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[bookmark: _Toc510737157]Introduction
In this report we will be looking at the development and design of a Bike computer it will be based on a Microchip (PIC) device.  A USB connection will be used to send data to a Pc from the bike computer and charge the device. Some of the minimum requirement will be to collect data on (as a minimum):
· Speed
· Distance
· Cadence
· 1 week of runtime
· Elapsed time
There has been some extra sensor added to help the individuals using the Bike computer in this project iv decide to go down the route of health information by adding C02 sensor will allow the user to know when riding in dangerous levels of air quality. Making sure that the user does not overheat as a humidity sensor and temperature sensor has been added to knowledge and advice when to take breaks from riding to cool down.
People who are using the bike in mounting areas should also be aware how much pressure they are under as this can cause light headiness and sometimes making a person unconscious this is known as altitude sickness.
A UV sensor had been added to aid and advice the user to wear sunscreen or protective clothing this with all the other sensor should be everything you need to know what type of environment you’re actually training in and saves all data on SD card.

Saving all data on SD card gives the rider the ability to see if any outside factors are affecting the Cadence, Elapsed time of their biking performance.













[bookmark: _Toc510737158]Review of portable bicycle computer systems
	
[bookmark: _Toc510737159]Introduction
After Reviewing Different bicycle computer systems, it was possible to see the full range from consumer to professional device. Some product had only one built in a sensor such as GPS and did not use any other sensor on their device this was good with conserving power and elongating the battery life for a better user experience. A lot of the Advance system came with multiple sensors such as heart rate monitors and Sat-Nav systems all built around a touch screens control these advanced systems will drain power at a higher rate have a lot higher power usage can mean a product can only run for a short amount of time without recharging


[bookmark: _Toc510737160]Topeak Panoram V10X Wireless 10 Function Cycle Computer
[image: ]This 10 Function Cycle Computer Comes with a few features such you can use gloves on the device when handling the one button operation. Features: current speed, average speed, max speed, trip distance, odometer, average ride time, ride time, low battery indicator, 12/24-hour clock and speed pace indicator. With a large mode button that allows the user to scroll quickly through functions. Weight: 24 g (computer only) [28]
[image: ]

[bookmark: _Toc510737161]Sigma Rox 11 Cycle GPS with Heart Rate Monitor – Black
The sigma Bike computer is very powerful device measuring a wide range of values the heart rate monitor Allows the user to make sure they're not pushing them self too far too fast to avoid anybody strain. The GPS sensor collects all the data need for   Total ride time for several bike Total Ride Time / Overall training time Maximum Speed Actual Speed Estimated time of arrival (ETA). It also comes with a temperature sensor. All relevant training data is transmitted to the computer via ANT+ segments encourage users to get more personal bests With GPS route navigation [27] [image: ]
[bookmark: _Toc510737162]
Lezyne's Micro Colour
This cycling computer is one of the best on the markets with GPS colour screen to enhance the user experience The GPS offers rote navigation being able to connect this riding compute to your phone allows for phone notifications straight to the bike compute free though Lezyne Ally app. paired over Bluetooth Smart. [26]
[image: ]
The Lezyne Micro Colour allows another device to connect through Bluetooth such as heart rate monitors and speed/cadence sensors Weighing only 29g life of up to 14 hours
Some features
· Extremely weather resistant
· Includes X-Lock Standard Mount
· Stores up to 200 hours of ride data
· upload directly to GPS root website for ride analysis
· Calories counting
· Temperature sensing
· High resolution, easy to read screen 
[bookmark: _Toc510737163]Product evaluation
After Researching into other devices, I have picked a few sensors that I would not usually find in a cycling computer to put it out from the rest iv also taken some idea from other products like collecting data on SD card and Measuring temperature,
In this project it has been deciding to measure C02, VOCs, temperature, pressure, humidity, UV sensor, cadence elapsed time, GPS sensor all these reading will help with daylily biking the UV and air quality sensor is one that is not normally added to a biking a computer but helps a lot with overall health. the high volume of C02 can cause major health problems people who use their bikes in city’s or high polluted areas should know how what times of the day are the least polluted to give them a longer more longevity.



[bookmark: _Toc510737164]Microcontroller selection
[bookmark: _Hlk508364330]
The microcontroller that is needed for this assignment must support a lot of different data transfer such I2c, SPI, Analog, Digital and rs232ttl. All this data must be transferred and save fast to not cause any delays in data collection. All data will be saved to an SD card to create more data collection space 
After working out the sensor that is needed for the Biking computer is was possible to have an outline of the requirement for the PIC these are the specifications that are minimal for this project
	Pins
	Operating Voltage Range (V)
	Clock speed
	Digital inputs
	Analogue inputs
	Ram
	Program Memory
Flash
	Analogue to digital 
	Data bus
	Digital Communication Peripherals

	20+
	3.3v-5.5vmax
	12-16megs
	3
	2
	160bit
	16k
	10ch+ 
10-bit
	8bits
	1-UART,
1-SPI
1-usb
I2C1




6 Microcontrollers are reviewed for this project but not all are suitable for reading all the datasheets from these PICs. With the project needing to handle a lot of connections (data transfers), this was needing to be done while running in a low power mode.




