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[bookmark: _Toc170757248][bookmark: _Toc170819905]Abstract 
This report follows the design, development, construction, and testing of a preprogrammed smart autonyms vehicle. The construction of this vehicle is to demonstrate the capabilities of a device that is not dependent on radio frequency communications to reach its objective even when obstacles are blocking its pre-defined path. 
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[bookmark: _Toc170757249][bookmark: _Toc170819906]Introduction
Autonomous robotic and unmanned vehicles are becoming more and more prevalent in today's world. With the likes of corporations such as Amazon choosing automation within their distribution plants and even expanding out to their delivery services [1]. To military applications of autonomous fighting vehicles [2] and supply/casualty support vehicles. 
As these systems grow in popularity, a vast majority of them use Radio Frequency (RF) controller systems aver in the form of a remote user or, for the truly autonomous systems, to communicate to Global Positioning Systems (GPS). This method of control is why autonomous systems are being favoured across the working environment, but this communication method can become over-saturated, jammed, and interfered with within the different environments they operate in. 
It is within this report that the possibility of constructing an autonomous vehicle that depends on pre-set commands and has the intelligence to overcome obstacles that may appear on its prey-set route without hindering its ability to reach its objective will be tested. The reasoning behind this is to show an alternative option of control for autonomous vehicles. This alternative control method can be used in areas of high RF traffic like within cities and in areas that lack RF/GPS connections such as tunnel systems and dens wilderness.  
The report itself has been broken down into sections with the first of which looking into similar and pre-existing systems. This is then followed by the development methodology stage where components will be discussed and compared alongside a breakdown of the construction development and specifications. The next stages will be broken down into the construction of the system, followed by its testing and results before finishing with a comparison of the performance of the system to existing products and the conclusion. 
[image: Self-Driving Robots: A Revolution in the Local Delivery]
[bookmark: _Toc170757292][bookmark: _Toc170819949]Figure 1 Self Delivery Robots [3] 

