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Abstract

 

One of the factors that lead to successful missions is learning from experience. Post mission phase gives an opportunity 

to learn from the mission and to provide guidelines for future missions. Successes and failures identified can be 

documented as lessons learned and used to transfer knowledge to current and new workforce. During design and 

development phase of the spacecraft whereby subsystems are built and integrated into a single spacecraft, more 

knowledge is acquired, even so when it is being tested and launched into space. Similarly, there are preparations and 

tests done on the ground station to prepare for the launch mission. Rigorous reviews such as preliminary design review, 

critical design review, test readiness review, flight readiness review on the satellite as well as antenna readiness tests, 

dataflow tests, equipment configurations testing on the ground station to prepare for the launch, including all the time 

and effort that the team invest in ensuring a successful mission produces innumerable amount of knowledge and 

experience. It is when this knowledge acquired is not properly captured and transferred for continuous improvement 

that a space agency loses some of its intellectual capital. When this critical knowledge only resides in human brains 

and teams disintegrate, others transition from one program to another or retire, there is a huge knowledge gap left 

behind. Imagine the new knowledge created through data mining process resulting from assembly, testing and launch 

operations of a spacecraft. This can help the space industry to improve the supply of products and services, optimize 

operations, make technological advances and enhance customer satisfaction. Organizations can use data mining 

processes and techniques to extract valuable information during satellite mission design and launch support, identify 

patterns and trends, and convert it into useful knowledge.   

The aim of this paper is to explore the suitability of data mining software in extracting insights from launch mission 

support data for the benefit of knowledge transfer and improving future mission support services. 

 

Keywords: Knowledge Transfer, Launch Mission Data, Data Mining 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:uravhudzulo@sansa.org.za


18th International Conference on Space Operations, Montreal, Canada, 26 - 30 May 2025.  

Copyright ©2025 by the Canadian Space Agency (CSA) on behalf of Space Ops. All rights reserved.” 
 

SpaceOps-2025, ID # 279  Page 2 of 39 

1. Introduction 

Organizations collect enormous amounts of data pertaining to services they provide to clients such as activities that 

take place during mission support, feedback from clients and other operations activities. This data contains potential 

insights that can optimize operations and create efficiency. Within this data, insights can be discovered that basic post-

mission reports can’t effectively reveal. By using the right tools, the insights can be extracted and turned into useful 

knowledge to further empower employees leading to enhanced customer satisfaction. 

Every mission is unique. As the technical and operations team prepares for a launch mission support, there’s 

information and knowledge generated that can provide insights to create new knowledge. Typical preparations include 

pre-launch tests such as antenna qualification tests, RF and connectivity tests, network tests and dataflow tests. All this 

information is stored in the organization’s database. 

 

There’s an opportunity for this information to be analysed further and stored in a manner that assists in decision making, 

enhances preparations for future missions, and enables knowledge transfer. Data mining system enabled by artificial 

intelligence (AI) solution can provide advanced data analysis capabilities. The system can be used to extract 

performance trends and patterns and develop knowledge transfer roadmaps or guidelines.   

 

This paper aims to explore the suitability of data mining software in extracting insights from launch mission support 

data for the benefit of knowledge transfer and improving support services in future missions. 

 

 

 

2. Material and methods 

 

  

2.1. Study Objectives 

The point of departure for this study was to explore internal perceptions towards data mining processes. The study 

anticipated the development of a suitable data mining application with the purpose of facilitating knowledge transfer.   

 

 

2.2. Research Instrument 

To explore perceptions towards the establishment of data mining solutions within the company, a Questionnaire was 

developed and distributed to a target population of 66 staff members comprising researchers, scientists, remote sensing 

specialists, systems engineers, data and archive technicians and space weather forecasters. To develop a suitable data 

mining solution, coding scripts were developed and multiple simulations conducted.   

 

 

2.3. Data Administration and Collection 

Microsoft Forms application was used to distribute the questionnaire. The data sources used to test the exploratory 

study came from contacts located in different divisions in the organization. Qualitative and quantitative data was 

collected through the survey.  

 

 

2.4. Data Analysis Method 

Data was analysed using content analysis method where themes/categories/concepts were extracted from the data 

received. Insights functionality in Microsoft Forms was also used to categorize qualitative data. Though this system 

automatically allocated data categories, all categorized data was reviewed to confirm accuracy. 
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3. Theory and calculation 

 

 

3.1. Literature Review 

“Data mining is the process of extracting knowledge or insights from large amounts of data using various statistical 

and computational techniques. The data can be structured, semi-structured, or unstructured, and it can be stored in 

various forms such as databases, data warehouses, and data lakes” (Vaidya & Sharma, January 2025) [3]. 

