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The aim of the project is to investigate the research question by simulating a CubeSat using STM32 Microcontrollers, a Raspberry Pi 4 Model B and sensors. The Pi and sensors are contained in a 3U standardised unit alongside a STM32 acting as the transceiver. The CubeSat will then communicate the recorded atmospheric data to our ‘ground base’, another STM32 acting as an antenna connected to a laptop running the STM32Cube IDE to receive data. Our objectives are:
I. Create a cost-effective platform, simulating real satellite functions.
II. Using COTS components, prioritise functional design and make full use of peripherals.
III. Compact design, using a standardised modular form factor.
IV. Transmit telemetric data to a ground station as proof of concept for atmospheric testing.

To achieve our aims and objective we used an investigative method, making record of our approach to research, project management, and development. We focused on an agile approach, following a structured task list monitored through a Gantt chart and issue tracking on GitLab, keeping good version control of our software development as we progressed. 
The project team managed to successfully transmit sensor data from the replicated CubeSat control centre to the ground-based station terminal via LoRa communication, thereby demonstrating the chain of data stated in the research question and one aspect of the main aims of the project. A functional system of the replicated CubeSat platform and payload delivered atmospheric and GPS data via UART to the terminal of the STM32 Rx board, however this was wired and not transmitting telemetry data.
It is recommended that future CubeSat projects should include a wider range of peripherals and solar panel charging to offer features of a real-world capability. It has also been recommended that a GUI be utilised as well as a database system on the ground station to improve user interaction and aid retrospective viewing of data.  
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Written by: Alice P
Peer Reviewed: Rodina M/ Bailey F
The aim of the project is to investigate the research question by simulating a CubeSat that monitors atmospheric data and telemetrically transmits to a ground station. The use case of this capability is that monitoring changes in the environment helps to prevent large scale disruptions to communication systems, power grids, and larger more expensive satellites.  This ensures public safety by protecting technological infrastructure. To satisfy our aim, we have identified the objectives:
I. Create a cost-effective platform, simulating real satellite functions.
II. Using COTS components, prioritise functional design and make full use of peripherals.
III. Compact design, using a standardised modular form factor.
IV. Transmit telemetric data to a ground station as proof of concept for atmospheric testing.

These objectives are split into further tasks, in the List of Requirements (Appendix A) which identifies actions taken to satisfy our objectives and overall aim, alongside a test plan to evaluate our progress and products capability (Appendix B).
The report will document, research, and review literature that is prevalent in the field of study. It will reflect on the research and development methodology followed by the team as well as the final design and implementation of our product. The report will evaluate how our project fulfilled its overall aim and met our objectives, as well as our method of investigating the research question. The document will conclude with a summary and further recommendations for research. 


[bookmark: _Toc2032083004][bookmark: _Toc203736828]2: Research & Review of Literature

Written by: Rodina M
Peer Reviewed: Alice P/ Bailey F
[bookmark: _Toc203736829]2.0 Introduction 
This chapter explores the previous research, development and designs of CubeSats (Fig. 1.0.) in reference to the overall aim of the project. Investigating prior relevant work within CubeSat development helped to form the basis of the simulated system by exploring the use of Commercial Off-The-Shelf (COTS) components, data logging, sensor data integration and communication protocols. 
[image: ]
[bookmark: _Toc203736887]Figure 1: Image of modular CubeSats in orbit [1]
[bookmark: _Toc203736830]2.1 CubeSat Background & Standards 
CubeSats are a class of small satellites, or nanosatellites, which are built in standardised commercial forms ranging from 1U (10cm x 10cm x 10cm) to 12U (20cm x 20cm x 30cm) [1]. Originally created in 1999 as a joint project between California Polytechnic State University and Stanford University, the CubeSat was developed as an accessible and cost-effective platform for students to research satellite design [2]. The first CubeSat was launched in 2003 from a Russian launch vehicle [3] [4] and according to the Nanosats Database, there are 2,323 CubeSats in orbit as of 2024 [5].  
What began as a solution to demonstrate a low-cost, attainable and standardised entry point for space exploration and research [6] has evolved from educational to commercial applications [7] . CubeSats are still predominately used in scientific research and Earth observation; however, their usage now also extends to remote sensing and communications [8] which highlights their versatility. This group project aims to implement the educational origins of CubeSats by building a prototype version of the nanosatellite which can transmit sensor data to a ground-based system via Long Range (LoRa) communication while utilising COTS components.  
The prototype developed within this group project was a proof of concept using elements of previous implementations. When researching the components used to build the platform and payload of a CubeSat, it became evident that the environment of a typical CubeSat in orbit was a main consideration. Although most CubeSats operate in low Earth orbit (LEO), there are some CubeSats found in medium Earth Orbit (MEO) or geostationary orbit (GEO) which requires further system resilience. The sub-systems and components must be able to withstand the radiation levels and high temperature ranges found in space, whilst also exhibiting a standard of reliability [9]. However, as this is a ground-based prototype executing CubeSat system behavior and logic, these limitations were considered but not applicable. 
[bookmark: _Toc203736831]2.2 CubeSat Architecture
The CubeSat system can be broken down into 6 sub-systems; 
· Power
· Payload
· Structure
· On-board Computer
· Orientation
· Communication
[bookmark: _Toc203736832]2.2.1 Power
CubeSats primarily make use of solar panels mounted to the exterior structure to power the payload utilising the conversion of sunlight to electricity, and they are also powered through the use of lithium-ion batteries [10]. This is due to eclipse times when the solar cells have no source and the batteries are implemented as a secondary power source which must function within the operational temperature range. Generally, power is controlled using DC-DC converters and regulators as well as mitigating functions in case of power failure [11]. Due to prototyping, simulation and time constraints, the project decided upon a USB power bank to supply energy to the system. 
[bookmark: _Toc203736833]2.2.2 Payload
The payload on each CubeSat depends on the mission statement and requirements. Previous CubeSat launches have included a range of instruments; sensors, cameras, hyperspectral imagers and software-defined radios (SDR) [12] . Wu et al. [13] integrated a camera as the primary payload whilst designing a CubeSat for Earth observation and marine traffic monitoring. Furthermore, a study on CubeSats being used to monitor weather in relation to disaster management with cameras and sensors increased the observation sampling rate, thereby positively contributing to the monitoring of natural disaster events [14].  Upon researching prior CubeSat development and with the overall aim of weather monitoring, the group decided to create a system with a BMP280 sensor, GPS module, Gyroscope and ESP32 Camera. This is discussed in detail in Chapter 4. 
[bookmark: _Toc203736834]2.2.3. Structure
A sturdy, lightweight exterior houses the main components of a CubeSat. Generally, they are made from aluminum alloys, 6061 T6 and 7075 T6, which are chosen for their cost-effectiveness, weight and resilience [15]. There are also instances of CubeSats being developed with high-performing polymers such as PEEK in order to mitigate the potentially harmful environmental impact of aluminum [16]. Further research exploring the combination of 3D printing technology and CubeSats [17] allowed the group project to replicate a 3U CubeSat design 3D printed in acrylic as the structure for the prototype. 
[bookmark: _Toc203736835]2.2.4. On-board Computer
One of the key aspects of the CubeSat system is the on-board computer which powers data handling and mission control whilst also withstanding the nuances of space orbit. There are several available single-board computers that can power CubeSats but given that a Raspberry Pi Zero powered a successful CubeSat mission designed and launched by a group of Utah State University undergraduate students in March 2022 [18], this project chose the Raspberry Pi 4 Model B as the processor. This decision was reinforced by the open-source framework, the size, processing power and readily available support for the Raspberry Pi devices. 
[bookmark: _Toc203736836]2.2.5. Orientation
As this is a ground-based prototype, the orientation subsystem was considered and researched but not implemented in the project. 
[bookmark: _Toc203736837]2.2.6. Communication
Communication between the base station and the CubeSat is another critical sub-system within the design of the nanosatellite. CubeSats use different communication methods and protocols but they primarily use radio waves at varying frequencies [19]. Gadre et al. [20] noted that the cost-effectiveness of nanosatellites is somewhat eclipsed by the expense of running a ground station and that using LoRa links, for low-bandwidth and long ranges, could mitigate this factor. Using LoRa as a communication medium was also investigated by Anantachaisilp et al [21]. Their experimental results verified the capability of utilising LoRa by successfully transmitting data up to 2,200km. As a cost-effective data transmission medium with low power consumption and a high range of coverage, LoRa was chosen as the communication method for the project. 
[bookmark: _Toc203736838]2.3 Contribution of this Group Project
Analysing previous projects within the CubeSat and nanosatellite domain allowed this group project to select components and systems based on prior research. Driven by the prevalence of CubeSat research utilising COTS components and in order to feasibly undertake the project in the time allocated, the group decided to implement a simple 3D printed design with low-cost peripherals and LoRa communication, enabled via a Raspberry Pi 4 and STM32 B-L072Z LRWAN1 boards. 











[bookmark: _Toc606422663][bookmark: _Toc203736839]3: Research and Development Methodology

Written by: Alice P
Peer Reviewed: Rodina M/ Bailey F
As a team we chose an investigative method as we felt that it would best integrate our skills, allowing us to systematically explore complex hardware and software integration providing us the opportunity to support colleagues to continuously develop by exposure to new engineering disciplines and skills. Our approach to the project methodology is separated into three main themes: Research, Project Management, and Development.
[bookmark: _Toc203736840]3.1 Research Method 
Our research reflected on ethical considerations, documented in Appendix I, highlighting the importance of upholding the integrity of our investigation alongside our workplace health and safety practices as we developed on-site solutions. Our team determined we could ethically enact our investigative approach by observing British and International Standards for Engineering [22] [23]. 

One of the many advantages of an investigative approach to inform our development method, has been an improved attitude to decision-making. We have met evidence-based conclusions about the features of a CubeSat and the requirements we must meet for our design (Appendix A) as well as the evaluation criteria and methods of testing we will implement (Appendix B). The procedures we used to generate the solution to our idea are explored in 3.2 and 3.3. 
[bookmark: _Toc203736841]3.2 Project Management Method 
This Project used an agile approach to research and development [24]. This meant organising sprints to focus on fulfilling the List of Requirements (Appendix A). We utilised environments; OneDrive, Dropbox, Gitlab, OneNote, to share data and manage contributions. A Gantt chart has also been used to monitor progress through the four phases of the project's development (Appendix G).

Early in the project we recognised the need for a PTA (Project Technical Authority). We organised weekly meetings to discuss progress receive input, and guarantee we were meeting workplace expectations and following the recognised Standards of Engineering whilst working with LoRaWAN.

Each sprint lasted approximately one week, beginning with a ‘kick-off’ to determine what tasks to focus on in the time-boxed environments. A benefit of the sprints included synchronising our team’s availability. This allowed us to provide in-person support when designing the hardware layout, implementation, and programming. Throughout the sprints we had daily scrums to review progress. At the end of each sprint, the ‘scrum master’ hosted a retrospective. 

[image: ]
[bookmark: _Toc203736888]Figure 2: Sprint Cycle diagram [25]

Throughout this process each team member acted as ‘scrum master’ on alternate sprints. This allowed us to implement successful teamwork strategies, and gain experience in a leadership role. 
[bookmark: _Toc203736842]3.3 Development Method 
Our development method relied on a variety of environments to integrate our software and hardware. For ease of access a shared email account for the project was created on Proton Mail, (CubeSatGroupProject@proton.me ), this helped us manage the various software credentials that were required to interact with the hardware. The environments include Gitlab, STM32Cube Integrated Development Environment (IDE), and a Raspberry Pi running Raspbian. Software was written in C and Python Programming languages using the bash command line interface (Appendix C).

GitLab was a great collaborative resource that applies the standards ISO27001 for information security management, and ISO27017 ensuring security for cloud users [26]. It helped us track version control, assisting our project management goals and provided good issue-tracking via branches and merges. It meant that we could monitor the iterative process. Code is available at address: https://gitlab.com/cubesat_project-group/CubeSat_Project-project  

[image: ]
[bookmark: _Toc203736889]Figure 3: Screenshot from GitLab

The shared account allowed us to manage integrated software such as Sigfox/Murata/ST credentials necessary to develop on the STM32 microcontroller.  This allowed us to download the STM32Cube IDE, configure MCU peripherals and middleware specifically for STM32 microcontrollers.   
Raspbian allowed us to select our board, operating system, and storage: Raspberry Pi 4 Model B, Raspberry Pi OS (64-bit) with Raspberry Pi Desktop, and 4GB Storage. This was ideal as we wanted a single board computer with a variety of configurable GPIO pins to connect our sensors. 

The programming languages for our project included Python3 following the PEP8 standard [27], and C following the C23 standard (Appendix C) [28]. The advantage of writing in Python3 is its versatility, it is capable of programming both software and hardware and includes a large standard library with a variety of packages [29]. Python3 was used to programme the Raspberry Pi, collecting data from the BMP280 and GT-U7 using the GPIO pins, and UART to communicate with the STM32. Python3 was also used to develop a variety of our test code for the system. The programming language C was chosen as it can compile on a variety of hardware platforms, including the STM32Cube IDE. We implemented C as the main language for coding the UART communication between the two STM32 microcontrollers. 

The software packages with the required files and metadata for our project include serial, CSV, time, os, board, adafruit_bmp280, and busio. The features of these packages are listed in Appendix C. 

