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Row Force
In this electronic based project, we have decided to measure the effort and force produced by a team of rowers using oars/paddles. There is a range of different methods in measuring these using different types of circuitry but we want to concentrate on ensuring our hardware will not affect the movement of the rower’s oar. We believe we can use specialist electronic components to carry out sensitive measurements at certain points on the rowing boat itself and oar by recording changes in input/output values. 
Areas of interest: 
· End of oar which moves through water
· Grip of oar where rower will hold
· Strain on pivot point of oar support that holds it in place
We thought of a few different solutions to complement the areas of interest. These solutions ranged from the strain put on the oar, the speed of the oar moving or the use of a motor being turned by the oar. We evaluated these solutions by each member of the team putting forward advantages and disadvantages to each solution. This highlighted different areas of the solution and allowed us to think about different areas that could bring difficulties.
Our first idea was the latter where we could implement a motor of sorts that could produce a voltage when rotated by the oars movement. This came from the hydroelectric concept where we could then measure and record the voltage produced to see how much power is being used by the rower. We did not decide to follow this solution as it would need lots of equipment and could end up becoming a problem to the rower in terms of space in the boat and could end up slowing the rower down. 
The second solution we considered was the use of sensors around the oars movement. We thought of using light sensors where when the oar would break the beam of light on two sensors a certain distance apart, this could be timed and through calculations, we could look at how fast the oar was being moved by the rower leading to power and effort being exerted. Again, with this solution, a lot of equipment would be needed to connect all sensors wit interfaces to time when sensors were being activated. We decided not to continue with this solution. 
We have decided to use a component called a strain gauge. This electrical component acts like a resistor that changes its resistance when the metallic foil in it is strained or distrained. We can use this component at the different areas that I have mentioned above in an electrical circuit where it can record the different in resistances. Other components we have thought to use to make these measurements are resistors, instrumentation amplifiers, Arduino circuit boards along with an SD circuit board that can record values from our electrical components if needed. These are what we are planning to use. This will build a circuit that can take these measurements. 
The circuit we then planned to use is a Wheatstone bridge. This usually is made up of two to four electrical components that measure desired resistances due to changes in the balance of resistance between two of the legs (legs being the electrical component) in the bridge circuit. The electrical components are commonly 120 Ohm resistors arranged in series where the resistance will be balanced throughout. However, if an electrical component that has varying resistance is placed in the circuit then this will unbalance the overall resistance assuming the circuit is powered and results can be drawn from this. This is just an outline of how we plan to test and measure the effort produced when rowing.
Block System Diagram
Below is a diagram of our electrical circuit showing each part of it with the name to each component. This is a simple yet useful way of showing what we are planning to design and how it is going to work. It shows the Wheatstone bridge that we have mentioned above along with the vital components needed for measurements to be recorded and results drawn. These diagrams show the relationships between the components.  It will show how they will be connected to each other. It is a method of planning which component will be connected in order for the circuit to work along with a different way to visualise our project. Our diagram right now is showing our circuit in its early stages where we will design our components more in depth after research in to what we need for the circuit to efficiently work and obtain the results we desire.
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As you can see in the above diagram, here is the system block diagram we have created. This includes the components we have decided to use along with how they are will be connected. 
We will be using an Arduino Uno board to try to capture the results we gather from this circuit. Our initial plan is to allow the Arduino to take readings through the analog input pins from the strain gauge however due to the millivolt change when the strain gauge is stressed we will need to amplify these voltage changes using an instrumentation amplifier. The instrumentation amplifier will be very beneficial to us when working with these low changes in voltage, as in order to see the change, we will need to set the gain of the amplifier. The instrumentation amplifier comes as one component and a single resistor programs its gain. These amplifiers also have good low noise specifications, which is desirable to us for accurate readings. 
The supply for the circuit will be around five volts DC. This is the supply voltage for the Arduino board (0v – 5v DC). This is a digital value of 0-1023 and will be shown as that.  However, there is a possibility, using Arduino software commands, to change the measurement range of the analog input pin to 0v-1.1v DC that as a digital value will still be 0-1023. This could be an advantage to us as this could compensate for the gain needed in the amplifier, as it will mean we do not need a high gain anymore. After some research, some cases show there is no longer a requirement for an amplifier because of this smaller range. This will depend on the millivolt range our strain gauge has. 
 When using the Arduino, we will need to create a program and algorithm for the Arduino to read its input values. These then need to be readable values and representable in a graph for example. I think a force-time graph could be a useful tool to present our results as this could show at which points our row support or rowlock is at its most stressed and least stressed and if there are any correlations in time and force on them. 
