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[1]
This report will cover an initial ‘proof of principle’ one-off prototype design for a bicycle computer, manufactured purely from off the shelf parts that can be easily bought online or at local shops.  It is to be used by a cyclist to track their performance, as well as the bikes performance by tracking the following information:
· Speed
· Distance
· Cadence
· Elapsed time
· Temperature

[image: Best bike computers 2021 with GPS for training and navigation | Cyclist]

The device is rechargable via USB and can be plugged into a computer for data logging.  There must be a display screen to provide live data to the cyclist.
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[37]
[35]

Introduction

For the brain of the system, a Microchip PIC18F4550 is being used as it has all of the functions that are required for this project, is readily available, and there are many resources available to study the device online.  This has a USB communications module built-in which many other PICs do not have, which connects to USB via pin 23(D-) and pin 24(D+).  It has 13 analog to digital modules which will be requires for some sensors being used.  Has sufficient program memory of 32KB, 2048Bytes RAM, 256Bytes EEPROM and CPU speed of 12MIPS, sufficient for this application. [33]  Also as an I2C port which will be used for sensor communications.  














[image: ][image: ][image: Jxws3-- Li-ion Battery Charger Chip Tp4056 Sop-8 Electronic Component New  Ic Tp4056e - Buy Tp4056e,Ic Tp4056e,New Tp4056e Product on Alibaba.com][image: Jxws3-- Li-ion Battery Charger Chip Tp4056 Sop-8 Electronic Component New  Ic Tp4056e - Buy Tp4056e,Ic Tp4056e,New Tp4056e Product on Alibaba.com][image: Image 41 - 4pcs 3.7V 1000mAh Lipo Batteries with Micro JST 1.25 Plug for Arduino Nodemcu ][bookmark: _Hlk70459939][bookmark: _Hlk70459940]Supply pin (VCC4 pin4) is connected to the USB socket.  Ground (GND_3 pin3) to ground.  The constant charge current setting and charge current monitor pin (PROG2 pin2) has been connected to ground via a 1.2kΩ resistor.  For the battery (1000mAh), a 1.2kΩ has been added for the correct charge current, following the manufacturer’s data sheet. [7]  The temperature sensing input pin (TEMP1 pin1) is connected to the NTC thermistor connection in the battery but this battery has internal temperature monitoring, so is not required and is left unconnected.[2]  The chip enable input (CE pin8) is connected to the USB supply.  When an input is received at this pin (when the device is being charged) the device will activate normal operating mode, and will switch off when the input is removed (charger unplugged).  The battery connection pin (BAT pin5) is connected to the positive pin of the battery to supply a regulated 4.2V to fully charge the battery.  
[bookmark: _Hlk70459945][bookmark: _Hlk70459946]To charge this battery via USB and have the ability to automatically safely manage the charging process, a TP4056 standalone linear li-ion battery charger with thermal regulation has been used. (fig-2)  This connects to the 5v supply, and regulates a constant charge voltage which is fixed at 4.2v, which the li-ion battery requires to fully charge.  The TP4056 requires 1A for the device to correctly charge the connected battery, which almost all modern USB chargers can provide. [3]  This charger provides overcharge protection and will stop supplying power to the battery once 4.2V has been met (fully charged).  It will stop discharging and start charging once the battery voltage drops below 2.9V.
Two LEDs have been added, red to show charging (connected to CHRG-pin7), green (connected to STDBY-pin6) for fully charged.  A 150Ω resistor has been added to the red LED and a 68Ω resistor to the green LED.  The usual desired max continuous current for an LED is 25mA so using V=IR, my supply voltage is 5v and the forward voltage of the green LED is 3.3v [4].  subtract the Vf from 5v = 1.7V.  1.7/25mA=68Ω.  Red LEDs typically have a Vf of 1.8V.  3.2/25mA=128Ω, so a 150Ω resistor has been used.
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[bookmark: _Hlk70459950]The bicycle computer must be rechargable via USB connection.  USB works with 5v DC.  The PIC that has been chosen is the Microchip PIC18F4550, which has an operating voltage of 2v-5.5v.  A 3.7V 1000mAh rechargable polymer lithium-ion battery will be used as this is rechargable, will supply the required voltage to run the PIC18F4550, has sufficient capacity for this application. [36].

[6]
Fig-4
Fig-3
Fig-2
Fig-1
[6]
[5]
[2]

The Power Supply and Rechargable Battery
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[bookmark: _Hlk70459933]The EP connection at pin 9 is not connected to anything in the circuit diagram as this is for the thermal pad on the component.  A 10uF electrolytic capacitor is connected from vcc to ground with a 0.4Ω series resistor.  Another 10uF capacitor has been connected from the battery output to ground.  These improve the stability of the voltage being used and therefore the circuit being supplied, with the largest 100µF capacitor on the output acting as smoothing capacitor which eliminates any voltage ripples or noise and provides good transient response to the circuit.  Transient response meaning the circuit’s ability to quickly respond to load fluctuations and reset the voltage to the original required value after rising or falling due to these fluctuations. [8]  This ensures a steady voltage is supplied to the battery and the PIC.  