[bookmark: _Toc170757250][bookmark: _Toc170819907](1:0) Background Research
The background research was done on small programable devices. These were based on educational devices. This would be the foundation of the small autonomist vehicle because of its simplistic concept and programmability.      
The device that was looked at was a Bee-Bot. The Bee-Bot is a small robotic Bee-like device that can be programmed from the buttons on its back. The Bee-Bot can move through user input on the buttons to make it go forward, backwards, left and right. The user commands can be stacked on each other to create a route the Bee-Bot can follow. ​[4]​ The reason to look into something so simple is that the basic concept of this project is similar to the Bee-Bot. A small robotic vehicle will need to follow a set of commands to be able to move and perform the task given to it. 
The main point to take away from this is that the basic concepts of robotics are that when given a set of commands, whether from user input like pushing a button or from a scripted code. 
[bookmark: _Toc170819908](1:1) Sensors
Ultrasonic sensors are  “a non-contact measurement device which provide precise distance measurement of an object using ultrasonic wave.”[5] This makes them effective at precise distance measurement and response to objects in front of them. In industry “The use of ultrasonic sensors has been widely used in various purposes such as determining surface structure, measuring the position, and calculating the speed of an object.”[5] it's used as its relatively cheap while still being accurate and effective. 
The radar is capable of sensing items as it “creates its own target illumination, it is also able measuring the relative velocity of other objects.”[6] This enables it to identify a target and calculate its distance. They are used in “automatic cruise control, emergency breaking or blind spot detection”[6] this allows them to function in some of the toughest weather conditions as radar has minimal change between weather conditions. This comes from its detection method as its sending and receiving the same signal can identify the change in the signal based on heat. And the signal is not changed by water or many other weather conditions; its most common issue is a solid object like snow ice or a wall where the sensor gets a return when it may not be expected to. 
“LIDAR, short for Light Detection And Ranging”[7]is a method of detecting range and objects in general.”LIDAR has high accuracy within a large detecting range”[7]. Lidar is commonly inhibited by weather such as rain as it produces a beam of light such as a laser and expects it to be returned if it's bent out of the expected return route it will assume that something is in the way. As such they require backup in industrial purposes from items like radar to allow them to work in all weather. The main use of lidar is in autonomous cars and mapping. They use it for two different reasons: mapping uses it as it is capable of quickly scanning an area and can scan a massive area with limited losses in data. Whereas autonomous cars use it for quick identification of the world around them in a relatively short range. Mapping talks in the terms of hundreds of kilometres autonomous cars look in the terms of hundreds of metres. 
[bookmark: _Toc170819909](1:2) Autonomous Robots 
As already explored in the previous sections, pre-programmed vehicles, and sensor systems are used in a vast array of projects and for educational use. But this is not their only purpose, when combined these systems can make autonomous vehicles of varying capabilities that are used within industry and amongst the public. 
A popular example of the use of autonym vehicles amongst the public can be seen within hospitality, especially in countries such as Singapore and Japan [8]. These autonomous vehicles come in the form of robot waiters and are produced by several organizations like Alpha Robotics and their Scud, Amy, and Panda designs [9] also Keenon offers their Dinerbot T10 design [10] to name a few. But it is not just the previously mentioned countries that are utilizing robot waters, as of 2022 the hospitality chain Bella Italia turned to autonyms waiters in their Center Parcs Whinfell Forest branch located in Cumbria. This was in response to the lack of serving staff after the Covid 19 pandemic and Brexit [11].  
With the prayer binge a global issue and the choice of autonomy being favoured to relieve pressure off people performing repetitive menial jobs. It is crucial to understand how these systems work, and this will be explored via the waiter example. 
Most robot waiters utilize three methods to aid them in their movement, collision control and table location. The first of which is that of pre-coding the floor plan of the restaurant that the waiter will be operating in. This floor plan can then be controlled through a package known as ROS-RVIZ [4] which is pre-programmed into the waiter. But this is not done as a stand-alone, the waiter also utilizes “eyes” in the form of lidar to aid it in the production of its own map of the floorplan and to aid in its obstacle avoidance [8]. This method of movement operates similarly to that of the project that this report is based upon. 
As for the table location, the use of RFID tags is utilized to allow the waiter to accurately locate where the food will be delivered. These RFID tags are also connected into a mess network which aids the waiter when pathing to the table giving it reference points to triangulate its location [8]. Once the waiter has reached the location, the tags also work as a lining up point to aid the waiter in placing the products onto the table.  
[image: Two robots with trays in a room
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[bookmark: _Toc170757293][bookmark: _Toc170819950]Figure 2 Robot Waiters [11]
[bookmark: _Toc170757251][bookmark: _Toc170819910](2:0) Development Methodology
The choice of the correct components were key to the development and success of the project. This is why, within this section of the report alternatives and final choices will be compared and justified. 
To begin with, the critical choice or the “Braine” of the vehicle had to be chosen. This decision landed on the choice of the raspberry PI Pico WH. The reason behind the choice of a Pico PI over the standard Raspberry PI was down to size, the project intention was to make a small vehicle and the Pico allowed for a smaller frame to be used as the body of the vehicle. The second reason for the choice of the WH model was due to the WiFi capabilities it has. All thou the project was to prove a fully RF-independent vehicle, the WiFi capabilities open up the potential for further development. The added feature to the WH is that it came with the header pines all already connected, removing the potential possibility of faulty connections when soldering up the Pico [12].  
As a Pico PI was chosen to be the driving force behind the vehicle, the issue arose that the Pico may not have enough amps or voltage behind it to drive the motors. This came with the added issue of the Pico not having the capability to switch the direction of rotation when required as well. Due to this issue, the procurement of a H-gate circuit was put in place. During the research stage, three capable systems were identified for what was required. These systems were the DRV8833, L298D, and the L9110S. Each of the systems allowed for an external power supply to be connected but kept separate from the rest of the system and also allowed for up to two motors or one three-phase motor to be connected. With this requirement being meat, the choice came down to voltage range and size. This resulted in the L9110S being chosen due to its medium size, compared to the DRV8833 and L298D, and its voltage range spanning from 2.5V to 12V [13] making it more than capable of handling the intended external voltages with the possibility of testing the output voltage of the Pico as a driving power source for the motors. 
[bookmark: _Toc170819911](2:1) Powered Supplies 
One of the main materials that is used in this project is batteries as they will power the Pico Pi, motors and sensor. There are many types of batters ranging from AA, D, lithium, and portable power bank. The different makeups of batteries range from Zinc – Carbon, Alkaline (Zn/Alkaline/MnO2), Mercury (Zn/HgO), and Lithium/Soluble Cathode. The application of these batteries ranges from low-powered applications like toys, radios, hearing aids and charging small devices like a phone or a tablet. Some high-powered applications mainly for the Lithium/Soluble Cathode, have a higher power rating and can withstand higher temperature ranges, would be the use of drones, electric cars and high-power motors.​ [14]​ 
The batteries that were looked at for this project were AA, portable power banks and Lithium/Soluble Cathode ones. All these batteries offer the required voltage that the Pico Pi will need. For the Lithium/Soluble Cathode batteries, small ones were looked at as the vehicle doesn’t require the power for long-distance driving and the power consumption is a lot less than an electric car. The pros of this battery type are that it has I high energy density which stores higher and more power without it being very big and bulky. Another one is the long lifespan of the batteries which take longer to degrade over time. Some cons of Lithium/Soluble Cathode are that transporting them is more difficult and there are many safety concerns surrounding them as they can cause thermal runaway when damaged or faulty, this is where it will cause a fire that is difficult to put out and will last a long time till there is nothing left of the batteries. ​[15]​   
For the other two types of batteries, the AA and power bank are more widely available and are simply to each other as the power bank just has multiple AA batteries that a rechargeable. 
[bookmark: _Toc170819912](2:2) Sensors 
Radar is not affected by weather as such its effective as a detection method for outdoor projects. Radar is a technology that has been in use for years for detection as its easily implemented and highly detectable. The main downside to radar is its high power draw and can be confused by objects that look to be unmoving from its perspective. 
Ultrasonic is a cheap technology as it uses a high frequency speaker and a microphone tuned to the same frequency to detect objects. It is a very successful technology in reversing systems and crash avoidance systems as it is consistent and cannot be confused easily. Of all the technologies it is the slowest at transmission and reception of its detection method as such it struggles with extremely fast moving objects. 
Lidar is the fastest of all the technologies to detect motion and has the longest range as it propagates easily through the atmosphere.  but it's also the most immature of all the technologies and can be interfered with by weather such as rain. 
The authors picked ultrasonic as its cheaper than radar and lidar this will reduce the response time of the sensor and its resilience to adverse weather but as this is a test bed it should not experience any adverse weather and the device should be relatively slow as tracked vehicles of this size normally break or damage themselves when running at the speeds that the sensor would struggle with.     
HC-SRO4[16] 
This sensor is commonly included in arduino kits as its cheap and easy to use. It has 4 pins two are communication pins the remaining are power and ground/negative. This makes it easy to communicate with. It has a detailed data sheet on how it works but not on how to use it as such it will require more work to program. 
[image: Text Box]
[bookmark: _Toc170819951]Figure 3 Ultrasonic Censor
Ultra:bit distance sensor[17]  
This sensor package is less commonly used as it communicates using the screw holes and as such needs adaption to work with the normal pin systems. It has an extensive data sheet but is relatively expensive compared to other sensors.
[image: Text Box]
[bookmark: _Toc170819952]Figure 4 Ultra:bit distance sensor
 
