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Abstract 
Deep Learning has been successfully used in various applications, and recently, there has been an increasing interest in applying deep learning in emergency management. However, there are still many significant challenges that limit the use of deep learning in the latter application domain. In this thesis, we address some of these challenges and propose novel deep learning methods and architectures.
The challenges we address fall in these three areas of emergency management: Detection of the emergency (fire), Analysis of the situation without human intervention and finally Evacuation Planning. In this thesis, we have used computer vision tasks of image classification and semantic segmentation, as well as sound recognition, for detection and analysis. For evacuation planning, we have used deep reinforcement learning.
The detection phase involves detecting whether there is a fire emergency or not. Previous methods proposed for the detection problem have been prone to overfitting, large inference times and requiring tremendous amounts of training data. To overcome these issues, we propose to use state-of-the-art CNNs with pre-trained weights. These are trained to distinguish between fire and normal images, by fine-tuning their parameters on our own custom dataset. To further reduce inference time and reduce required training time, we also propose a CNN-ELM hybrid model. Finally, we propose a more general-purpose emergency detection method using audio signals. For this, we use multiple features extracted by signal processing methods, proposing a novel attention-based deep separable CNN architecture.
We next propose the first deep learning based semantic segmentation approach for visual analysis of the emergency environment, in order to provide adequate visual information an emergency situation. A deep CNN is used to parse the fire emergency scene and segment most types of objects, including segmentation of people and the fire itself. The objects are segmented according to their build material and their vulnerability to catch fire, which can give a rough estimate of fire spread. Since people (and other living creatures) are also segmented. We train the models with multitask learning, so that the encoder/backbone of the segmentation model can be used to classify fire emergencies and activate the decoder if needed.
This reduces unnecessary computation. Evacuation planning involves coming up with an optimal policy to evacuate as many people as possible in a timely manner. There has been some research in this area, but no one has been able to tackle the full complexity of the fire evacuation problem. Most works have been limited to either human behaviour modelling, simple maze environment based path planning or fire spread modelling. We encompass most of the aspects of a fire emergency situation and address the issue in a wholesome manner. A deep reinforcement learning strategy is proposed to obtain a near optimal evacuation plan for the whole environment. 
A novel method involving transfer learning, tabular Q-learning and Deep Q-Networks is used to learn an evacuation plan which can evacuate all people inside a building in the smallest number of steps. In order to train this reinforcement learning method, a novel environment for fire evacuation is built, using the OpenAI gym framework. The graph based fire evacuation environment consists of realistic features such as bottlenecks, fire spread and an exponential decaying reward function to force the reinforcement learning agent to learn the shortest evacuation paths.
The proposed models are disjoint, but can be easily connected to each other to pass useful information. Overall, our methods show excellent results on simulation and/or open-sourced data. We therefore believe that they form a promising toolbox for further exploration in real world emergency management systems. The primary focus of this thesis has thus been to advance the state-of-the-art for AI models applied to emergency management or set a new paradigm for problems that have not been fully addressed by AI before.
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