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Abstract

This work proposes an intelligent service robot system equipped with
high-level semantic understanding and dynamic manipulation capabilities.
The system integrates Large Language Models (LLMs), Vision-Language
Models (VLMs), SLAM mapping, and topological scene graphs for known
environments, and Vision-and-Language Navigation (VLN) technology for
unknown environments, significantly enhancing the robot's autonomy
and accuracy when executing daily tasks in domestic or complex environ-
ments. The core functionalities of the system include precise bimanual
pick-and-place with sequential motion collaboration for household
objects, accurate mobile base navigation and obstacle avoidance, and
environmental exploration and interaction.

First, the built-in voice module can accurately distinguish whether the user's
semantic intent is casual chat or an actual task command. Upon receiving
a voice command, the module processes the input signal, provides voice
feedback, and triggers subsequent task scheduling based on the user's
needs.

Regarding bimanual collaboration, the system schedules dual-arm tasks by
combining the received task commands with information from the visual
recognition module. This ensures that its decision-making accurately reflects
the real-time physical state, thereby enabling planning of a collaborative
motion sequence with environmental awareness. Complemented by a
system-designed motion sequence logic checking and sorting algorithm, the
absolute feasibility of bimanual task scheduling in both physical space and
logical timing is ensured. When facing multiple task commands, complex
goals, or unexpected situations, the system employs the LG-DABC algorithm
to generate a globally optimized workflow that balances semantic logic,
physical safety, and execution efficiency.

In terms of navigation, the system features a dual-track mechanism: in
known environments, the robot autonomously performs spatial relational
reasoning and navigation using a hybrid metric-topological map; in
unknown environments or when searching for dynamic targets, it activates
an open-vocabulary VLN module. This module first leverages an LLM to
understand the user's intent, then uses a VLM to verify the target's status
in real time, guiding the robot to approach the target and complete the
task autonomously.

In conclusion, this system not only overcomes the challenges faced by
service robots in natural language understanding and navigation across
both known and unknown environments but also addresses the technical
bottlenecks of complex bimanual collaboration and state perception
by integrating optimization algorithms. Ultimately, it provides a highly
intelligent, fault-tolerant, and automated service solution.
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Fig. 2 Visual localization module.

Fig. 3 Final detection result generated by the visual recognition module.
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