RAK12007-0-WB-N[18] 
This sensor is similar in cost to the hc-sro4. The package uses screw hole communication and has a detailed documentation sheet and quick start guide. This allows for it to be quickly adapted to its role. 
Overall the RAK12007-0WB-N[18] has a lot of benefits but for the authors purposes it lacks the ability to mesh with a pico pi easily as such the HC-SRO4[16] will be better suited. This means that the authors will have to develop more difficult code but it will reduce the parts cost of the device.
[image: Text Box]
[bookmark: _Toc170819953]Figure 5 RAK12007-0-WB-N
[bookmark: _Toc170757252][bookmark: _Toc170819913](3:0) Design and Construction
This section of the report aims to break down the construction and design of the autonomous vehicle project vier splitting it into two sections.
[bookmark: _Toc170757253][bookmark: _Toc170819914](3:1) Hardware Construction   
Day 1 – The initial stage of construction started with the development, understanding, and prototyping of the motor system. This stage of construction used the flowing components:
· X2 Drive wheels
· X2 Bearing wheels 
· X2 Tracks
· Metal shazzy and assembly parts
· 6V to 12V Motors 
· L9110S DC Motor Controller (H Circuit) 
· Breadboard and connecting wires
· Pico PI WH
· Power supply 
Each of the components went throw basic and simple tests to first grasp an understanding of how each component worked and behaved. These tests are further elaborated upon within section 4:0. 
After the tests were conducted, a simple breadboard construction of the motor system was built. This construction connects the H gate system and the larger motor together as one system (as seen in Figure 6), which was then powered and triggered by a bench power supply. It was during this stage that it became relevant to colour coordinate the wiring for the H gate and the motor to allow for easier identification of the direction rotation of the motor when it came to further tests. 
This colour coordination was achieved by choosing the same wire coloured throughout the system that corresponded with the direction of rotation. For example, ante clockwise rotation had a brown wire from the motor to the H gate throw to the trigger. This adjustment was achieved due to the choice of constructing upon the breadboard as the initial construction platform. As breadboard allows for easy wiring and component adjustment due to its push-to-connect design.  
[image: A close-up of a circuit board
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[bookmark: _Toc170757294][bookmark: _Toc170819954]Figure 6 Single Motor and H gate Set-up
A second motor was added to the system. This second motor followed a similar wiring set-up as the first but was inverted. The reasoning behind this is due to the motors sitting on opposite sides to one another when connected to the shazzy. This meant when the command to move forward was given, the motors would work in the opposite direction to drive the vehicle forward. 
The Pico PI was then added to the motor systems replacing the bench power supply. With the Pico in place, the motor system was almost completed excluding the battery power supply that will be used as the external power to the motors. The motor system plus its shazzy can be seen in Figure 7.
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[bookmark: _Toc170757295][bookmark: _Toc170819955]Figure 7 Fully Constructed Shazzy
Day 2 – The second day of construction focused on the ultrasound sensor and its movement capabilities. During this construction phase, the following components were used:
· Ultrasound sensor
· Small motors
· Breadboard and connectors
· Pico PI
Each of the GPIO pines had to be identified, upon the Pico, that was going to be used for the operation of the sensor system. The purpose behind this was to match the code with the wiring/breadboard design that was being constructed to allow for testing to be carried out. This was achieved by a similar method as to what was used for the motor system by utilizing different colour wires to represent the Trigger (Dark Blue) and Echo (Light Gray) functions on the sensor. It is also to note that the sensor did not require an external power source and utilized that of the 5V output pin on the Pico. 
The next stage was to apply the movement method. While doing this, it became apparent that the smaller motors were not efficient in allowing the sensor to observe its surroundings, due to their difficulty in predicting movement speeds and their lack of capability to self-center itself accurately without the use of intensive coding. This resulted in a re-design of the movement method that resulted in the procurement of a Micro Servo. 
Day 3 – The third day followed on from the previous day's construction with the addition of the servo to replace that of the small motor. For this addition to work, one more GPIO pine (Pin 4, GPIO 2) was allocated on the Pico to act as the command wire. Once the servo was in place, the beadboard prototype named V1 was completed. 
The full system was attached to the tracked body via electrical tape. This was to prevent the breadboard from sliding off during movement but still allowed for adjustments to be made easily. The servo was fixed to the front of the body with a damaged WiFi antenna connected to it as an elevated stroke to hold up the ultrasound sensor to allow for sensor movement. All of these components were fixed in place with electrical tape as a temporary connection. This can be seen in Figure 8.  
[image: A robot with many wires
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[bookmark: _Toc170757296][bookmark: _Toc170819956]Figure 8 Version 1
After full body tests were carried out on V1 of the vehicle, the design of the Veroboard went underway. This stage was just a simple component mapping on the board with the use of a marker pen to signify wire layouts and pin connection points.
Day 4 -  This was the final day of construction and focused on the soldering of the Veroboard and the fitting of the circuitry to the body of the vehicle ready for its final tests. 
As the Veroboard had already been mapped on the previous day of construction, the components just needed to be placed in their delegated spots on the board. Making the process quick and simple. This left the breaking of the tracks as the last task to be carried out, this was critical to prevent short circuits when the system was in operation but was another simple task once all components were in place. 
It was also during this construction phase that header pines were added to the design to prevent the Pico from being directly soldered onto the board. This addition was to prevent damage to the Pico and to allow for the changes in the event of a fault or to allow another 40-pin controller to be added to the system. Figure 9 shows a top-down view of the Veroboard. 
[image: A machine with wheels and wires
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[bookmark: _Toc170757297][bookmark: _Toc170819957]Figure 9 Veroboard Apon Shazzy
On completion of the Veroboard, the system was attached to the body of the vehicle. This required the underside of the board to be covered in electrical tape to prevent short-circuiting when touching the metal frame. To fix the board in place, two fine stripes of electrical tape were used. For the servo, a zip tie was threaded throw the body and tightened to keep it in place and to minimize the unwanted movement of the sensor when it scanned its environment. 
Figure 10 shows the completed vehicle before tests.  
[image: A computer and a robot
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[bookmark: _Toc170757298][bookmark: _Toc170819958]Figure 10 Completed Vehicle with Code (Background)
[bookmark: _Toc170757254][bookmark: _Toc170819915](3:2) Software Development 
The authors developed the program by identifying a project where the motors had been used and used that to get the basic function working. They tested how the pico pi could control the motors they settled on power control rather than PWM as power control gave a more linear drive and during testing PWM had randomly caused the motor to run in reverse. 
They split the code into multiple test variants to allow them to quickly identify issues and modify the code to rectify the errors. One of the tests produced was a shake down program that moved the motors through all the required functions forward backwards left right. This test enabled the authors to test the motors further and make decisions on what motors to use.  
Next they identified a program where the sensor had been used to give them the ability to identify  how to calculate the distance and control it. From there they implemented a test to see if the distance the code was producing could be used to light an led. As it could this code was set to one side and made ready to be implemented as a function for the final code. 
The sensor was controlled by a servo motor as such the authors used cables that could disconnect if the servo motor moved too far during tests. The servo motor code is connected to a servo library that starts at 0 degrees in the left position 90 in the forward position and 180 in the right position; its library has the defined PWM command needed to drive the motor to each position. This makes it a very smooth motion. 
[image: Text Box]
[bookmark: _Toc170819959]Figure 11 Code Flowchart
[bookmark: _Toc170757255][bookmark: _Toc170819916](4:0) Testing and Results
Day 1 - The first of the tests focused on the motors as individuals and comprised of a simple setup of a bench power supply, connecting wires, and a motor. This was to see the minimum limits of the motor's capabilities by first setting the voltage and amps of the power supply to the motor's recommended operation values and then decreasing the amps, followed by voltage until the motor stopped rotating. The purpose behind this was to see what the physical lower limit that an external power supply could be at that still allowed for motor rotation. 
The next stage of testing combined the H gate system, motors, external power supply, and the Pico PI. This test first started by connecting the H gate system to the bench power supply and the motors, while also using the bench power supply as the trigger for the motor's movement. This was to gain a basic understanding of the operation of the H gate before connecting it to the Pico and to see if the predicted pin high, pin low technique would be sufficient to trigger the system. It was during this test that one of the H gates circuits became damaged due to a sudden voltage spice. This resulted in identifying the max voltage and current inputs for the H gate. 