The serial package was used as it provides access to the UART and the corresponding ports [30], /dev/serial/ttyAMA0 and /dev/serial/ttyAMA2 as seen below: 

[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\F8805AE5.tmp]
[bookmark: _Toc203736890]Figure 4: Available serial ports (dmesg | grep tty)
This was supported by busio, which assists in communicating over hardware buses on the Raspberry Pi [31]. The time, and board packages are also typically used in hardware and electronics projects [32] [33]. The os package makes the code functional on a variety of devices [34]. To interact with the bmp280 sensor we used the adafruit_bmp280 package [35]. The CSV package [36], was used to store the data in a separate file that can be read to transmit messages over the STM32 microcontrollers to the ground station, using a ‘Ping Pong’ transmission. 

[bookmark: _Toc633526167]The project hardware is listed alongside a description and part numbers in Appendix C. The LoRaWAN protocol is recognised by the International Telecommunication Union (ITU), we determined that our device would operate in the regulatory framework set by Ofcom in the UK. The LoRa board selected complies with the UK transmission limit of a maximum of 1W (30dBm) power delivered to the antenna. As our product is a proof of concept and not being launched, it is not within the scope of our project to consider the legal regulations associated with a launch, or the processes in place regarding space debris and orbital safety.


[bookmark: _Toc203736843]4: Design and Implementation

Written by: Bailey F
Peer Reviewed: Rodina M/ Alice P
[bookmark: _Toc1217257019][bookmark: _Toc203736844]4.1 Design Overview
The CubeSat is a device that uses multiple sensors to assess its surroundings and communicate this information to a ground station [14]. The sensors included are a BMP280 which acts as a biometric temperature, pressure and humidity sensor, a gyroscope, a GPS module (GT-U7) and a camera module. These sensors are connected to a Raspberry Pi which decodes the data and packages it into a string which is communicated via UART to an STM32 development board which contains a LoRa module, antenna and requires programming in embedded C. We programmed the STM32 board to convert a UART signal into a LoRa protocol message and transmits the signal at 868MHz. This can then be read wirelessly by another STM32 development board which decodes the message to a laptop where the sensor information can be read by a user and saved into a .csv file.
For the purpose of lab testing, he components within the CubeSat are powered by a 5V power bank. Ideally, for this application a solar panel would be used to allow the CubeSat to power itself but due to the constraints and scope of this project we have decided to not include a solar panel. Another component that has not been included is the camera. This is due to compliance with workplace policy. The other component included in the design but not included in the final product is the gyroscope sensor, due to tight time constraints we were unable to gain familiarity with the gyroscope’s firmware. 
The components are housed within a 3U frame and mounted with screws with holes for indication LEDs and antenna. In an ideal case this frame would be EMC protected but we were not able to achieve this in our project due to the time and cost constraints.
[bookmark: _Toc2023314337][bookmark: _Toc203736845]4.2 Requirements
The first part of the design process was to establish a clear List of Requirements for our device to meet, to know exactly what needed to be done to achieve the aims of this project (Appendix A).
These requirements were decided by getting together as a group and discussing what the CubeSat should be capable of and how it should do it as well as taking inspiration from previous CubeSats. For example, with CSR01, we wanted to follow the standards of CubeSat dimensions and decided on 3U because it would be suitable for the components we picked out. 
Once decided on, these requirements remained as the main working points of the project and gave us set targets to meet as well as being able to test and measure the success of the project when it was concluded.
[bookmark: _Toc203736846][bookmark: _Toc1537614291] 4.3 Hardware Design
The first step of the hardware design process was to make a list of all the components needed to meet the List of Requirements. A table showing the full parts list is in Appendix A and includes rationale for each part as well as its cost. 
Once this parts list was produced, we could start to plan out how the parts would connect to form the CubeSat. Multiple versions of schematics and block diagrams were made during the design process by consulting datasheets and pinout diagrams (Appendix F, Appendix G). 
Versioning of the block diagrams and schematics helped to keep the project organised as well as show the development of the CubeSat and our ideas as we worked through the project. 

[image: ]
[bookmark: _Toc203736891]Figure 5: Final system block diagram
The schematics served as a guide when building the hardware as well as a reference point to ensure that no mistakes were being made in the build process and that no ideas were lost.
Using the schematic as a reference point we were able to build a prototype version of the CubeSat circuit by connecting all the components with jumper wires and using 50 Ω SMA coaxial cables connected to a variable attenuator between the two STM32 boards instead of a wireless connection. Testing conducted by inserting 30 dB of attenuation of the transmission line, to reduce Tx power to 1/10 of its output, in order to protect the RF chain of the STM boards. This allowed us to develop and test software while not committing to any decisions to early in the build process due to being easily able to switch wires and sensors with the jumper cables. The variable attenuator in between the two STM32 allowed us to simulate the loss that would occur over long distances between two antennas, this gave us a more accurate way to test the wireless communication in a lab setting. Below is a picture of the prototype CubeSat circuit.
[image: ]
[bookmark: _Toc203736892]Figure 6: Connecting Raspberry Pi  to Vin STM32 and GND
[image: ]
[bookmark: _Toc203736893]Figure 7: Prototype Circuit

[image: ]
[bookmark: _Toc203736894]Figure 8: GPIO Pin out in terminal vs Raspberry PI official documentation
Once the circuit had been proven to work with software tests the circuit could then be built into its final version which more permanent and secure wire connections and mounting the components within a frame. This frame also allows for the antenna to protrude from it to allow for an easier SMA connection as well as holes for LEDs that show that the microcontroller boards inside the CubeSat are powered and working.  Below is an image of the final CubeSat design.
[image: ]
[bookmark: _Toc203736895]Figure 9: Final design exterior
[image: ]
[bookmark: _Toc203736896]Figure 10: Final design interior
The frame is a 3D printed custom design which aligns with the standard dimensions of a 3U CubeSat (100x100x340.5mm). It has a lid which is fastened with 6 M3 screws and is made from acrylic. Below are some examples of the CAD drawings used to print the frame.
[image: ]
[bookmark: _Toc203736897]Figure 11: 3D Model base

[image: ]
[bookmark: _Toc203736898]Figure 12: 3D model lid
[bookmark: _Toc1422049502][bookmark: _Toc203736847]4.4 Budget and costs
For this project we had a budget of £250 for components, we had to carefully consider which components to use based on this because some parts like the microcontroller boards were relatively expensive, so savings needed to be made in other areas like the sensors and power source. Overall, the components came to £200.14 which means we underspent by £50 and exceeded the target for components (Appendix C).
[bookmark: _Toc203736848]4.5 Problems and Successes
The main issue with the hardware design is that there are things that a CubeSat should be capable of which weren’t feasible within the scope of our project, such as the solar panel. More detail about the features we would like to have included in our project but were not able to are included in chapter 6. The main success of the hardware was that everything worked and was able to provide a platform in which software configurations could allow for sensor data to be collected and transported over the air.  

[bookmark: _Toc895490040][bookmark: _Toc203736849]4.6 Software Design
Written by: Alice P
Peer Reviewed: Rodina M/ Bailey F
The software design of the CubeSat is an integral part of the implementation of the design. As an overview, the software on the Raspberry Pi reads information from the BMP280 sensor and GPS module and saves this data to a string. This data can then be sent via UART to the STM32 board which has further software that controls wireless communication using a master/slave system. This wireless communication is achieved using LoRa protocol to transmit the string the STM32 received from the Raspberry Pi and send it to the ground station. The ground station is another STM32 with the same software but acting as a slave module which can then convert the LoRa back into a string to be displayed on a laptop to the user. The rest of the rest of this chapter explores this overview in more detail. 
[bookmark: _Toc203736850]4.6.1 Successes 
Our successes include fulfilling the objective to transmit telemetric data to a ground station as proof of concept for atmospheric testing. This was achieved through rigorous unit testing, system testing, UART and port configuration and utilising our GitLab environment. One of the major challenges we faced that became a success, was adapting the /boot/firmware/config.txt on the Raspberry Pi to allow two UART data transfers (Figure 13).
 
[image: ]
[bookmark: _Toc203736899]Figure 13: /boot/firmware/config.txt edits for UART
[bookmark: _Toc203736851]4.6.2 Problems: 
Whilst designing the software we considered the ethical implications that may arise from tracking GPS data, however concluded that as it is not personal data there would not be GDPR issues. A problem we identified was configuring the GPIO pins on the Raspberry Pi (Figure 14). 
 
[image: ]
[bookmark: _Toc203736900]Figure 14: Pin-out of Raspberry Pi (raspi-gpio get)
Another major area of difficulty was configuring the STM32 Microcontrollers to receive and transmit data. Whilst we achieved our overall objective of transferring from the CubeSat to the Ground Station, interacting with the ‘Ping Pong’ package was extraordinarily complex as we were unfamiliar with the LoRa protocol, the firmware was not high quality and there was a lack of comments provided by the manufacturer in the code. 
 
[bookmark: _Toc203736852]4.6.3 Testing 
Our tests include: unit, system, integration and loopbacks. To perform the tests, we consulted our WPM to determine best practice and ensure accurate transferring and receiving of data. 
 
[bookmark: _Toc203736853]Unit Testing 
The bmp280, GT-U7, and Raspberry Pi UART configuration were tested via the python scripts below, with code snippets and effects in Appendix D. 
 
Bmp280_sensor_read.py: returns the temperature, pressure and altitude from the bmp280 sensor, printing real-time to the terminal and saving data to the bmp_data_log.csv (Figure 15).
[image: ]
[bookmark: _Toc203736901]Figure 15: Output from bmp280 printed to terminal
bmp280_plot.py: Reads the bmp_data_log.csv and creates a “bmp_plot{timestamp}.gif” recording temperature and pressure data the period recorded in the CSV on to a graph. This show whether the data is recording accurately over time (Figure 16).
[image: ]
[bookmark: _Toc203736902]Figure 16: display "bmp_plot{timestamp}.gif"
gps_data.py: defines the serial port for the GT-U7, sets up the gps_data_log.csv so that the gps data (timestamp, latitude, longitude, altitude, speed_kmh) can be received and logged (Figure 17). 
 
[image: ]
[bookmark: _Toc203736903]Figure 17: gps_data.py reading printing to terminal
gps_track_map.py: Takes the latitude and longitude data from the .csv file and produces a .html opening in the same directory that marks the location on a map. This acts as a test for the gps accuracy (Figure 18). 
[image: ]
[bookmark: _Toc203736904]Figure 18: Screenshot of xdg-open "{}.html" pinning two locations
Test_uart_transmit.py: This is a UART loopback test. It tests the functionality of UART (Universal Asynchronous Receiver/ Transmitter). This test was conducted by connecting the TX pin (GPIO14) to the RX pin (GPIO 15) of the Raspberry Pi using a jumper cable, so that the test message can be received by the RX pin (Figure 7).
 
[image: ]
[bookmark: _Toc203736905]Figure 19: Output in terminal, confirming UART loopback has worked
[bookmark: _Toc203736854]System Testing 
[bookmark: _Toc203736855]CubeSat 
bmp_gps.py: Initialises the bmp280 sensor, parses the latitude and longitude, converts knots reading to kmh, and tests the serial port ttyAMA2 is open for GT-U7. Parse RMC for latitude/ longitude/ speed, parse GGA for altitude, read bmp280 for temperature, pressure and timestamp. Writes to cubesat_data.csv, updating the file every ten seconds (Figure 20).
 [image: C:\Users\ISA06016490\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\EFE9031D.tmp]
[bookmark: _Toc203736906]Figure 20: Output to terminal confirm gps and bmp280 data is received and transmitted


 
uart_transmit.py: confirms the last line of the cubesat_data.csv is sent (Figure 21).
[image: ]
[bookmark: _Toc203736907]Figure 21: uart_transmit.py output to terminal
[bookmark: _Toc203736856]Ground Station  
The STM32Cube IDE I-CUBE-LRWAN expansion pack contains an inbuilt ‘Ping Pong’ programme as part of the LoRaWAN middleware package. This package demonstrates a radio link using two STM32s, one acting as TX sending a packet (Ping) and one as RX receiving a packet (Pong) (Figure 22). 

[image: ]
[bookmark: _Toc203736908]Figure 22: Ping Pong packet transfer
 
Using this as our foundation we adapted the memory buffer to receive our CubeSat data by configuring the programme via software and firmware edits (Appendix E) (Figure 23).
 
 [image: ]
[bookmark: _Toc203736909]Figure 23: CubeSat data received by the Ground Station
 Our team used an iterative approach to development, explored in Chapter 3. Tasks were assigned to each member via the issues function on the GitLab (Figure 24). Each iteration was defined in the Gantt Chart (Appendix G). 
 
