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Development of a Multimodal Model for Understanding Navigation Instructions

Thesis Summary

This thesis aims to develop a multimodal model that leverages vision and language to understand
navigation instructions, serving as a foundation for autonomous agents (mobilities) with the purpose of
supporting human free movement. Specifically, given the instruction "Park right across from the black
truck,” the model should predict an appropriate parking position or region on the road across from the
black truck.

This thesis proposes and validates methods for predicting target positions or target regions based on
multimodal information, addressing the problems specific to real-world navigation tasks: (1) differences
in the type of information across different modalities such as images and language, and the reliability of
the information fluctuates depending on environmental conditions, and (2) users can specify arbitrary
destinations on roads, which do not have distinct visual characteristics for prediction.

This thesis is composed of six chapters.

Chapter 1 describes the research background, objectives, and structure of this thesis.

Chapter 2 reviews related work, particularly on natural language understanding and symbol
grounding, as well as techniques for integrating multimodal information, with a specific focus on vision
and language, and positions this research in relation to them.

Chapter 3 provides the theoretical background to the foundational techniques for the integrated
processing of multimodal information used in this thesis, clearly demonstrating the principles behind the
proposed methods.

Chapter 4 focuses on the Referring Navigable Region task, which aims to localize target regions and
proposes Trimodal Navigable Region Segmentation Model (TNRSM). Experiments demonstrate that
TNRSM can compensate for differences in the type of information across modalities and address
reliability degradation of information that fluctuates depending on environmental conditions.

Chapter 5 focuses on the Vision-and-Language Target Positioning task, which aims to localize target
positions and proposes the Target Regressor in Positioning (TRiP). Experiments demonstrate that TRiP
effectively addresses the challenge where users specify arbitrary destinations on roads, which do not
have distinct visual characteristics for prediction.

Chapter 6 concludes this thesis with an overview and directions for future research.