[9]
Transient Response Diagram
[10]
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Fig-5








[image: China DW01A DW01 IC Integrated Circuits SOT23-6 Lithium battery protection  chip for battery PCB board on Global Sources,IC chips,DW01 SOT23-6,Lithium  battery][image: Buy online FS8205A TSSOP-8 PIN Battery protection IC at low cost from DNA  Technology][image: ]Fig-9
Fig-8
Fig-7
Fig-6
[bookmark: _Hlk70459927][bookmark: _Hlk70459928]The Tp4056 manages the charging by detecting when battery current drops below 13% of the normal current flow (≤0.05C=50mA)[2], which occurs when the voltage has reached a peak value of 4.2V (fully charged), then halts charging.  This is illustrated in the diagram (fig-7), taken from the manufacturer’s datasheet.

This circuit will now manage the charging of the device and stop it overcharging.  However, if the load (PIC) is still connected whilst the USB charger is connected, the TP4056 will not be able to detect when the current has fallen due to the load pulling additional current, resulting in overcharging the battery, which is dangerous.  To disconnect the load once the circuit is being charged, two additional ICs have been implemented, namely the DW01A battery protection IC and an FS8205A dual N-channel MOSFET.  
Internally in the DW01A, pins 5 (VCC) and 6 (GND) keep a check on the voltage across the battery with the use of two internal comparators for detecting whether the battery is charged too much or too little which both can result in destruction of the battery (no greater than 4.2V and no less than 2.4V). [38]  Voltage spikes are prevented with an internal RC filter.
[13]
[12]
[11]


[image: Remove over-current protection of battery protection circuit - Electrical  Engineering Stack Exchange][image: ]Circuit Diagram of the Bicycle Computer
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[bookmark: _Hlk70459915][bookmark: _Hlk70459916]For the bicycle computer to display the current battery charge condition, a signal has been taken from the positive end of the battery and connected to analog pin 2 (RA2).  With 3V meaning fully discharged, and 4.2V being fully charged, the PIC can be programmed to monitor this and display the current battery level as a percentage to the user.
[14]
Fig-10
Charge
Discharge
To the PIC (load)
Fig-11
[bookmark: _Hlk70459922]The dual channel MOSFET, involving a pair of field effect transistors, acts as a switch to alternate between switching charging with one transistor, and another to switch discharging.  Fig-11 is the design for the bicycle computer’s charging circuit and charge control with the USB connection to the left and the load (PIC and LCD) connections to the right. The MOSFET will only allow current flow via the charging ciircuit (shown with the blue arrow in the diagram below, or via the load by discharging the battery, which is shown by the purple arrow in the diagram).  On DW01 there are two control pins which influence the state of the FS8205A MOSFET, OC = over charge, and OD = over discharge. G1 only allows the discharge circuit, G2 only allows charge.  These will switch the transistors and with the use of diodes, direct the current flow either through the load or the battery once the battery is under or over changed.  This is shown in figure 10, taken from the manufacturers datasheet.
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[image: arduino compatible iic/i2c/twi ywrobot serial lcd 1602 module][image: ]Fig-13

[image: ]Fig-14    [41]
Fig-12
[bookmark: _Hlk70459909]For displaying the various information,  an 8-bit LCD display of resolution 16x2 has been chosen for the application.  Fig-13  This allowing 16 characters to be displayed across two lines on this screen.  This small LCD is sufficient for the basic data being provided to the user in this application.  The potentiometer has been added to control the screen contrast, being connected to the contract adjustment pin VEE.  VDD supply pin is connected to the battery.  This LCD has backlight supplies built in.  The 4 data pins D4-D7 have been connected to the PIC as this LCD is connected in parallel configuration in 4-bit mode.  Data pins RD2-RD5 have been used on the PIC. 
The register select pin (RS) is connected to the data pin RD0 on the PIC and this controls whether the 4 data pins on the LCD are being interpreted as commands (pin set to 0), or interpreted as data (pin set to 1).  Meaning whether the data is to display on-screen or command to set LCD parameters.  
Next the read/write pin (RW), is connected to ground.  This is because when it is (0 or grounded), LCD is in write mode and the PIC can write data to the display. (1) = read mode which allows data t =o be read from the display to the PIC, which is not required.  
Enable pin (E) is connected to data pin (RD1) on the PIC.  When E=(0), access to the LCD is disabled, When E=(1), access is enabled to the LCD at all times.  To send a command: E=1 RS=0 R/W = 0, and to send characters to the LCD: E=1 RS=1 R/W=0.
To change what is displayed on the LCD, a command must be sent in command mode, then once the LCD is configured as required, send the information in data mode to change what is shown on-screen.  Data is then sent in 4-bit ‘nibbles’ for the higher 4-bit and then the lower 4-bit data or command signal.
There is a ‘change display’ switch that will allow the user to change what type of information is on screen.  The PIC will cycle through each in turn, each time this button is pressed.
Pushbuttons will be basic 2pin 6x6x5mm PCB button switches.  Fig-14  [41]
[21]