Data mining tools can help organizations discover the hidden knowledge in the enormous amount of data they collect. 

“Data mining helps analysts recognize significant facts, relationships, trends, patterns, exceptions, and anomalies that 

might otherwise go unnoticed” (Shrivastava, 2023) [4].   

“The future of space industries depends on the successful transfer of knowledge. Learning methods that facilitate a 

flexible learning environment are required to accommodate different generations of the current workforce. For 

instance, Generation Z is characterized by a strong commitment to digital technologies, a high affinity for 

collaboration, and a preference for interactive and visual learning methods. Unlike previous generations, Generation 

Z increasingly favours informal, flexible and context-based learning” (Wiesel, September 2023) [1]. 

“Professionals in mid- to late career stages who are considered part of the Baby Boomers 

generation are leaving the workforce while an even larger demographic, Millennials, have entered the workforce. 

The pace of the transition has resulted in many companies losing massive amounts of knowledge and struggling to 

operate at the same performance levels with a less experienced workforce” (Green, et al., January 2020) [2]. 

 

The process begins with collecting data from different sources and storing it in data warehouses or data lakes locally 

and in a secure online storage space for backup, cleaning the data to remove random noise and errors from the data, 

addressing discrepancies in the data, detecting unusual data points that might skew the results, replacing missing data 

with appropriate values, integrating the data by combining datasets from different databases or files and ensuring that 

the data from different sources is in a consistent format and scale, transforming the data into suitable format for 

analysis e.g. converting text data into numerical data and scaling it to a specific range then converting continuous 

data into discrete values, reducing the data by sampling and compressing the data while preserving its essential 

features, partitioning the dataset by splitting it into training, validation and testing sets. So, this process ensures that 

the data is clean, consistent and suitable for building accurate and reliable models for analysis. 

 

To extract meaningful information from this data, there are several types of data mining techniques that can be used 

namely: 

Data Visualization – Represents data visually using charts, graphs and other visual aids. e.g. creating dashboards for 

website traffic, equipment performance etc. 

Prediction – Forecasting future values based on historical data. e.g. Predicting future trends and patterns based on 

historical data. 

Anomaly Detection – Identifying items or events that deviate from an expected pattern. e.g. detecting anomalies that 

occurred during launch mission support. 

Regression – Modelling a relationship between a dependent variable and one or more independent variables. 

Classification - Categorizing data objects into predefined classes or groups. 

Clustering – Grouping similar data points together based on their features. 

Association Rule Mining – Discovering relationships between different items or events in a dataset. 

Neural Networks – Machine learning models inspired by the structure and function of human brain.  

Decision Trees - A flowchart-like structure that uses a series of decisions to classify or predict an outcome. 

 

In this study the datamining processes and tools/techniques are used to search post – mission reports and analyze 

trends and patterns, performance, give recommendations and conclusion as well as the knowledge that can be 

transferred to the workforce and the tools that can be used to transfer this newfound knowledge. 

 

“Many different fields use data mining techniques for technical, commercial, and research purposes” (Shrivastava, 

2023) [4]. In the space industry many departments can use data mining techniques for business development, 

preventative maintenance, project management, Safety Health Environment and Quality (SHEQ) as well as 

Information communications technology (ICT).  
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4. Results  

A survey was distributed to a sample population of sixty-six (66) participants in different divisions within SANSA. A 

response rate of 34,8% was achieved.  The target population was from earth observation and space science only.  

 

4.1. Demographical Data 

 
Figure 1: Response rate by gender 

 
Figure 2: Response rate by age 
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 Figure 3: Divisions in the Organization 

 
Figure 4:Designation 
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Figure 5:Work Experience 

 

4.2. Results per survey topic 

Question #1: Are your processes of analysing data efficient? 

 

Figure 6: Efficiency of the process to analyze data 
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Question #2: Is the current system/software efficient to process and store data? 

