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In the paper presented is an application of the physically based global method (PBGM) to a posteriori 
estimation of experimental data error. It is proposed here to build data error measures by spanning 
a high quality physically reasonable smoothing fit to data and treat it as a reference field for error 
estimation in a very similar way it is done in the postprocessing type error estimates used widely in 
FE or meshless methods, where the higher order (superconvergent) solutions are used for building error 
estimates (post-processing type of error estimators). The new technique is different from classical methods 
of experimental data error estimation as it provides non-statistical estimates of the data error and as such 
it may be applied to a wider range of problems, including cases when only a single data set is available (e.g., 
destructive testing) . And because the new approach builds the estimates while performing its standard 
physically based global-type approximation, it fully integrates other features of the PBGM approach like 
data interpolation, extrapolation or differentiation. In the paper the whole PBGM approach is presented, 
including the concept of the method formulated for the case of analysis of residual stress in railroad rails, 
discretisation with MFDM, then several PBGM a posteriori error estimates are introduced and results for 
test problems (benchmark and actual data) are shown. 
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1. INTRODUCTION 

Present-day experimental testing requires not only sophisticated instruments or qualified personnel 
but advanced data analysis techniques as well. Such data analysis techniques are expected to provide 
high quality results and guarantee speed and reliability. Their successful application requires that 
such techniques offer not only simple data manipulation capabilities, but also have power for data 
enhancement and enrichment like smoothing, interpolation and/ or extrapolation, differentiation, 
mapping, contour lines plotting, automatic quality assessment, error analysis and self-controllability. 
Unfortunately, the methods applied classically for analysis and enhancement of the experimental 
data are usually oriented on performing one particular task (e.g., there are methods for building 
data statistics, but they do not offer interpolating or differentiating capabilities), in majority of 
cases they require several (or more) independent data series and if there is a need for performing 
several of the tasks listed above (e.g. if one wants to smoothen the data first, then differentiate 
it and extrapolate to a region where there were no measurements taken), they are performed as 
a sequence of independent actions and with use of independent tools. Those tools are usually not 
coordinated with each other and might offer different level of accuracy. In such cases, the quality of 
the final results might be questioned. 

To meet the challenge and requirements imposed by the modern experimental data processing, 
a new methodology was proposed and developed into a stand-alone approach called as the physically 
based approximation of experimental data by the global method (PBGM) [7, 10]. It was devised in 
such a way that it has all the features required for data enhancement and analysis, offering high 
quality, physically based smoothing capabilities and being able at the same time to perform data 








