[bookmark: _Toc510737165]Pic16f1455
This chip offers a lot of power in a small 14 pin containing Flash Program Memory with self-read/write capability with 2x Standalone PWM Modules 10 Channel 10-bit ADC with Voltage Reference 2 Analog Comparators 5-bit Digital to Analog Converter (DAC) Enhanced Power-On/Off-Reset Extreme Low Power (XLP) ‘LF’ Variant (1.8V – 3.6V) These features allow for many uses.[40]
[image: ][image: ]

[bookmark: _Toc510737166]Pic16f1459
The 16f14 family contains a lot of small devices that pack a punch in power boosting a 12MIPS CPU with on board Flash of memory of 14kb with 9 analogue to digital channels allowing for a variety of I/O options Some features are High Endurance Flash Memory (HEF) 128 B of Non-volatile Data Storage Universal Serial Bus 2.0 Module with clock recovery from USB host 2x Standalone PWM Modules 10 Channel 10-bit ADC with Voltage Reference 2 Analog Comparators 5-bit Digital to Analog Converter (DAC) MI2C / SPI Module Wide Operation Voltage Variant ‘F’ (1.8V – 5.5V)[41]
[image: ][image: ]











[bookmark: _Toc510737167]PIC18f14k50
The smallest of the PIC18f family but still have all the ease of use as with a C Compiler optimized architecture Allowing use of USB with the USB v2.0 compliant interface Supports. Containing I2C/SPI Interface I2C™ ports 10-bit, 9-channel ADC Module Rail to Rail operation 1.8 to 5.6V Operating[35]
[image: ]
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[bookmark: _Toc510737168]Pic18f24l50 
The 28 pin Pic18f2450 contains 1-UART, Program Memory (KB) 16 ADC 10 ch, 10-bit this chip is compact Full Speed USB applications (12Mbit/s). The Enhanced Flash program memory allows operation when disconnected from the bus and easy field upgrades via the USB port. [4]
[image: ]
[image: ]






[bookmark: _Toc510737169]Pic18f25k50
This chip would have been perfect for the project contain 32 (KB) Program Memory 28 pint USB capability 14chanels of 10 bits Analog-digital conversion. 2048bytes of ram would have been plenty as SPI ports allow an external SD card that will be added. With an operating voltage range of 1.8v to 5.5v. A low price range of £1.84 per 1-25 this chip would be useful for many projects. [39]

[image: ]
[image: ]









[bookmark: _Toc510737170]Pic18f45k50
This 40 pin chip is perfect for a future aspect of the device. This allowed more sensors to be added for more accurate readings. This chip would be able to handle most projects and it contains High-performance PIC18 core these family of chips are powerful chips being able to work at a fast rate and not losing on ports and power consumption.
The Pic18f45k50 is the Perfect System for the Biking project and has been handpicked for the need for the report. This PIC contains all needed port and function that run at suitable Response time. Being able to operate on the 3.3v need for this project was a must this succeeded to fill that goal.
USB connection comes as an in-built model for this device allows for the better transfer of data from the SD to USB
The Enhanced Addressable USART Module will allow for faster data transfer. Working on a low power consumption reviewing this Pic from the perverse project as it suited both projects
[image: ] [38]
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[bookmark: _Toc510737171]Package for the system	
A custom Package will be made to hold This product its and made from strong plastic. Being made ip65 and above to make sure the product it Sealed and waterproof.
[bookmark: _Toc510737172]Storage	

[bookmark: _Toc510737173]USB
ASSMANN WSW Right Angle, Through Hole Type A USB Connector, Receptacle £0.634 [25]
[image: ]
[bookmark: _Toc510737174]SD Card
Hirose 8 Way Right Angle Micro SD Memory Card Connector with Solder Termination £1.66 [24]
This will be the device that would be used in the final product.
[image: ]
JST 8 Way Micro SD Memory Card Connector with Snap-In Termination £0.965 [42]
This SD Card slot could be used for prototyping as it comes pre-mounted to a PCB
[image: ]
SanDisk SDSDU-064G-U46 Ultra Class 10 Memory Card up to 30 MB/s read - 64 GB £22.99 [23]
This should hold all data need for this project.
[image: ]	
[bookmark: _Toc510737175]Buttons/ Connector/ Switch	
IP40 Grey Button Tactile Switch, SPST-NO 50 mA 2 (Dia.)mm Surface Mount [22]
This was the chosen button for this project as this was a Rigged button so should be easier to press when wearing gloves. 
[image: ]
£0.207
IP40 Gold Button Tactile Switch, SPST-NO 20 mA 2 (Dia.)mm Surface Mount [43]
[image: ]
£0.301

[bookmark: _Toc510737176]Sensors 
[bookmark: _Toc510737177]Cadence

[bookmark: _Toc510737178]PTI11220. - Magnetic Proximity Sensor, M8, PTI Series, 1 NO, 2 m Cable, 8 mm, 100 Vdc 
This Magnetic switching proximity sensor can measure a change in magnetic status up to 5 feet
Being able to run on low voltage should allow this sensor to be used in this project but also having a  25mA or 0.4A output current with overload short-circuit protection and thermal shutdown gives it a good protection and is ip65.  This is a normally open contact type.[44]

[image: ][image: ]



[bookmark: _Toc510737179]55110-3H-02-A. - HALL EFFECT MAGNETIC SENSOR 
This flange mounted Magnetic sensor come able to mount straight out of the box as of it small design and mounting holes. With integral LED to show operations flashes of digital outputs. available as three-wire (voltage output. With built-in Magnetically operated position with high sensitivities
400mv voltage output supply voltage 3.8vs [21]
[image: ]

[bookmark: _Toc510737180]SM451R - Hall Effect Sensor, Magnetoresistive, Omnipolar, 40 µA, TO-92, 3 Pins, 3 V, 24 V (chosen)
This Magneto-resistive Sensor is ultra-sensitive durable and reliable speed able to measure small magnetic fields changes over large air gaps able to run on 3 to the 24Vdc sensitivity of 11G maximum making it a very sensitive sensor working with standard powered applications. The sensor responds to either a North or South pole applied in a direction parallel to the sensor. This device can be used in Test & Measurement, Motor Drive & Control, Medical Devices [20]
[image: ]
[image: ]





[bookmark: _Toc510737181]Elapsed time
A button will be added to measure Elapsed time these will consist of a start and stop that will also save the data to SD card for future recall. Another option will be added that take the Cadence sensor to know when the user starts riding and stops this can also work out Elapsed time.

