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[bookmark: _Toc255080189]1. Introduction
With the ever increasing number of natural disasters and armed conflicts across the world that have led to infrastructure failures that have exposed the vulnerability of conventional communication systems during emergencies [1][2][3][4]. In disaster situations, centralised communication infrastructure such as cellular networks, internet services and other forms of fixed communication structures are often unusable due to physical damage, power outages or network surges caused by high congestion. This results in the severe disruption of communication that affects both individuals and emergency responders. This limitation can delay rescue coordination, resource allocation and life saving decision making.
Research in decentralised networks has gained traction. Mesh networking has emerged as a promising alternative due to the reduced dependence on centralised infrastructure and improved survivability during disasters [5]. Such technology enables devices to communicate directly or via peer-to-peer routing, eliminating the need for centralised or fixed infrastructure while maintaining basic connectivity even in disaster scenarios [6][7].
At the same time, advances in Natural Language Processing (NLP) have created the opportunity for automating emergency communication management. Recent developments have proven the implementation of AI and NLP in analysing disaster related content such as disaster tweets [8] and emergency call transcripts [9]. Current AI models have been capable of identifying urgency [10], categorising emergency types [11] and prioritising [12] messages in real time. Recent studies have shown the effectiveness of transformer based models, including BERT variants, for disaster message classification [8], emergency notification systems [14], and real-time triage support [12].
Despite these developments, most existing AI driven emergency classification systems have been designed for centralised networks. Their dependence on stable connectivity and computational infrastructure makes them less suitable for disaster scenarios where such infrastructure may no longer be available. This reveals a critical gap between current advances in emergency message classification and decentralised emergency networks.
[bookmark: _Toc1393830509]1.1. Research Problem
Although AI based emergency text classification has advanced considerably, existing approaches remain largely dependent on centralised communication and processing infrastructures. In real world disaster situations, these requirements often do not hold. When communication infrastructure fails, emergency responders and affected individuals may lose access to the very systems designed to save lives. 
The specific problem addressed in this research proposal is the limited integration of message classification within decentralised emergency communication networks. Existing literature demonstrates effective implementation of AI classification for disaster related messages, emergency call prioritisation and crisis communication analysis. This gap presents several challenges.
First, decentralised environments often operate with limited resources, intermittent connectivity and dynamic network topologies. Second, most current classification models are evaluated in centralised settings rather than under realistic emergency communication constraints. Third, the lack of AI prioritisation mechanisms in decentralised systems can lead to delays in identifying high priority distress messages, reducing the effectiveness of emergency response.
Therefore, the core research problem can be stated as follows:
How can AI based classification be effectively implemented within decentralised emergency networks to analyse and prioritise distress messages in real time during disaster scenarios?
[bookmark: _Toc2082105368]1.2. Research Aim and Objectives
Aim: The aim is to create an easy to deploy system which can detect distress type messages within a centralised network.
Objectives:
To achieve this aim, the research will try to reach the following objectives:
1. To critically analyse current literature on AI-based emergency message classification and decentralised emergency communication systems in order to identify current capabilities and limitations.
2. To develop and train a machine learning/NLP classification model capable of categorising distress messages according to emergency type, urgency, or priority level.
3. To evaluate the performance of the developed model using relevant metrics such as classification accuracy, precision, recall, F1-score, and suitability for real-time emergency communication.
4. To design a decentralised communication architecture in which the best-performing classification model can be integrated and assessed for its potential application in disaster scenarios.
[bookmark: _Toc730122284]1.3. Significance of the Research
This research is significant because it addresses a critical limitation in current emergency communication that is based on centralised systems. By combining AI message classification with decentralised networks, the study aims to overcome current constraints while contributing to the emerging areas of research of artificial intelligence, disaster resilience and decentralised networks.
From an academic perspective, the research contributes to existing knowledge by addressing a clear gap in current literature regarding the deployment of AI classification in decentralised networks. From an industry and public-sector perspective, the study has potential relevance for disaster response organisations, emergency service operators, humanitarian agencies and developers of resilient communication technologies.
The practical applications of the research seek to support more effective emergency response and potentially improve outcomes in time-critical disaster scenarios where all centralised systems are currently not accessible. It would allow for such a system to be deployed in a disaster relief scenario, that would provide faster identification of critical distress messages and reduced manual triage workload for emergency responders.



