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1. Introduction
1.1. Task Description
Challenge here is to provide initial proof of principle for a bicycle computer by providing a detailed design for the required specifications. The prototype is to be based on microchip device and able to display speed, distance, cadence, and elapsed time on an LCD screen. Additionally, it will be fitted with rechargeable battery and USB port to allow communicating with PC for downloading relevant data.
2. Background information
2.1. Basic components
2.1.1. Resistors
Resistor is the most basic circuit component and it has the ability to reduce amount of current flowing and therefore, dissipate voltage potential. It’s what differentiate and relates voltage and current together behind a formula  also called, the Ohms Law. It is worth to include here that when it comes to describing current and voltage, the voltage is the potential of electromotive force and current is the flow of that force trying to equalize potential difference between two nodes and therefore, it is described as “voltage across a resistor” and “current through a resistor” [8].
[image: ]
Figure 1. shows a symbol for a resistor.
2.1.2. Capacitors
On their own have the ability to store charge defined as  where 1 coulomb (Q) is equal to capacitance (C) times voltage (V). it stores a charge using two plates isolated using dielectric. When a voltage is applied across one terminal it will result in +Q charge building up on that plate and -Q charge building up on the opposite plate. The capacitors are often found rolled into a cylindrical shape with two ends sticking out for +ve and -ve ends. Capacitors also come in polarized versions which will only charge in one direction [9]. Example of applications for capacitors are low-pass and high-pass filters, and bypass AC from DC signal called coupling. The coupling works because a capacitor will have its resistance vary with frequency and provide additional current at the event of voltage drops. Interestingly, the energy stored in capacitor is not dissipated as heat, unlike in resistors, and you can get most of it back [8].
[image: ]
Figure 2. Regular capacitor and polarized capacitor underneath.








2.1.3. Inductors
Inductors similarly to capacitors, have the ability to store a charge within its magnetic field. Coil is usually a wire wrapped around a material with high permeability, a property which allows a high rate of magnetic flux flow through it. Unlike in capacitors, where the change of current is proportional to the voltage applied across it, in inductor, the change of voltage is proportional to the current through it. This property is what allows temporary boosts of DC voltages by changing the ratio of magnetic flux passing through the core. The defining equation for inductance is  where L is the inductance of a coil. Another example use for coils is in radios, used as a RF choker [9].
[image: ]
Figure 3. showing circuit symbol for an inductor with air core and iron core on the right.
2.1.4. Diodes
Diode is a nonlinear device, where capacitors and inductors are linear with change of output proportional to change in input. Diode can be thought of as one directional device with forward voltage drop that can be a subject to reverse current flow. The reverse flow however occurs at very high -ve voltage and allows a lesser amperage.
Some examples for application of a diode are rectifiers which can transform an AC signal coming from mains into DC signal. Rectifier can be half-wave (only +ve half of AC cycle), or full-wave (both cycles of AC signal as +ve signal only) [10].
[image: ]
Figure 4. shows three different types of diodes, going from left: Generic diode, Schottky diode, and Zener diode.
















2.1.5. Transistors
2.1.5.1. BJT
Bipolar junction transistor is an example of active component and can be thought of three terminal devices. Three terminals are collector, emitter, and base. Transistors find their application in power amplification and oscillators. The power amplification is possible because current through the base will control the current flowing through collector and emitter as a result, there are always two voltages and two currents to consider. The oscillation works by feeding back some of the output back to input. Integrated Circuits (IC) are often made out of transistors arrays (which can work also as a switch) and other passive components and in the event where IC doesn’t exist, an engineer might be required to design own transistor array for the job. BJTs come in two polarities NPN and its reverse, PNP and they have rules:
Polarity, collector must be more positive than the emitter.
Junctions, base-emitter and base-collector act like diodes where it is the base current that controls collector-emitter current. The base-collector diode is reverse biased while the base-emitter diode is conducting.
Maximum ratings, any transistor have maximum ratings for current across three terminals and if exceeded can damage transistor. Similarly, to resistors and diodes, it will have some power dissipated as heat.
Current amplifier, With the previous rules, current through collector is proportional to current through base with formula: , where β is the current gain also called  [11].
[image: ]
Figure 5. Symbols for NPN and PNP transistors in circuit diagrams, important to notice here is the direction of the arrow pointing either away from, or towards the base.
2.1.5.2. FET
Field Effect Transistors differ from BJT being a charge-controlled device, where BJT is current-controlled. It also has three terminals called drain, gate, and source where, drain-source conduction is controlled by an electric field applied to the gate. FET comes in two variants, JFET and MOSFET and just like BJT, they come in two polarities: n-channel and p-channel. JFET and MOSFET slowly replace bipolar transistors in ICs because of their improved performance and high input impedance [12].
