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Abstract This article describes how computers and free software tools can be 

used to process experimental data and prepare corresponding reports and proto-

cols. The Python and LATEX are presented here as an example of suitable 

freely available open source software. They are a viable option offering numer-

ous advantages over the widely used general purpose commercial software tools 

employing standard office spreadsheet and text editors. The use of this software 

is demonstrated here on a simple example experimental measurement pro-

cessing. It can be shown that this approach leads to significant time savings dur-

ing repeated measurements and important financial savings due to use of free 

software tools. 
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1 Introduction 

1.1 Motivation 

With the development of modern high accuracy and high resolution experimental 

techniques and measurement tools, the amount of experimental data produced is rap-

idly increasing. In order to process such voluminous and complex data sets, it is often 

necessary to use powerful computers and a variety of specialized software tools to 

gain the required information. This need for computer processing is even more accen-

tuated when a large number of repeated measurements is performed. In such cases, 

the entire measurement procedure is often automated and controlled by software.  

It is good to note, that what is described here for physical (real) experiments, also 

applies to mathematical models and their outputs. Although mathematical models and 

numerical (virtual) experiments can provide very useful and detailed insight into 

many real life phenomena, they still do relay on validation and calibration using phys-

ical measurements and experimentally obtained data sets. 

An integral part of most experiments and measurements, is the preparation of a fi-

nal report or protocol. The form and content of such protocol follows the require-

ments of the customer but often also has to respect the relevant legislation and tech-

nical standards. Given the complexity of the whole process, it is advantageous if the 
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process of compiling the final report (or even its presentation) can be automated in 

some way. 

 

The aim of this paper is to present an example of the use of freely available software 

in the processing and evaluation and presentation of measured data, representing an 

output of an experiment. 

 

 

1.2 Typical experiment processing 

In the process of designing an experiment, the following questions should be asked: 

 

- What are the objectives of the measurement? 

- What quantities will be measured?  

- Will (can) the measurements be repeated? 

- What quantities will be evaluated from the obtained data? 

- What evaluation methods/statistics will be used? 

- In which program will the data be processed and collected? 

- What measurement tool and gauges will be used in the experiment? 

- Are the measuring instruments calibrated? 

- What will be the factors that can affect the quality of the experimental data? 

- How the accuracy of the results will be verified? 

- How will the measurement report be prepared? 

 

This list shows how complex and time-consuming the preparation an experiment usu-

ally is. Therefore, all tools and methods that help to reduce the number of repetitive 

mechanical (routine) activities are important, allowing to concentrate on the substance 

of data evaluation and processing, leaving the mechanically performed tasks to auto-

matic devices and computers. This not only allows to save time and reduce personal 

costs, but also helps to avoid human-induced errors in the experiments. 

 

A typical processing of an experiment usually involves the following steps: 

- specifying the goal of the experiment (measurement) 

- preparation of experimental setup (samples, measuring equipment, etc.) 

- performing the measurements 

- data processing (calculations) 

- outputs post-processing (visualization) 

- preparation of the protocol (final report) 

- interpretation and presentation of results 

 

The whole process of conducting an experiment from its assignment to the presenta-

tion of the final results can be summarized into the diagram shown in Figure 1. The 

measured data, together with the input values and other parameters of the whole ex-

periment, form the input for the next stage, which is the processing of all this data, 

often involving extensive computational operations. This step is included in the Cal-
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culation block in the figure and can be performed, for example, using Python. The 

output of this computational stage are the postprocessed data including the analysis of 

errors and uncertainties in the measurement process. These outputs then form the 

necessary input to the Visualization block, which again can be largely performed us-

ing Python. The output of the visualization step can for example consists of processed 

and formatted images, diagrams and tables. For the Final Protocol (report) are then 

used both, the parameters of the experimental setup and the images and text outputs 

from the previous processing stages. At this stage also the user input of additional 

data or parameters is possible. For editing and formatting of the final report, the La-

TeX can be used, which allows to automatically load all the necessary data inputs and 

additional materials into a pre-prepared template and create a report describing the 

entire experimental measurement. The output of this report compilation can for ex-

ample, be a file in PDF format, suitable both for printing and electronic communica-

tion.  In specific cases, the final report can be further interpreted and presented based 

on the client's requirements. 

