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1. Introduction

Characterization of low-dimensional features in
various advanced materials (polymers, semiconduc-
tors, nanomaterials, and others) remains a major bot-
tleneck limiting their full exploitation in electronic
and optoelectronic devices [1], [2]. Such features of
interest (defects, dopants, interfaces, edges) are often
sparsely distributed in large and heterogeneous sur-
faces or volumes, and conventional imaging and spec-
troscopy techniques are time-consuming and poorly
suited for the exploration of such localized features
in large spaces of higher dimensionalities.

2. Approach for autonomous exploration
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Fig. 1: Workflow for automated exploration: closed-
loop for image acquisition and decision-making
used to guide subsequent image acquisitions.

We are developing an integrated self-driving lab-
oratory (SDL) approach that combines hyperspec-
tral global imaging systems for Raman (RIMA) and
photoluminescence (IMA) with automated workflows
to bridge the gap between conventional materials
microscopy and intelligent autonomous exploration
through closed-loop decision-making. Hyperspec-
tral photoluminescence (PL) mapping using IMA is
applied to semiconducting polymer blends and flu-

orescent dyes, providing spatially resolved insight
into their optical and spectral heterogeneity. In a
complementary Raman modality, semi-automated
filtered RIMA mapping sequences enable large-area
imaging of 1D carbon nanotubes (CNTs) dispersed on
two-dimensional substrates.

To advance toward autonomy, we report on our
recent progress in developing automated navigation
and feature-recognition capabilities within the IMA
and RIMA platforms (Figure 1). Specifically, we de-
veloped a Python-based control framework that in-
terfaces with the IMA system and executes prede-
fined acquisition sequences while autonomously nav-
igating the sample surface. The platform performs
randomized stage movements, mimicking human ex-
ploratory behaviour, followed by automated image
acquisition at target locations. For feature recogni-
tion, we implemented an image processing pipeline
combining random sampling, image preprocessing,
edge detection and filtering to identify CNT features
in RIMA images. While this approach demonstrates
the feasibility of autonomous navigation and feature-
driven exploration, current limitations of the latter
include sensitivity to faint edges and noise in edge
trajectory prediction.

Ongoing work focuses on improving the robust-
ness of edge detection through deep learning-based
approaches and improved initialization strategies.
Together, these developments represent a signifi-
cant step towards transforming PL and Raman spec-
troscopy into high-throughput, self-driven tools for
automated exploration and discovery of complex
functional materials.
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