[bookmark: _Toc943086074]2. Literature Review
This literature review goes into research related to the use of AI for analysing distress messages in decentralised emergency networks. It focuses on two connected areas. AI message classification and decentralised networks in harsh environments / disaster scenarios. The purpose of the review is to identify major developments, commonly used techniques and identify any research gaps that can justify the proposal.
The review covers studies published mainly between 2020 and 2025, with particular attention to NLP, emergency message prioritisation / classification, mesh networking, and resilient communication infrastructures. 
[bookmark: _Toc1477765722]2.1. Organisation Approach (Thematic Review)
AI in Emergency Message Classification
There has been steady growth when it comes to research applying AI against disaster related data. Studies of social media crisis data show that machine learning can automatically identify relevant emergency information from large swaths of text. M. Esmaeili et al [8] analysed social media messages during Hurricane Ida and demonstrated an AI system that analyses social media posts to automatically identify and monitor public evaluations of disaster relief efforts, helping authorities assess response effectiveness and improve crisis decision-making in smart cities. There are also other studies conducted by Mayank Kejriwal et al [17] and L. Dwarakanath et al [18] which have also done something similar.
Another study from W. Tan, Y. Zhang, and K. Liu [13] shows that BERT models can be applied to emergency notification systems, showing that transformer-based models improve contextual understanding and classification accuracy.
Other recent studies extend beyond classification into urgency detection and triage support. ResQlink [10] and Medico Assistant [12] showed that AI can prioritise emergency related messages in real time, helping to reduce manual triage workload and support faster response decisions. These studies confirm that NLP-based systems can effectively categorise emergency messages and estimate urgency levels.
However, these approaches rely on centralised cloud infrastructure or systems which limits their usefulness in disaster scenarios where internet and telecommunications systems may fail.
Decentralised Emergency Networks
With the recent developments in the world, studies have been conducted on decentralised network systems designed for disaster resilience. These focus on mesh networking, peer-to-peer communication, and self-healing architectures that continue operating when central infrastructure becomes unavailable.
B. Karaman et al [5] highlighted decentralised networks as a critical component of resilient disaster response infrastructure. U. Ashraf et al [7] introduced WiMesh, demonstrating that mesh networking can maintain communication in resource constrained disaster environments. Similarly, M. Gupta and S. Varma [14] investigated UAV-based aerial mesh networks in a similar way P. Bupe, R. Haddad, and F. Rios-Gutierrez [15] do. R. Gupta [16] proposed SmartFieldMesh, a lightweight decentralised IoT mesh for harsh environments with its own self healing functionality.
These studies show that decentralised networks improve resilience by reducing single points of failure. However, they mainly focus on network availability and connectivity, rather than any sort of usage that could come out of the given networks in disasters.
[bookmark: _Toc250716063]2.2. Key Contributions and Research Gap
From the key contributions it was first found that AI research has demonstrated that ML and NLP can classify emergency messages, detect urgency and support triage decisions. Secondly, decentralised networks show that mesh and other peer-to-peer architectures improve reliability during infrastructure collapse. 
Despite this progress, an important research gap remains. AI based classification models are designed for centralised environments, while decentralised network studies have not incorporated real-time message analysis or prioritisation in a disaster scenario.
As a result, a major research gap between AI classification and decentralised networks has been found which research can be conducted upon.
[bookmark: _Toc497882158]2.3. Theoretical and Technical Frameworks
This research takes on the theories of disaster resilience and decentralised systems. And is trying to build on top of the previous research on how decentralised networks can reinforce disaster relief efforts, and how AI can be incorporated into it. 
The literature identifies several important technical methods:
· Natural Language Processing (NLP) for analysing emergency text messages.
· Transformer-based models such as BERT for contextual classification.
· Other ML classifiers for message categorisation and urgency prediction.
· Mesh networking and peer-to-peer architectures for decentralised networks.
The research also identifies practical tools including Python, TensorFlow/PyTorch, Transformers, Node, React, and Leaflet, which support both AI model development and decentralised system implementation.
[bookmark: _Toc1052117261]2.4. Relation to the Proposed Study
The proposed research builds directly on existing work in both AI classification and decentralised networking. It adopts established NLP and ML techniques for distress message categorisation while also drawing on resilient communication models such as mesh networking.
However, the proposed study differs from previous research by combining these two fields into a single framework. Rather than treating message analysis and network resilience separately, the study aims to design and evaluate a system where AI classification operates within a decentralised emergency network.
