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Data pre-processing. The large number of simulations performed allows the creation of a large data set, 
which is one of the key factors for creating an adequate digital twin model, since it is on the basis of this data 
that the predictive model is trained. The more data on the flow rate, pressure, and pump outlet speed are ob-
tained in different configurations of sample behaviour, the better the model will be able to predict the mecha-
nism behaviour. However, it is important to keep in mind that when collecting data from sensors, or modelling 
them, the phenomenon of noise – short-term spikes that are atypical for the model in question and beyond the 
sensitivity of the sensor – can often appear. Therefore, before loading data into the model for its subsequent 
training, it is important to process the information received from the sensors, to get rid of noise and gaps. After 
this procedure, the processed data can be used to train the predictive model.

Having collected the leakage output pressure data at the first plunger, we load this data into the MATLAB 
environment for further processing.

As shown in fig. 12, the following problems can be seen in the raw data. There is noise in the graph, which 
shows up as spikes that exceed the maximum sensor sensitivity of 9 bar. There are gaps in the data (points 
where the output pressure has not been measured). The data is time-shifted – even though the traces are the 
same duration, the traces are preceded by different measurement delays.

Now it is necessary to process the information obtained: we get rid of outliers (values at the sensor limit) 
and fill in the gaps where the data has not been measured. To do this, we remove all areas where the output 
pressure exceeds the maximum value of 9 bar. We fill in the gaps using linear interpolation
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where time is used as the independent variable x and the dependent parameter y is the output pressure (see fig. 12).
One can see that the noise and gaps are now absent from the processed data plot. Having tested the data 

processing steps on a single trace, we will apply these operations to all collected data. The graphs below show 
all the output pressure data before and after processing (fig. 13).

Fig. 12. Output pressure measurements depending on processing:  
a – data is not processed yet; b – raw data is compared with processed ones (remove noise, fill gaps)

Fig. 13. Output pressure measurements for multiple simulations depending on processing:  
a – data is not processed; b – data is processed