After positive results using the bench power supply as a trigger showed the clockwise and anti-clockwise rotation of the motor, the addition of the Pico was made. This test was to see if an external power supply could be used alongside the Pico if they shared a common ground. This proved to be successful and with further investigation, it became apparent that the Pico could also be used as the power supply to drive the motors too. This discovery was only apparent for the operation of the larger motors and not the smaller ones as they required a higher current flower that the Pico was incapable of producing. 
Day 3 - On the third round of testing and development of the microcontroller vehicle, there was a continuation of coding development. The results from this development and test to see if the code works and how the microcontroller vehicle interprets the code. The results were that the vehicle obstacle avoided wasn’t working so it would run into walls and isn’t trying to avoid them at all. The second problem that was run into was that the microcontroller vehicle was trying to divide by 0 within the code by running the last command only, so the motors were left in the last state there where it was spinning out. 
Day 4 – The final day of testing consisted of a full system test, much like the one carried out on day 3 but this time the project was in what can be said its final form. During this test, the vehicle was challenged to drive in an extended straight line, longer than its previous tests, and to avoid four different types of obstacles, namely the lab desks, walls, people, and lab stools.
While carrying out the extended straight test, it became apparent that the vehicle tracks were moving at two different speeds resulting in the vehicle pulling over to one side when moving. On recognizing this, amendments to the tracks were made, making sure both were at the same length as one another. After this was done, the distance between the drive and bearing wheels was checked to make sure their distances were the same. This only slightly improved the drifting and led to an investigation into the code where it became apparent that the power distribution between the two motors was not even. This was quickly resolved.
When the vehicle was then tested against its obstacle recognition, it successfully detected and maneuvered around the issue. This event proved successful when the vehicle found itself trapped in between the elevated feet of the lab stools, where it managed to maneuver its way out of the issue and back onto its original trajectory. But it was during this test that the code used to identify the best possible position to move to when avoiding an obstruction was off, resulting in the vehicle favoring right turns over the more sensible options. This issue was amended slightly but resulted in the obstacle detection of objects in front of the vehicle not responding. To solve this issue an older version of the collision detection code was returned to and, as of writing this report, the pathfinding is still not at its optimal performance. 
Code tests - The authors had three main programs one that was for motor tests this was called shake down and it simply had the robot move left right forward back in as many methods as was necessary.  
The authors then tested the sensor's response distance using a program that had the robot move forward until the sensor read less than a set distance was moved after every run until the robot hit something then it was increased till it gave enough space to turn round. This was added to a program that had the robot move up to a wall then turn and go in another direction to test its ability to sense items in its way and then use a servo motor to allow them to better control the direction of the robot sensor. 
The servo code allowed the authors to define the angles they wanted to check; this was 45 degrees from the front and 180 from the front on both sides; this gives a greater knowledge of the robot's surroundings enabling complex control of the robot's direction. 
The authors finally put the code into a single program. This program had faults that appeared during testing such as motors running at different speeds, code taking too long to process, causing the robot to crash. As such the program was modified to have the robot constantly scanning for blockers in a 90 degree field of view.  
The authors then had a sensor test program that was used for understanding the sensor accuracy and what the range was. This test showed that the sensor had a range of around 100cm a usable range of 50cm and an accuracy of 2cm this informed a change of the program to reduce the range to 10cm for left and right but they kept the forward at 12cm as this enabled them to avoid having the robot drive forward and be stuck.  
[bookmark: _Toc170757256][bookmark: _Toc170819917](5:0) Evaluation
The Autonomous ground vehicle proves to be effective in its capability of detecting and avoiding obstacles without the need for RF communications. In comparison to similar products, it works successfully thou it is not as smooth if the vehicle were to go head-to-head with an off-the-shelf comparison. This can be rectified with more time spent on the project to fine-tune its detection and its pathfinding capabilities. It will also be noted that most off-the-shelf existing products will use RF communications to help guide their vehicles.    
[bookmark: _Toc170757257][bookmark: _Toc170819918]Conclusion
To conclude, this project has successfully proven that a preprogrammed autonomous vehicle that does not depend on RF communications can successfully navigate, detect, and avoid obstacles when set on a pre-determined route. This has been proven by simple tests held within a lab environment that have tested and strained the capabilities of the vehicle and have indicated to the authors where adjustments are needed to improve the vehicle's performance. 
All thou the project works to a basic degree, there are still improvements and fetches that will be added to the vehicle. These improvements range from hardware, such as the addition of a secondary external power supply to improve motor performance, and a made-for-purpose body so that it is no longer just an open-top shazzy. Making the vehicle more professional-looking. 
On the side of future software development, there will be the addition of a gue to allow users to interact with the vehicle and to easily instruct the vehicle with new instructions as to its pre-determined route. There will also be the intention to add a mapping function to the vehicle so that once it has identified the path to take to get to the objective, it can then follow its newly mapped route back to its start point. 
[bookmark: _Toc170757258][bookmark: _Toc170819919]Reflection
(JG) – Some of these improved skills were those of my soft skills that were developed through being the team leader for the project. One of the more prominent skills that were tested during this role was that of adapting to sudden changes in planes. This resulted in me having to redistribute the workload between myself and my team while also considering the varying strengths/learning styles of each team member. This played a big role in my time management too.
 An improvement I believe I need to develop is my capability to structure my research. I noticed on several occasions I would carry out research upon a subject/components, gather what I needed but then not note the process instead opting to continue with the task that drove me to the research to begin with. I believe I can improve upon this by making a logbook in which I note down key steps/research as I go along instead of waiting to write it in the report. 
(OW) - Upon reflection on this project, the skills that have been learnt are the development of teamwork and communication, research skills, report writing and practical hardware skills. 
The development and teamwork skills have been developed and shown in team meetings by voicing ideas and delegating workload. For report writing and research, skills have been developed by being in line with academic processes and report writing. This has ranged from better references to delving deeper into ideas and statements. Hardware and application advances have been in the use of a Pico Pi and wiring its motors to control them and to produce a small autonomist vehicle. Much has been learnt and developed while doing this report. The key takeaways from this the teamwork skills and academic writing skills as this will help aid in future academic report writing and collaboration with a work environment.                 
(AG) - I developed a code that focuses on functions to keep all the systems modular. I solved issues with the logic helped by a co author. This code allowed for basic pathfinding and identifying of blockers. I identified a sensor that was cost effective and efficient to use for the task. This allowed the team to focus on development of the chassis and the program rather than the mounting method of the sensor. I developed my knowledge of micro python and general python syntax to better understand how to improve the project. 
Ideally I would have altered the program to know the directions it has performed when not following its true path as this would have allowed me to make the robot return to its path based on the moves it made. Fully implemented the distance control to allow the user to better control distance rather than an arbitrary number. Implement a way to choose between while loop and single command use. 
For future projects I will plan how the program will return to its original task after it enters a loop to ensure reliable results. I will ensure that the inputs have linear responses rather than uninformed numbers with no relation to the end goal to ensure the user can better interact with the program.  
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Figure I ultrasonic sensor (he-sr04)
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Figure 2: ulirasonic sensor (ulra:bit distance

