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RESEARCH ON COOPERATIVE CONTROL AND CROSS-
DECISION MAKING OF MULTIPLE ROBOTS IN
UNMANNED WAREHOUSES

ABSTRACT

With the rapid development of intelligent logistics and unmanned
warehouse technologies, traditional manual warehouse management is
gradually transitioning towards automation and intelligence. Multi-robot
collaboration technologies have been widely applied in unmanned
warehouses, significantly improving the efficiency of goods transportation,
picking, and storage. However, in complex dynamic environments, multi-
robot systems still face numerous challenges in path planning, task
coordination, and obstacle avoidance decision-making, particularly in the
domains of crossing decision-making and formation control. To optimize
path planning, enhance task execution efficiency, and improve system
robustness and safety, this study focuses on the research of multi-robot
collaborative control and crossing decision-making mechanisms in
unmanned warehouses. The main research contents are as follows:

(1) To address the issue of path crossing collisions in complex
environments faced by multi-robot systems in unmanned warehouses, this

study proposes a crossing collision avoidance decision mechanism that
Il
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combines the Dynamic Window Approach (DWA) with priority strategies.
By classifying path conflicts, optimizing path selection, and dynamically
adjusting speeds, this mechanism aims to resolve path crossing conflicts,
enable robots to avoid obstacles in crossing areas, and improve decision-
making efficiency.

(2) To overcome the issues of poor formation stability and weak
collaborative control capabilities in multi-robot systems, this study
proposes an improved leader-follower model-based formation control
method. By adopting a dual closed-loop PID controller to optimize control
strategies and introducing a virtual robot reference model for formation
maintenance, this method enhances the stability of multi-robot formations,
enabling robots to maintain and adjust formations in unmanned warehouse
environments.

(3) To address the dynamic adjustment issues between obstacle
avoidance and formation control, this study proposes a cooperative
obstacle avoidance mechanism based on mode switching. By dynamically
switching between different obstacle avoidance modes, this mechanism
enables robot formations to perform cooperative obstacle avoidance and
formation running in unmanned warehouse environments.

(4) An experimental verification platform was established, and both
Gazebo simulations and real-vehicle experiments were conducted to verify

the feasibility of the multi-robot formation system in formation creation,

v
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transformation, cooperative obstacle avoidance, and crossing decision-
making, as well as the ability of the algorithms to plan paths, stabilize
formations, and coordinate conflicts in unmanned warehouse
environments.

KEY WORDS: Unmanned warehouse, multi-robot systems, formation

cooperation, cross-decision making, dynamic window approach
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