[image: ]
Figure 6. In the top, two JFETs symbols and two MOSFET at the bottom. Notable here is the direction of arrows and how gates at MOSFETs resemble symbol for capacitor.
2.2. Microcontrollers
Microcontrollers, often called PIC, on their own can be thought of us as a stand-alone processor for electronic device that communicates with peripherals. All microcontrollers trade of the speed of a computer for an integrated memory and peripheral modules [1]. Digital logic embedded within a PIC is based on Transistor-Transistor Logic (TTL) hardware implementation with +5V operation voltage [2]. The memory is often non-volatile which means that the device will hold on to data in the event of power loss. A PIC can have a big number of possible peripherals such as, USB, I2C, SPI, ADC, and more depending on the application. Additionally, PIC includes ability to implement a data bus which are more often found in PCs [1].
[image: PIC16F883 - Microcontrollers and Processors]
Figure 8. shows example of a PIC16F883 microcontroller.
2.3. Data Logging
2.3.1. EEPROM
The Electrically Erasable Programmable Read Only Memory (EEPROM) is where the device will store its program. In early electronics, the memory was allocated on-chip, in non-volatile storage but it was awkward to reprogram because it would require to remove and resolder a chip [4]. Advanced PICs might come with In-Circuit Serial Programming (ICSP) which allows reprogramming by only using two pins for clock and data and three others for power, ground, and programming voltage [5]. This feature could be useful to program a PIC already soldered into a circuit board.
2.4. USB
USB (Universal Serial Bus) is an acronym found almost everywhere in todays’ electronics such as computers, laptops, and mobile phones as it is an established industry standard for connection. It was first introduced in 1995 with the goal to simplify the connections between computer and any external device. Made out of 4 wire cable, 2 for power and ground and 2 for data and clock, version 1 operated at speed of 1.5Mb/s for devices such as mouses, and keyboards, and for thumb drives, it could deliver up to 12Mb/s. USB 2 could deliver speed up to 480Mb/s which was much more suitable for optical drives or external HDDs. USBs 1 & 2 provided half duplex communication allowing two directional communications but only one direction at any time. The connectivity can be further extended with USB hubs which will replicate the host amongst multiple USB slaves. Such hubs can deliver a power at max +5V at 100mA for low power, and 500mA for high power devices. USB 3 cable has an additional pair for data and clock to make a full duplex communication (both directions simultaneously) providing speed up to 4.8Gb/s and increasing the DC power of +5V up to 900mA. In version 3.1 the USB speed was increased to up to 10Gb/s and doubled the DC power output to +5V at 2A or even 12V or 20V at 5A [6].
[image: Three Things You Should Know About USB-C | SOS electronic]
Figure 9. shows different commercially used USB ports.
2.5. Batteries
2.5.1. Non-rechargeable
Batteries store an amount of electrical charge and some of them have their discharge effect reversable. Non-rechargeable batteries are alkaline and lithium where lithium provides much higher power per single cell (+3V) and have a lot flatter discharge curve compared to alkaline batteries. Alkaline batteries however, are cheap and come in high numbers but they suffer from quick discharge rate.
2.5.2. Rechargeable batteries
The rechargeable batteries come in three variations: lead acid, nickel metal-hydride, and lithium-ion. Nickel metal-hydride is common ‘customer’ pick because it comes in standard form factors such as AA 9V. The lead acid batteries have low internal resistance and are more suitable for power hungry devices. Most often take form of a ‘bulk’ power source but they do come in sizes as small as D size cells. Charging these batteries is best done using two step technique which will provide a rapid recharge without any damage. The Lithium-ion batteries are most common choice is electronics because they are lightweight and have higher energy density than its competitors. However, they trade power for safety requirements and they are best charged with dedicated ICs. Quick examples for charging Li-ion 18650 battery are BQ24092 or TP4056 which will provide the required charge voltage of 4.2V from +5V 500mA coming from USB port. These chips have embedded safety features that can sense overvoltage and overtemperature by using thermistors (embedded or external) to adjust voltage and current throughout charging process [7].