[bookmark: _Toc510737182]Humidity Sensor/Temperature /pressure 	
[bookmark: _Toc510737183]BME280 
This product is chosen for this project
This integrated environmental sensor was specifically for mobile applications able to boast of a small size and low power consumption. Combining 
· individual high linearity
· high accuracy sensors for pressure
· humidity and temperature.
· The extremely fast response time high accuracy with very low noise over a wide of Results.
· compensation of the pressure and humidity sensors and can also be used for estimating ambient temperature.
With uses such as Context awareness, e.g. skin detection, room change detection Fitness monitoring and well-being[19]
[image: ][image: ]








[bookmark: _Toc510737184]HDC1080DMBT - Temperature and Humidity Sensor, HDC1080 Series, 0% to 100% RH, 2 %, PWSON2.7 to 5.5 V 
An integrated temperature sensor with high measurement accuracy at very low power(2.7v to5.5v).sending all data through I2C Interface with a small3 mm x 3 mm Device Footprint
100 nA Sleep Mode Current Excellent Stability at High Humidity temperature Accuracy ±0.2°C (typical) [18]
[image: ]
This was a good explanation of how the data from this sensor is being connected to the I2c of the microcontroller.
[image: ] [18]
[bookmark: _Toc510737185]ChipCap®2 - SENSOR, HUMIDITY/TEMPERATURE, DIGITAL, 2%, 3.3V, SMD 
This is a fully calibrated humidity and Temperature sensor using i2c interfacing to send and receives its data running at 2.7v to 5.5v. contained in an SMD the compact size gives this device the built to not take up hardly any space on the PCB With Pre-set alarm function) Reliable in Harsh Weather Energy Saving mode[17]
[image: ]




[bookmark: _Toc510737186]Air Quality Monitor	

CozIR LP [4]
This small ambient air component allows for the detection of C02 it is very low powered that help with battery usable it uses an i2c bus to transfer it data to the microcontroller 3.3V supply with a small peak current only 33mA with a measurement range of 0-5000ppm (recommended for most applications) this device is pre-mounted to a PCB board [30]
[image: https://www.gassensing.co.uk/media/1175/cozir-lp-small-size.png?anchor=center&mode=crop&width=480&height=480&rnd=131297361800000000]





iAQ-Core sensor(chosen)
This device is chosen for this project
The IAQ-Core Is one of the only devices that combined VOC (volatile organic components) and C02 measurement. This device is the smallest out of all reviewed items in this category.  Run at 3.3v, 25ma, 67 mW power consumption.
This technology use micromachined metal oxide semiconductor High sensitivity and fast response time. Measuring 450 to 2.000 ppm CO2 equivalents [34]
[image: ][image: ]

MISIR 5,000ppm CO2 Sensor
This device uses NDIR with Gold-plated optics IR sensor technology with Dual Beam to detect C02 particles the air. This device is much larger than the other device it takes 3.3v with 20mw power consumption It takes 20s to warm up but can Measurement range of 0-5,000 ppm C02, this device would have been chosen for this project but as of it large size It would not have worked effectively. 
[image: ]





[bookmark: _Toc510737187]UV levels sensor	
[bookmark: _Toc510737188]UV Sensor - ML8511(chosen)
Being able to Detect when the sun is at its brightest could help riders keep cool and protects themselves from UV damage to the skin preventing sunburns. if a lot of UV light shines on the sensor, there will be a higher the voltage on the output. Measuring Spectrum: 280-390nm able to Measures most UVA and UVB light gave out in an analogue output. [15]
[image: ][image: ]
[bookmark: _Toc510737189]Grove - UV Sensor
The grove sensor operates at 3.0v to 5v used to detect UV radiation with a response wavelength of 240 to 370nm. It is based on the sensor GUVA-S12D this is a supports a wide spectral range of 200nm-400nm that can output electrical signal which is varied with the change of the UV radiation hit the device.[14]
[image: ]





[bookmark: _Toc510737190]SU-100-SS: UV Sensor
The UV sensor comes with a 22.0mm * 16.0mm Mounting slot to easily connect and integrate the product into current projects it has a low operating voltage in a range of 3.3V ~ 5.0V supplying the analogue output this is design for the Outdoor ultraviolet detector. Incorporates a photodiode that measures combined UVA and UVB radiation. IP67 marine-grade stainless-steel cable, Field of View180 Response Time less than 1 ms.[13]

[image: Apogee Instruments SU-100 UV Sensor]






[bookmark: _Toc510737191]GPS position Speed/Distance	
[bookmark: _Toc510737192]L80 GPS (Global Positioning System) Module with Patch Antenna (chosen)
[image: ]This GPS module has a patch antenna all built into a compact device. High level of sensitivity, the accuracy with a small footprint and low power usage. Can acquirer and track with a build in Chargeable backup battery compatible with voltage: 2.7V-5.0V (VCC input). A time pulse output (optional) can help reduce power usage [12][11]
[image: ]
















[bookmark: _Toc510737193]ADAFRUIT INDUSTRIES 746 GPS Module 
The Adafruit GPS is built with an MTK3339 Chip at its core. Since this PIC is built into the circuit This allows for onboard Built-in data logging, Running on an ultra-low 3.3-5VDC LED blinks and blinks once every 15 seconds when a fixed to a satiety with a built-in antenna with a -165 dBm sensitivity, 10 Hz updates, 66 channels. this can go into sleep mode to save power. Suitable for all Microcontroller applications. All data from this device is sent though rs232TTL. [31]
[image: ]


