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This report will be detailing the creation of a bicycle computer that can be used by a cyclist to track multiple parameters of their journey. The bicycle computer was produced so that cyclists have a cost-effective way to track their progression and journey statistics to a reasonable accuracy, by using only off the shelf components that are freely available. The designing of the bicycle computer has found that this is obtainable, and that it can be done with a basic knowledge of electronics. This is significant as it shows that anyone can produce a device such as this with minimal expense paid.
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[bookmark: _Toc70503247]Introduction
This report will detail the creation of the bicycle computer, including what components were used, how they were put together and how the circuit will operate. This report will include various pieces of documentation, such as component specifications, circuit and system diagrams as well as a step-by-step flow diagram on how the system will operate. 
The purpose of the report is to determine whether a bicycle computer, that can track the required parameters, can be produced in a cost-effective way using off the shelf components that are widely available online or in electronics stores.
There are some limitations on the creation of this system, such as cost, as it must be cost effective. Complexity of design, it must be simple enough with minimal components in order for the system to fit easily on the bicycle frame while still being capable of tracking all the parameters. There is also the case that the system’s components must all function together or be adjusted to be compatible. 
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The system diagram below shows the basic principles of the computer and shows the basic concept of the device structure, showing the inputs, outputs and any other connected devices.
[image: ]

The diagram shows the inputs of the start/stop button, the accelerometer and the IR sensor feeding into the PIC Controller. The PIC controller then feeds the relevant information to the LCD Screen which displays the feedback data of distance, speed, time and cadence. The PIC controller also uses a USB interface to allow data transfer between the device and the users PC. 
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There are various components that could be used in order to create a bicycle computer with the relevant requirements. The components chosen were done so that the computer works as planned. The components chosen were:
Pic 18f4550
The chosen PIC is an 8-bit microcontroller with 44 pins, it was chosen due to the fact that it has enough pins to be able to accommodate all the other components, as well as having enough memory to carry out all functions. It also runs on a voltage of between 2 and 5.5V which makes it compatible with all other component running voltages, so that only 1 power supply will be needed. It costs £5.31 so is very cheap.
[image: ]
PIR Sensor: Parallax Inc 555-28027
This PIR sensor was chosen as it runs at 5V and is cheap enough at £14.41 and readily available. It is a simple PIR sensor as it is only needed for the basic purpose of detecting the bicycle pedal.
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USB Connector: TE Connectivity 909-7864
The USB connector was chosen as it is capable of the required data transfer and functions at 5V, just like other components. It also cheap enough at £2.57 each.
[image: ]

LCD Screen (4x20): MC42005A12W-VNMLW
This LCD Screen was the best choice for various reasons, the first factor is that it is large enough to display all the relevant information clearly for the user. It also runs at 5V and is a reasonable price at £17.62. Although cheaper are available, they are more compact and do not have the desired size to display all parameters clearly.
[image: ] 








Accelerometer: ADXL335 – 5V ready
This accelerometer was chosen as it is capable of carrying out the required functions of it, it is slightly more expensive at £12, as it adjusted to run at 5V whereas standard chips run at 3.3V, this chip uses a 5V input and regulates it down to 3.3V using an on-board regulator.
[image: ]

Start/Stop Button: 3422-01
The Start/Stop button was picked as it is capable of operating at 5V and is cheap, at roughly 20p each.
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Multiple discreet components have been used in the making of this circuit so that it functions as it should.

1kΩ Resistors: 707-7666
I am using two 1kΩ resistors within the circuit, they cost £0.12 each.