[image: ]
[bookmark: _Toc203736910][bookmark: _Toc2000620146]Figure 24: Gitlab issues page
[bookmark: _Toc203736857]5: Evaluation
Written by: Rodina M
Peer Reviewed: Alice P, Bailey F
One main conclusion from the outcome of this simulated CubeSat project is that the transfer of sensor data, from the Raspberry Pi to the terminal in the ground-based station via the STM32 LoRa transmitter and receiver, can be executed. Although this project requires further research, the transmit of sensor data via UART from the Raspberry Pi to the terminal of the STM32 Rx board mimics the chain of data we aimed to prove at the beginning of the project. 
One of our main aims was to develop a prototype inspired by the CubeSat research, discussed in Chapter 2, which monitored weather from space. By transmitting the sensor data from the Raspberry Pi to the ground-based station we partially demonstrated that the transfer of data can occur, however in terms of replicating the payloads used to monitor weather conditions from CubeSats in space, we omitted one of the key peripherals which was used in the appropriate CubeSat research papers; the camera. Due to the short time frame and limited resources, this aim was not met, however this would be a strong recommendation for further research. 
Focusing on the studies that implemented the same COTS components and utilised Raspberry Pi 4s to control their system backed up the research into the successes of COTS components being widely used in CubeSat research and development. However, further development of this project would have evidenced whether the camera payload could be implemented within the prototype to simulate the CubeSats monitoring weather.
In terms of objectives, we successfully planned and managed a project whereby no team member had deep knowledge or experience. Despite the overall aim not being met, the strong team dynamic and carefully structured tasks meant that the project planning objectives were met as evidenced in the successful completion of each subtask.
This project was undertaken with a short timeframe and despite the well-managed progress and tasking milestones evidenced in both the logs and the Gantt chart, the scope of the project could have been expanded with more time. Originally the team wanted to include more peripherals to simulate a more realistic CubeSat platform setup and implement a more robust testing plan, but time and resourcing hindered these goals. 
As a team we integrated the hardware and software elements with little prior experience, therefore the learning outcomes proved valuable for each member. Although the theory stated that LoRa and sensor transfer could be proven with our components, it was a complex and challenging process requiring a high-level understanding of the microcontrollers therefore, a longer period to fully grasp the STM32 programming would have been beneficial. 


[bookmark: _Toc347841398][bookmark: _Toc203736858]6: Conclusions and Recommendations
Written by: Bailey F
Peer reviewed by: Alice P and Rodina M
In conclusion, this project served well as a learning experience as well as a delivered success. The CubeSat that we built and programmed did not include all the features we would’ve initially liked, it achieved the main goal which was to transmit sensor data over LoRa. 
The CubeSat we made will fill the initial use case we set out for it to be which was to monitor changes in earth’s environment and help prevent large scale disruptions to communication, power grids or more expensive satellites. It achieves this by sensing pressure, humidity and temperature and giving a GPS location to a ground station which will allow people to monitor weather data and anticipate serious weather events. 
We used COTS components to create a cost-effective platform with a compact design that transmits telemetric data to a ground station. This successfully fulfils the aim set at the beginning of the project although we only proved a simulation of telemetric data being transmit as it was not wireless. 
A further recommendation for this project would be to provide a graphical user interface for displaying the data from the CubeSat to a user. This would provide a more complete system with a wider usability and convenience. A GUI paired with a database would provide an even more well-rounded user experience as users could look back at previous data and make comparisons to anticipate more weather events. 
Another recommendation would be to include more sensors and peripherals such as a camera which could provide a more accurate idea of what is happening in the vicinity of the satellite and give more data for the user to work with. It would also be much better to provide the CubeSat with a solar panel as it would have a very short life span without one if it were to be used in orbit. A suitable solar panel could provide the satellite with power to allow years of use which would further increase its cost effectiveness.




[bookmark: _Toc1061266085][bookmark: _Toc203736859]7: Reflection
[bookmark: _Hlk203732604]Written by: Alice P/ Bailey F/ Rodina M
Peer reviewed by: Rodina M/ Bailey F/ Alice P 
By reflecting on our project, we have determined there are a range of skills we have developed by working as a team. These may be identified by two courses of action, technical development and soft skills.
[bookmark: _Toc203736860]Alice 
[bookmark: _Toc203736861]Technical Development
Configuring a systems firmware and interacting with the GPIO Pinout was extremely interesting and pushed me to develop my technical skills. The experience of interacting with hardware and related documentation for guidance on how to correctly enable UART on multiple ports and configure the sensors was a learning curve, and keeping good track of version control via the GitLab was helpful. Integrating the Raspberry Pi configuration with the STM32 Microcontrollers, was complex and rewarding. 
[bookmark: _Toc203736862]Soft Skills
Our team communicated effectively to determine our individual and combined skillsets, this meant we could utilise our strengths and identify how we may support one another to develop in areas of less experience. The experience of organising meetings with our PTA meant taking into consideration team members time availability and identifying the best opportunities to receive input and further recommendations from a senior member of the workforce.
[bookmark: _Toc203736863]Successes
The integration of the different units of the system, and sending a UART transmission of atmospheric data to our ground station via the two STM32 Microcontrollers was a definitive turning point in the project where it felt as if we had achieved our initial aim. 
[bookmark: _Toc203736864]Further Development
In the future if we had more time, I would have liked to explore the STM32 configuration and the format of the data at the ground station. Further researching and developing the electronic design in different formats and additional sensors would also be interesting.
[bookmark: _Toc203736865]Bailey
[bookmark: _Toc203736866]Technical Development
We recognised as a team we had a range of workplace experience, meaning some members of the team had a deeper knowledge in software development, and some members of the team had a deeper knowledge in hardware design. This meant I was able to quickly identify my team members strengths in software design compared to me which allowed me to grow and gain experience for an area I'm less confident with via my team members skills, by programming in Python3.
[bookmark: _Toc203736867]Soft Skills
Working in a team for this project provided a good opportunity for me to improve on my communication and teamwork skills. Most of the tasks within this project focussed around doing things as a team rather than individually and even when tasks were done individually, we made updates on progress and gave one another feedback. This gave us more ways to contribute to the project than just technically as we could contribute by improving the morale of the team.
[bookmark: _Toc203736868]Successes
I think my previous experience with making schematics and parts lists allowed me to helpfully contribute to this project by selecting relevant and cost-effective parts as well as laying out the information in an easy-to-understand table. It also helped when creating detailed schematics which can be used to reference building circuits or display information to people outside the project like mentors or assessors.
[bookmark: _Toc203736869]Further Development
Although I did contribute to the software development of this project, I would like to develop this further especially as i feel like this project has given me a good base to start with from what I learned not just by doing software development but observing from the work my team members did.
[bookmark: _Toc203736870]Rodina
[bookmark: _Toc203736871]Technical Development
A main component of development was the integration of the software and hardware elements and maintaining the code in the Gitlab. It was the first time I had help set up a Gitlab repository for more than just myself. I think the overall chain of data from the sensors to the terminal output on the ground station via the ports and protocols was a huge learning curve and using the Raspberry Pi in conjunction with the STM32 boards was a useful development milestone. 
[bookmark: _Toc203736872]Soft Skills
Working as a small team and managing our time and skills was a strong development aspect. To understand and develop the CubeSat platform and payload, we implemented various group meetings to discuss the componentry and layout of the device whilst reflecting on our research question. This involved solving problems with the main payload as due to time and resource constraints, the team had to adapt the system and component design, as demonstrated in Appendix C which contains the versions of design progress. Creatively problem solving was a major aspect of answering our research question and I enjoyed the team dynamic. 
[bookmark: _Toc203736873]Successes
A major highlight in this project was the day we worked together implementing the hardware and software and then seeing the line of data from the Raspberry Pi sensors printed on the terminal on the ground station laptop. It was beneficial to see the engineering process evolve from a discussion when we first started, to an outcome and completed task. 
[bookmark: _Toc203736874]Further Development
The opportunity to create and design a PCB would have really enhanced electronic design skills however, I hope to undertake this in future projects. Dedicating more time to understanding the intricacies of the STM32 microcontroller would also enrich my future development. 
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[bookmark: _Toc1994853768][bookmark: _Toc203736877]Appendix A: List of Requirements
Written by: Bailey F/ Alice P/ Rodina M
CubeSat Requirements
CSR01: Outside dimensions to be 3U (as per CubeSat standards)
Requirement Complete (100x100x340.5 mm)
We have a 3D printed container that will be used as the CubeSat prototype frame. The frame needs some alterations (drilling) to accommodate the antenna. 
CSR02: Use LoRa communication at 868MHz to send CubeSat data to the ground base
We have a ground base with relevant IDE’s for the STM32 discovery kits and raspberry pi that we are currently developing and integrating. One STM32 is currently integrated with the modules for sensing and will act as the transmitter to the ground station. The second STM32 will be the receiver connected to the ground base. The connection is in development and will be decided at a later date. 
CSR03: Output that decodes information from the CubeSat and displays it to a user on a laptop 
Not complete, at minimum we would like to receive raw data and store in a .CSV file. Ideally, we would have GUI, however, due to time constraints we are aware this is a stretch goal and are focusing on the minimum requirement.
CSR04: Use an STM32 B-L072Z-LRWAN1 to interface between sensors and communication
We have two STM32’s that we have sourced off the shelf, one has been connected to the sensors in the CubeSat and the other has been setup to connect with the ground station. Currently the sensors are not communicating, we need to determine how we will test this, currently considering using a variable attenuator to prove that the signals are transmitting.
CSR05: Must be able to detect temperature, atmospheric pressure, humidity.
	Temperature, Pressure and Humidity sensor
	Combined temperature, pressure and humidity sensor with digital output
	BMP280


 
Currently integrated with a Raspberry Pi and STM32. They need to be programmed to receive and transmit data (in-development)
CSR06: Must provide Gyroscope data
	Gyroscope
	3 axis gyroscope sensor module
	Kionix KXSC4


 
CSR07: Must provide a GPS location
	GPS Module
	GPS module with antenna
	GT-U7


 
Currently this part is integrated with a Raspberry Pi and STM32. They need to be programmed to receive and transmit data (in-development)
CSR08: Be able to transmit camera data
	Camera
	Digital camera with configurable quality
	ESP32-CAM


 
Currently this part is integrated with a Raspberry Pi and STM32. They need to be programmed to receive and transmit data (in-development). There will be no camera connected it will just be the board, as a proof of concept. 
CSR09: Refresh sensor data at least every minute
Not at this stage of development yet, still working on receiving data.
CSR10: power supply is portable and sufficiently supplies all the components
Requirement Complete
	Battery
	Powercore slim 10000
	Anker 313 power bank
	Will run the system for at least 24 hours and has multiple outputs if needed





[bookmark: _Toc1955590915][bookmark: _Toc203736878]Appendix B: Test Plan
Written by Alice P/ Rodina M/ Bailey F
	Test
	Requirement

	Measure the CubeSat, make sure it fits the standardised dimensions for 3U (100x100x340.5 mm)
	CSR01: Outside dimensions to be 3U (as per CubeSat standards)
 

	Sensors (temperature/ atmospheric pressure/ humidity) readings within expected range for environment. This will be conducted via testing at three different locations.
	CSR05: Must be able to detect temperature, atmospheric pressure, humidity.
 

	Gyroscope reading matching the orientation of the device, via angular velocity.
	CSR06: Must provide Gyroscope data
 

	Battery: does it turn on, does it provide sufficient power for the raspberry pi, STM32 and components while recording data. Can it be taken to an alternate location whilst measuring data. Use a multimeter to ensure current voltages are supplied to each component.
	CSR10: power supply is portable and sufficiently supplies all the components
 

	GPS: Does it show the correct coordinates for the location of testing. This will be conducted in a minimum of three different locations
	CSR07: Must provide a GPS location
 

	Camera: As this is a proof of concept, we will be testing whether a signal is generated, transmitted and received for the module.  We will not be testing if the camera itself is transmitting an image, as this would complicate lab policies.
	CSR08: Be able to transmit camera data

	STM32 transmitting raw data in a packet over the LoRa module. 
	CSR09: Refresh sensor data at least every minute

	STM32 receiving raw data in a packet on the ground station via LoRa and saved to CSV file
	CSR02: Use LoRa communication at 868MHz to send CubeSat data to the ground base
CSR09: Refresh sensor data at least every minute

	Data is displayed on the ground station and accessible to the user.
	CSR02: Use LoRa communication at 868MHz to send CubeSat data to the ground base
CSR03: Output that decodes information from the CubeSat and displays it to a user on a laptop 
CSR04: Use an STM32 B-L072Z-LRWAN1 to interface between sensors and communication





[bookmark: _Toc1637475684][bookmark: _Toc203736879]Appendix C: Hardware Listing
Written by: Bailey F
Table (Hardware Images): Rodina M
	Part
	Description
	Part No.
	Reasoning
	Cost (£)

	STM32 Microcontroller x2
	Microcontroller with LoRa module and antenna
	STMicroelectronics 
B-L072Z-LRWAN1
	Built in LoRa module and antenna make it suitable for satellite applications
	84.72

	Raspberry Pi
	Microcontroller with abundance of I/O's and features
	Raspberry Pi 4B
	Connects well with STM32 and can act as an interface for the sensor modules
	52.58

	Temperature, Pressure and Humidity sensor
	Combined temperature, pressure and humidity sensor with digital output
	BMP280
	Provides multiple sensor readings in a small convenient package
	6.14

	GPS Module
	GPS module with antenna
	GT-U7
	Provides accurate GPS readings and has a provided antenna
	12.94

	Gyroscope
	3 axis gyroscope sensor modules
	Kionix KXSC4
	Contains an accelerometer to accurately read motion
	8.59

	Camera
	Digital camera with configurable quality
	ESP32-CAM
	Gives a digital output image that can be high or low resolution if we need to save memory space
	8.99

	Battery
	Powercore slim 10000
	Anker 313 power bank
	Will run the system for at least 24 hours and has multiple outputs if needed
	17.99

	CubeSat Frame
	3d printed frame for components to be housed in
	Custom
	Will be custom designed to the specification of this project
	2

	M3 Screw x6
	Fasteners
	RS: 304-4918
	Will allow for CubeSat lid to be fastened to the frame
	6.19

	
	
	
	Total:
	200.14




	Hardware
	Image of Device/ Peripheral

	Variable Attenuator
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	GT-U7 – GPS Module
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	STM32 B-L072Z LRWAN1
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	SMA cables
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	LoRa Communication Setup 
	[image: ]

	Raspberry Pi with Peripherals
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	Raspberry Pi 4 Model B
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Written by: Alice P
	Environment
	Description
	Installation

	Gitlab
	Web-based DevOps platform: version control using a Git repository with issue tracking and project management.
	Created accounts via web based

	STM32Cube IDE
	Configure MCU peripherals and middleware specifically for STM32 microcontrollers. Supports C/C++ programming languages. 
	Created accounts via web based using murata and sigfox credentials

	Raspbian
	Official OS designed for Raspberry Pi single-board computers. Connects to sensors, GPIO pins and other hardware for electronics projects.
	Downloaded via OS

	Borne Again Shell – Command Line Interface
	Text-based interface, interact directly with Linux operating system.
	In-built on computer

	Programming Languages
	Description
	Installation

	Python3
	Python programming language: widely used in software development. This is the current version.
	