2.6. Voltage regulators
The Voltage regulators are also a three terminal device and example regulator is 78xx series where ‘xx’ is replaced values such as 05, 06, 08, etc, representing a matching voltage. They can supply up to 1A and come in various packages (TO-220, DPAK, D2PAK) with ability to attach either to heatsink or circuit boards copper. There are also low current options such as 78Lxx or LM340L and options for -ve regulation like: 79xx or 79Lxx. Regulators often find bypass capacitors in circuit for which recommended values are found in datasheets. Those capacitors ensure low output impedance at high frequency. The bypass capacitors at the regulator can be omitted if there is bypass capacitor at the load. Because regulators act a bit like a transistor, it is a subject to reverse polarities and, in the circuits, where 2 polarities are present (e.g. dual rail regulated power supply circuit), it is best to use a protection diode because a polarity from one regulator can bring other to a reverse [13].
[image: 5 x LM317 Positive Voltage Regulator TO-220][image: ON Semiconductor, 12 V Linear Voltage Regulator, 2.2A, 1-Channel, ±4%  3-Pin, D2PAK MC7812ABD2TG]
Figure 10. TO-220 on the left and D2PAK on the right showing difference of attachments to heatsinks.
2.7. Hall Effect sensor
Hall Effect sensor is a transducer capable of outputting voltage proportional to the strength of magnetic flux around it. They are particularly useful for measuring position, speed and distance. In analogue version, sensor is linear and it will output voltage with its strength rising alongside the density of magnetic flux around it. The digital version has a Schmitt trigger with built-in hysteresis connected to op-amp to remove the oscillation coming from sensor leaving and entering magnetic field. Such has only two output states: ON and OFF [14].
[image: ]
Figure 11. sourced from AH337 (digital hall effect sensor) datasheet, shows a described regulator, hall plate, amp, and hysteresis fed to a NMOSFET (section 3.7) [15].




2.8. LCDs
LCD is a device that will visually display letters and numbers on it. An example is LM032L which requires +5V and 2.0mA power supply and has an ability to send data using 4-bit 2-operation or 8-bit, 1-operation using pins DB0-DB7. This LCD has more pins for things like: VDD and VSS (power and ground), RS (register selector), and R/W(read/write selector) [16].
[image: ]
Figure 12. shows a circuit diagram for LM032L LCD which uses only RS, RS, E, and 4-bit 2-operation.
2.9. Estimates
The design for a bicycle computer had 4 minimal requirements for things to be able to display on an LCD. Displaying speed, distance, and cadence, required a hall effect sensor (section 3.8), attached to rear, counting number of revolutions per second using a magnet attached to rotary part. Displaying Elapsed time didn’t require any extra peripherals.
2.9.1. Distance
The distance is calculated using formula for circumference of a circle , where d is diameter of a circle, or in this design, OD, which stands for Outside Diameter of a wheel. The circumference will be the actual distance a wheel will travel over a single revolution. Therefore, a total distance travelled can be given as , where ω is the number of wheel revolutions.
2.9.2. Speed
Knowing the distance travelled per single revolution, it is easy to calculate speed of a bicycle by counting number of revolutions over a period of time. The speed is usually displayed in  and therefore it has to be properly calculated. For example, counting a number of revolutions per second will give  and multiplied by 60 gives  and multiplied by 60 again to move from minutes to hours give . Now taking into account wheel circumference C, gives  that would lastly need to be divided by 1000 to move from meters to kilometres (if wheel OD is in meters) giving  as an equation for calculating speed every second.
2.9.3. Elapsed time
The Elapsed time is displayed in sections, each for distinctive part of a time, hours, minutes, seconds, and milliseconds, that can be displayed as hh:mm:ss:mmm respectively. 1 hour has 60 minutes, 1 minute has 60 seconds, and 1 second has 1000 milliseconds. For example, an elapsed time updated every 10 milliseconds, will have a display showing 01:59:59:99 go to 02:00:00:00 after update. The last digit can be ignored on a display as it will update so fast, it might be hard to keep track of.
2.9.4. Cadence
Cadence in bicycling is the number of Revolutions Per Minute (RPM) which describes the rate of pedalling of a cyclist. Just like in to calculating speed (section 3.10.2.), important here is the number of turns over period of time. The pedalling rate is calculated using formula .
3. Design
3.1. System block diagram
From the previous sections, the following statements must be true:
PIC is the brain of the device as it can control and communicate with peripherals.
Charging Lithium-ion batteries requires dedicated ICs for safety.
Providing enough power for PIC and peripherals requires more power than single lithium-ion battery can provide and charging 2 batteries in series requires more voltage than USB can provide.
2 lithium-ion batteries in series provide more than +5V (too much for PIC) and system requires voltage regulator.
[image: ]
Figure 13. Going from right to left; 2 digital hall effect sensors and button will feed its outputs to a PIC. PIC is connected both ways via USB for communication. USB feeds power to dedicated IC for charging batteries. Batteries provide power to voltage regulator that distributes power across peripherals and PIC. Lastly, at the bottom, controlled by PIC, a relay switch will convert batteries from parallel (for charging at +4.2V) to series (for providing +6.4V to the +5V voltage regulator).