Capacitor 470nF: 538-1562
A 470nF Capacitor is used within the circuit, they cost £0.38.
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This is the circuit diagram for the bicycle computer. 
From the diagram it can be seen that the on switch is what feeds the rest of the components with the input voltage of 5V. The PIR sensor sends a voltage signal to the PIC whenever the pedal crosses its path. The accelerometer provides X, Y and Z feedback outputs to the PIC, the PIC then uses these references to determine the speed at which the device is moving, hence the speed of the bicycle is found. The PIC controller is the central processing unit for the device, it stores the data from the journeys, as well as uses specific internal functions in order to calculate certain parameters, the parameters that are calculated are cadence and speed, an internal timer is also used in this calculations. The calculations are carried out as follows:
Speed (m/s) = Distance(m)/Time(s)
Cadence (p/m) = Number of Pedals (p)/Time(s) x 60
The LCD Screen is what allows the data to be shown to the user, it has 4 rows with 20 available spaces for letters and numbers in each row. This means that the data can be shown easily and clearly. It is sent the data from the PIC and it is shown on the screen. An example of how this would look is below.
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The USB interface is what allows the communication between the bicycle computer and the users PC or laptop. 
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The general principles of operation of the circuit are that it can be attached to a bicycle and used to track progress while riding, it will track speed, distance, time and cadence and display those values on an LCD screen for the rider. It will also transfer the data from the controller to the user’s PC where they log their stats and then be able to compare and track their progression. 
The various components within the circuit work as follows:
The PIC controller is the brain of the circuit and will be using the various inputs to control the outputs to the LCD screen and can also store the data in order for it to be transferred to the PC.
The IR sensor is attached to the frame of the bike facing outwards towards the pedal, when the pedal crosses the path of the sensor, the sensor sends a positive signal to the PLC.
The LCD screen displays the values for Speed, Distance, Elapsed Time and Cadence for the user to see and track their progress. 
The Accelerometer is what helps determine the speed and distance travelled. The PIC controller can use the accelerometers voltage output to show the current speed it is travelling at. It also uses the speed reference along with the internal timer of the PIC to calculate distance travelled.
The start/stop button is a simple on/off switch, when pressed in, the switch turns on the system by providing power to the system.
There is also the USB connector that allows data transfer from the PIC to the user’s PC.
There are a few internal functions of the PIC that are utilised in the system. 
Such as the internal timers and counters. The counter is used to count the pulses from the IR sensor, which counts the number of times the pedal passes the sensor. 
It will also use an internal timer to determine the time elapsed over the journey. 
The PIC controller uses the internal timer along with the counter for the IR sensor to determine average cadence by dividing the number of the counter by the time elapsed in minutes.
The PIC controller also uses the timer along with the input from the accelerometer to find the distance travelled over the journey. It does this by using an addition function where the speed is logged at every second and stored. For example, if the speed is 5m/s then it will log 5, then for the next second do the same thing. So, if you are travelling at 5m/s for 3 second then increase speed to 7m/s for 2 seconds, the data will look like this: 5,5,5,7,7. These are added up which gives the distance travelled over the time taken, which gives 29m over 5 seconds. Every second, the distance displayed on the LCD screen is updated, along with the current speed.
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Operation Flowchart

[image: ]
The operation flow chart shows the operation of the computer in a flow chart format, you can see how the process works from start to finish in a reasonable amount of detail. 

Conclusion

As seen from the previous sections of the report, it is possible to build a bicycle computer from reasonably priced components that can be bought off the shelf. Most of the components used were acquired from RS components as they are readily available, various sources were also used for information to wire up the components and ensure they work correctly. The computer works as intended and is viable to work on all bicycles, there are a few things that I would potentially change which are detailed below.
Some of the things that would be changed if this was redone would be to change some of the more expensive components, such as the LCD screen as it was £17.62, this is purely for cost reasons as it is quite expensive.
Another change would be to potentially use a different power system for the ADXL335 accelerometer, the one used is powered by 5V which is then gets regulated down to 3.3V, this made the chip quite expensive compared to a standard 3.3V ADXL335. Alternately, a standard 3.3V ADXL335 could be used but run off a separate 3.3V power supply, this would make it cheaper to produce but would also increase the weight and size of the computer which may make it non-viable for mounting on a bicycle.
Other than these two problems, the project went well, and the requirements have been met. 
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PIC 18f4550
https://docs.rs-online.com/990d/0900766b80806cfb.pdf

PIR Sensor: Parallax Inc 555-28027
https://docs.rs-online.com/6a22/0900766b8125a3ed.pdf

USB Connector: TE Connectivity 909-7864
https://docs.rs-online.com/0507/0900766b81711f60.pdf 

LCD Screen (4x20): MC42005A12W-VNMLW
https://docs.rs-online.com/485f/0900766b81402fa8.pdf

Accelerometer ADXL335 – 5V ready
https://www.analog.com/media/en/technical-documentation/data-sheets/ADXL377.pdf

Miniature PCB Mount Slide Switch: 3422-01
https://resources.kitronik.co.uk/pdf/miniature_SPDT_slide_switch.pdf 
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