[bookmark: _Toc510737194]Screen
Waveshare 2.13inch E-Ink HAT 250x122 E-Paper Screen Panel Module Resolution 200x200 3.3v E-ink Electronic (chosen)
The E-ink Screen use very low power and refresh every half a second this is to slow for most applications but would work well with a Power Saving Bike computer. All data is sent through SPI interface with a 200x200 resolution1.54 Inch. Great effect under sunlight, no backlight needed this help with the display keeping its last imaging forever even without any power.  Operation voltage of 3.3v [10]
[image: ][image: ]



[bookmark: _Toc510737195]2.2-inch SPI HD TFT LCD Colour Screen Module ILI9341 Drive IC 240*320 Compatible for 5110

This HD LCD Screen Module is operating at 5V / 3.3V with a size of 240 x 320 2.2 inches. This device has a fast response rate of milliseconds and has a wide Colour depth of 262K / 65K Active area: 33.84 x 45.12mm Size: 40.10 x 55.20 x 2.35mm(W x H x D)in build On-board SD card could help with data Collection regulator IC supports hardware SPI) [9]
[image: ]
[bookmark: _Toc510737196]Final Sensors	

[bookmark: _Toc510737197]Introduction
These are the final sensor choice for this project a lot of things have been taken into consideration when picking this sensor as a power supply for a full week for this product must be kept very low to keep the device small and practical.
Power consumption, usage, Size, usefulness, interfacing, data speeds, 

[bookmark: _Toc510737198]L80 GPs £7.54(https://uk.rs-online.com/web/p/gps-modules/9084088/)
This GPS was chosen for it ultra-low power usage when in standby time in general only used 25mA to collect data but only 1mA when in standby mode this will help the product last over 7 days. With good with all built-in antenna in a compact package Chargeable backup battery2.7V-5.0V (VCC input
Live time will come from the GPS allowing the device to have the correct time. This will be upload when the device is set up, but time will be kept by the pic18f too. This GPS can work out total distance and Speed in MPH The live time for that area will also come from the GPS

[bookmark: _Toc510737199]IAQ-core Air quality (C02/VOC)
This component adds something to the device no other product in the biking market is doing and that is Getting readings on C02 in the wider environment this can cause very bad health effect in the long run and all rider who ride in the city should check there c02 levees regularly. When the bike is being used indoor or the computer is at home it will also measure VOC in the household so the device is given a multi-purpose. 

[bookmark: _Toc510737200]BME280 Humidity Sensor/Temperature /pressure 	
The BME280 Has a lot of ability’s in such a small package measuring Sensor/Temperature /pressure with very low power consumption this device was picked as it was the smallest for power and contained more sensory choices that were also useful for the rider. These sensors worked in good combination with the C02 results as heat and humidity can play a factor in air quality


[bookmark: _Toc510737201]MOD 1023 
The MOD-1023 combines the BME280 from Bosch and the AMS IAQ module this will be used to prototype the final project.
[image: IAQ Multi Sensor (temp/pressure/humidity/air quality)]


[bookmark: _Toc510737202]SM451R Cadence 
This device was picked for it power saving mode that can be used while in standby mode it is able to give a fast response time and will never miss a turn of the pedal as it uses a magnet to detect the change when the metal pedal goes past if they're not metal on the pedal add some metal foil your shoe or bike pedal.

[bookmark: _Toc510737203]ML8511 UV 
This UV sensor Is perfect for this project using less power than all the other sensor reviewed. this product comes with an in-built power saving mode this help with the biking computer working in power saving mode for a full week. This  small device can detect the full UV index need to protect people from harmful UV rays

[bookmark: _Toc510737204]Screen2.13inch E-Ink HAT 250x122 
This screen was picked for it power saving functions it takes 1s to full refresh but only 0.06s for a part refresh this is all that need for the data on this device the user will never even notice the slight delay. The E-ink technology Saves a lot of power and allows the device to keep data on screen after power has been cut to the unit. This is sacrificed by response time as for a full refresh of the screen it takes 1s but the part refresh should be enough for this project. All data on the E-paper screen is sent through i2c keeping connection easier and pin count low






[bookmark: _Toc510737205]Battery	
The battery for this project had to last 7 days in standby mode with was achieved by using a component that uses low power consumption and a powerful battery was picked that operated on 3.7V 5Ah after doing power calculations this worked out perfect for this project giving 168 hours of standby time. And 38 hours runtime. 
[bookmark: _Toc510737206]The CR2354 battery is a 3V 210mAh [8]
This battery is normally used in basic bike computer running at only 3v cause issues as 3.3v is the lowest most sensors need.
[image: ]

[bookmark: _Toc510737207]Motorola Moto 360 SNN5950A SNN5951A WX30 Battery [7]
This is that battery that is used in smartwatches. 
[image: ]
	


voltage (VDC) 	3.7 240mAh
[bookmark: _Toc510737208]VARTA 56457 201 012 - Rechargeable Battery, CC/CV, 3.7 V, Lithium Polymer, 1 Ah, Wire Leads [6]

[image: ]This battery will be chosen for this project after working out that 8400mAh was needed for this project to last 7 days





[bookmark: _Toc510737209]Polymer Li-Ion Battery: 3.7V 5Ah ( 18.5Wh 5h rate) - UN38.3 Passed [5]
[image: ]This was the chosen battery for this assignment contained in a small package but with a big 5ah battery covering all the standby time need for this device.
Overcharge (>4.2V) Over discharge ( <2.5 V) protection 



[bookmark: _Toc510737210]Power calculation	

The power calculation for this project as shown below the formals used are shown below.
That battery that was picked for this assignment is the Polymer Li-Ion Battery: 3.7V 5Ah.
	Device
	Power Full
	Standby power