sensor)
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Figure 3: ultrasonic sensor(RAK12007-0WB-N)
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s s shoust expan s you e

SECTION J: Data Protection and Storage

In complsting tis secton refer o the University’s Ressarcn Data Management Policy and he.

xensive resources on e Universiy's Research Data Management web pages

(i i 2. oraryrese sren-daia-mansgemen.

T Does e researoh acivly involve personal data (2 defned by e Ganeral
Data Profection Regulation 2018 “GDPR" and the Data Frtecton At 2018 | YES  NO
“oPaTY

“Personal data” means any inormsiion ating o an fgenifed or

identfable natural person (data subject). An dentifabl natural

person s on who san be gentiied, airsety or ndiecty, .

adipuloc by, reference to an dentir such a6 & name, an o x
Iaentostion number. scation data,an online dentieror 1 cn or

more factors specifc o the physica physiciogical, geneti, mental

conomic, culursl or social Gentity ofthat natural person-

|2 VS, provide a deseripton of the dsta and explin why ths data nescs o be colected:

3 Does tinvoive special category dat (a5 defned by the GDPR)?. ves | wo

“Special cavegory dasa” mesns sensive personal ata consistng of
information < o th gt sunects -

{0 membershp of 2 rade uion (withn the meanig o th Trade
Union and Labour Reftions (Gonsalsatin) A 192, o=
{2 physioaor meial heath o condion,

1 sexual it

(@ genees,
) Domeins dta (55 used or D purposes),

4 YES, provide a desoripton of he special category data and explai why i data needs o be.
colectes

s s shous expans 5 you )

5[ Willie research scivity invove storng personal data andior special caiegory | YES | NO.
it on one o the fllowing:
[ Manualfes (. n paper form)? o =
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“Cloud”siorage or websies?
Otner - specty:

ooooog
CRE

For sl stored data, expain he measures in place o ensure the secury o he data colleted, data
confdentalit, inciuding detalsof password prtaction, encryplion, anonymisatn and
pseudonymisation:

s srous expana s o pe)
4| AuData Storage

75| Wil the researeh actvity nvolve any of e folowing sctvies: ves | wo
16| Exactroio transfer of data inany form? )

7

‘Sharing of data wih oners at e Universty?

‘Sharing ofdata win otner organisatons?

