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Abstract

We present Swarm Chess, a physical robot-swarm demonstration
platform built using a fleet of AtomBot mobile robots. The system
integrates lighthouse localization [1], BLE broadcast communica-
tion, and an application-layer API that packages robot perception
and control as callable tools for LLM agents’ online reasoning. Our
Web Ul coordinates the wall and floor displays, visualizing the
physical board, agent reasoning, tool calls, and robot motion.

In this demo, we show two interaction modes: Agent vs. Agent,
where two LLM agents autonomously play chess through the robot
swarm, and Agent vs. Human, where visitors can issue moves and
observe how symbolic decisions are executed by physical robots.
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1 Introduction

LLM agents provide a new interface for embodied systems by com-
bining reasoning and acting in an interleaved loop [4]. In such a
loop, observations from the environment can be incorporated into
the agent’s context, while actions are issued through external tools
or API calls [2]. This capability is especially appealing for inter-
active demonstrations, where visitors can observe how symbolic
reasoning is translated into physical robot motion. A key challenge
for such demonstrations is connecting both autonomous agent de-
cisions and human natural language commands to a live physical
state that changes as robots move.

Swarm Chess explores this loop in a familiar tabletop game.
Each chess piece is represented by a mobile robot, turning symbolic
chess decisions into physical multi-robot motion. The demo uses
this setting to show how LLM agents can reason over a structured
task state while acting through a robot swarm.
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Figure 1: AtomBot mobile robot platform, localization, and
onboard control.

2 System Overview

2.1 Robot Platform and Localization

AtomBot is a compact omnidirectional mobile robot built around an
nRF52833 microcontroller running bare-metal firmware. AtomBot
performs onboard sensing, wireless communication, and closed-
loop position control directly on the MCU. The custom control
PCB drives three DC motors through H-bridges, each coupled to an
omnidirectional wheel, while onboard PID loops regulate position
and heading.

For localization, each robot carries three TS4231 optical receivers
and computes its own pose from HTC Vive lighthouse sweeps [1].
The firmware decodes pulse timing and estimates the robot pose
before broadcasting the resulting position and heading. Pose pack-
ets are sent as BLE broadcasts at 20 Hz, received by a USB dongle,
and forwarded over a serial interface to the backend. The backend
exposes robot state through an SSE stream and accepts target com-
mands through HTTP APIs, hiding the lower-level wireless and
serial transport from the chess agent.

2.2 Grounded Chess Agent

The agent core follows a ReAct loop [4] using the Xiaomi MiMo-
V2.5-Pro APIL At each step, the LLM reasons over the task context,
decides whether to call an external tool, incorporates the returned
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Figure 2: System overview of Swarm Chess.

tool result, and continues until it produces a move or a final re-
sponse. This tool-use mechanism [2] allows the chess agent to use
live system state during online decision making rather than relying
only on its prior context.

In Swarm Chess, the agent does not access robot identifiers,
metric coordinates, or serial commands directly. Instead, the robot
backend is wrapped as four chess tools:

chess.get_board: reads the current physical board.
chess.move: requests a legal chess move.

chess. setup: arranges or resets the pieces.
chess.resign: ends an agent game.

All physical chess actions are submitted to the chessboard man-
agement engine, which validates each move and converts it into
goal positions. The resulting multi-agent path finding (MAPF) prob-
lem is solved using WHCA* [3]. The planner sends target points to
the robots for point-to-point execution.

3 Demonstration

The demo presents Swarm Chess as a live robot swarm chess game
on a chessboard displayed on the floor screen. The Demo Stage
Web Ul is organized into three synchronized views: a control hub,
a wall display, and a floor display. The control hub manages the
game mode, board state, and operator actions. The wall display
shows each agent’s chain of thought and tool call history, while the
floor display shows the chessboard and robot execution. The visual
design uses a luminous sci fi style: the board changes color when
the turn switches between players, and a light ring is rendered
beneath each robot to indicate its current chess role.

The setup requires a wall display and a floor display, imple-
mented either with projection or physical screens. Because the
demo stage is built as a Web UL, the host computer, display clients,
and backend services require a reliable local area network. Our
calibration tool chain maps the screen coordinates to the physical
play area, allowing the displayed chessboard geometry to match
the measured robot distances.

We demonstrate two interaction modes. In Agent vs. Agent mode
(Fig. 3(a)), two LLM agents alternately observe the board, reason
about the next move, and execute moves through the robot swarm.
The chess engine maintains the game state, checks legal moves,
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Figure 3: Swarm Chess demo stage in (a) Agent vs. Agent and
(b) Agent vs. Human modes.

and automatically switches turns between the agents. In Agent vs.
Human mode (Fig. 3(b)), a visitor plays against the agent using
speech input. An operator agent interprets the human natural lan-
guage command and issues the corresponding chess tool call on
the visitor’s behalf. In both modes, the agents treat the AtomBot
robots as physical chess pieces. Accepted moves are grounded in
the measured board state. For a capture, the capturing robot first
approaches the occupied destination. Once it is close, the engine
records the capture and sends the captured robot to an off-board
graveyard. The capturing robot then enters the cleared square.
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