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systems for collecting and processing fluorescence spectroscopy data have been implemented to study optical 
processes in molecular compounds [6; 8]. Their advantages are acceptable performance and barely reasonable 
support of experimental investigations. However, these systems are not complex, used for specific types of 
biomolecular compounds and specialised experimental equipment, they are not organised in the form of a uni-
versal technique or approach to big data analysis, and provide a limited set of physical interpretation models 
and software analysis tools, which lets us to conclude that it is necessary to systematise existing solutions, 
integrating the most effective methods of data analysis, physical models (for example, based on simulation mo-
delling) into a complex approach. The development of new improved supporting and decision-making systems 
should simplify and automate the processing of fluorescent experimental measurements, increase the accuracy 
of estimated parameters, and expand the limits of interpretation and prediction of physical processes. 

The existing data analysis approaches to processing fluorescence spectroscopy data can be divided into clas-
sical and modern, based on machine learning or data mining algorithms. Classical methods consider separate or 
joint analysis of datasets using deconvolution, least squares, maximum likelihood, Bayesian, target and global 
analysis to estimate the parameters of mathematical models of optical processes and systems [9]. New approaches 
are based on: i) projection transformations and following parameter estimation (for example, transformation of 
fluorescence intensities into the phasor space (phasor analysis)); ii) using machine learning techniques, mainly 
artificial neural networks and ensemble algorithms, to estimate the model parameters; iii) segmentation of cell or 
tissue images and subsequent classification by a machine learning algorithm [10 –14]. The main disadvantages 
of existing data processing methods are limited efficiency, that is due to the use of nonphysical analytical models 
(multi-exponential or polynomial decompositions), poor accuracy in parameter estimating when analysing noisy 
data (phasor analysis, neural networks), slow computations (global and Bayesian analysis), the need for the large 
training datasets (neural networks), special requirements for compu ting resources (the usage of video cards or 
multiprocessor nodes to accelerate neural network computing), and finally the lack of specialised software for 
automated data processing. Therefore, the primary task is to develop an integrated data analysis approach that 
eliminates the main drawbacks of existing methods, which would include physical models of the processes 
and systems under study, effective methods and software for proces sing a series of fluorescence spectroscopy 
data [15–17]. It should include descriptions of molecular systems at various levels of generalisation, from 
simple molecular compounds in solutions and films to complex cellular systems involved in various diseases. 

In this paper, we propose an integrated approach based on simulation modelling and data mining methods 
for the study of biomolecular compounds in applied fluorescence spectroscopy systems. It includes simula-
tion models of physical processes, methods and algorithms for data mining, and software for automating data 
analysis. As a practical implementation, the developed integrated methodology is integrated into the compu-
tational platform FluorSimStudio for processing fluorescence kinetic curves obtained through time-resolved 
fluorescence experiments.

Methodology
It is assumed that through a series of experiments generating big datasets some object, i. e. biophysical pro-

cess or biomolecular compound, is investigated, whose essential properties or characteristics, for example, a set 
of biophysical parameters A a a aP� �� �1 2, , ,  (e. g., electronic excitation energy transfer rate constants, protein 
concentrations and diffusion coefficients, biochemical reaction rate constants, etc.), must be determined during 
data analysis. The number of parameters P is determined depending on the level of detail (abstraction) of phy sical 
description and complexity of the investigated object. The parameters should be sufficient to adequately explain 
the behaviour of the object. In an integrated approach data mining algorithms are applied to multidimensional 
datasets to select the most informative or significant data for further in-depth analysis and finding estimates of 
parameters A using simulation models. Let us consider the main components of a complex approach. 

Data. Let there be N observations, samples or measurements H E E EE N� �� �1 2, , ,  of the investigated 
ob ject E, kept in the database or obtained in a real physical experiment. Let us consider the formalisation of 
conducting an experiment to investigate the object under study (fig. 1). 

Fig. 1. Scheme of studying an object in a physical experiment