[image: I2C - Everything you need to know][image: Introduction to I2C - Single Master Single Slave][image: RTC – DS1307 – Real Time Clock – Buy Online India]Page 7
Fig-17
Fig-16 
Fig-15
[20]
For the device to display the time, date, and elapsed ride time, an RTC module must be implemented to the circuit for the microcontroller to utilize this information and send it to the LCD.  For this application, the DS1307 real time clock IC has been used.  This requires it’s own 3v power supply which is separate from the PIC as this needs to remember the time and date to ensure it remains true.  So the IC can maintain accurate timekeeping when the bicycle computer is switched off or if the battery dies.  A CR2032 coin battery has been used in this circuit, with a 230mAh capacity [17] and with the IC consuming 300nA , the IC will last ~87 years from the battery’s supply.  So the RTC will outlast the device.
It also requires its own external 32kHz crystal to maintain synchronisation with time. [16]
This device uses I2C interfacing to communicate with the PIC, meaning data is communicated via one cable.  The IC is the slave unit and the PIC is the master, with the Ics SDA (serial data) pin connected to the SDA pin on the PIC (RC4/SDI/SDA), and the SCL (serial clock) pin on the IC connected to the SCL pin on the PIC (RC3/SCK/SCL).

There are three push buttons for the user to change the clock, being SET, UP and DOWN.  Each button has a 10kΩ pull-up resistor to prevent VCC connecting directly to ground, causing a short and to allow the input pin to read a low state when the button is activated.  General rule for pull-up resistors is that they should be 1/10th the input resistance of the pin (varies from 100kΩ-1MΩ) so 10kΩ is a safe bet [19].  The SET button will activate the config mode in the PIC and shift the cursor to the hours, minutes, then seconds, then move the cursor down to date (day, month, year), then repeat.  The UP and DOWN buttons will allow the date or time to be adjusted. For the elapsed time, there is a start/stop button and time reset button which have been implemented in the same manner as the RTC, connecting to PIC inputs RC5 and RC6.  

[18]
[15]
RTC (Real Time Clock) for Elapsed Time and Date/Clock
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Fig-21
LTC 3440 EMS Booster
[25]
Fig-20
Fig-19
[22]
Fig-18
A feature that is a nice addition to the bicycle computer is ambient temperature sensing.  This is useful to a rider as they can monitor the temperature of their environment with the device and make adjustments to their ride as required.  Whether this be bringing additional water for hydration if it’s hot or additional layers of clothing if too cold.  
To do this a simple component has been implemented called an LM35 analog temperature sensor which hhas been connected to the analog pin RA1 (pin3) on the PIC.  This sensor works by outputting a linear voltage scale factor of +10mV/˚C.  0˚C=10mV, 100˚C=1V.  [23]  This equating to 10mV=1˚C, 200mV=20˚C and so on.  With an operating range from -40˚C to 110˚C, so more than capable of handling every environment it could encounter.  As a 1˚C resolution is enough for this, an OPAMP is not required to boost the signal for greater resolution. [40]  These sensors have 3 pins VCC, OUT, and GND, with the VCC being connected to the battery output and GND to the circuit’s ground.
Since the LM35 requires 4-30V supply, with the battery being used ranging from 3.7-4.2V, and boost converter made from a  LTC3440 IC has been implemented to supply the LM35 with a steady 5v supply (input V of 2.7-4.2V) from the changing supply from the battery. [24]  This will ensure it stays on and functions correctly regardless of the battery charge.
A pull down resistor has been added as this is recommended by the manufacturer if the circuit may experience temps of <2˚C. [32]
LM35 for Temperature Sensing
Procedure
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[28]
Fig-23
Fig-22
Fig-24
[31]
Fig-24

For the speed and distance covered, a hall effect sensor (Melexis US1881) [26] with a magnet placed on the front wheel of the bike is being used.  The sensor will be secured to the fork so that the magnet attached to the moving wheel will brush past the sensor, as shown in fig-23.  This has a 3.5V-24V operating range [29] so it has been supplied from the LTC3440EMS booster to provide a steady 5V to prevent this IC losing supply when the battery runs low.  A 100nF bypass and  4.7nF output capacitor have been added as required by the datasheet. [30]  
The velocity of the bike can be calculated by monitoring the time it takes for the wheel to do one full revolution (one sensor signal), and calculating the revolutions per minute (RPM).  

