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Abstract

Self-driving laboratories (SDLs) accelerate scientific discovery by automating the design–make–test–
analyze (DMTA) cycle and closing the loop between decision-making and real experimental feedback
[1, 2]. We present a modular multi-agent platform that enables large language models (LLMs) to execute
physical experiments through the Model Context Protocol (MCP), a standard interface for connecting
models to external tools and data [4, 5]. In our architecture, each laboratory instrument is encapsulated
as an independent tool-agent (e.g., liquid handling, imaging, manipulation, weighing, and electrochemical
measurement), and an orchestration layer composes these agents into end-to-end experimental workflows.
This design separates device integration, protocol logic, and decision policies, enabling rapid reuse across
tasks while preserving a consistent and auditable closed-loop interface between the LLM and the lab.

Figure 1: LLM-in-the-loop optimization benchmark on real-time physical experiments (LLM vs Bayesian
Optimization).

We benchmark LLM-in-the-loop closed-loop optimization against a widely used SDL baseline, Bayesian
optimization (BO), under identical physical constraints and sensing pipelines. Our first completed bench-
mark is a colour-mixing task with real-time camera feedback: the system iteratively proposes experimen-
tal conditions, executes them on hardware, measures outcomes from live sensor streams, computes an
error signal, and updates its next action based on the measured result. In head-to-head physical runs,
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LLM-driven policies consistently reach lower error in fewer iterations than BO, demonstrating improved
sample efficiency when the optimizer can combine high-level reasoning with structured tool access (Fig-
ure 1). Beyond this benchmark, we apply the same MCP agent library and orchestration approach
to viscous liquid handling and electrocatalyst measurements with an electrochemical station, forming
a task suite that stresses robustness to non-ideal dynamics, sensor dropouts, and multi-step protocol
compliance.

Figure 2: Proposed MCP-based multi-agent workflow for closed-loop electrochemistry measurement opti-
mization.

Figure 2 outlines our proposed electrochemistry optimization workflow, where MCP tool-agents ex-
pose actuation and measurement primitives and an orchestrating controller closes the loop on experimen-
tal objectives. Overall, this work contributes an MCP-based blueprint for building instrument-agnostic
LLM tool-agents and a benchmarking methodology that compares LLM policies with classical SDL op-
timizers on real-time physical experiments, complementing growing evidence that tool-augmented LLM
systems can autonomously plan and execute experimental workflows [3].
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