£}
E
=

‘Export of daa outsids he European Union or mparing of daa from ouisde
tne UK?

Use of parsonal addresses, postoodes, axes, emais or telephone numbers?
Publcation ofdata tat might aow idensfcaton ofindividuals?

Use of data mansgement system?

=

ojoooojoio
CIEIEE I EICE]

Data sroniving?

2

I YES t0 any question.please provide ull detas, explining how s wil be conductad in
‘2ccordance with the GDPR and DPA (andlor any nterationsl equivalent)

The data ranstared i nothing o do with personal data and relates purly o the robof function

b crous xpang o )

=

List all who will ave sccess to re data generated by the research activiy:

Joseph Gilespie Owen Wid, Alexander Gravat, Steve Mosey.

b sroun expana s o npe)

=

it who vl ave controlof and a6t 5 cusiodian(s)fr.Gaia genaraiad by e research sy

e

Joseph Gilespie, Owen Wid, Alexander Gravatt

b srous expans s o ype)
‘Give detas of dats siorage arrangements, nduding securfy measures i place o profect e Gata.
‘whre data will e stored. how ong for, and in what form. Wil data be archved — 150 how and -
not why not.

Dsta vl b stored on the robot personl computers and on drve
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o srous xpana e )

25" Confim ihat you have read the UITSD guidancs on data management (see.
i/ wutsd ac uibraryresearch-datz-management)

20| Confirm that you are aware that you nesd to keep ai data unl aferyour.
research has completed o the end of your funding
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NO

no.
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SECTION K: Dectaration

3T Tha information which | have provided i orrect and complete o e bestof my knowisdge. | have.
tiempted o dentfy sny riske and issuss relied o the research sctiviy and acknowledge my.
‘obigations and the rghts of the paricpan.

In submiting this applicaion | hereby confim it | underiske o ensure hat the sbove named
researoh acivity wil meet he Universiy's Researoh Eihios and Integriy Code of Practioe which i
pubished on the webste: hifps:/w ud a0 Uk research researohatics!.

Signature of applicant: | AGRAVATT Date27I0624

For STUDENT Submissions:

32 Drectoror Sieve osey ate:
Studies/Supenvsor:

* sgrawre

For STAFF Submissions:

3 Academc Diactor
‘Assistant Dean:

Signature:

&

Checkist: Please complets the checkist below o ensure that you have completed the form
‘sccording o he guidelnes and stachad any requred dogumentatn:

0| have resd the guidance notes supplied bafore completing the form

 have completed ALL RELEVANT secions of the form in ul

| confirm that e research aciiy nas received approval in princile

1 have attached 2 copy o Fnalinerim 3pproval from extemal orgarisation (where appropriate)

1 have attached a ful isk assassment (and have NOT complated Section H of s form) (where
aperaprate) ONLY TICK IF YOU HAVE ATTACHED A FULL RISK ASSESSHENT

understand hatt s my responsiilly to ansure trat ine above name researoh aciviy wil mest
the Univeriy  Resaarch Ethcs and Inagriy Cods of Pracica.

| understand iat bafors commening data collecion il documents aimed at respondents
0| (ncusing iformaton sheets, consentforms, questionnaire, nfarview Scheduies eic.) must e
confimed by the DaSSupervisor, modsle tuor or Acadamic Diector

0 | nave deeted tne uidance notss befors submiting the PG2 for considerston

'RESEARCH STUDENTS AND STAFF ONLY
Al commuricatons relting f tis application during s processing must be n writing and emaied to
RGeS Rren@uir=a 26k Wi he st Etncsl Approval folowsd by your name.

You wil be nformed of th cutcome of your lam by emai: herefore s important that you check your
Universty and personal email accounis regularl.

'STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES shoud submit s form
(an receive the outcome) via systems explained o you by the supenvisormodu leader.

[ ———
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“This form is availabe electronically from the Academic Office web pages:
e vuted o i seacermic-oifce sppend oes and.forms)

‘Application Process.

AN staf rsesrch pejsats and 3l researoh students must suomit the Etvical Agprous Form o the
University Researoh Ethios Commitie i the Acsdams Offce (RQrsssaEn@uNisdaadk). ST
research diracly in relation o personal Sy for taugh undergradusts 1 IEKIEEs programmes shoud be
submited i e nsie procedures xpianed bsou.

Taught masters and taught undergraduste resesrch Etical Approval Forms sre considerad within
Insitutes. nstutes wil provide detals of the specfc processes for i Where he Etal ssues wihin
iy singa. ihca sppleston & of paricur concer i ncituts Wil efr tese 1 the Uniersey Researen
Eiics Commite. Any sudent acisy tht involves he colecion of rmary daa needs o undergo Evical
20010aL 15 incides 2ssgnment work 25 wel 35 issenatons.

Notes for guidance in completion of this form

Section A: About You
Please complete a8 reevant seons

Section B: Approvalfor esearoh activity
~Research proposals must b= approved I princile before applying for Etical Approval. The progesal
il oy bacomas sl when he e Sproval i ecEEs

The processfor proposal approalvaries accocing the ndidualand programme of sty
" Rasearch students, by splcaton on fom PG1 1 the Research Degrees Comitee
= Taught stadents by reviw of researchproposal withi Insites (nstes provd speci deais of
these rocesses)
« Stafl by greement by he Academic DiectorAssisant Dean

Section C: External Ethical Guidance materials
Many dscpine reas are raqured 1 operse wah the discpine specfc codes of research ahics for
‘xample hea, psjchology, adcaton .. any Such codes st b ISad and you must ok 0 confem hat
you have consied wih hase.

Section D: Extemal Collsborative Research Actvity
Provide detals of e examal colaboraie partners, where appropriat you might want 0 ubmi 3 copy of
e extrmal cllsboraton sgresment wih the Eiicai Approval Fom. I painer reques e ressarch o
2 Sutact o 5 own el Evcal spprovalprocess ten pesse proide dtals of trat rocess and 3 copy
ofany nal o narn) pprovals recewed om he organision.

