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Thesis Summary

This thesis seeks to enhance the capabilities of service robots that assist people in their daily lives,
motivated by the rapid aging of society and the resulting increase in caregiving needs. Although spoken
commands offer users a highly intuitive interface, current robots still struggle to interpret free-form
language instructions and execute real-world tasks. We attribute this performance gap to two factors: (i)
the dataset gap, namely the lack of large-scale, instruction-rich corpora for robotics, and (ii) the
execution gap, meaning that models often overlook the physical feasibility and safety of their predicted
actions. To address these issues, we design a system in which a multimodal language model enables
service robots to perform everyday tasks autonomously. Specifically, we propose a fully automated
task-execution framework that automatically augments existing datasets by cross-modally generating
object-manipulation instructions. To guarantee safe and efficient operation, the framework also
integrates a model that predicts task success or failure before execution and produces natural-language
explanations of potential hazards such as collisions. Experiments conducted with standard evaluation
metrics show that the proposed methods consistently outperform various baselines, confirming the

effectiveness of the framework.

The thesis is organized into six chapters. Chapter 1 outlines the research background, objectives, and
overall structure. Chapter 2 introduces a cross-modal natural-language generation model for
automatically producing object-manipulation instructions and experimentally demonstrates that the Case
Relation Block plays a critical role in reasoning about multiple objects. Chapter 3 presents an automated
task-execution framework based on multimodal language understanding and generation, verifying that
tasks can be completed without human intervention. Chapter 4 proposes a multimodal
language-generation model that predicts future events such as collisions and explains them in natural
language, showing that accurate prediction and explanation are attainable. Chapter 5 describes a
method for judging multimodal alignment before object manipulation and confirms that task success can
be predicted with high accuracy regardless of the robot’s policy. Finally, Chapter 6 summarizes the

findings and discusses directions for future work.
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