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Place cells are one of the most widely studied neurons in the brain hippocampus thought to play a vital role in spatial cognition. 
Studies show that place cell activity is highly correlated with the animal’s location in an environment, forming “place fields” with 
smaller sizes near the dorsal pole and larger sizes near the ventral pole. Place cell reactivation during sleeping periods (hippocampal 
replay) has been shown to recreate routes navigated while awake and has been linked with memory consolidation processes. In this 
dissertation, we analyze the place cell representation from a computational point of view, with a special interest in studying how 
multi-scale place fields impact navigation in large and cluttered environments. The objectives are to assess how the brain may benefit 
from such a multi-scale representation and to extend brain-inspired spatial cognition models for controlling autonomous robots. 
Additionally, we show how computational models of hippocampal replay can reduce the number of trials required to learn a task by 
pre-exposing the agent to the environment before rewarded trials begin in reinforcement learning algorithms. 
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