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AI: The Missing Link for Translational Biophotonics
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Abstract— Over the past decades, biophotonics has produced a wide range of powerful tech-
nologies capable of probing biological systems with unprecedented molecular specificity. Among
them, Raman spectroscopy, fluorescence imaging, and nonlinear optical microscopy provide detailed
biochemical and structural information across multiple spatial and temporal scales. Yet despite
remarkable technological progress, only a limited number of these approaches have achieved broad
clinical adoption.
This lecture argues that artificial intelligence (AI) is the missing link required to translate photonic
innovation into clinical impact.
Modern photonic technologies generate highly complex, high-dimensional datasets that often exceed
the interpretability of conventional analytical approaches. AI transforms these molecular and func-
tional fingerprints into clinically actionable information, enabling objective diagnostics, predictive
analytics, and real-time decision support.
Examples from infection diagnostics and precision oncology will demonstrate how AI-driven Raman
spectroscopy and multimodal imaging can support rapid pathogen identification, assessment of host
responses, tissue characterization, and intraoperative guidance. Beyond these applications, the
lecture will also provide an outlook on the emerging concept of optical digital twins, where photonic,
clinical, and physiological data are integrated into dynamic patient-specific models for predictive
diagnostics, therapy monitoring, and personalized medicine.
Together, these examples illustrate that the future success of translational biophotonics will not
depend solely on advances in instrumentation. Rather, it will depend on our ability to transform
complex optical data into clinically meaningful knowledge. In this context, AI is emerging as the crit-
ical bridge between photonic innovation and healthcare implementation, enabling robust, scalable,
and clinically actionable solutions across a wide range of biomedical applications.
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