It’s good to leave the headroom but it doesn’t mean that choose the biggest one to having plenty of scope.





[bookmark: _Toc510824746]5.8.1. Microcontroller Calculations

Approximation of calculation are taking a place in this section in order to approaching to the best choice of microcontroller.
[bookmark: _Toc510824747]5.8.2. Analogue / Resolution:

[bookmark: _Hlk510811433]
Assuming 8-bit resolution is required. Hence:
[bookmark: _Hlk510812290] 
Because 0.022 is less than 0.014, therefore, 8-bit is enough in term of resolution.

[bookmark: _Toc510824748]5.8.3. Program lines calculation
Digital ≈ 50 lines
Analogue ≈ 20 lines
RS232 ≈ 100 lines
USB ≈ 100 lines
SPI ≈ 80 lines
I2C ≈ 200 lines (due to refresh rate)
Header files and others ≈ 150 lines
Total = 700 lines
Hence: 1KB ≈ 40 lines

[bookmark: _Toc510824749]5.8.4. RAM












[bookmark: _Toc510824750]5.8.5. Microchip Selection  

PIC18f25K50 has been used from microchip site trough specifying the parameters.

[image: ][38]











[bookmark: _Toc510824751]5.9. Rechargeable Battery
Lithium-ion batteries are high performance energy storage devices used in many commercial electronic appliances. Certainly, they can store a large amount of energy in a relatively small volume[39].
In below some of lithium-ion batteries are going to be compare.
	Brand / Model
	RS Pro 3.7V Li-Po Rechargeable Battery, 2000mAh[40]
	ENIX Energies 3.7V Rechargeable Lithium Battery Pack, 1840mAh[40]
	Ansmann 3.7V Rechargeable Lithium Battery Pack, 7800mAh[40]
	[bookmark: _Hlk510816584]LG 3.6V Rechargeable Lithium Battery Pack, 2600mAh[40]

	Photo
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	Capacity
	2000mAh
	1840mAh
	7800mAh
	2600mAh

	Nominal Voltage
	3.7V
	3.7V
	3.7V
	3.6V

	Terminal Type
	Wire Lead
	Wire Lead
	Wire Lead
	Wire Lead

	Price (£)
	£14.16
	£31.79
	£28.26
	£13.90



Battery must run for 7 days. Assuming ride time is 3hours per day. 
Therefore 7 x 3 = 21 hours weekly riding.
The overall current that circuit is taking approximately 120 milliamperes.
Hence: 21 x 120 = 2520mAh
LG 3.6V with 2600mAh capacity is close enough to the required battery and its also cheap on price.

[bookmark: _Toc510824752]5.9.1. Low Battery Indicator

To achieve a low battery indicator a LED will be connected to a digital output pin on the PIC. An analogue reading will be taken from the battery in which a compared set threshold will be set in software. Once the threshold of the battery drops below a threshold it will set off an LED (Red). Once the power is recharged in the battery the green LED is lit.






 
[bookmark: _Toc510824753]6.Final Design
For the final design circuit proteus software has been utilized.
[bookmark: _Toc510824754]6.1. Proteus Design
[image: ]
[bookmark: _Toc510824755]6.2. Software Design
[image: ]


[bookmark: _Toc510824756]7. User Manual
[bookmark: _Toc510824757]7.1. Turning On the device

1. Press and hold the “RESET” button until display turns on.
2. Read messages appeared on the display.
3. On the top left corner battery is indicating its capacity. Battery needs to be charged In Low Power Mode when battery symbol is flashing.
4. If the battery is fine and display is indicating properly the system is ready to use.

[bookmark: _Toc510824758]7.2. Starting Up
1. When the system is starting in first page options appear such as battery symbol, current time, cadence, temperature and humidity.
2. Press the “MODE” button to put the device to sleep mode and/or changing the brightness of display. 
3. Press “BACK” button to move from first page to GPS page or vice versa.
4. In the GPS page options can be monitored such as GPS navigation graphic, speed, distance and positioning.
5. To reset the system simply press “RESET” button.
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