	Candance
	3.3v 4mA
	2.2mA

	UV
	3.3v 0.31mA
	0.31mA

	GPS
	3.3v 25mA
	1mA

	Humidity/Temp/Pressure/C02/VOCs
	3.3v 21mA
	21MA

	Screen
	3.3v 78mA
	0.1mA

	PIC
	3.3v 5mA
	5mA

	Total
	3.3v 130MA 0.429watts
130MHA per hour
	29.61mA0.097watts 29.61Mah per hour


Watts
P(watts)=(V)x(I)
Watt hours
(W)*(h) = (Wh)
mAh
(Wh)*1000/(V) =(mAh)

On time
Over the week around20800MAH battery Would be needing to run this product at full capacity that size of battery would have been too big for this product but one is reviewed to show that It can last 7 days if need. This product is built to stay on 7 days in standby mode and in on mode it will last 38.46 hours of full run time

Standby time
I stand by this device will last over 7 days as a lot of the components will be in standby mode too such as GPS, screen and the device will last 168.8 hours in standby mode. The screen will keep it last displayed data and if you press on will start updating new data after a full refresh.




[bookmark: _Hlk508378997][bookmark: _Toc510737211]Operation of the overall system
[bookmark: _Toc510737212]I2c
The Figure below shows the I2C interface module in both modes master mode and slave mode these diagrams explain in greater detail of the all the processes that are contained in i2c interfacing
I2c normally supports up to 7 to 10 bits addressing with interrupts Start and Stop function 
I2c Send read and write data from master to slave and from the slave to the master this ability to talk to each other give the control over data and device function.  Being able to talk and call commands allows i2c to have multiple devices on one data bus. [4] [46]
[image: ]
[image: ]	



	
	



[bookmark: _Toc510737213][4]
Pic18f45k50
This diagram shows the general design of the pic18(l)45k50 In block diagram format this makes it a lot easier to see all the function contained in this device and how they correlate with each other.
[image: ] [4]
This Pic contains a lot of advance feature and is using a The advance universal bus for fast operations. Some of the features that are used in this Pic for this project is SPI, I2c, Digital-to-Analog Converter (DAC), 10-Bit Analog-to-Digital (A/D), USB2.0, RS-232,  operating voltage 3V to 5.5V, Flash Program Memory of 10,000 Erase/Write Cycles Minimum and 20-year Data Retention [4] 






[bookmark: _Toc510737215]ADC Configuration
Analog to Digital Converter (ADC) Take an analogue input signal such as a current or voltage than that model t converts that Analog signal into a digital code(binary) and So that data can be used by The Microcontroller.
The diagram below shows a 10-bit A/D converter within a PIC18 it is possible to see the Switching effect of each pin to activate the A/D and show that input goes into the A/D Vain. [4] [48] [49] [50]

[image: ]
[bookmark: _Toc510737216]RS232

Rs-232 is a data transfer it uses Serial data between two devices. It normally runs at -12v to 12v+ In this project we have used Rs232TTL That can run at a lower voltage. This stops overloading the PIC18f. This method of data transfer uses two data signal levels of logic 1 and logic 0 it has an average band range of 9600 bits to 4800bits/s Rs-232 is used in  most computer for USB data transfer [4]











[bookmark: _Toc510737217]Circuit design	

[bookmark: _Toc510737218]Full schematic	
After reading all datasheet and understand each component used in this project it was possible to make a final schematic design. This was created using Proteus the Pic is power by 3.3v input this is not shown on the schematic.
All components in this device run off a 3.3v input to this was the lowest voltage most of the components operate at as to save on power consumption.
[image: G:\finished bike\3.PNG]
[bookmark: _Toc510737219]Voltage regulator	
A 3.3 voltage regulator is used to step down the battery input from 3.7v. The devices are the UA78M33CKS that work just like an LM7803. Capacitors have been added to stop Ripple in the Power output.
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[bookmark: _Toc510737220]Button/Switch	
Button has been added to measure elapsed time and to enter the device into sleep mode granting less startup time and saving on power.

[image: G:\bikr.PNG]
[bookmark: _Toc510737221]SD card connection	
The SD card has been added to collect data from sensors to be reviewed later and analysed [image: ]









[bookmark: _Toc510737222]Charging
This uses the 5v from the USB and steps it down to 3.7v for the recharging the battery
[image: ]	
[bookmark: _Toc510737223]USB connection
The USB connection is used for data transfer and charging the Device [image: ]






	
[bookmark: _Toc510737224]Sensors Connections
[bookmark: _Toc510737225]Air quality Temp, Humidity, pressure	
The Mod Chip contains two components that are used in this assignment all mounted to one single board called the mod 1023 the BME230 and IAQ-Core sensor are both contained in this device and use an i2c interface to send it data to the PIC. 
[image: ]
The pin38 and pin39 will be changed from programming to I2c Ports.
[bookmark: _Toc510737226]Candace 
In this simulation, the variable resistor is the input from the sensor this also shows the power rails this stop any overloading of the sensor and the chip. [image: ]



[bookmark: _Toc510737227] UV
This show the UV sensor Connect to the Pic18f[image: G:\finished bike\1.PNG]This show the enable pin to start power saving mode
This show the Output of the UV sensor going in to the Pic18

[bookmark: _Toc510737228]GPS	
The GPS unit runs on RS232TTL, this means it runs at a lower voltage than regular RS232 running at 3.3v
[image: ]This show the power clamps stopping any Damaging to the PIC18 or Sensors 

[bookmark: _Toc510737229]Screen
[image: ]
This shows in simulation the I2c connect of the E-paper screen, that will run on 3.3v and display all data need for the device.