Diameter of a 29inch rim with the tyre = 0.74m. 
Radius (r) of the wheel is 0.37m=2.3248m circumference


×circumference
If the magnet passes the sensor 10 times, the bike has travelled 23.25meters.  This will be accumulated from a set point to determine the rider’s total distance covered during a ride.

The same sensor has been implemented for analysing cadence.  A magnet is attached to the crank and a hall effect sensor on the frame to detect a revolution each time the crank arm passes the frame (fig-24).  
Same calculations apply here for cadence.  1 x 360˚crank rotation takes 2.5 seconds:
Cadence

[27]
Speed and Distance Covered / Cadence
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Block/System Diagram of The Bicycle Computer Prototype Design

3.7v 
5v 
Cadence/Crank Sensor
User Control Buttons
16x2 LCD Display 

Page 10
4-bit Data Interfacing
3.7V Battery
Data interfacing
Real Time Clock
3V Coin Battery
Ext Oscillator
Real Time Clock
3.7V – 5V Booster

Temperature Sensor
Charging Control  and Protection Circuit
Bike Speed and Distance Sensor
PIC18f4450
Microcontroller
USB Supply

Variable alternated via button.
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Bike Speed and Distance Covered
Start
Flowchart for Bicycle Computer Prototype Software
Print Battery percentage on LCD.  On-screen at all times
Print % to LCD via 4 bit output (pins 22, 27, 28, 29).  (Pin 21) 1/on-LCD enable, RS (Pin 20) 0/off-write mode
No buttons pressed
Print all data of ride to program flash memory
DOWN←decrease value
UP←increase value
+1%←1*0.01V
SET←move clock cursor right
Read Clock Button Inputs (SET Pin15, UP Pin16, DOWN Pin17) 
Print Time/Date to LCD
Save Distance & max speed (Pin35 from wheel sensor) and total ride time to the program’s flash memory.
Adjust Timer as Now Set (Start button beginning the count from 00:00:00 =, going from hours , minutes, to seconds.  Stop button pausing the count as well as recording time and distance covered during this time.  Reset button bringing the count back to 00:00:00)
Print Time/Date with Hours-Minutes-Seconds (00:00:00)
Read Change Display Signal (Pin19) to display next parameter
Read Stopwatch Button Inputs (Start /Stop Pin25, Reset Pin26) 
100%←4.2V
0%←3.2V
Read RTC Input (I2C interfacing, pin 33&34)
Read battery charge signal  (Pin 4)
Start/Power button (pin2)
Calculate Battery % from analog signal range
Power Up PIC

Page 12
Flowchart for Bicycle Computer Prototype Software
Adjust Timer as Now Set (Start button beginning the count from 00:00:00 =, going from hours , minutes, to seconds.  Stop button pausing the count as well as recording the time and distance covered during this time.  Reset button bringing the count back to 00:00:00)


Bike Speed and Distance Covered

Print V to LCD in km/h
Print live V to LCD
Print highest speed to memory
Distance←Nsignals*C
V←(2π/60)*r*RPM
Print average cadence to program memory
Average RPM←RPMtotal/n readings
Print live RPM data to LCD pins 
Read Cadence Sensor Signals  (pin36 dig input)
Output Timer to LCD via 4 bit output (pins 22, 27, 28, 29).  
Read Change Display Signal 
Print timer’s hours:minutes:seconds (00:00:00) on the LCD
Measure time between sensor signal
RPM←(1000/time)*60
Print RPM to LCD
Read Change Display Signal 
Read wheel speed sensor (pin35 dig input)  
RPM←(1000/time)*60
wheel d ←0.74 
wheel r ←0.37 
wheel C ←2.3248 
V←(V*18)/5
Print total distance to memory
Print live distance to LCD
Print V to LCD in km/h

















































Flowchart for Bicycle Computer Prototype Software
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Bike Speed and Distance Covered





Read analog tempurature signal (pin3)



+1˚C ←+10mV



0˚C←10mV



110˚C←1.1V



Calculate temp from analog input


Print temp to LCD

Read Change Display Switch

Print temp to LCD 




OFF/Power button (pin2)



End
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Fig-25
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[image: Best bike computers 2021 with GPS for training and navigation | Cyclist]
This computer has been designed to analyse a cyclist’s current and maximum velocity during a ride, monitor the ambient temperature of the enviornment, monitor the distance covered in a ride, can time the cyclist’s ride and show the distance covered in this time, as well as display the present time/date. It can also be connected to a PC via USB for charging and ride data transfer.  There is an LCD which can effectively display this info in a user friendly manner. 

· Speed                ✓
· Distance            ✓
· Cadence           ✓
· Elapsed time     ✓
· Temperature     ✓

Fig-26   [1]
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