Section E: Datals of Research Activity
Rememiar tat the mvtuds ‘evewng s Etical Agproval Form may not have sesn your researeh
proposal. and lso may no be expers i the specii aea o your research. The infomaton provided shoud
herelore b fargo fee nd ceary sted.

Indiatie Tie: please use the same e 35 used on th research proposa.

Purpose: e Etical approvalprocess wil wan 0 nsure hat the methods you propose are adequate and
approprste o addres th research ams and objecives. Excessie addiional daa cllection can b2 seen
Einemeat

Proposed Methods: e Eical spproual pocess sesks 1 ensure hatyou understand the mhods hat
1 mendad, snd tht he mpameniaton of hose meinots Wil be SPPIGBIIE and Wit unnicasEaT
impact on respandents. Tris secton must explan how the methods dasorbed wilead o the colecion of
necessary and suffcient data, bt not excessve daa. lease b2 speciie.

.

013zl A
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Researeh Activity outsde of the UK: plase compiet s secion n dtal and nce any guidance you
ave receed. Aso descbe yourown familarty (1 1ot with th ocaton ha you wil be g

Section - Scope o Research Activity
Please fck ALL of e research acis that might be underaken. 1 any addiional ypes of sciy e
g hen iease 344 n exa box and descrse e

11 you have answeres 1o o 3l questons in E then secions G and | do not nesd fo be completed_
‘Signatres ara il requed in secton K

Section G: Intended Particpants
Flease ik 3 caegores it mght 55l

Numbers & Source: fyou sr using s seris o dferant methods o researc s lesse st numbers
for a20n stagepnase. B clear sbost ow you il find respendants. Vil you use miamadares, nd 20
hove? How wil you ensue compiance with your sampling ststegy?

Information for participsnts s paricipants should be sppropristely nformed bt he researe, wht i
e ot and what vl R33N s e formston e re provde. Tne Ethcsl e process dose
ot 35k 10 e i documentaton, bul requies 14 fo be reviewd and approved by e Diecior of Suies
n he case of esearch students, e supensorimodule ttor in relation o Sudents o taugh programmes
ind i Asadem Diector <sistant Dsan o rston o i resesan

Section H: Aniipate Risks
il rsearch camie some el of sk The ansvers you provide o qusstions i s Secion il b ravisued
1o ensure tht you have an appropriate undersandingof e ype of ks nvlved and how you can migate
against inese fisks. 1 you have compleed 3 ful sk assassment, s requred for example for boratory
work. Tl wok.ciica ess dving operations o oy 3 colaboraiue parner. you may append that o s
form_ I that case, pleasa ok the Box Indcatng i has besn prowded. You il nt then be requied t
compiee Secton H.

Risk to partipants _Trink vey carefuly about how your acionsquestonsidscussions might aflet he
e you a1 muohing 5 pariepent. Yo might Geniy e sk o5 sl ot £ woud a6 B 7k any
ypes of queston have the potenial 1o make respondents less contem wih her e | o, you nesd
recogrise and ry 1o smelorate any such aflecs

1T these re business owners, e wi you may raduce proft.

I some locatons physica sk very el 0 bothpariipan' and yourse,please consider .

Risk 0 you, the researcher Think sbout where you il mest p=ope i tare re any dangers nvohed 1
e locatan. 1y art mesing peops 5 MGl ik shout s & publc Hacs. I GETara 0 10t vt
peopie n their own homes of femo locatons. 1 you are lking 0 ndiduals sboul cetan issues ik
5ot how her esponses might afetyou emotionaly. What sbou heris of colcting nsuffint aia?

Risk t0 the University When undertaing your research, you ar acing 35 3 member of the Universey
(tudent or i) Proessionalism i imporant, 5o & is imgortant o be well rgansad and wel prepared
Punctalty, slarey o are ll part o s Wnat wil you Go o ensure is? You must ansure yo 3o not
harm the good nam.of e Unierséy in any way and do nothing 1 underrine he reputon of he esearch
 conducts and sponsors. Upholdng Hgh siandards of conduct and integry are ial i s egard. You
mist sso conduct e reseaich in Such 3 ay 1o minimise the polental for lams of negigence made
gsinst he Unversiy. s resesrchers and any colaborsing mdividual o orgisstan. I tns respect you
2P iy comply wih athesl g3 and rofssions TamEwork, obigatons and SnCarss s equred
by ststory and riguson; sunories, o Vel 5 e UTNerety< Heseain imtaqry and Etnes Cade of
Pracice. Research misoonduct i respec ca ake many forms, ncluding
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Section: Feadback, Consent and Confidentaliy

Feedback to partpants: outine your agprosch._Wilteriw ranscris be shared it espondents o
check sccuracy? Wil summies of questonnaie anayss ba made avalable © respondars i some
way? Wil ancuenview report beprovided? How and whert?
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by DoSisupenisor (f research studen), supenisorimadule tio f ught sudent, o Academic Drector |
FesstantDeen .8 member of ot

‘ConfdentalylAnonymiy. Expla leary how you wil nsure confidensalty and snonymiy.

