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Preface

This book examines various biophotonics applications associated with
modern machine learning techniques and laser molecular imaging and
spectroscopy. Most of the existing books focus on either a specific
instrumental method, such as terahertz and IR spectroscopy or Raman
scattering, or a limited number of mathematical tools for raw data analysis.
We describe a thorough review of molecular imaging technologies and current
machine learning approaches to perform data analysis of gaseous, liquid
samples of biological origin and biotissues. Much of the material highlights
applications of machine learning to develop non-invasive medical diagnostics
tools.

Here, we present the basics of machine learning methods, which consider
the specificity of laser molecular imaging and spectroscopy medical data
features, such as the high dimensionality of raw data and a low number of
samples leading to a lack of representation. Modern trends such as deep
learning are not applied broadly in similar tasks because of the small volume
of available samples. There are two main reasons for this. The first is the high
variability of biological systems, which makes biophysical relations difficult to
discover. The second is ethical restrictions on studies with living beings. These
reasons require new methods to deal with high-dimensional but low-
numbered data (contrary to big data, which operates with low-dimensional
yet outnumbered data).

Speaking of the development of both biophotonics hardware and
software, we try to make future forecasts based on current trends in these
fields. We also discuss available hardware platforms: home and self, medical
screening, and specialized devices for end-level diagnosis. General trends
include personalized medicine and bringing high-tech diagnostics from
hospitals directly to individuals.

This book focuses on the most suitable approaches for medical screening
and monitoring. Some ideas can be used in personal diagnosis tool design and
production. Machine learning pipeline algorithms can be useful for high-
accuracy multi-modal diagnosis.

This book is intended for specialists in the fields of biomedical optics, laser
spectroscopy, bioengineering, and medical engineering. To provide practical
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help to readers who plan to use the machine learning methods in their
research, the Supplemental Materials include sample datasets and the Python
modules for the most useful algorithms described in the book. The link to the
Supplemental Materials website is

https://github.com/biophotonics-lab-tsu/monograph

For convenience, we use Roman superscript numbers to link key terms
and specific methods with the chapter that defines them. Also, the first
mention of a method is italicized.
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