 
Figure 7: System/Software Efficiency 

 

Question #3: Can SANSA use data mining processes and techniques to analyse data 

 
Figure 8: Data Mining techniques to analyze data 

The findings indicated that most of the respondents believe that their current processes, systems and software are 

efficient to process, analyze and store data and that SANSA can use data mining processes and techniques to analyze 

data further. The respondents highlighted that the software suitable for data mining will vary depending on the data to 

be extracted and analyzed while python data mining software would be ideal for this purpose depending on which 

package the organization chooses. The process of mining and analyzing data using python software and AI solutions 

is shown below: 
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Figure 9: Process of Data Mining and Analysis using Open AI Model 

The diagram above shows the process of transferring knowledge to the workforce using python data mining and 

analysis software. The python script searches, reads and extracts the required data from the post-mission reports stored 

in the organization’s data warehouse and displays it on the Graphical User Interface (GUI) as either anomalies occurred 

or sequence of the events. The user then runs analysis of the extracted data displayed on the GUI by clicking the 

analysis tab on the GUI and the GUI sends the command to the python script which then prompts the OpenAI model 

to analyse the data. The model analyses trends and patterns, performance, recommendations and conclusion as well as 

the knowledge to be transferred to the workforce and the tools to be used to transfer this newfound knowledge from 

the extracted data and then  sends the analysed text data to the python script which will then be displayed on a separate 

GUI as model analysis results. The results of the analysis can be used to identify areas of improvement in operational 

and system controls, overall system review and upgrade, maintenance of equipment to improve/enhance performance 

as well as identifying knowledge gaps, skills development through personnel training to eliminate human errors. All 

this newfound knowledge can then be transferred to the workforce using knowledge transfer tools such as 

presentations, user manuals, maintenance handbooks, video tutorials, podcasts and standard operating procedures 

(SOP’s) etc. 

When the software is run, the GUI window pops-up to provide the option of choosing the file path of the company 

database i.e. where relevant documents are stored and to search either by client name, satellite name, and antenna name, 

date range and which data to display either anomalies occurred or sequence of events. The search reports button is 

used to search the reports depending on the date range and the type of data required whereby the software reads each 

file from the selected file path to extract the data required. Progress bar is displayed when searching the reports to 

show the number of files being searched. The extracted data then displays at the bottom of the GUI. Once the data has 

been extracted, the run analysis tab prompts the AI model to analyse the extracted data. Running analysis by clicking 

run analysis tab, a separate pop-up window (second GUI) displays on the screen containing the analysed text data that 

shows trends and patterns, performance, recommendations and conclusion, the knowledge to be transferred to the 

workforce, as well as knowledge transfer tools/guidelines/map and the option to save the results on the organization’s 

database. On the second GUI that has the results of the analysis, there is another tab to generate visual data from the 
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analysed text data. Generating visual data by clicking generate visuals tab, the analysed text data is now displayed as 

visual data such as graphs, charts, images etc.  

The software is divided into a few sections that include the script for the GUI, three models to analyse the extracted 

data, i.e. pre-coded model, stableLM and OpenAI. The simulation can either be run by any of the three models. 

Currently the software is connected to the OpenAI model. The model uses API key, and tokens must be purchased 

depending on which version of the model has been chosen. Once tokens are purchased, the credit balance is allocated 

and every time the model is run to analyse the data during simulation of the python code, charges are incurred and 

deducted from the credit balance. The charges are not fixed, it all depends on the amount of data extracted that needs 

to be analysed, the more data to be analysed the more charges incurred. 

 
Figure 10: Running the python code  
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Figure 11: Anomalies Data extracted from the reports searched by client name 
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Figure 12: Analyzed Data 
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Figure 13:Visual Data generated from the results of the Analysis 
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Figure 14: Option to save the Analysis for future reference 

 
Figure 15: Option to choose a file path to save the analysis for future reference 



18th International Conference on Space Operations, Montreal, Canada, 26 - 30 May 2025.  

Copyright ©2025 by the Canadian Space Agency (CSA) on behalf of Space Ops. All rights reserved.” 
 

SpaceOps-2025, ID # 279  Page 15 of 39 

 
Figure 16: Analysis saved in PDF format 
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Figure 17: Extracted Data searched by satellite name 
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Figure 18: Analyzed Data searched by satellite name 
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Figure 19:Visual Data generated from the results of the Analysis searched by satellite name 
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Figure 20: Option to save the Analysis for future reference 

 
Figure 21: Option to choose a file path to save the analysis for future reference 
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Figure 22: Analysis saved in PDF format 
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Figure 23: Extracted sequence of events Data searched by antenna name 
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Figure 24: Analyzed Sequence of Events Data searched by antenna name 
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Figure 25: Visual Data generated from the results of the Analysis 
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Figure 26: Option to save the Analysis for future reference 

 
Figure 27: Option to choose a file path to save the analysis for future reference 
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Figure 28: Analysis saved in MS Word and PDF format 
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Figure 29: Extracted Anomalies Occurred Data searched by antenna name 
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Figure 30: Analyzed data searched by antenna name 
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Figure 31:Visual Data generated from the results of the Analysis 
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Figure 32: Option to save the Analysis for future reference 