	C
	Procedural programming language: code can be compiled on many hardware platforms, suitable for system programming
	

	Packages
	Description
	Installation

	serial
	Used for serial communication: Provides access to interact with the ports. Enables reading and writing from them.
	Pip install pyserial

	CSV
	Standard library module: used to read and write to and from Comma Separated Value files.
	(Built in python3 module)

	time
	Standard library module: Handles delays and timestamps.
	(Built in python3 module)

	os
	Standard library module: Helps with accessing environment variables, manages processes, works with files and directories.
	(Built in python3 module)


	board
	Typically used in hardware and electronics projects, runs on Raspberry Pi using Python.
	Circuitpython 

	busio
	Used for communication over hardware buses e.g. UART. Designed to work on Raspberry Pi using Python3.
	Circuit python

	adafruit_bmp280
	Measures barometric pressure and temperature, package is a python driver that lets you interface over UART using Python3.
	Pip install adafruit-circuitpython-bmp280
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Author referenced in file name
	Code Screenshots and Output Screenshots

	CubeSat

	Bmp280_sensor_read.py (Written by: Rodina M)

	Code


	[image: ]


	Output (via terminal)

	[image: ]

	Bmp280_plot.py (Written by: Alice P)

	Code


	
[image: ]

	Output (display {}.gif)
	[image: ]

	Gps_data.py (Written by: Alice P)

	Code


	[image: ]

	Output (in Terminal)
	[image: ]

	Gps_track_map.py (Written by: Alice P)

	Code

	[image: ]

	Output (xdg-open {}.html)
	[image: ]

	Test_uart_transmit.py (Written by: Alice P)

	Code

	[image: ]

	Output (in Terminal)
	[image: ]


	bmp_gps.py (Written by: Alice P)

	Code
	[image: ]

	Output (in terminal and csv)
	
[image: C:\Users\ISA06016490\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\6762E033.tmp]



	Uart_transmit.py (Written by: Alice P)

	Code
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	Output
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	LED_blink.py (Written by: Bailey F)

	Code
	[image: ]

	Ground Station

	Subghz_phy_app.c (Written by: Rodina M)

	Code
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	Terminal Output
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[bookmark: _Toc1044551871]

[bookmark: _Toc203736882]Appendix F: Block Diagram Version Table
Written by: Rodina M/ Alice P
	Version
	Diagram

	Version 1
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	Version 2
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	Final Version
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Written by: Bailey F
CubeSat Detailed Schematic Version1
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CubeSat Detailed Schematic Version2
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Written by: Rodina M
	Version
	Gantt Chart

	V 1.0
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	V 2.0
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	V 3.0
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Written by: Rodina M / Alice P
19/05/2025
					(Written by: Rodina M)
Group Project Ideas
Initial research into shared interests and capability of team members. Generated initial project ideas, focusing on RF and possibly Bluetooth. Current interest/ research focus on using a microcontroller/Arduino/raspberry pi to build a speaker/ radio system. Listed below are working notes of software, hardware, and other areas on interest, including examples of similar projects.
· Software
· Proteus
· Embedded c
· Python
· Linux
· Hardware
· Microcontroller
·  Arduino 
· raspberry pi
· Research:
· IET journals
· Hackaday
· Rasperrypi 
· Previous UWTSD submissions
Outcome:
· RF and communications
· Bluetooth speaker
· Radio
Demos:
Build Arduino Bluetooth Speaker with Reactive NeoPixel LEDs
An Inexpensive FM Receiver For The Raspberry Pi | Hackaday
https://nevonprojects.com/fishing-drone/
https://nevonprojects.com/iot-mining-tracking-worker-safety-helmet/
https://nevonprojects.com/rough-terrain-beetle-robot/
https://nevonprojects.com/robotic-vehicle-with-metal-detection-project/
FM transmitter and receiver, receiver will include frequency spectrum display which will have a total volume control as well as EQ controls for bass, middle and treble frequency bands which will be displayed in real time on the display as well as being output to speakers.
Meeting @ 11.30 
Discussion over direction of project – still leaning towards Radio/ FM/ Bluetooth. Jamming and spoofing were discussed and the ethical and moral implications. There could be alternative options related to the output of a different frequency, however remote access may be required to accomplish this objective. Bluetooth is possibly a better choice due to legal regulations and simplicity. ‘Interesting’ is a key word – how to link these ideas with an interesting objective? 
What can we code?
· 7-segment display (timer)
· Sensors – Humidity/ Night-light/ Temperature/ Moisture
· LEDs – interactive buttons
Further Ideas:
· Ouija Board / Fortune Teller (Offline?)
· Learning experience – game or educational
· Game with songs – changing the modulation/ signal of the songs – very high freq/ low freq/ play song backwards? Could this be a speaker or use Bluetooth. Multiple choice – with 3 buttons for user to choose. Set playlist – with a max of 100 hard-coded songs. 1 x LCD screen / 3 buttons. 
· Level Sensor / Plant –feeding system/ Device that could be attached to a pigeon 
Questions: 
· Does it have to use Proteus? 
· Arduino/ Raspberry Pi IDE – is this permitted?
Meeting @ 14.00
· Cipher/ Enigma machine – with electronics instead of mechanics 
· Subwoofer/ plant feeding system for when we are away for 2 weeks + / some sort of frequency modulation/ Signal modulation & FM radio – something educational? / Sound based tuner – sequence of buttons (something in a game?) / Changing frequency – connected to LED? 
· Music box – instead of ‘bomb in the box’. Randomised each time. Time restricted.
· Hard coded tunes – piezo sounded/ selection of 10 songs. 
· Play a victory song at the end? 
· Could unlock the ‘music box’ at the end? 
· Single board computer that could handle lots of peripherals/ OR a breadboard? 
· Outputting wave form on a graph? Match the tune. (Stretch) 
· Speaker/ Magnetic Coil/ Piezo – to represent sound
Music Box Idea
1. Match the tune – 6 notes?
2. Modulated signal – in some way to distort it? How to guess what the song is? 
3. Match the frequency? Signal modulation
4. Start with just buttons/ potentiometer -> output what note it is playing?
5. Puzzle: if correct, unlocks the box. (Win the minstrels)
6. Potentiometer guessing game – at some frequency? Spells something – uses another electronic component. Outputs something in the end - “cafe”
7. Keypad – A -> G
8. User interactive (game based on music)
9. Remember 3 notes -> remember it back? / Then potentiometer game? / Then go back to the first game again with 6 notes? 
10. Button game -> potentiometer -> keypad
11. COTS keypad box
12. Potentiometer – connected to oscillator instead of Arduino



Tuesday 20/05/2025
(Written by: Rodina M)
Group Project
Meeting @ 10.00
MusicBox vs CubeSat pros and cons. Determined that further research will be conducted into the CubeSat project. Links more to work based problems and expands on everyone's prior knowledge and skills.
Important to determine time frames and scope of development considering team availability.
Links for CubeSat:
· https://www.sciencedirect.com/science/article/pii/S0094576520306184
· https://science.nasa.gov/3d-resources/cubesat-1-ru-generic/
· A cubesat is a special category of nanosatellite. One cubesat unit (1U) has dimensions of 10 by 10 by 11 centimeters. Cubesats have been built in 1U, 1.5U, 2U, 3U and 6U sizes...These satellites will demonstrate a number of technologies ranging from high-speed optical communications to increase downlink rates from small satellites, autonomous coordination among a swarm of small satellites, and formation flight and docking.
· https://www.jpl.nasa.gov/topics/cubesats/
· Small, modular, and inexpensive to build and launch
· Strength in numbers, constellations of cubesats, fly in formation
· For more complex missions, swarms of cubesats could be anchored by a single ‘hub’.
· Keep cubesat simple and focused will focus for more inexpensive deployment, greater reliability, and incremental ability to add new cubesats or replace malfunctioning units.
· https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Discovery_and_Preparation/CubeSats
· Commonly used in low-earth orbit for applications such as remote sensing, space weather measurements and communication. 
· It provides an affordable means of demonstrating exiting new technologies, they also drive the drastic miniaturization of systems and encourage a new approach to spacecraft integration. 
· Near-earth objects, space weather, earth's atmosphere. 
· As a first test of a new printable, hard and electrically conductive plastic called PEEK, in 2017 ESA started 3D-printing CubeSat structures incorporating their own electrical lines. In 2020, PEEK was used to transmit a portrait of the Mona Lisa, marking the first step towards a future when plastic printed parts can incorporate their own power and data links within their built structures, instead of relying on separate wiring and circuits. In future, such miniature satellites could be ready to go once their instruments, circuit boards and solar panels are slotted in.
· https://www.nasa.gov/wp-content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf
· https://spacegrant.oregonstate.edu/sites/spacegrant.oregonstate.edu/files/efraley_kkuhlman_cubesat_db.pdf
https://www.esa.int/ESA_Multimedia/Images/2023/07/Infographic_ESA_Technology_CubeSats_the_first_10_years
Use case of prototype:
Provides a cost-effective platform for scientific investigation, demonstrating new technologies and helping to advance mission concepts.
(https://www.nasa.gov/what-are-smallsats-and-cubesats/#:~:text=CubeSats%20now%20provide%20a%20cost,standard%20size%20and%20form%20factor.)
Act as a proof of concept for the kinds of atmospheric sensing we want to focus on (Temperature/ Pressure/ Radiation/ gps)
Could have a camera, taking pictures/ videos (could need a downlink)
Extra parts on frame to be bolted to something
Can be used for communication relays, could provide links between earth and other craft
‘frequently Space Weather and Earth Science. Specific science investigation areas include biological science, study of near Earth objects, climate change, snow/ice coverage, orbital debris, planetary science, space-based astronomy, and heliophysics’
Components:
· Arduino – this would be the control center of the CubeSat
· Antennas – input/output on satellite and another to communicate with the laptop. 
· Interface from either ethernet or USB for communicating from a laptop with the satellite (separate circuit) 
· Power source
· 3D printed frame (shape undefined) 
· Possible off the shelf GPS module
· Sensors: temperature/ pressure 
· Camera
· LEDs
Wednesday 21-05-25
(Written by: Rodina M)
Group Project Log
Lecture/ Presentation @ 09.00
· Arrived to give the presentation but were informed that Olubenga Olubodun couldn’t attend therefore it was postponed until tomorrow at 9am instead.
· Ethical considerations were brought up instead and we were asked to start filling out the Ethics form in class.
· The document was uploaded to the Ethics folder in the group shared space.
· Informed that the Presentations tomorrow will be delivered to Ben and Jenifer in a separate room and not in front of the entire class. 

Further comments from Josh A to share with the group:
He suggested introducing ‘Phases’ to the project for example -> 
· Phase 1: Hardware design phase. Complete this as quickly as possible and make no changes once you do. Apparently, it looks good on a Gantt chart and shows the critical path of the project
[image: ]
· Phase 2: Submodule design phase – designing the important stuff and where most effort is likely placed. Requires power section, science section and comms section.
· Phase 3: Testing and Integration phase – merged into phase 2. Running the tests against individual components and start to engage in ‘adult LEGO’ - sticking all the components together.