Calibration[footnoteRef:1]  [1:  https://www.sensorsone.com/shunt-resistor-calibration-explanation/] 

As with most circuits, calibration becomes a huge factor when looking for results or requiring accurate values. Circuits and components are calibrated by comparing them to and testing them against standard versions with values that will not change. The second way of calibrating will be to compare them to already calibrated components but this can bring in factors such as when were they calibrated and to what degree. Calibration plays a huge factor in gaining accurate results especially in our project. The need for calibration is brought about by the frequent use of our strain gauge if it was to be produced and used for high analysis of the sport we intend to use it. Periodic calibration is also needed to ensure the accuracy of the component it still to a high standard along with the sensitivity being to the right tolerance required. Within calibration, we will look for the input that we have pre-determined to correspond with the output we get. 
We will need to calibrate our strain gauges and resistive circuit due to a situation where we will need the sensitivity to be very accurate. The situation is that our strain gauges will be remote from the instrument as we are looking to place our circuit at the end of the rowlock on our rowing boat. This circuit will then be connected to the instrumentation amplifier part of the circuit, which could be away from the strain gauges towards the centre of the boat. This can result in signal attenuation due to lead wire resistance. For example, there can be losses within the wires used to connect the Wheatstone bridge to the instrumentation amplifier. This can lead to our results being affected greatly as we are only testing for very small changes in resistance when there is strain put on the rowlock resulting in strain on the gauges. We will need to calibrate our circuit to ensure it will only register the strain signal produced. 
As we are looking to use the strain gauge - Wheatstone bridge circuit, there is a variety of different methods to calibrating the circuit. One way is the shunt resistor calibration. This is not a complete calibration as no pressure is actually applied but it does reduce the errors occurring from the circuit when connected together in terms of the strain gauge connected to the bridge. The shunt calibration uses an extra resistor in the bridge circuit. The resistor will connect in parallel to the strain gauge that is under stress. This is indirect calibration of our test components. This calibration uses a simulation-type method where strain is applied as an output to the input terminals. The bridge circuit is highly sensitive detecting very small resistance changes. By increasing and decreasing, the resistors in parallel with the gauge will result in the behaviour found of the gauge. 
As seen above, as a group we produced a Gantt chart to plan out stages of the project. This shows what steps we plan to take to produce the concept along with the research and testing/amendments. This was useful for us to keep on track with time and ensure we will complete every part we need for the project to be successful. Our plan was to research the components we planned to use looking at things like operating voltages and currents, how they connect and interface with different processors. We planned to use an Arduino processor as we had some knowledge in programming this to read and record data. Once we had researched the components we needed, we were going to purchase these and gather all we needed such as wiring, voltage sources, etc. the next step would have been to start the programming of the Arduino. We would have planned out the program breaking it into pseudo code and more flow charts so we could break each stage down and convert this into code. The main operation would have been to read the voltage from our Wheatstone bridge and record this data. We would have used an amplifier circuit to make the small change of voltage from the strain gauges bigger to read. 
As we decided to choose different roles for the members of the group. We would then have chosen two members to carry on with the programming and two members to then start making up the circuit. This would have allowed us to move the project along and keep making progress. I had already designed a small prototype of the rowlock which what we planned to measure the force on with the strain gauges sitting on this. We would of either used this to test our circuit or designed something on a bigger scale to imitate an actual rowlock. Once we had programmed and created our circuit, we wold need to calibrate and test it using methods I have previously mentioned. From this, we could draw results from the data recorded, make calculations on forces and effort exerted and draw a conclusion. 
A problem that we thought could affect our circuit was the fact that this would be used in a water based environment. Water could damage the circuitry, especially the Arduino processor. Water would be moving at a force also if it was to hit the circuity on the rowlock so we thought of using either plastic wraps that are vacuum packed around the circuitry or to use a water tight box such as an outdoor junction box which could sit bolted on the row lock. This however could then lead to the boat being slower due to reducing the streamlined shape of rowing boats. 
[image: ]Another issue we thought of when completing this project was how we would record the data. The data would be the voltage changes in the circuit due to strain so this had to be read by the processor and then saved. We thought of using an SD card and SD card module for the Arduino. This would have connected on the pins of the Arduino and would need to be interfaced. This would have proved difficult as we had little knowledge in that. We would have to overcome hat by researching and creating code through trial and error to save data.
In the above image, we created a flowchart to show how our measuring device will work and the overall process. This highlights what our device will do when being used. As we planned to use an Arduino, a flow chart helps us to then plan what code/algorithm needed to perform the required tasks. 
[bookmark: _GoBack]This project was unfortunately brought short due to the current pandemic so we could not continue in progressing it. However, this project still proved useful as it developed skills needed moving on in our engineering careers. I found that I had gained a better understanding in organising projects where each step needs to be mapped out and researched as this will lead to the actual concept coming together easily. Time management is always a good skill to develop and this was a key factor in the project where minutes to meetings were recorded in order to keep track of what we have completed and not completed. Each member decided on roles which best suited them instead of someone handing out the roles. This allowed each member to use knowledge and skills they were comfortable with and produce better ideas to develop the overall project. 
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