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ABSTRACT 
 

Within the class of inverse problems, it is the subclass of indirect measurement problems 
that characterize the nature of inverse problems that arise in applications. With very few 
exceptions, measurements only record some indirect aspect of the phenomenon of interest 
(e.g. X-rays and tomographic images in medical applications; telescope images in 
astronomy; stereological assessment of biological structure and processes; signatures in 
geophysical prospecting). Even when the direct information is measured such as weight 
or length, it is measured as a correlation against a standard and this correlation can be 
quite indirect, such as the measurement of weight by the extension (compression) of a 
spring. 
 
The recovery of information about a phenomenon from indirect measurements is a 
piecemeal process. Any class of indirect measurements can only recover certain 
information about the phenomenon. In order to formulate realistic mathematical models 
that relate the indirect measurements to the specific information of the phenomenon that 
is to be recovered, there is a need to invoke simplifying assumptions (e.g. radial or axial 
symmetry). The required information about the phenomenon is often only vaguely 
contained in the available indirect measurements. 
 
All these aspects influence how the recovery of the information can be performed. The 
choice of methodology is not limited. The challenge is to perform the recovery in a way 
that correctly reflects the underlying nature of the problem context. It is not a matter of 
blindly applying some form of quadratic regularization for which algorithms and 
packages are readily available. Though such tools are useful for initial exploratory 
analysis, the crucial characterization of the information to be recovered is hidden in the 
mathematical model that relates the indirect measurements to the phenomenon within the 
problem context. 
 
When recovering information from indirect measurements, the question that focuses the 
problem-solving comes from the need for decision-making to have answers to specific 
matters. The data available for the associated decision-support will be indirect 
measurements of the phenomenon under investigation. As a consequence of the 
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applications context, the recovery of information of the associated inverse problem will 
be constrained by practical challenges including: 
 

(i) In a given situation, how does one decide on the indirect measurements to be 
performed? 

 
(ii) How are some practical people able to solve indirect measurement problems 

without having to perform an explicit regularization? 
 

(iii) Is there any advantage in combining different indirect measurements of the 
same phenomenon? 

 
(iv) What are the alternatives, when there is only a (very) limited amount of data? 

 
(v) How does one proceed when a mathematical model is not available or is too 

complex to formulate? 
 
The talk will examine, in terms of practical problems, how such challenges can be 
accommodated. 
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