Thursday 22-05-25
(Written by: Rodina M)
Group Project
· Discussion about componentry – need to investigate camera module and related software requirements (storage mostly). Could the camera data be stored for only an hour? Output a picture/data every 10 seconds and store for 5 minutes – would this be possible for the software integration and storage on the ‘ground-based’ laptop?
· Start to look at simulating Proteus with Arduino and import modules required for hardware. 
· Investigate frame design and dimensions – online prototypes and examples
· How is the serial data received to ground-station going to be shown to the user? Many options (GUI etc) but we are not being assessed on this so it would be a lot of effort 
· Start figuring out workload split between group
BLOCKER
· Arduino not compatible with Proteus on Uni computers?
Meeting @ 13.30
After the presentation with Jenifer, it was discussed that the Arduino was not the best choice for the project, and we have to use one of the microcontrollers that we have already used. 
She also said to add in what problem we are solving for the Problem Statement – so we have a cheaper, smaller, easier to launch device to monitor weather conditions etc.
Researched hardware options for future development, compiled list of possible options on the OneNote. 
· Sensors: Temp/Pressure/Humidity Module
· GPS
· Accelerometer/ Gyro Module
· Microcontroller
· Radio Comms
· Battery/ Charger
· Camera
Friday 23-05-2025
(Written by: Rodina M)
Group Project
Meeting @ 09.00
· The uni meeting was cancelled due to Ben being unable to attend so the project group met in the library and discussed next steps.
· Camera peripheral was discussed – it would be too challenging to test at work with security issues in labs. There seemed to be too many blockers with the added difficulty of no modules for the microcontroller in Proteus, so we decided to leave the camera from the plan. 
· Bailey – need to add a charge control for the solar panel to prevent overcharging, to replace with the diode. 
· Discussion over the componentry in Proteus and blockers due to the software limitations – we wanted to use a TP4056-like module in the circuit, but this is yet again unavailable in Proteus.
18-06-2025 Wednesday Log
(Written by: Rodina M)
Meeting with Jenifer - Teams
· Check Moodle – and ensure that tasks are split up
· Cost prediction / breaking down the work (to add in Project Management Skills) - recommended to add in. 
· Online presentation 24th July at 11am, however Jenifer might be on leave so it may be 23rd/ 25th, tbc. 
· 18th July before 3pm – Submission for report.
· 10-15 minutes presentation / 5 minutes for demo / 10 minutes for Viva (11am start and finish around 11.30am).
26-06-2025
(Written by: Rodina M)
Thursday – Jabber call
1. Bailey has extracted gyroscope from the Wii
2. Bailey has also spoken to Euan about 3D printing (looks positive) 
3. Discussed working in the lab (need to find lab access!) on Friday 4th July. 
4. Discussing lab access – will try and ask about Engineering lab space and if not will discuss further methods (ie Bailey working in PDW lab alone – worst case scenario)
5. Was there a reading from the BMP280?
6. Can simple shell scripts sent from the Raspberry Pi 4 collect all data from peripherals and then send that via USB to the STM32?  (will investigate this over the weekend). Update – shell scripts are not advisable as they do not easily allow for debugging/ altering code – writing Python with the raspberry pi IDE / VScode then packaging that and sending to the STM32 is probably a better idea. The USB in the STM32 is actually used for debugging according to the manual therefore we may have to send over UART/ SPI? 
7. Discussed that we will both write some more on the report in the coming days.
04-07-2025
(Written by: Rodina M)
Uni Group Meeting 
· Next step – testing that the two STM32s can communicate
· Best idea is to connect the STM32s with a cable via attenuator to avoid issues with transmitting data at work
· Archive our work and shared documents/ save as compressed zip files
· Write out requirements and test plan for Rod our ‘customer’ to review
· Essentially the STM32s are acting as modems
· Ideally (minimal requirement) we would get data from the sensors, read data from the sensors and save data to a CSV file for user to view on ground station. 
Update: 06/07/25
· I (Rodina) have written some code to read the BMP280 and it successfully reads the temperature/ pressure and altitude of the room. Need to test in different environments as discussed in Friday’s meeting but will test the GPS and/or Gyroscope next week.
08/07/2025
(Written by: Alice P)
Tuesday- Jabber Call
Rodina has received sensor readings from the BMP280, receiving data (temperature/pressure/altitude)
Unfortunately, only one micro-display port cable so have been unable to develop on the other raspberry pi in the meantime. Will run code on the Raspberry Pi once exchanged. 
Working on the gps and pi connection, trying to receive data from the module
Currently writing and splitting up sections of the report
Collating documents for the appendices, and writing the methodology for the report
Writing literature review/ background research 
09/07/2025 
Written by: Alice P
Wednesday Meeting 
Wanted to ask about the gyroscope and whether it's appropriate to use (accelerometer). 
Offered support via Rhys D, regarding the UART connection, TX/RX for the STM32’s 
Central computer vs central modem inside craft 
get it to work by USB to micro-USB? Or continue with UART, need to decide on this- currently investigating both (pingpong) 
Due to the pinout of the Raspberry Pi, we may have to stop using the camera, there are not enough TX and RX pins, we would have to add extra componentry.  The current decision is to stop trying to implement the camera. Issues with testing also impact our idea to use the camera peripheral.  
 Current focus: temperature/ gps  
Another monitor could be for internal voltage:internal voltage sensor, read what it is in the bus, common CubeSat feature and would make it more effective. Necessary effect for when determining whether there is enough power for the operation being carried out. This is a valid use case. 
USB stick that's a DVM, has a seven-segment display telling voltage 
standard DVM multimeter and probe some wires 
internal battery, supply voltage, temperature, external sensor, pi’s have their own a well 
For workshops: what need to do in order to demostrate that tehy have been workshop trained. Do the following things, the shorter the list the easier to justify  
interfacing to usb is marvellous idea 
got the attenuator not the cables, can do power and date from USB from pi 
make sure it's a power and data cable, either work or wont test it, come back if wrong one and we'll grab one that does 
 if all fails there is alternative RF data link to use 
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APPLICATION FOR ETHICAL APPROVAL

In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. A researcher may not be covered by the University’s insurance if ethical approval has not been obtained prior to commencement.

The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

Ethical approval is not required for routine audits, performance reviews, quality assurance studies, testing within normal educational requirements, and literary or artistic criticism.

Please read the notes for guidance before completing ALL sections of the form.

This form must be completed and approved prior to undertaking any research activity. Please see Checklist for details of process for different categories of application.  

Delete the Guidance Notes at the end of the form BEFORE submitting your application

SECTION A: About You (Principal Researcher)
	1
	Full Name:
	Bailey Freeman, Alice Percy, Rodina Macleod

	2
	Tick all boxes which apply:

	Member of staff:
	☐
	Honorary research fellow:
	☐

	3
	Undergraduate Student
	  ☒ 
	Taught Postgraduate Student
	  ☐ 
	Postgraduate Research Student
	  ☐ 



	4
	Institute/Academic Discipline/Centre:
	University of Wales Trinity St. David

	5
	Campus:
	IQ Swansea Waterfront

	6
	E-mail address:
	Bailey Freeman: 2311418@student.uwtsd.ac.uk
Rodina Macleod: 2318127@student.uwtsd.ac.uk 
Alice Percy: 2318126@student.uwtsd.ac.uk 


	7
	Contact Telephone Number:
	N/A


	
	For students:

	8
	Student Number:
	2311418; 2318127; 2318126

	9
	Programme of Study:
	Embedded Electronics Systems

	10
	Director of Studies/Supervisor:
	Jenifer Prince Devaraj , Olubenga Olubodun





SECTION B: Approval for Research Activity
	1
	Has the research activity received approval in principle?
(please check the Guidance Notes as to the appropriate approval process for different levels of research by different categories of individual)
	YES
	  ☒ 
	NO
	  ☐ 

	
	
	Date

	2
	If Yes, please indicate source of approval (and date where known): Approval in principle must be obtained from the relevant source prior to seeking ethical approval
	Research Degrees Committee
	  ☐ 
	

	3
	
	Institute Research Committee
	  ☐ 
	

	4
	
	Other (write in)

	  ☒ 
	Review panel for group project (approved by Jenifer Prince Devaraj and Olubenga Olubodun)



SECTION C:  Internal and External Ethical Guidance Materials
	
	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines.

	1
	UWTSD Research Ethics & Integrity Code of Practice

	  ☒ 

	2
	
UWTSD Research Data Management Policy
	  ☒ 

	3
	

	  ☐ 



SECTION D: External Collaborative Research Activity
	1
	Does the research activity involve collaborators outside of the University?
	YES
	  ☐ 
	NO
	  ☒ 

	2
	If Yes, please provide the name of the external organisation and name and contact details for the main contact person and confirmation this person has consented to their personal data being shared.as part of this collaboration.

	3
	Institution
	


	4
	Contact person name
	


	5
	Contact person e-mail address

	

	6
	Has this individual consented to sharing their details on this form?
	YES
	  ☐ 
	NO
	  ☐ 

	7
	Are you in receipt of a KESS scholarship?
	YES
	  ☐ 
	NO
	  ☐ 

	8
	Is your research externally funded
	YES
	  ☐ 
	NO
	  ☐ 

	9
	Are you specifically employed to undertake this research in either a paid or voluntary capacity?
	Voluntary
	YES
	  ☐ 
	NO
	  ☐ 

	10
	
	Employed
	YES
	  ☐ 
	NO
	  ☐ 

	11
	Is the research being undertaken within an existing UWTSD Athrofa Professional Learning Partnership (APLP)
	If YES then the permission question below does not need to be answered.
	YES
	  ☐ 
	NO
	  ☐ 

	12
	Permission to undertake the research has been provided by the partner organisation
	(If YES attach copy)
If NO the application cannot continue
	YES
	  ☐ 
	NO
	  ☐ 




Where research activity is carried out in collaboration with an external organisation
	13
	Does this organisation have its own ethics approval system?
	YES
	  ☐ 
	NO
	  ☒ 

	14
	
If Yes, please attach a copy of any final approval (or interim approval) from the organisation




SECTION E: Details of Research Activity
	1
	Indicative title:
	CubeSat Prototype

	2
	Proposed start date:
	19/05/2025
	Proposed end date:
	17/07/2025

	3
	Introduction to the Research (maximum 300 words)
Ensure that you write for a Non-Specialist Audience when outlining your response to the three points below:
Purpose of Research Activity
Proposed Research Question
Aims of Research Activity
Objectives of Research Activity
Demonstrate, briefly, how Existing Research has informed the proposed activity and explain
What the research activity will add to the body of knowledge 
How it addresses an area of importance. 

	4
	Purpose of Research Activity
Create a cost-effective electronic platform for scientific investigation to observe the earth’s atmosphere whilst applying accessible technologies. To do this, we will create a prototype version of a CubeSat. A CubeSat is a special category of nanosatellite that is used for low-earth orbit for applications such as remote sensing, space weather measurements and communication. We want to design and create a prototype version of a CubeSat, which can transmit telemetric data to a ground-based system via LoRa communication, while making use of a STM32 microcontroller, Raspberry Pi, as well as other compatible components.

	5
	Research Question
Can we design a prototype CubeSat with telemetric capabilities that will communicate weather and atmospheric conditions to a ground-based station?

	6
	Aims of Research Activity
The aims of the project are to simulate a CubeSat, develop an understanding of RF and sensing technology, and produce a cost-effective platform. CubeSats are regularly used for monitoring space weather conditions. This is a priority for industry as it is a means to ensure public safety by protecting technological infrastructure. Changes in space weather can cause disruptions to satellites, power grids, communication systems, navigation services, and potentially can cause widespread outages and financial losses.

	7
	Objectives of Research Activity
The objectives for the CubeSat prototype are to achieve a compact design, replicate real satellite functions, transmit telemetric data to a ground-station (laptop), and provide proof of concept for atmospheric sensing. The objectives for the development of RF and sensing technology are to: establish FM communications, install antennas for communicating, and send sensor data outputs to a laptop AKA ground-base. The objectives for the ‘Cost-Effective’ aim are to: Use COTS (commercial off the shelf) components, prioritise functional design, and make full use of peripherals. 

	8
	Proposed methods (max. 600 words)
Provide a summary of all the methods that may be used in the research activity, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed.


	9
	We have listed the various methods used for different aspects of the research activity by the category of their application. 

Research methods: To determine the aims and objective of our research we will take advantage of the resources provided by UWTSD’s library and online records. We will reference up to date research papers provided by a variety of sources, including the IET, NASA, ESA, AMSAT etc. as well as other universities published papers which will all be listed in the report's references. Our research will examine the concept and use of a CubeSat, as well as the components that are integrated to the device. Our research will be continuous throughout the project as we discover new and better solutions to the challenges we face. We plan to keep a good record of all the information we interact with for further review. 

Project Management Method: We are using an agile approach for our research and development. We will run sprints together, meaning we plan to have dedicated weeklong periods which prioritise our groups focus on singular tasks in a time-boxed environment. The sprints begin with a kick-off meeting that clarifies the overall objective of the week. Daily scrums are implemented to review progress of the previous day and determine tasking for everyone going forward. The sprints then conclude with a review allowing us to conclude our research and development, as well as a retrospective that determines lessons learnt from the sprint. Each member of the team will lead as scrum master/ sprint lead on alternating sprints. A Gantt chart has also been used to monitor progress through the four phases of the project's development (Phase 1: Project Plan, Components & Hardware, Phase 2: Research & Development, Phase 3: Build & Integration, Phase 4: Presentation Report & Conclusion).

Development methods: We intend to use GitHub to ensure collaborative version control and open-source development of software, this will include peer-reviewed code and will track progress and help to identify and manage bugs and issues whilst ensuring good organisation of the project. We will create a shared account to create and manage integrated software such as Sigfox/Murata/ST credentials necessary to develop on the STM32 microcontroller.  Our development will be planned and monitored through sprints using the agile method, as mentioned above. We plan to develop our programmes using Python, C, shell scripts and other compatible languages we may come across through the project's lifespan.