[bookmark: _Toc510737230]PIC PIC18F45k50
The power pin is not shown on here but running at 3.3v the picPIC18F45k50 must handle a lot of communication from many different sources such as I2c, SPI, Rs232, Analog some port have been allocated in programing .
[image: G:\finished bike\Capture.PNG]
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[bookmark: _Toc510737232]Cost/ Components
[bookmark: _Toc510737233][image: ]
Programming 
This diagram shows a flowchart of how this product’s coding will flow, showing variables and needed calculations as well as device decisions. The coding for this project could add a lot more assets to the product such as Satnav and average speed, etc. Some port for this device will be put in though programming creating more SPI port and rs232 ports.
[bookmark: _Toc510737234][image: C:\Users\Synth\Downloads\Untitled Diagram.jpg]Flowchart



























[bookmark: _Toc510737235]Improvements
There are a few improvements that could be implemented in this report. Being able to transmit data thought Bluetooth could add many more function such as module devices that can clip on to the bike and talk to each other wirelessly. Connecting the biking computer to phones or smart devices through Bluetooth can give the rider a better experience, send all data through Bluetooth or Wi-Fi which could save power. 
Giving the device the ability to charge while in use could take away the need of disconnection your biking computer to charge ever again. Adding a dynamo, solar panels, wind turbine (small) could create enough power for this device but this could affect riders speed adding drag.
By comparing this product to other bike computers in the market, it was an observer that the ability to add Sat-Nav dramatically increases the desirability of the final product. This product could us Sat-Nav if there as a higher focus on programming.
Building on this device Should be easier for further improvement leaving a few extra ports so more sensor can be adding at any time of it deployment making this biking computer more module Based where the user Only buys the sensor they need and connect it up to one central biking computer screen or Bluetooth.
Giving this project a smaller PIC and keeping to one type of input such as I2C could lower the pin count dramatically on this project.


















[bookmark: _Toc510737236]User guide	
[bookmark: _Toc510737237]Start-Up
Turning the device On
· Use the On/Off switch to start the device. The first start-up can take approximately 3 seconds, after this, the device will start to display the current data (Humidity, UV, Speed, cadence, Elapsed time and Pressure).
Start-Up Issues
· If any problems occur during the start-up of the device, then reset the device by turning it off and on again, using the On/Off switch
[bookmark: _Toc510737238]During Use
Usage
· When the device is turned on, you shall receive data regarding your journey, such as Speed, cadence, Elapsed time.
· You shall receive data regarding the VOC and CO2 levels during bike ride; these should be displayed approximately 5 minutes after start-up, up until this point, these figures shall read as “0” until they have been updated.
Elapsed Time
· To start timing your ride, press the timer button, this button is the same button used to stop the timer at the end of your ride.
Saved data
· All data can be saved on an SD card, or through USB connection to the device.
Display
· The device uses an E-Paper display screen, which can be seen below. This screen shows all the above-mentioned data, with the addition of the time. This screen shows live data for your ride, with a delay of 0.03 seconds.
[image: ]
[bookmark: _Toc510737239]Sleep mode
[bookmark: _Toc510737240]Activating/Deactivating Sleep Mode
· To activate Sleep Mode, press the sleep button, once, this will increase the battery life by 160 hours, on a full charge.
· To deactivate Sleep Mode, press the sleep button again.

[bookmark: _Toc510737241]Report	
Thought this report it has been possible to see the range of Bike devices from professional to basic Consumer Using a range of the sensor to gain their information. From over viewing another device, it was possible to see a small gap in the market that this product would fill. The air quality sensor gives this device multifunction as this device cannot just be used as a bike computer Measuring VOCs and C02 give this device something No other product on the market has that is an air quality sensor build in
Constructing the biking computer around the C02 sensor it was possible to see what other sensor could complement each other after some research Humidity, temperature and pressure and UV sensor was picked to complement the C02 sensor
Researching into how each of the data transfer methods such as i2c, SPI, rs232etc give an idea on how each component would respond and gave a better understanding of the final design 
Collecting Data on the different sensor to be used in this project was paramount to getting the right sensors. Making sure the sensors were small and consumed low power was fundament to having 7 days of standby time.
This bike computer would have a custom created rugged Case being above ip65 that mean it would be water proffer and should survive everything that the environment thoughts at it.
A USB and SD card would allow the user to collect data and store that for later analysis 
Completely the final Simulating design of the project shows how each component will be connected and integrated all components are running of 3.3v.
The program flowchart shows a basic outline of the programming need for this project If more time was spent on programming this project could involve Sat-Nav and other functions.
The PIC18 range of Microcontroller family is one of the moves all around chip containing I2c, rs232, SPI, ADC, USB as so many different data ports were being used some port have been also put into programming so that nonspecific port can also run i2c or rs232, etc 
From the report, it has been possible to see the full life cycle of this Biking computer. Being able to set a strong outline of what was a need for the is project really help with structuring the assignment.
Adding a C02 Sensor and VOC Sensor was one of the fundamental building blocks in the project, creating the main outline of design and research which were C02/VOC sensors.  The addition of humidity, pressure and temperature sensor will help with filtering errors in C02/VOC results. This project still shows all the minimum requirement that was needed for this assignment to be classed as a biking computer with focused-on environment factors.
Overall this project has given an incite it to create a product and simulate the design with a basic outline of coding that created the basic outline for the product. Having an understanding of the port and functions of microcontroller and sensor help with the design.  Being able to connect multiple devices to i2c and understanding how that data is transferred helped with further understanding data busses.   
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Still to do
Add start button to Pic t and power to UV sensor to pic
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Low side or High side output

Adjustable Internal delay

>10khz High speed operation

Insensible to shocks and vibrations

Designed in conformity with IEC/EN60947-5-2
1 Normally open contact type

Cable connection type

10VA Maximum switching power

100VDC Maximum switching voltage

0.4A Switching current

Threaded plastic tube M8 x 31 dimension
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Table 1. Electrical Specifications (3 V < Vec <24V, -40 °C < Ta <85 °C [-40 °F < Ta < 185 °F] unless otherwise specified.)