Specifically, the research will:
· Develop and train a classification model for distress messages.
· Evaluate the model’s ability to prioritise urgent communications.
· Design a decentralised architecture that integrates the best performing model.
This introduces a new contribution by addressing AI deployment in infrastructure collapse scenarios, which remains largely underexplored in current literature.
[bookmark: _Toc1340652008]2.5. Summary
From research conducted, clear progress has been found in both AI-based emergency message classification and decentralised networks. AI studies demonstrate that ML and NLP can effectively analyse emergency text, while research related to decentralised networks show that mesh-based systems improve resilience during disasters.
The main limitation is that these two areas have mostly developed independently. Existing AI classification implementations often depend on centralised infrastructure, while research based on decentralised networks in disaster scenarios do not address AI implementation.
Therefore, the key research gap lies in the integration of AI-based distress message classification within decentralised emergency networks.




[bookmark: _Toc572640834]3. Research Design and Methodology
[bookmark: _Toc704570465]3.1. Research Design
The proposed design that the proposal would adopt would be Design Science Research (DSR) approach supported by simulation-based experimentation. This is due to the report not being limited to research and observation but instead design, implementation and validation of the proposed system. 
DSR is appropriate research design due to the fact that the core research problem is practical and solution oriented. The study asks how an AI model can be implemented in a decentralised emergency network. Addressing this question requires creating a functional system rather than theory crafting. DSR supports this by emphasising the iterative development of an “artifact”, testing its usefulness and then refining its design.
Simulation is also important to research design. Real disaster environments are difficult, expensive, and ethically problematic to reproduce. To resolve this issue, a simulated decentralised network can be used to provide a controlled but realistic environment in which the proposed architecture can be tested under conditions resembling infrastructure disruption. Through simulation, message transmission, classification speed, prioritisation accuracy, and communication delays can be examined without the risks associated with live deployment.
Overall, the chosen research design is suitable because it aligns directly with the project aim: To design and evaluate an AI based classification model for analysing and prioritising distress messages in a decentralised emergency network.
[bookmark: _Toc654268096]3.2. Research Methods
This study adopts a mixed methods methodology, combining quantitative and qualitative research methods.
The quantitative part focuses on the AI model development, training and testing. Publicly available disaster message datasets will be used to train AI models so that they are capable of categorising emergency messages according to urgency, type and priority level. This also fits in when measuring the performance indicators that are generated when training the models.
The qualitative component focuses on the suitability of integrating the AI classifier into a decentralised emergency network. In disaster situations, communication systems must remain resilient even when centralised infrastructure fails. Therefore, qualitative assessment is needed to evaluate whether the proposed architecture is practical, scalable, and capable of operating in disaster scenarios. This aligns with the project’s identified research gap.
[bookmark: _Toc1536621815]3.2.1. Research Strategy
The research will use a combination of experiment and software development.
Experiment
The experimental strategy will be used to test the effectiveness of different AI classification models related to distress message categorisation. Existing disaster message datasets will be cleaned, labelled, and used to train several ML or NLP models. With this, a comparison of the different models can be conducted to find the ability of each given model to correctly classify emergency messages according to predefined categories such as urgency, medical need, rescue request, infrastructure damage, or resource requirement.
Software Development
A software development strategy is essential because the project goes beyond theoretical analysis and requires the creation of a working prototype. The research proposal identifies technologies such as Python, TensorFlow/PyTorch, Transformers, Node, React, and Leaflet, which will be used to implement both the classification AI and the decentralised network simulation environment.
[bookmark: _Toc861201830]3.2.2. System Design
The proposed system will follow a decentralised architecture designed for emergency networks in disaster conditions.
Architecture Overview
The architecture will consist of the following components:
1. Input Layer: Distress messages are generated by users or simulated devices within a decentralised network.
2. Pre-processing Layer: Incoming text messages will undergo cleaning, tokenisation, and transformation into machine-readable representations suitable for AI classification.
3. AI Classification Layer: A trained NLP model will classify messages according to category and urgency level. 
4. Visualisation / Monitoring Layer: A prototype mapping software will show the distress messages and their given category and prioritisation. 
Implementation Approach
The implementation will first identify the best-performing AI classifier through experimentation. That model will then be embedded into a central node that will hold the categorisation AI and mapping software. This then supports the decentralised network to aid disaster relief. 