3.2. System circuit diagram
The following design (Figure 14) is made out of smaller sections.
U1 is the PIC16F883 which will hold firmware and control everything.
U2-U3 are the digital hall effect sensors (AH337) connected to VDD and Ground with OUT port connect to a PIC.
U4 is the BQ24092 which is a dedicated IC for charging lithium-ion batteries. It will provide required +4.2V for charging 2 18650 batteries in parallel. It will sense temperature using thermistor and charge accordingly. It also has more features such as glowing LEDs (D1-D2) to inform when battery is fully charged and charging.
U5 is the +5V voltage regulator with bypass capacitors at both ends with their values sourced from 7805 datasheet, it will provide stable +5V for the PIC.
RL1 is the relay that controls if the batteries are in parallel or in series.
LCD1 is the LCD that will display relevant parameters on screen.
USBCONN is the USB that will be used to charge batteries and communicate with PIC.
There is also a button at bottom left corner for user input.
[image: ]
Figure 14. shows a complete circuit diagram design for bicycle computer.
















3.3. Flowchart
[image: ]
Figure 15. Starting from top-left, a PIC will check if USB is connected and if it’s not, it will run first program for ‘Elapsed Time’. Just as described in section 3.10.3, 4 variables are set up to contain individual segments of time hh:mm:ss:ms and it will continue to loop until stopped. Pause, Clear, and “Go To Next Program” are also added. On single button press, the counter will freeze until button is pressed again. On hold of a button, the counter is being reset to zero. On double press, program will move to the “Elapsed Time” subroutine.
[image: ]Figure 16. Second program, “Distance” starts from setting variables to calculate circumference of a wheel (section 3.10.1) and calculating distance travelled using number of revolutions of a wheel. Each time Hall sensor goes to “ON”, it will increment distance travelled so far. Button functions are working the same as in Figure 15.
[image: ]
Figure 17. Just like in Figure 16, calculations are made for circumference and an Interrupt counter is set for 1 second. This interrupt will stop the program every second to use number of turns in that second to estimate the speed of vehicle. The difference to previous chart, is that speed doesn’t have clear button but, it still has the ability to pause current speed on display and move to the next subroutine.
[image: ]
Figure 18. Cadence is calculated without need for wheel circumference; it only needs number of revolutions (turns) over time to calculate RPM.
3.4. Software
3.4.1. Proteus
Proteus is CAD software for engineers to simulate and design their projects. Embedded with various IC such as PICs and voltage regulators make working with it easier. Design for circuitry in Figure 14, was made in proteus.
3.4.2. C Compiler
C compiler is required to program a PIC using C language instead of Assembler (one understood by microcontrollers). It will simplify prototyping by producing most of the code for user who only needs to select correct pins from dropdown boxes.
[image: ]
Figure 19. CCS C Compiler project wizard showing user interface and some example properties from which it will create basic code.
3.4.3. MPLAB V8.92
MPLAB is how firmware will be uploaded onto a PIC using PICkit 3. It is available for free via Microchip website and PICkit 3 is a compatible programmer where PIC will rest for programming via USB.
4. Conclusion
Exploring passive components gives an idea of how power can be manipulated, from dissipation by resistors to increasing DC voltage by inductors or providing extra current by capacitors. The transistors also find their application in amplifying or dissipating power with their “2 currents, 2 voltages” rule and most of ICs are technically, a number of transistors arrays. Such ICs are often dedicated for one job like clearing oscillation from hall effect sensor, or maintaining constant voltage with voltage regulators. Multiple number of dedicated ICs for the jobs can be found in PICs and they contain Timers, A/D Converters and a lot more which altogether can serve as the brain of the device that will control peripherals. PIC operate at +5V and so does USB but it has more options, and later versions can deliver a lot more power. The batteries come in various, but most interesting one is lithium-ion as it requires thermistors to regulate power throughout charging process and has its own IC for the job. In future, it’s job could be programmed into PIC and remove that expendable IC from design. Interestingly enough, PIC16F883 can operate at voltage as low as 2.2V but LM032L LCD doesn’t and therefore design required two batteries to make sure that they can provide more than +5V. Design could also be improved with power supply where it uses a relay to move batteries from in-series to parallel; in future, it would be more effective to use power amplification of combined passive and active components to provide required voltage for charging two batteries in-series. The circuit contains only one button but it has 3 results whenever user press the button, or press it twice or just hold for a moment which should give easy operation.
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