Characteristic Condition Min. Typ. Max. Unit
Supply voltage (Vo) Vo reference to ground 3 2 2 v
Supply current: - 8
off Voo =5V, T=25°C 77 °F] - 25 35 mA
on Voo =5V, T=25°C [77 °F - 4 5
Start-up time Vee >3V - - 10 us
Output leakage current Voc = 24, off - - 10 bA
Output saturation voltage load current = 20 mA - - 500 mv
Rise time - = 15 .
Fall ime - = 15 =
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Parameter Technical data

Package dimensions 8-Pin LGA with metal
25x25x0.93 e
‘Operation range (full accuracy) Pressure: 3001100 hPa.

Temperature: -40...85°C

Supply voltage Vooio 12..36V
‘Supply valtage Voo, 171,36V
Interface FCandsPl
Average current consumption 18PA@ 1HZ(H,T)
(1Hz data refresh rate) 28pA@ THZET)
360A@ THZH.RT)
Tetemperature
Average current consumption in sleep mode 01pA
Humidity sensor
Response time (163%) 1s
Accuracy tolerance. £3 % relative humidty
Hysteresis =2 % relative humidity
Pressure sensor
RMS Noise 0.2 Pa (equiv. to 1.7 cm).
Sensitivity Error +0.25 % (equiv. to 1 m at 400 m height change)

Temperature coefficient offset +1.5PalK (equiv. 10 +12.6 cm at 1°C temperature change)
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Benefits Features

- Reliable evaluation of indoor air - Output of relative CO, equivalents (ppm) and TVOC
quality equivalents (ppb)
« Sensing range: 450 2000 ppm CO, equivalents
- High sensitivity and fast response 125 - 600 ppb TVOC equivalents
- PCinterface

 MEMS metal oxide sensor technology
+ SMD type package

« Reflow capable

+ Module with automatic baseline correction

« Micro size for convenient installation

+ 66 mW (maximum in continuous mode)

+ Low power consumption + 9mW (maximum in pulsed mode)
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RECOMENTED OPERATION CONDITIONS

Parameter Symbol Min. Typ. Max unit
Operating Voltage Voo 27 33 36 v
Operating Temperature Ta 20 - 70 c

ELECTRO-OPTICAL CHARACTERISTICS

C)

(Vpp=+2.7V to +3.6V, Ta=-20°C to +70%

Parameter Symbol | _Condition Min, Typ. Max. unit

Supply Current (active mode) looa | VenzVeo - 300 500 bA
Supply Current (standby mode) loos Ven=t - 0.1 1 bA
Input Voltage (High level) Vi - Voo X 0.8 - Voo+03 | v
Input Voltage (Low level) Va - 02 - 072 v
High level input current Iy - - 1 vA
Low level input current N E) - - bA
Wavelength of maximum sensitivity | 7p | Ta=25°C - 365 - nm
Output Setup Time Tsu - - 1 ms
Output Voltage (Shading) * Veer 095 10 1.05 v
Output Voltage (10mWicm?at 2p)* | Vo 208 22 232 v
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Feature Implementation

Power Supply ® Supplyvelisge:30V-43V  typcsl 33V
® Aoqustion: 25mA @VCC=V_BCKP=3.3V.
@ Tracking: 20mA @VCCA_BCKP=23V
Power Consumpion ® Standoy. 1.0mA @VCC=V_BCKP=3.3V
® Becup: 7uA@V_BOKP=33V
N (GRS L1 1875.4200z CA Code
ecs @68 search channals, 22 simultanecus tacking chennels
o Aoquston: -145aEm
Sansivity ® Rescqusiion: -160d8m
PR —————,
® Codstart 165 4p. @-13008m
TIFF (EASYensbied) @ Wam siat 5styp. @-13068m
o Hotsiat 15 tp. @-130d8m
@ Cold start (Autonomous): 355 yp. @-130dBm
TTFF (EASY disabled) @ Warm st (Atonomous): 305 . @-1306Em
@ ot stat (Autoromous): 1 yp. @-12038m
Horzontal Poston. o cmcran
Aocuracy (Autonomus) N i
Mx Updste Rste ® Upio 10z 1z by detautt
R “Typicatacouracy <150 (Tme servie is ot suppored)
ez @ Time puise widh 100ms.
Veosty Accurey o Winouta 01m
coslersion fccuracy @ Winout i 0.1mis*
® Waximm situce: 18000m
DynamicPerformance @ Maximum velosty: 515 Masiman
P —
* UART Fort TXD1 and RXD1
- @ Supports baud rtefrom 48000 fo 1152000, 600bpS by defeut
U @ UART port s used for NMEA output, MTK propriary commands
input an rmware upgrade
. - ® Nomsl operaton: 40~ 485
Tempersiure Range @ Storage empersture: 45T~ +125
© Size 12015 X1640.15 0,45 1mm
| Crarsctersics
Fryzes o Wegnt Aporox. 20
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Operating voltage: 3.3V
Interface: 3-wire SPI, 4-wire SPI
Outline dimension: 48mm x 33mm
Display size: 27.6mm x 27.6mm
Dot pitch: 0.138 x 0.138
Resolution: 200 x 200