Testing methods: Testing requires us to interact with each module and component of the overall design as well as assess the affectability of the unit, meaning the CubeSat. This means examining the intended functionality of STM32 microcontroller as an antenna for transmitting and receiving signals via LoRa communication protocols from the CubeSat to the ground-station (laptop). This data is recorded via the gyroscope, camera, BMP280 combined sensor and GPS, which are interfaced using a Raspberry Pi. The tests will be conducted under lab conditions and recorded to ensure accurate logging of sensor data. The CubeSat frame will also be tested to make sure dimensions are accurately reflected for the prototype, as well as robustness. As the CubeSat is a prototype, we are not currently prioritising the frameworks resilience in the atmosphere, considering sensitivities such as radiation, temperature and other environmental effects that could impact the components function as the intended altitude. Instead, we are focusing on proof of concept and prioritising the embedded electronic design of the CubeSat’s interior. We will expand on this rational in the report. 



	10
	Location of research activity
Identify all locations where research activity will take place.

	11
	IQ UWTSD, DSTL PDW, DSTL PTN


	12
	Research activity outside of the UK
If research activity will take place overseas, you are responsible for ensuring that local ethical considerations are complied with and that the relevant permissions are sought. Specify any local guidelines (e.g. from local professional associations/learned societies/universities) that exist and whether these involve any ethical stipulations beyond those usual in the UK (provide details of any licenses or permissions required). Also specify whether there are any specific ethical issues raised by the local context in which the research activity is taking place, for example, particular cultural and/or legal sensitivities or vulnerabilities of participants.

	13
	N/A



	14
	Use of documentation not in the public domain: Are any documents NOT publicly available?   

	NO
	  ☒ 

	
	
	YES
	  ☐ 

	15
	If Yes, please provide details here of how you will gain access to specific documentation that is not in the public domain and that this is in accordance with prevailing data protection law of the country in question and England and Wales.

N/A



SECTION F: Scope of Research Activity
	1
	Will the research activity include:
	
YES
	
NO

	2
	Use of a questionnaire or similar research instrument?
	  ☐ 
	  ☒ 

	3
	Use of interviews?
	  ☐ 
	  ☒ 

	4
	Use of diaries?
	  ☐ 
	  ☒ 

	5
	Participant observation with their knowledge?
	  ☐ 
	  ☒ 

	6
	Participant observation without their knowledge?
	  ☐ 
	  ☒ 

	7
	Use of video or audio recording?
	  ☒ 
	  ☐ 

	8
	Access to personal or confidential information without the participants’ specific consent?
	  ☒ 
	  ☐ 

	9
	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	  ☐ 
	  ☒ 

	10
	Performance of any acts which may cause embarrassment or affect self-esteem?
	  ☐ 
	  ☒ 

	11
	Investigation of participants involved in illegal activities?
	  ☐ 
	  ☒ 

	12
	Use of procedures that involve deception?
	  ☐ 
	  ☒ 

	13
	Administration of any substance, agent or placebo?
	  ☐ 
	  ☒ 

	14
	Working with live vertebrate animals?
	  ☐ 
	  ☒ 

	15
	Other primary data collection methods, please explain in this box
For example, ‘focus groups’. Please indicate the type of data collection method(s) in this box and tick the accompany box.
	  ☐ 
	  ☒ 

	16
	Details of any other primary data collection method:



(this box should expand as you type)
	
	


If NO to every question, then the research activity is (ethically) low risk and may be exempt from some of the following sections (please refer to Guidance Notes).

If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained. 

SECTION G: Intended Participants
	1
	Who are the intended participants:
	
YES
	
NO

	2
	Students or staff at the University?
	  ☒ 
	  ☐ 

	3
	Adults (over the age of 18 and competent to give consent)?
	  ☒ 
	  ☐ 

	4
	Vulnerable adults?
	  ☐ 
	  ☒ 

	5
	Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)
	  ☐ 
	  ☒ 

	6
	Prisoners?
	  ☐ 
	  ☒ 

	7
	Young offenders?
	  ☐ 
	  ☒ 

	8
	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	  ☐ 
	  ☒ 

	9
	People engaged in illegal activities?
	  ☐ 
	  ☒ 

	10
	Others (please identify specifically any group who may be unable to give consent) please indicate here and tick the appropriate box.

	  ☐ 
	  ☒ 

	11
	Other – please indicate here:



(this box should expand as you type)
	
	



	12
	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 

	13
	How many participants are expected?

	
N/A 


	14
	Who will the participants be?

	
N/A


	15
	How will you identify the participants?
	
N/A





	16
	Information for participants:
	
YES
	NO
	
N/A

	17
	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	  ☐ 
	  ☐ 
	  ☒ 

	18
	Will you tell participants that their participation is voluntary?
	  ☐ 
	  ☐ 
	  ☒ 

	19
	Will you obtain written consent for participation?
	  ☐ 
	  ☐ 
	  ☒ 

	20
	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	  ☐ 
	  ☐ 
	  ☒ 

	21
	If the research is observational, will you ask participants for their consent to being observed?
	  ☐ 
	  ☐ 
	  ☒ 

	22
	Will you tell participants that they may withdraw from the research at any time and for any reason?
	  ☐ 
	  ☐ 
	  ☒ 

	23
	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	  ☐ 
	  ☐ 
	  ☒ 

	24
	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	  ☐ 
	  ☐ 
	  ☒ 

	25
	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	  ☐ 
	  ☐ 
	  ☒ 

	26
	If NO to any of above questions, please give an explanation 

	27
	


(this box should expand as you type)



	28
	Information for participants:
	
YES
	NO
	
N/A

	29
	Will participants be paid?
	  ☐ 
	  ☐ 
	  ☒ 

	30
	Is specialist electrical or other equipment to be used with participants?
	  ☐ 
	  ☐ 
	  ☒ 

	31
	Are there any financial or other interests to the investigator or University arising from this study?
	  ☐ 
	  ☐ 
	  ☒ 

	32
	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	  ☐ 
	  ☐ 
	  ☒ 

	33
	If YES to any question, please provide full details 

	34
	


(this box should expand as you type)



SECTION H: Anticipated Risks
	[bookmark: _Toc1822114872]1
	[bookmark: _Toc1165988412]Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them. 

If you have completed a full risk assessment (for example as required by a laboratory, or external research collaborator) you may append that to this form.  

	[bookmark: _Toc83072463]2
	[bookmark: _Toc1087317440]Full risk assessment completed and appended? 

	[bookmark: _Toc363770859]Yes 
	  ☒ 

	
	
	[bookmark: _Toc2042259520]No
	  ☐ 

	3
	Risks to participants
For example: emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information

	4
	Risk to Participant:

N/A: There are no participants
	How will you mitigate the Risk to Participant

N/A: There are no participants


	5
	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	
	
N/A

	6
	Risks to investigator
For example: personal safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
	Risk to Investigator:

N/A


	How will you mitigate the Risk to Investigator:

N/A


	7
	University/institutional risks
For example: adverse publicity, financial loss, data protection

	
	Risk to University:

N/A

	How will you mitigate the Risk to University:

N/A




	8
	Disclosure and Barring Service

	9
	If the research activity involves children or vulnerable adults, a Disclosure and Barring Service (DBS) certificate must be obtained before any contact with such participants.
	YES

	NO

	N/A


	10
	Does your research require you to hold a current DBS Certificate?
	  ☐ 
	  ☐ 
	  ☒ 



SECTION I: Feedback, Consent and Confidentiality
	1
	Feedback
What de-briefing and feedback will be provided to participants, how will this be done and when? 

	
	
N/A

	2
	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded in accordance with prevailing data protection legislation.

	
	
N/A

	3
	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 

	
	
N/A



SECTION J: Data Protection and Storage
In completing this section refer to the University’s Research Data Management Policy and the extensive resources on the University’s Research Data Management web pages (http://uwtsd.ac.uk/library/research-data-management/).
	1
	Does the research activity involve personal data (as defined by the General Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018 “DPA”)?
	YES
	NO

	
	“Personal data” means any information relating to an identified or identifiable natural person (‘data subject’). An identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person.
	☐
	  ☒ 


	2
	If YES, provide a description of the data and explain why this data needs to be collected:

	
	
N/A


	3
	Does it involve special category data (as defined by the GDPR)?
	YES
	NO

	
	“Special category data” means sensitive personal data consisting of information as to the data subjects’ –
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) physical or mental health or condition,
(f) sexual life,
(g) genetics,
(h) biometric data (as used for ID purposes),
	
☐
	

  ☒ 


	4
	If YES, provide a description of the special category data and explain why this data needs to be collected:

	
	
N/A




	5
	Will the research activity involve storing personal data and/or special category data on one of the following:
	YES
	NO

	6
	Manual files (i.e. in paper form)?
	  ☐ 
	  ☒ 

	7
	University computers?
	  ☐ 
	  ☒ 

	8
	Private company computers?
	  ☐ 
	  ☒ 

	9
	Home or other personal computers?
	  ☐ 
	  ☒ 

	10
	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	  ☐ 
	  ☒ 

	11
	“Cloud” storage or websites?
	  ☐ 
	  ☒ 

	12
	Other – specify:

	  ☐ 
	  ☒ 

	13
	For all stored data, explain the measures in place to ensure the security of the data collected, data confidentiality, including details of password protection, encryption, anonymisation and pseudonymisation:

	
	
N/A


	14
	All Data Storage

	15
	Will the research activity involve any of the following activities:
	YES
	NO

	16
	Electronic transfer of data in any form?
	  ☒ 
	  ☐ 

	17
	Sharing of data with others at the University?
	  ☒ 
	  ☐ 

	18
	Sharing of data with other organisations?
	  ☐ 
	  ☒ 

	19
	Export of data outside the European Union or importing of data from outside the UK?
	  ☐ 
	  ☒ 

	20
	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	  ☐ 
	  ☒ 

	21
	Publication of data that might allow identification of individuals?
	  ☐ 
	  ☒ 

	22
	Use of data management system?
	  ☒ 
	  ☐ 

	23
	Data archiving?
	  ☒ 
	  ☐ 

	24
	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the GDPR and DPA (and/or any international equivalent):

	
	The data being collected is open-source information, so considering GDPR and DPA isn't relevant at this time. The future scope of the project and with further development, may open us to revisiting this as a possibility.  


	25
	List all who will have access to the data generated by the research activity:

	
	Bailey Freeman, Alice Percy and Rodina Macleod.


	26
	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	
	Bailey Freeman, Alice Percy and Rodina Macleod.


	27
	Give details of data storage arrangements, including security measures in place to protect the data, where data will be stored, how long for, and in what form. Will data be archived – if so how and if not why.  

	
	
The current plan for saving data will be in a database on a groundbase. The ground base is a password protected laptop.


	28
	Please indicate if your data will be stored in the UWTSD Research Data Repository (see https://researchdata.uwtsd.ac.uk/ ).   If so please explain. (Most relevant to academic staff) 

	
	
No.


	29
	Confirm that you have read the UWTSD guidance on data management (see https://www.uwtsd.ac.uk/library/research-data-management/)

	YES
	  ☒ 

	
	
	NO
	  ☐ 

	30
	Confirm that you are aware that you need to keep all data until after your research has completed or the end of your funding
	YES
	  ☒ 

	
	
	NO
	  ☐ 




SECTION K: Declaration
	31
	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application, I hereby confirm that I undertake to ensure that the above-named research activity will meet the University’s Research Ethics and Integrity Code of Practice which is published on the website: https://www.uwtsd.ac.uk/research/research-ethics/ 

	
	Signature of applicant:
	Bailey Freeman
Alice Percy
Rodina Macleod
	Date: 16/06/2025




For STUDENT Submissions:
	32
	Director of Studies/Supervisor:
	Jenifer Prince Devaraj

	Date:

	33
	Signature:
	

	



For STAFF Submissions:
	34
	Academic Director/ Assistant Dean:
	
	Date:

	35
	Signature:
	

	



Checklist: Please complete the checklist below to ensure that you have completed the form according to the guidelines and attached any required documentation:
	  ☒ 
	I have read the guidance notes supplied before completing the form.

	  ☒ 
	I have completed ALL RELEVANT sections of the form in full.

	  ☒ 
	I confirm that the research activity has received approval in principle

	  ☐ 
	I have attached a copy of final/interim approval from external organisation (where appropriate)

	  ☐ 
	I have attached a full risk assessment (and have NOT completed Section H of this form) (where appropriate)  ONLY TICK IF YOU HAVE ATTACHED A FULL RISK ASSESSMENT

	  ☒ 
	I understand that it is my responsibility to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice.

	  ☒ 
	I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be confirmed by the DoS/Supervisor, module tutor or Academic Director.

	  ☒ 

	I have deleted the guidance notes before submitting the PG2 for consideration



	RESEARCH STUDENTS AND STAFF ONLY
All communications relating to this application during its processing must be in writing and emailed to pgresearch@uwtsd.ac.uk , with the title ‘Ethical Approval’ followed by your name.
You will be informed of the outcome of your claim by email; therefore it is important that you check your University and personal email accounts regularly.

	STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit  this form (and receive the outcome) via systems explained to you by the supervisor/module leader.



This form is available electronically from the Academic Office web pages: https://www.uwtsd.ac.uk/academic-office/appendices-and-forms/ 


Application Process

All staff research projects and all research students must submit the Ethical Approval Form to the University Research Ethics Committee via the Academic Office (pgresearch@uwtsd.ac.uk).   Staff research directly in relation to personal study for taught undergraduate or Masters programmes should be submitted via the Institute procedures explained below.