Section J: Data Protection and Storage.
Beora Completing this secton ¢ s necessary 0 read e Universy's Research Data Mansgement
informaton. The questons tiat folow are dsigned o ensure complance wih the Data Protecion Act 3
el 5 esabianas researn ot

My resesren sctviie wilinuave st renser of das and use of dta management systams in the
summarission and aralyss of data. You Wi need o explan these in relaton t complance wih he Data
Frotecion At

Think carefly about who yil have acsess o your data s il nclude Supsnisors and examiner. Asa
93t 3 ness wil be made avallabe via the Unersty brary and the Brsh Library system. 1 you are:
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Thonny - /run/user/1000/doc/7F20baa/crack head wallie code.py @ 15: 1

File Edit View Run Tools Help

OB O% =

crack head wallie code.py

from machine import Pin,time_pulse_us, Timer,PWM
from time import sleep

import time

from time import sleep

from servo import Servo

trig_pin = Pin(27, Pin.OUT)
echo_pin = Pin(26, Pin.IN)
led = Pin('LED', Pin.OUT)

motori_a = Pin(14, Pin.OUT)
Fotorz_a = Pin(16, Pin.OUT)
motor1_b = Pin(15,Pin.0UT)
motor2_b =Pin(17,Pin.0UT)

5990 = Servo(pin=2)
SOUND_SPEED=340
TRIG_PULSE_DURATION_US=10
how_far=0

def distancec():
i=0
temp_distance=0
while i
temp_distance=distance() +temp_distance
i=iel
center_distance=tenp_distance/6;
return center_distance
def distance_L45():
i=1
temn dicstance=0 i~

Shell

Local Python 3 « Thonny's Python
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File Edit View Run Tools Help
OB O% =

crack head wallie code.py

def

def

def

def

Thonny - /run/user/1000/doc/7F20baa/crack head wallie cod

y @ 1

return right45_distance

distance_r90():

i=0

temp_distance=0

while i
temp_distance=distance() +temp_distance
=il

a=i

right9o_distance=temp_distance/a;

return right90_distance

time_distance(1):

speed=0.3

time=speed/1

sleep(time)

distance():

trig_pin.value(0)

time.sleep_us(5)

trig_pin.value(1)
time.sleep_us(TRIG_PULSE_DURATION_US)
trig_pin.value(0)

ultrason_duration = time_pulse_us(echo_pin, 1, 30000)
dist= SOUND_SPEED * ultrason_duration / 20000

return dist

probsolve_1():
left_0()
forward(3)
right_90
sense()

Shell

Local Python 3 « Thonny's Python
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Thonny

'run/user/1000/doc/7F20baa/crack head wallie code.py @ 15:1 a

le Edit View Run Tools Help
OB O% =

crack head wallie code.py

def probsolve_r():
right_98()
forward(3)
left_s0()
sense()

def sense():
stop()
print("sense”
c=distancec()
rotate_left_45()
145=distance_L45()
rotate_left_90() f
190=distance_L90()
rotate_right_45()
ras=distance_r45()
rotate_right_90()
r90=distance_r90() "
rotate_center()
print(190,145,c,r45,r90)
if 145 and 190>=10:
probsolve_1()
elif r45 and r90>=10:
probsolve_r()
elif c »>= 12 ¢
return

else:
rotate_center()
error()

return 145,r45,190,r90,c
def error():

Shell

Local Python 3 « Thonny's Python
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Thonny - /run/user/1000/doc/7f20baa/crack head wallie code.py @ 1

le Edit View Run Tools Help
OB O% =

crack head wallie code.py

return 145,r45,190,r90,c
def error():
while True:
right_90()
sleep(1)
left_90()
sleep(1)
stop()
sleep(10)
print("error”

def rotate_left_45():
$990.move(45)
sleep(1)
def rotate_left_90():
5g90.move(0)
sleep(1) f
def rotate_center():
5990.move(90)
sleep(1)
def rotate_right_45():
$g90.move(135) U
sleep(1)
def rotate_right_90():
$g90.move(180)
sleep(1)
def forward(how_far):
i=1
print("forward")
while i<=how_far:
how_far=how_far+1
=distancec()
if d <= 12:

Local Python 3 « Thonny's Python
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OB O% =

def

def

def

def

de

8
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8

def

crack head wallie code.py

Thonny

run/user/1000/doc/7F20baa/crack head wallie code.py @ 1

1=1+1
backward(how_far):
motor1-b.high()
motor1_a.low()
motor2_b.high()
motor2_a.low()
time_distance(how_far)
stop():
motorl_a.high()
motor1_b.high()
motor2_a.high()
motor2_b.high()
left_90():
motor1_a.high()
motor1_b.low()
motor2_a.low()
motor2_b.high()
sleep(6.9)
right_90():
motor1_a.low()
motor1_b.high()
motor2_a.high()
motor2_b. low()
sleep(6.9)
drag_left():
motor1_a.high()
motor1_b.low()
sleep(6.9)
drag_right():
motor2_a.high()
motor2_b. low()
sleep(6.9)
motor_sleep():
motorl_a.low()

Shell

Local Python 3 « Thonny's Python
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Thonny - /run/user/1000/doc/7F20baa/crack head wallie code.py @ 15: 1 a

ile Edit View Run Tools Help

OB O% =

crack head wallie code.py

motor2_a. Low()
motor2_b.low()

def dance():

i=1

while i<=4:
backward(i)
left_90()
right_98()
left_drag()
right_drag()
forward(i)
i=ie1

while True:
5990.move(90)
sleep(5)
forward(5)
print("1")
left_90()
print("2")
forward(2)
right_90()
forward(10)
stop()
drag_right()
forward(4)
stop()
drag_left()
forward(3)
dance()
motor_sleep() i

Shell

Local Python 3 « Thonny's Python
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OB O% =

def

def

def

def

crack head wallie code.py

Thonny - /run/user/1000/doc/7F20baa/crack head wallie cod

y @ 1

distance_L45():

i=1

temp_distance=0

while i <=6:
temp_distance=distance() +temp_distance
=il

a=i

leftds_distance=temp_distance/a;

return leftds_distance

distance_L90():

i=0

temp_distance=0

while i <
temp_distance=distance() +temp_distance

i=i+1

a=i

left90_distance=temp_distance/a;

return left9_distance

distance_rd5():

i=0

temp_distance=0

while i <=6:
temp_distance=distance() +temp_distance
=il

right45_distance=temp_distance/a;

return right45_distance

distance_r90():

i=0

temp_distance=0

while i <
temp_distance=distance() +temp_distance
=il

Local Python 3 « Thonny's Python
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