Display color: black, white

Grey level: 2

Partial refresh time: 0.3s

Ful refresh time: 2s

Refresh power: 26.4mW(typ.)
Standby power: <0.017mW
Viewing angle: >170°
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FIGURE 16-2:

MSSP BLOCK DIAGRAM (I“C™ MASTER MODE)
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FIGURE 16-3:  MSSP BLOCK DIAGRAM (I2C™ SLAVE MODE)
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Units Capacitor Value Price (£)

1C1 0.1uF 0.15 £      

https://www.cricklewoodelectronics.com/CMY100N.html?gclid=Cj0KCQjwkpfWBRDZARIsAAfe

Xaq5fQTg_mDxZqM8bqv7pK6eHRtleBBWkluuXsR2noiZICXDu8I3xgYaAuk2EALw_wcB

2C2,C4 1nF 0.14 £      

http://cpc.farnell.com/vishay/k102k15x7rh53l2/capacitor-1nf-

100v/dp/CA06808?st=1nf%20capacitors

1C3 100uF 0.20 £       https://www.cricklewoodelectronics.com/100H100.html

3C5, C10-C11 100nF 9.90 £      

https://www.cricklewoodelectronics.com/100nF-0.1uF-630V-Ansar-Supersound-

Capacitor.html

1C6 10uF 0.15 £       https://www.cricklewoodelectronics.com/10H100.html

1C7 1uF 0.10 £       https://www.cricklewoodelectronics.com/1H100.html

9 Total 10.64 £    

Units Resistor Value Price (£)

3R1-R2, R4 10k 0.30 £       https://uk.rs-online.com/web/p/products/7077745/

1R3  330R 0.11 £       https://uk.rs-online.com/web/p/through-hole-fixed-resistors/7077622/

1R5 1k 0.10 £       https://uk.rs-online.com/web/p/through-hole-fixed-resistors/7077666/

3R6, R20/21 100R 0.35 £       https://uk.rs-online.com/web/p/through-hole-fixed-resistors/7077587/

1R7 4K7 0.10 £       https://uk.rs-online.com/web/p/through-hole-fixed-resistors/7077726/

1R8 300R 0.19 £       https://uk.rs-online.com/web/p/through-hole-fixed-resistors/0386266/

1R9 27R 0.48 £       https://uk.rs-online.com/web/p/through-hole-fixed-resistors/4851767/

11 Total 1.63 £      

Units Integrated Circuit Type Price (£)

1U1 PIC18F45K50 2.69 £       http://uk.farnell.com/microchip/pic18f45k50-i-p/mcu-8bit-pic18-48mhz-dip-40/dp/2305836

1U3 UA78M33CKCS 3.3V Regulator 1.03 £       https://uk.rs-online.com/web/p/linear-voltage-regulators/6616737/

2 Total 3.72 £      

Units Transistor Types Price 

1Q1 BC548 4.79 £      

https://www.littlediode.com/components/BC548.html?gclid=Cj0KCQjwkpfWBRDZARIsAAfeXa

rxEQGn1Fb4ncXKtN8tyCBecMOtOsf8uYxBTuUISIv-vATLXHgBfdEaAo9rEALw_wcB

1Q2 BC558 4.79 £       https://www.littlediode.com/components/BC558.html

2 Total 9.58 £      

Units Diode Type Price (£)

1D2 1N4732A 4.79 £       https://www.littlediode.com/components/1N4732A.html

3D5, D10-D11 1N4733A 14.37 £     https://www.littlediode.com/components/1N4733A.html

4 Total 19.16 £    

Units Switch/Button Type Price (£)

1SW1 SW-SPST 2.24 £       https://uk.rs-online.com/web/p/toggle-switches/7347154/

3B1-3 PTS820J20MSMTR LFS 0.60 £       https://uk.rs-online.com/web/p/tactile-switches/1359201/

4 Total 2.84 £      

Units Sensor Type Price(£)

1GPS L80 7.54 £       https://uk.rs-online.com/web/p/gps-modules/9084088/

1Cadence SM451R 0.76 £      

https://componentsearchengine.com/detail.html?searchString=SM451R&manuf=Honeywell%

20Sensing%20and%20Productivity%20Solutions&source=63

1UV ML8511 14.00 £    

https://thepihut.com/products/gravity-analog-uv-sensor-

ml8511?variant=27741021201&gclid=Cj0KCQjwkpfWBRDZARIsAAfeXapcZJwxN1MS0jcm2Tw9B7

89Pht8NzhEXXxoSIi2VP7ms9ktaKdUte8aAobyEALw_wcB#fo_c=1889&fo_k=4aeae7b9e959b7904

8066bbc4ca671c2&fo_s=gplauk

3 Total 22.30 £    

Units Battery Type Price(£)

1Polymer Li-Ion 3.7V 5Ah  25.00 £     http://www.batteryspace.com/polymerli-ionbattery37v5ah185wh85arate.aspx

1 Total 25.00 £    

Units Screen Type Price (£)

1E-Ink  2.13 Inch 250x122 22.00 £    

https://shop.pimoroni.com/products/inky-

phat?utm_medium=cpc&utm_source=googlepla&variant=43521734538&gclid=Cj0KCQjwkpfWB

RDZARIsAAfeXapHEKRelf2mPcskFHKKT8peoCzI3JfhHHXDJ5kSf69YmY4rHTQVvuEaAs3ZEALw_wc

B

1 Total 22.00 £    

Units Storage Type Price (£)

1SD Hirose 2.00 £       https://uk.rs-online.com/web/p/memory-sim-card-connectors/8281884/

1USB ASSMANN WSW Type A 0.63 £       https://uk.rs-online.com/web/p/type-a-usb-connectors/6741325/

2 Total 2.63 £      

Total Units 39

Total Costs (£) 119.50 £  
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