Taught masters and taught undergraduate research Ethical Approval Forms are considered within Institutes.  Institutes will provide details of the specific processes for this.  Where the Ethical issues within any single ethical application are of particular concern the Institute will refer these to the University Research Ethics Committee.   Any student activity that involves the collection of primary data needs to undergo Ethical approval, this includes assignment work as well as dissertations.   

Notes for guidance in completion of this form

Section A:  About You
Please complete all relevant sections

Section B:  Approval for research activity
Research proposals must be approved in principle before applying for Ethical Approval.  The proposal approval only becomes final when the ethical approval is received.  

The process for proposal approval varies according the individual and programme of study:
· Research students, by application on form PG1 to the Research Degrees Committee
· Taught students by review of research proposal within Institutes (Institutes provide specific details of these processes)
· Staff, by agreement by the Academic Director/Assistant Dean

Section C:  External Ethical Guidance materials
Many discipline areas are required to operate with the discipline specific codes of research ethics (for example health, psychology, education etc.), any such codes must be listed and you must tick to confirm that you have consulted with these.

Section D:  External Collaborative Research Activity
Provide details of the external collaborative partners, where appropriate you might want to submit a copy of the external collaboration agreement with the Ethical Approval Form.  If the partner requires the research to be subject to its own internal Ethical approval process then please provide details of that process and a copy of any final (or interim) approvals received from the organisation.

Section E:  Details of Research Activity
Remember that the individuals reviewing this Ethical Approval Form may not have seen your research proposal, and also may not be experts in the specific area of your research.  The information provided should therefore be jargon free and clearly stated.

Indicative Title:  please use the same title as used on the research proposal.

Purpose:  the Ethical approval process will want to ensure that the methods you propose are adequate and appropriate to address the research aims and objectives.  Excessive additional data collection can be seen as unethical.

Proposed Methods:  the Ethical approval process seeks to ensure that you understand the methods that are intended, and that the implementation of those methods will be appropriate and without unnecessary impact on respondents.  This section must explain how the methods described will lead to the collection of necessary and sufficient data, but not excessive data.  Please be specific.

Location:  this needs to mention geographical location and also local situation (for example, within Local Authority Offices in Cardiff, using a private room but close to other individuals).  If you are collecting data within an organisational setting then you need to explain the permissions that you have obtained to do this.

Research Activity outside of the UK:  please complete this section in detail, and note any guidance you have received.  Also describe your own familiarity (or not) with the location that you will be utilising.

Section F:  Scope of Research Activity
Please tick ALL of the research activities that might be undertaken.   If any additional types of activity are intended then please add an extra box and describe these.

If you have answered no to all questions in F then sections G and I do not need to be completed.  .  Signatures are still required in section K.

Section G:  Intended Participants
Please tick all categories that might apply.

Numbers & Source:  if you are using a series of different methods or research activities please list numbers for each stage/phase.  Be clear about how you will find respondents.   Will you use intermediaries, and if so how?  How will you ensure compliance with your sampling strategy?

Information for participants:  all participants should be appropriately informed about the research, what is expected of them and what will happen to the information that they provide.  The Ethical review process does not ask to see this documentation, but requires this to be reviewed and approved by the Director of Studies in the case of research students, the supervisor/module tutor in relation to students on taught programmes and the Academic Director/Assistant Dean in relation to staff research.

Section H:  Anticipate Risks
All research carries some level of risk.  The answers you provide to questions in this section will be reviewed to ensure that you have an appropriate understanding of the type of risks involved and how you can mitigate against these risks. If you have completed a full risk assessment, as required for example for laboratory work, field work, clinical tests, diving operations, or by a collaborative partner, you may append that to this form.  In that case, please tick the box indicating this has been provided.  You will not then be required to complete Section H.
[bookmark: _GoBack]
Risk to participants   Think very carefully about how your actions/questions/discussions might affect the people you are involving as participants.  You might identify the risk as small but it would still be a risk.  Many types of question have the potential to make respondents less content with their life / job; you need to recognise and try to ameliorate any such effects
If these are business owners, time with you may reduce profit.  
In some locations physical risk is very real to both participants and yourself, please consider this.

Risk to you, the researcher   Think about where you will meet people, if there are any dangers involved in the location.  If you are meeting people as individuals think about using a public place.  In general do not visit people in their own homes or remote locations.  If you are talking to individuals about certain issues think about how their responses might affect you emotionally.  What about the risk of collecting insufficient data?

Risk to the University   When undertaking your research, you are acting as a member of the University (student or staff).  Professionalism is important, so it is important to be well organised and well prepared. Punctuality, clarity etc. are all part of this.  What will you do to ensure this?  You must ensure you do not harm the good name of the University in any way and do nothing to undermine the reputation of the research it conducts and sponsors.  Upholding high standards of conduct and integrity are vital in this regard. You must also conduct the research in such a way to minimise the potential for claims of negligence made against the University, its researchers and any collaborating individual or organisation. In this respect you should always comply with ethical, legal and professional frameworks, obligations and standards as required by statutory and regulatory authorities, as well as the university’s Research Integrity and Ethics Code of Practice.  Research misconduct in this respect can take many forms, including:
· fabrication: making up results or other outputs (eg, artefacts) and presenting them as if they were real
· falsification: manipulating research processes or changing or omitting data without good cause
· plagiarism: using other people’s material without giving proper credit
· failure to meet ethical, legal and professional obligations: for example failure to declare competing interests; misrepresentation of involvement or authorship; misrepresentation of interests; breach of confidentiality; lack of informed consent; misuse of personal data; and abuse of research subjects or material
· improper dealing with allegations of misconduct: failing to address possible infringements such as attempts to cover up misconduct and reprisals against whistle-blowers

Adverse Outcomes.  Think carefully about the possibilities, and cover here

Section I:  Feedback, Consent and Confidentiality

Feedback to participants:  outline your approach.   Will interview transcripts be shared with respondents to check accuracy?  Will summaries of questionnaire analysis be made available to respondents in some way?   Will an overview report be provided?  How and when?

Informed consent:   Draft letter / e-mail / or heading (or footer) section of questionnaire must be approved by DoS/supervisor (if research student), supervisor/module tutor if taught student, or Academic Director / Assistant Dean if a member of staff.
Confidentiality/Anonymity.  Explain clearly how you will ensure confidentiality and anonymity.

Section J:  Data Protection and Storage
Before completing this section it is necessary to read the University’s Research Data Management information.   The questions that follow are designed to ensure compliance with the Data Protection Act as well as established research protocols.

Many research activities will involve electronic transfer of data and use of data management systems in the summarisation and analysis of data.  You will need to explain these in relation to compliance with the Data Protection Act.

Think carefully about who will have access to your data, this will include supervisors and examiners. Also that a thesis will be made available via the University library and the British Library system.  If you are seeking an access bar for a period of time after completion then mention it here.  If you will provide a copy of your findings, or intend to give a presentation, to a facilitating/ supporting/accessing organisation then explain that in this section.  But also think about the general principle of data sharing, as explained in the Research Data Management information.

In terms of storage of data please ensure security, and also mitigate against loss of data.

Section K:  Declaration
Ensure the appropriate countersignatures have been provided
Look carefully at the checklist and ensure that you comply with and tick all that are relevant to your research.
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Logging GPS data (lat, lon, alt, speed)... Press Ctri+C to stop
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2025-07-11 02 - Lat: 51.133716, -1.699378, Alt: 124.4 m, Speed: .01 kn/h
2025-07-11 02 - Lat: 51.133716, -1.699380, Alt: 124.4 m, Speed: 0.35 km/h
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2025-07-11 - Lat: 51.133716, -1.699379, Alt: 124.3 m, Speed: 0.36 kn/h
2025-07-11 - Lat: 51.133716, Lon: -1.699377, Alt: 124.6 m, Speed: 0.04 km/h
2025-07-11 - Lat: 51.133716, Lon: -1.699376, Alt: 124.7 m, Speed: 0.86 km/h
2025-07-11 - Lat: 51.133714, Lon: -1.699377, Alt: 124.7 m, Speed: 0.25 km/h
2025-07-11 - Lat: 51.133713, Lon: -1.699377, Alt: 124.6 m, Speed: 0.89 km/h
2025-07-11 - Lat: 51.133707, Lon: -1.699377, Alt: 124.5 m, Speed: 1.84 km/h
2025-07-11 - Lat: 51.133704, Lon: -1.699376, Alt: 124.5 m, Speed: 0.50 km/h
2025-07-11 Lat: 51.133702, Lon: -1.699382, Alt: 124.1 m, Speed: 1.46 km/h
2025-07-11 . Lat: 51.133699, Lon: -1.699391, Alt: 123.5 m, Speed: 2.67 km/h
2025-07-11 - Lat: 51.133697, Lon: -1.699398, Alt: 123.1 m, Speed: 1.39 km/h
2025-07-11 - Lat: 51.133696, Lon: -1.699400, Alt: 122.8 m, Speed: 0.40 km/h
2025-07-11 - Lat: 51.133695, Lon: -1.699402, Alt: 122.6 m, Speed: 0.08 km/h
2025-07-11 02:34:29 . Lat: 51.133694, Lon: -1,699400, Alt: 122.7 m, Speed: 0.40 kn/h

2025-07-11 02:34:30 ~ Lat: 51.133694, Lon: -1,699397, Alt: 123.1m, Speed: 0.49 kn/h
AC2025-07-11 02:34:31 - Lat: 51.133693, Lon: -1.699395, Alt: 123.1 m, Speed: 0.01 km/h
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10 UART Loopback :)

-group-projectaraspberrypi:~/CubeSat_Project-project/conbo_data S [|




image21.png
tenv) cubes Ip-projecteraspberrypi: -/Cubesat_projoct-project/combo_data § python3 bmp_gps.py
L caging o5 and 6vp2s0 cata. (iat, lon, alc, spond, tamperature, presours)... Prese Ciries o siop.
J2035.07-14 20140.30 _ Lat. 51 060826, Lon; -£.706630, ALC: 05,4 . Spasss .43 ka/h, Temperature:
J2035.07-14 20140.10 - Lat. 51.060223, Lon; _£.706644, ALEi 63,2 . Spasss 0.2 kn/h, Temperatures
rozs07-10 20020 - ot su.ovaas, Lon: 3 7oean, A3 630 &, spes: .42 km, Temperature:
202507 34 20.40:21 — Lat: $2.069224, Lon: 3.796636, ALt: 65.3 o, Spesa: 0.53 kn/h, Tomparaturo
J2035.07-14 20140.2 - Lat. 51.o60ssa, Lon; -£.700625, ALC: 53,9 . Spasss 153 kavh, Temperature:
Joozs 0710 20110124  tat: 51 osozas, Lan: 1706624, ALC: 63,0 . Spesa: 0.7 kasm, Temporature:
rozs07-10 20025 ot suiovaze, Lon: 7oz A 640, Spes: .55 hm, Tnperature:
02507 34 20:40:26 — Lat: 51.069226, Lon: 3.796620, ALt: £2.0 o, Spesd: 0.16 kn/h, Tomparaturo
J2035.07-14 20140.20 _ Lat. 51 060223, Lon; ~£.706637, ALC: 03,1 n, Spass 0.20 ka/h, Temperature:
Joozs 0714 20110120  tat: 51 os0zza, Lon: 1706642, AUC: 54.4 n, Spese: 0.25 kasm, Temporature:
rozs07-10 20030 - ot 5a.00ace, Lon: 3. 7oeds, A 64 B, Spes 008 km, Tmperaure:
ro2s07 34 20.40:31 — Lat: 61.069221, Lon: 3.796648, ALt: 65.3 o, Spesa: 0.13 kn/h, Tomparaturo
J2035.07-14 20140.3 _ Lat. 51 060210, Lon; -£.700656, ALC: 63,1 . Spass 0.3 ka/h, Temperature:
Joozs 0710 20:10:34  tat: 51 os0z1o, Lan: 1 70651, AUC: 63,7 . Spesa: 1.24 kasm, Temporature:
rozs07-10 20035 ot sa.ovato. Lon: 3 7okear, A 63 8, spews 136 ke, Tnperaure:
02507 34 20:40:36 - Lat: 61.069216, Lon: 3.796652, ALt: 64.5 o, Spesa: 0.58 kn/h, Tomparaturo
Jooss 0714 2o140.28 - Lat. 51 ossais, Lon et 627 o, Speed: 0.20 kn/m, Temperature
Jross.07-14 20140.29 _ Lat: 51.o60e3s, Lon: ALt 624 o, Specd: 0.62 knrn, Temparatar
202507 34 20:40:00  Lat: $1.080214, Lon: 1796866, ALt 62.5 ., Spesd: 0.32 km/n, Temperatr
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cubesat-group-project@raspberrypi:~/CubeSat_Project-project/data § python3 uart_transmit.py
last line sent successfully
cubesat -group-project@raspberrypi :~/Cubesat_Project-project/data s Jj
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@ Termite 3.4 (by CompuPhase)

"Disconnected - cick to connect.