[bookmark: _Toc1436200987]3.2.3 Data Analysis and Evaluation
The evaluation process will combine statistical performance analysis with system performance.
Classification Performance Metrics
The following metrics will be used:
· Accuracy - overall correctness of classification.
· Precision - proportion of relevant messages correctly identified.
· Recall - proportion of true emergency messages detected.
· F1-score - harmonic mean of precision and recall.
A confusion matrix can also be used to identify classification strengths and weaknesses across distress categories.
System Evaluation
The decentralised network simulation will be evaluated in terms of:
· Response prioritisation effectiveness.
· Processing speed.
· Ability to function without centralised communication infrastructure.
These evaluation methods are appropriate because they directly measure whether the proposed system satisfies the study aim of analysing and prioritising distress messages in real time.
[bookmark: _Toc923921186]3.3. Research Materials
[bookmark: _Toc181545185]3.3.1. Research Data
The study will use publicly available disaster-related text datasets, such as crisis message datasets and disaster tweet classification datasets. These datasets typically contain labelled emergency-related messages across multiple disaster categories.
In addition, a small synthetic dataset may be created to simulate decentralised network scenarios and priority situations not fully represented in public datasets.
[bookmark: _Toc74925709]3.3.2. Data Collection Methods and Tools
Data will be collected from:
· Open-source disaster datasets.
· Publicly available text corpora.
Data preparation will involve:
· Manual evaluation where necessary to remove irrelevant entries.
· Python for cleaning datasets.
· Pandas for preprocessing and manipulation
[bookmark: _Toc132219907]3.3.3. Justification of Data Choice
The selected data is appropriate because:
· It reflects real world emergency communication language.
· It supports supervised machine learning.
· It contains message categories relevant to distress prioritisation.
· It allows repeatable and measurable evaluation of classification models.
Synthetic simulation data is also justified because public datasets generally do not follow the ideal messages found in real world distress messages.
[bookmark: _Toc300880547]3.3.4. Ethical Considerations
Although the research primarily uses publicly available datasets, several ethical issues remain important:
· Personal identifiers, if present, will be removed during preprocessing.
· Data will be used strictly for academic research purposes.
[bookmark: _Toc574274244]3.4. Software Requirements
The following software tools will be used:
· Python - primary programming language
· Pandas - data cleaning and manipulation
· NumPy - numerical computation
· Scikit-learn - classical machine learning models and evaluation
· TensorFlow and/or PyTorch - deep learning implementation
· Transformers (Hugging Face) - NLP transformer models such as BERT
· Jupyter Notebook - experimentation and analysis
· Node.js - decentralised simulation support (if applicable)
· React - prototype interface (if implemented)
· Leaflet - possible visualisation of communication routing or emergency location mapping
[bookmark: _Toc1875461844]3.5. Hardware Requirements
The research can be completed using a standard workstation or laptop with:
· Minimum 16GB RAM
· Modern CPU
· Internet access for data acquisition
For training the AI models, the following may be beneficial:
· GPU acceleration (local GPU or cloud GPU such as Google Colab)
Optional resources for decentralised network simulation may include:
· Single-board computers (e.g. Raspberry Pi)
· Mesh devices (LoRa Radios)



[bookmark: _Toc920448920]4. Expected Outcomes
This research is expected to demonstrate that an AI classification model accurately analyses and prioritises distress messages within a decentralised emergency network. The anticipated findings are that ML and NLP will successfully classify emergency messages by urgency, category and required response type, while maintaining acceptable performance under disaster conditions. It is also expected that the proposed approach will improve response efficiency by reducing manual triage time and enabling faster identification of critical incidents.
The implications of this study could be significant at several levels. Academically, it addresses the current research gap on combining AI classification with decentralised emergency network architecture. Technically, it may provide a practical framework for real time communication where traditional infrastructure is unavailable. Societally, the research could contribute to improved disaster relief.
However, several limitations are expected. The model may be affected by bias by the limited open-source disaster datasets and the synthetic data. 




[bookmark: _Toc184200280]5. Timeline
The start of the project is around the end of June. From the start point of week 1 the following will be started:
· Literature Review
· Dataset preparation
· Methodology
It is expected that all three will be completed by week 9. Allow the start of:
· Model Development
· System Design
From this a clear path is set for the project.
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