 
Figure 33: Option to choose a file path to save the analysis for future reference 
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Figure 34: Analysis saved in MS Word and PDF format 
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5. Discussion and Recommendations  

Currently, the GPT-4 OpenAI model is linked to python data mining software to receive accurate real-time analysis of 

the data extracted from post-launch mission reports in the organization’s database. This model is a bit costly because 

it uses API key to link the python code to the model. To activate the API key, tokens must be purchased depending on 

which version of the model has been selected. There are open-source models that are remote but must be downloaded 

locally such as stablelm-zephyr-3b which requires 5.59GB of space in the local computer before the model can run the 

analysis. To run the analysis, the model must first be stored in the local computer of which the PC must have enough 

space and memory to accommodate the model. Then the input data must be fed into the model, and the model analyses 

the data and displays it on the GUI. Due to the size of the model, the CPU fails to process the data and takes too long 

to analyse and produce results.  Meta AI as well, requires about 2.47GB of space so the computational resources such 

as CPU is too small. For these models, GPU is required or even a server that has a GPU can be used which can be quite 

expensive and enough time is required to train the models. Disadvantages of using pre coded models is that at times 

the analysis results provide the same answer for every data which can be inaccurate sometimes. Owing to reasons 

above, connecting to OpenAI seemed feasible as writing the whole code including the model and fine tuning/training 

the model will take time and computational resources mentioned above are more costly. For a model to handle half a 

billion parameters, GPU requirements would be 32GB of space and 64GB of Random Access Memory (RAM) and for 

a billion parameters the requirements would be double to train the model. 

Depending on the type of machine being used, simulations showed that when running the code, it takes between 5.96 

– 6.04 seconds to open the GUI,  between 02:8.59 seconds – 24 seconds to search and read the reports in the folder 

and display them on the GUI,  and between 12.17 -17.94 seconds to run the analysis and display it on the pop-up 

window depending on the size of the data and how often the analysis is being run. The more the software runs the 

analysis the model is somewhat being trained to respond faster and give more accurate results. It is also noted that 

depending on the version of the OpenAI model used at a time and that the data analysis occurs in real-time, the result 

of the analysis differs in wording every time the chatbot analyses the same data input, though the interpretation or 

meaning remains the same. Since OpenAI is not free, there are various price plans to choose from, and this affects the 

model the OpenAI will choose to run the analysis. If the code is written in such a way that the OpenAI must choose 

the best model to analyse the data, this will affect the credit balance/price plan because the OpenAI will choose the 

best model that is within the credit balance/price plan to give the most accurate results. According to this python data 

mining software, the code is written in such a way that the model is specified and in this case is GPT-4 which means 

that the OpenAI will choose the best/latest version of the model GPT-4 covered by the credit balance/price plan to give 

the most accurate results. 

The current Open AI model analyses the data and provides trends and patterns of the extracted data, performance, 

recommendations, conclusion and the knowledge to be transferred to the workforce as well as 

tools/guidelines/roadmap. Managers can use these guidelines and tools to ensure that this newfound knowledge is 

fully transferred to the workforce. 

 

The recommended pretrained models to analyse and generate text and visual data is shown below:  
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Figure 35:Process of Data Mining and Analysis using Pre-trained QWEN & REBEL Models 

The two models QWEN and REBEL function as text and visual data analysis models. The python script (data mining 

software) searches, reads and extracts required data from post-mission reports stored in the organization’s database 

and displays it on the GUI. The user then runs analysis from the GUI by clicking the analysis tab on the GUI which 

will then send the command to the data mining software. The data mining software will then prompt the QWEN model 

to analyze the extracted data and give trends and patterns, performance, recommendations and conclusion and the 

knowledge to be transferred to the workforce as well as the tools on how to transfer this newfound knowledge. The 

model then sends the results of the analysis as a text data that is then fed into the REBEL model to generate visual data 

such as graphs, charts, images etc. The visual data is then sent to the Visual Studio Code (data mining software) via a 

client server communication link REBEL cloud storage. The data mining software then fetches the visual data from 

FIREBASE cloud storage and displays it on a separate pop-up window as results of the analysis. Both models are built 

in the Kaggle server, but they are a product of Alibaba (QWEN) and Hugging face (REBEL). Kaggle acts as a server 

and has a built in GPU from NVIDIA. The models were trained using GPU T4 x 2 and tested using GPU P100. 