13065679:0nRxTimeout
[13065679:Slave Rx start
13075630:OnRxDone
13075690:RssiValue=-21 dBm, SniValue=6dB
[13075748:..PONG

13075748:Slave Tx start

207s242R0 Harain CasaRid

3075748:2025-07-14 20:40:43,51.069214-1.796674,62.5,0.24,13075748:
3075748:2025-07-14 20:40:43,51.069214-1.796674,62.5.0.24,13075748:

T3075884.0n TxDone
13075884 R start
13105887:OnRxTimeout
1310887 Slave Rx start
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CubeSat Project-group / CubeSat_Project-project | lssues

[ D +

Do n s Open s Closed 1 Al 10
Q search or goto...
€ [(® + ] search or fiter resuts.
Project
. D Testpointto point chain - Raspberry Pi Python script -> STM32 Output on Console
Q Getstarted D #10 - created 9 minutes ago by Rodina Macleod
# Pinned v [ Test Loopback - UART data on Raspberry Pi
#9- created 10 minutes ago by Rodina Macleod
Issues s
) 9 O Test UART Tx data to STM32 - enable connection through reassigning Ports and send string
#8- created 10 minutes ago by Rodina Macleod
8 Manage >
e [ AdLED to main code
& Pan v #7 - created 12 minutes ago by Rodina Macieod
Issues s [ Test GPS and BMP280 code with Raspberry Pi
P— #6- created 16 minutes ago by Rodina Macleod
Milestones O Change Pins in Raspberry Pi o allow UART data transfer
#5 - created 20 minutes ago by Rodina Macleod
O Connect GPS Module to Raspberry Pi
D b oue #4-created 22 minutes ago by Rocina Macleod

O Transfer data from STM32 Lora to Base Station (STM32)

32 days leftin tial.
#3 - created 3 weeks ago by Rodina Macieod

Leammore
O Transfer data from BMP280 to STM32
® What's new @ #2.created 3 weeks ago by Rodina Macleod
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2 bmp280_sensor_read.py 4 6045

1 inport tine
2 import board

3 import busio

4 import adafruit_bmp280

s

6 42c = busio.12C(board.SCL, board.SDA)

7 bmp280 = adafruit_bmp280. Adafruit_BNP280_T2C(i20)
8

9 bmp280. sea_level pressure = 1013.25

10

1ty

12 white True: e

13 temperature = round(bnp280. temperature, 2)
I pressure = round(bnp280. pressure, 2)

15 altitude = round(bnp280.altitude, 2)

1

17 print(f'Tenperature: {temperature} “C*)
1 print(£'Pressure: {pressurc} ha!

19 print(F'Altitude: {altitude} n"

2 print("-" * 30)

2

2 tine.steep(2)

23

24 except KeyboardInterrupt:
25 print("\nScript stopped by user'
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# bmp280_plotpy [ 131k

inport pandas as pd
inport matplotlib.pyplet as plt

fron matplotlib.anination import FuncAnination
fron datetine import datetine

file = 'bmp_data_log.csv’

pLt.style.use('classic')
Fig, axl = plt.subplots()

10
11 #twin axis for pressure
12 ax2 = axt.twink()

13

1 #func to update plot
15 def animate(1):

1 try:
17 data = pd.read_csv(file, parse_datess['Tizestanp'])

1 #Linit to last n rows of performance

19 data = data. tail(100)

2

2 #etear plot

2 axt.clear()

23 ax2.clear()

2

25 #plot sensor data: temperature

2 axl.set_title('BHP Data’)

27 ax1.set_xlabel(*Tine')

2 ax1.set_ylabel('Tenperature', color='tab:red’)

2 ax1.plot(datal ' Tinestanp'] datal 'Temperature'], color='tab:reg’,label='Tenp')
30 axd.tick_parans(axis='y', labelcolor='tab:red')

31

32 #plot sensor data: pressure

33 ax2.5et_ylabel("Pressure’, color=' tab:blue')

34 ax2.plot(datal ' Tinestanp'], datal'Pressure’], colors'tab:blue’, label='Pressure’)
35 ax2. tick_parans (axis="y", labelcolor="tab:blue')

36

37 Fig. tight layout()

38

39 except Exception as e:

@ print(f'error reading or plotting: {e}")

a

42 #set anination update interval (ms)
43 ani = FuncAnination(fig, animate, frames=e0, interval=2000) #60 frames x 1 seconds = 1 minutes
4%

45 | #save to GIF

46 timestamp = datetime.now() .strftime("¥VXRd_XHNES")

47 gif_file = f'bup_plot{tinestanp}.gif"

48 ani.save(gif_file, writer="pillo")

9

50 print('6if saved successfully')

51

52 plt.shou()

53
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Logging GPS data (lat, lon, alt, speed) Press Ctrl+C to stop

2025-07-11 02:34:05 — Lat: 51.133717, Lon: -1.699353, Alt: 128.1 m, Speed: 0.03 km/h
2025-07-11 02:34:06 — Lat: 51.133715, Lon: -1.699354, Alt: 127.3 m, Speed: 0.03 km/h
2025-07-11 02:34:07 ~ Lat: 51.133712, Lon: -1.699365, Alt: 126.3 m, Speed: 0.05 km/h
2025-07-11 02:34:08 — Lat: 51.133711, Lon: -1.699369, Alt: 125.6 m, Speed: 0.05 km/h
2025-07-11 02:34:09 — Lat: 51.133709, Lon: -1.699369, Alt: 125.3 m, Speed: 0.34 km/h
2025-07-11 02:34:10 — Lat: 51.133708, Lon: -1.699369, Alt: 125.4 m, Speed: 0.56 km/h
2025-07-11 02:34:11 — Lat: 51.133707, Lon: -1.699370, Alt: 125.2 m, Speed: 0.08 km/h
2025-07-11 02:34:12 — Lat: 51.133705, Lon: -1.699376, Alt: 124.4 m, Speed: 0.26 km/h
2025-07-11 02:34:13 — Lat: 51.133716, Lon: -1.699378, Alt: 124.4 m, Speed: 0.01 km/h
2025-07-11 02:34:14 - Lat: 51.133716, Lon: -1.699380, Alt: 124.4 m, Speed: 0.35 km/h
2025-07-11 02:34:15 — Lat: 51.133717, Lon: -1.699379, Alt: 124.4 m, Speed: 0.31 km/h
2025-07-11 02:34:16 — Lat: 51.133718, Lon: -1.699379, Alt: 124.4 m, Speed: 0.16 km/h
2025-07-11 02:34:17 — Lat: 51.133716, Lon: -1.699379, Alt: 124.3 m, Speed: 0.36 km/h
2025-07-11 02:34:18 - Lat: 51.133716, Lon: -1.699377, Alt: 124.6 m, Speed: 0.04 km/h
2025-07-11 02:34:19 - Lat: 51.133716, Lon: -1.699376, Alt: 124.7 m, Speed: 0.86 km/h
2025-07-11 02:34:20 — Lat: 51.133714, Lon: -1.699377, Alt: 124.7 m, Speed: 0.25 km/h
2025-07-11 02:34:21 — Lat: 51.133713, Lon: -1.699377, Alt: 124.6 m, Speed: 0.89 km/h
2025-07-11 02:34:22 — Lat: 51.133707, Lon: -1.699377, Alt: 124.5 m, Speed: 1.84 km/h
2025-07-11 02:34:23 — Lat: 51.133704, Lon: -1.699376, Alt: 124.5 m, Speed: 0.50 km/h
2025-07-11 02:34:24 — Lat: 51.133702, Lon: -1.699382, Alt: 124.1 m, Speed: 1.46 km/h
2025-07-11 02:34:25 - Lat: 51.133699, Lon 1.699391, Alt: 123.5 m, Speed: 2.07 km/h
2025-07-11 02:34:26 — Lat: 51.133697, Lon: -1.699398, Alt: 123.1 m, Speed: 1.39 km/h
2025-07-11 02:34:27 — Lat: 51.133696, Lon: -1.699400, Alt: 122.8 m, Speed: 0.40 km/h
2025-07-11 02:34:28 — Lat: 51.133695, Lon: -1.699402, Alt: 122.6 m, Speed: 0.08 km/h
2025-07-11 02:34:29 — Lat: 51.133694, Lon: -1.699400, Alt: 122.7 m, Speed: 0.40 km/h
2025-07-11 02:34:30 Lat: 51.133694, Lon: -1.699397, Alt: 123.1 m, Speed: 0.49 km/h

AC2025-07-11 02:34:31 — Lat: 51.133693, Lon: -1.699395, Alt: 123.1 m, Speed: 0.01 km/h

Logging stopped
(env) cubesat-group-project@raspberrypi:~/Cubesat_Project-project $ ls

bin bmp_p1lot20250710_210243.gif gps_data.py include nmea_log.csv test
bmp280_plot . py bmp_plot20250711_003853.gif gps_test_miniuart.py Llib __pycache__  test_uart.py
bmp280_sensor_read.py env gps_track_map.html libea pyvenv.cfg
bmp_data_log.csv gps_data_log.csv gps_track_map.py minicom.cap README.md

(env) cubesat-group-project@raspberrypi:~/cubesat Project-project $ python3 gps_track_map.py
Map saved to: gps_track_map.html

(env) cubesat-group-project@raspberrypi:~/Cubesat Project-project $ xdg-open gps_track_map.html
(env) cubesat-group-project@raspberrypi:~/cubesat_project-project s ||
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2 test uart ransmitpy @ 202¢

1 dmport serial

2 import tine
s

4 ser = serial.Sertal("/dev/ttyAAD", baudrates9sss, timeouts1)
s

& #send data test nessage

7 test_nessage = "hello UART Loopback :) \n"

8 ser.arite(test_nessage.encode())

5

10 #steen

11 tine.steep(o.s)

12

15 response = ser.readline().decode()

16 print("recioved:", response)
15

16 ser.close()

17
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(env) cubesat-group-projectéraspberrypi:~/Cubesat Projoct-project/combo_data § python3 test uart_transmit.py

recieved: hello UART Loopback :)

(env) cubesat-group-projectaraspberrypi:~/CubeSat_Project-project /conbo.data $ ]
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ut = sersal.Serial(

with open
ines = file. readlines(
data = Unes[-1].strip(
tx data = data + "\rin
bytes_written = Uart_out.write(t
1 bytes written == Len (t
o, P
print(
oxcopt. sorial.Sorialexcoption as o
print(F
except Exception as e
prane(r

print("CSV File sent over UART (hey)")
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sot@rass seSat Project-project/data § py!
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[@mainc [ mainh [3 "subghzphyappc X

327 3
2

325/ USER CODE BEGIN PrD */

330¢ static void PingPong_Process(void)

51 {
332 Radio.Sleep();

533

334 suitch (State)

s {

335 case AX:

537

538 if (isMaster == true)

= {

540 if (Reuffersize > 0)

a1 {

542 if (strncmp((const char *)BufferRx, PONG, sizeof(PONG) - 1) == @)
543 {

a1 UTIL_TIMER Stop(&timerLed);

45 /% switch off red led 2 */

545 LED_OFf(LED_RED2);

547 /% master toggles red led 1 %/

43 LED_Toggle(LED_RED1);

549 /* Add delay between RX and TX */

ss0 HAL Delay(Radio. GetiiakeupTime() + RX_TIME_MARGIN);

551 /* master sends PING*/

552 APP_LOG(TS_ON, VLEVEL L, *..."

553 PING"

54 “\n\et)s

= APP_LOG(TS_ON, VLEVEL L, “Master Tx start\m\r");

=

557 memcpy (BufferTx, buffer U1, sizeof(buffer U1)); // Add in memepy to expand buffer to 128 bytes for UART Tx
= //mencpy(ButferTx, PING, sizeof(PING) - 1)

=

560 A

561 /1 APP_LOG(TS_ON, VLEVEL L, "R Here, in Case RX: \r\n");
562 APP_LOG(TS_ON, VLEVEL L, BufferTx);

563 APPLOG(TS ON, VLEVEL_L, buffer U1); //added by Group
564 APPLOG(TS ON, VLEVELL, "\rn"

565

366

567 Radio. Send(BufferTx, PAYLOAD_LEN);

568 3

569 else if (strncmp((const char *)BufferRx, PING, sizeof(PING) - 1)
70 {

571 /* A master already exists then become a slave */

572 istaster = false;

573 APP_LOG(TS_ON, VLEVEL L, “Slave Rx start\m\r");

74 Radio. Rx (RX_TIMEOUT_VALUE) ;

575

576 else /* valid reception but neither a PING or a PONG message */
577 {

578 /* Set device as master and start again */

579 istaster = true;

580 APP_LOG(TS_ON, VLEVEL L, “Master Rx start\m\r");

581 Radio. Rx (RX_TIMEOUT_VALUE);

52 3

583 }
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37 ey
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57 Radio. Send(BufferTx, PAVLORD_LEN);
n )
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acontn 1 Radio. e (RX_TIHEOUT_VALUE);
B o e 7
oo B 100/ velid reception bt neithr o PING o o PG scssage */
N 30 «
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vese 384 Rado.Rx(RX_THEOUT VALUE);
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B © Comole x
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@ stm320m e
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@ sytem stm3200cc
@ usartc
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& EwaRM
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> & STM32CubelDE

2565879:0nTxDone.
2565879:x start
2595882 :OnRxTimeout
259s99:Haster Tx start
2603129:0nTxDone.
2605129:8x start
2635132:0nRxTimeout
2630248 paster Tx start
2635379:0nTxdone.
2635379:8x start
2665382:OnfuTineout
2662498 Haster Tx start
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© 268s620:Rx start
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