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Commentary
ABOUT THE STUDY

Statistical inversion methods have emerged as powerful tools in various fields
of science, engineering and data analysis, providing a framework for solving
problems where direct measurements or explicit solutions are difficult to
obtain. These methods, often used in the context of inverse problems, allow
for the estimation of unknown quantities by making inferences from observed
data, thus enabling researchers and practitioners to reverse the process of

data generation.

Understanding statistical inversion methods

At their core, statistical inversion methods aim to estimate the parameters of
a model that best explains a given set of observations. The term "inverse
problem" refers to situations where, instead of knowing the causes or
underlying parameters, we observe the outcomes and seek to deduce the
causes. This is in contrast to forward problems, where the goal is to predict

outcomes based on known parameters.

In many cases, inverse problems are ill-posed, meaning that there may be
multiple solutions or no solution at all based on the available data. Statistical
inversion methods address this challenge by introducing a probabilistic
framework that quantifies uncertainty and selects the most likely solution.
They typically rely on Bayes’ theorem, which provides a principled approach
to combine prior knowledge (or assumptions) about the system with observed
data to produce posterior distributions of the unknown parameters. The two
main types of statistical inversion methods.

Bayesian Inversion

This method uses Bayesian inference to update prior beliefs about the
parameters based on the data. By incorporating prior distributions and the
likelihood function of the data, Bayesian inversion produces a posterior
distribution that reflects both the prior knowledge and the observed data. This
approach is especially useful when dealing with uncertainty and noise in the
data.

RRISMS| Volume 10| Issue 4| December, 2024 1



Research & Reviews: Journal of Statistics and Mathematical Sciences

Maximum Likelihood Estimation (MLE)
MLE focuses on finding the parameter values that maximize the likelihood of observing the given data. Unlike
Bayesian inversion, MLE provides a point estimate rather than a distribution, but it can be extended to account for

uncertainty using asymptotic approximations or bootstrap methods.

Applications across various disciplines
Statistical inversion methods are employed in numerous fields, with each application taking advantage of the ability

to reverse-engineer processes and infer hidden parameters.

Medical imaging and diagnostics: One of the most well-known applications of statistical inversion is in medical
imaging, such as in Computed Tomography (CT) and Magnetic Resonance Imaging (MRI). In these techniques,
sensors detect signals from the body and statistical inversion methods are used to reconstruct internal images of
tissues and organs. The inverse problem involves estimating the distribution of tissue densities or properties from
measurements, with the challenge of noise and incomplete data. Bayesian methods, in particular, have been used
to improve image quality by incorporating prior knowledge about anatomical structures and minimizing artifacts.
Geophysics and earth sciences: In geophysics, seismic inversion is a classic example of statistical inversion applied
to the Earth's subsurface. Seismic waves, which travel through different layers of the Earth, are detected at the
surface. The goal is to infer the properties of these layers, such as density, velocity and composition, by analyzing the
recorded seismic data. This process is fraught with noise and ambiguities, making it a perfect candidate for statistical
inversion methods, which can provide more accurate subsurface models by incorporating uncertainty and prior
geological knowledge.

Machine learning and data science: In the rapidly evolving field of machine learning, statistical inversion methods
are becoming integral for tasks such as Inverse Reinforcement Learning (IRL) and model inversion. IRL allows
machines to learn optimal policies by observing the behavior of humans or other systems, without having access to
the underlying reward functions. Statistical inversion techniques are used to infer these reward functions from

observed data, facilitating more effective learning in dynamic environments.
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