FIREBASE is a cloud storage that provides client-server communication link between the REBEL model and Visual 

Studio Code since Kaggle restricts TCP connections. The output from the REBEL model is sent to client Visual Studio 

Code (VS Code) by converting it to Json format and sending it via FIREBASE in a Json format and the client (VS 

Code) decodes the output data and have it displayed on a separate pop-up window as the results of the analysis 

containing both text and visual data. 

 

Currently, the challenge is that when the output data from REBEL model is converted to Json format, data gets 

corrupted before it can even be stored to FIREBASE. FIREBASE only accepts the Json format as standard. Due to the 

lack of computational resources, the two models will have to be run separately on Kaggle to generate the data that will 

then be sent to VS Code via FIREBASE client server communication link. There are a few models that can be explored 

such as DALL·E (by OpenAI), Stable Diffusion (by Stability AI), Midjourney (proprietary service), Imagen (by 

Google, not publicly released as of now). 
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6. Conclusions  

The current method of deploying AI analysis via OpenAI's GPT-4 model can be changed to an on-premises deployment 

using the LLama model hosted on the organizational server that has GPU capabilities to address growing concerns 

regarding data privacy and security as well as client confidentiality. 

The current setup involves reading reports from documents through a GUI and sending them to OpenAI's GPT-4 model 

for analysis using OpenAI keys. While this method has been effective in leveraging advanced AI capabilities, it raises 

significant privacy concerns due to the following reasons: 

• Data Transmission: Sending sensitive data over the internet to an external service increases the risk of data 

breaches and unauthorized access. 

• Third-Party Dependency: Relying on an external service for data processing means we have limited control 

over data handling and storage practices, which may not fully align with our privacy policies. 

• Compliance Issues: Adhering to stringent data privacy regulations such as General Data Privacy Regulation 

(GDPR), California Consumer Privacy Act (CCPA), or the South African Protection of Personal Information 

Act ( POPIA) becomes challenging when data is processed by third-party services. 

To mitigate these privacy concerns, transitioning to an on-premises deployment using the LLama model hosted on the 

organizational server with GPU capabilities will: 

• Enhance data privacy by processing data locally on the servers to eliminate the need to transmit sensitive 

information over the internet, significantly reducing the risk of data breaches. 

• Provide full control over data handling, storage, and access to ensure compliance with the organization’s 

internal privacy policies and regulatory requirements. 

• Allow the organization to implement robust security measures tailored to the organization’s specific needs, 

further safeguarding sensitive information. 

• Efficiently handle multiple client requests simultaneously, ensuring timely and accurate analysis without 

compromising on performance. 

To ensure optimal performance, deploying the LLama model on the server requires specific hardware and system 

configurations such as: 

• GPU Requirements: For efficient deployment of the LLama model, we recommend using NVIDIA A100 

GPUs with at least 80GB of VRAM. This setup will support high-precision fine-tuning and training 

tasks2. 

• CPU and RAM: Multi-core processors (8-16 cores) with high clock speeds (3.0 GHz or above) and at 

least 32GB of system memory are recommended to handle model workloads and ensure smooth 

multitasking3. 

• Storage: Adequate storage capacity is essential to manage the large datasets and model parameters. We 

recommend using SSDs for faster data access and retrieval. 

Cost Implications: While the initial setup cost for deploying the LLama model on our server may be higher compared 

to using cloud-based services, the long-term benefits outweigh the costs: 

• Hardware Costs: The upfront cost for purchasing NVIDIA A100 GPUs and other necessary hardware 

components can range from R50,000 to R360 000. 

• Operational Costs: Running the model locally will incur electricity and maintenance costs. However, these 

costs are offset by the elimination of recurring cloud service fees and the enhanced control over data 

privacy and security2. 

Advantages of Running on SANSA's Private Network with Firewalls: Deploying the LLama model on the network 

with firewalls provides additional security benefits: 
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• Network Security: Our private network is equipped with advanced firewalls that protect against 

unauthorized access and cyber threats, ensuring that sensitive data remains secure. 

• Controlled Access: By restricting access to the network, we can ensure that only authorized personnel can 

interact with the model, further enhancing data privacy. 

• Compliance: Running the model on our private network helps us maintain compliance with industry-

specific regulations and standards, providing peace of mind to our clients and stakeholders. 

Transitioning to an on-premises deployment using the LLama model will not only address the organization’s privacy 

concerns but also enhance our overall data security and compliance posture. This change is crucial for maintaining the 

trust of  the clients and stakeholders while continuing to leverage the benefits of AI-driven analysis. 

The model can be finetuned further to give actual knowledge to be transferred instead of providing guidelines or tools, 

so that the workforce can learn straight from the system while analysing data rather than having to wait for training 

materials to be compiled. 
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