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From Light to Data
Using Deep Learning 
for Quantitative Microscopy  
Quantitative microscopy aims to translate optical measurements into 
reliable information about the physical properties of microscopic particles. 
In biological systems, these particles often produce weak and variable 
signals, which makes accurate analysis difficult. This dissertation investi-
gates how computational methods, particularly deep learning informed by 
physical principles, can improve the extraction of quantitative information 
from microscopy data.
     The thesis develops a set of computational tools for particle detection, 
tracking, and three-dimensional localization directly from raw microscopy 
measurements. It further examines label-free microscopy workflows, 
highlighting both experimental opportunities and fundamental limitations. 
Hybrid imaging strategies are introduced to combine complementary 
optical information, and computational methods are presented for 
reconstructing three-dimensional refractive index distributions of 
individual particles.
     Together, these contributions establish a coherent framework that links 
optical measurements to quantitative particle properties. By integrating 
physical insight with data-driven methods, this work expands the 
capabilities of label-free microscopy and enables more reliable analysis  
of microscopic particles in biological and nanoscale systems.
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