 

Fig. 1. Experiment processing procedure. 
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1.3 Goal and structure of the paper 

 In the following text the three main parts of the whole process (represented in the 

figure by three highlighted blocks), i.e. Calculation, Visualization and Final Protocol 

processing are presented and discussed in more detail.  

 The use of Python and LaTeX is shown as a viable combination of software 

tools allowing to handle the whole process. Python is a modern, versatile and high-

level programming language. It can be learned very quickly. It has a simple and clear 

syntax. It can be used for all common platforms (Windows, Linux, Unix, MacOS) 

where it is available for free. Python can also generate images (graphs, charts and 

other plots) that can easily be embedded in LaTeX. In this way, the desired automa-

tion with all the cited advantages is very much facilitated. In the following, we de-

scribe in detail the general procedure of data evaluation in Python and LaTeX soft-

ware. [2] 

2 Calculation  (using Python) 

Typical measurement involves numerous data collection. In case the measurement is 

performed repeatedly, it is possible to prepare a template for the processing of exper-

imental data. In some cases the evaluation is simple and it is often sufficient to calcu-

late the mean and the standard deviation of the obtained data (like for example in the 

case of bolts investigation [4]). In some cases however, it is necessary to use more 

complex statistics, which can, for example, be the SPC, correlation, regression, etc.  

 Hereafter we will demonstrate the use of Python an LaTeX on a simple example of 

measured data representing a simple dependence of one output value on one input 

value. Such data can simply be written to a data file with two columns. The computa-

tional task of processing this data is then to determine the parameters of the linear 

dependence (perform a linear regression), including an evaluation of the associated 

uncertainties (standard deviation).  

For the preparation of the experiment, the input parameters can, for example, be 

the material of the measured sample, the external temperature, etc. For the previously 

mentioned example with bolts and screws evaluation, it could be the friction, lubrica-

tion and its type according to the size of the screws, etc. The measurements in general 

produce different data files to work with. It is always necessary to think about what 

(or if) additional input parameters are needed for the calculation procedure. 

Another important factor of the calculation procedure is in which program the cal-

culations will be performed. Besides of the Python presented here, the Excel, Statisti-

ca, Mathematica or Minitab are often used. The choice of the processing software not 

only dictates the data format of the experimental input/output files, but also defines 

the type of outputs to be available from those chosen software tools. 

 

Figures 2 - 5 show examples of simple input data and the source code for calculat-

ing linear regression in Python.   
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Fig. 2. Example of input values in .csv. 

 

 

Fig. 3. Example of loading an input data file into Python. 

 

 
 

Fig. 4. Sample of loaded data in Python. 

The resulting (post processed) data can be written to a file that will be used both 

for visualization and for the final report editing. 

 

3 Visualization (using Python) 

Visualization can be done in specialized software such as LabView, Grapher, etc.; but 

even Python, which was used to process the experimental data, allows basic visualiza-

tion in the form of graphs, charts, and tables, see Figures 5-8. For the chosen example 

of linear regression, the visualization process using Python would display both the 

original measured data (individual data points) and the interpolated linear dependence 

in the form of a graph, see Figures 6 and 8. 
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Fig. 5. Sample source code for calculating scatter plot in Python.  

 

Fig. 6. Example of a graph result (scatter plot) in Python. 

 

 

 

Fig. 7. Sample source code for calculating linear regression (linear interpolation) in Python.  
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Fig. 8. Example of a graph result (linear regression interleaved with a straight line) in Python. 

 

 

Fig. 9. Example of the source code of calculating the directive in Python. 

 
 

Fig. 10. Sample directive output from Python. 

 

Figure 6 and 8 can for example be saved in .jpg or .pdf a bitmap format. In case 

another method of data processing and visualization needs to be used, a corresponding 

Python script or its part can easily be obtained from various repositories that are 

freely available on the Internet. 

Figure 9 shows a sample of the Python source code for the calculation of the linear 

regression slope, and its subsequent visualization in Python is shown in Figure 10. 
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4 Final protocol editing (using LaTeX) 

The pre-prepared graphical and tabular outputs form part of the protocol, which 

contains other elements of this experiment, the experimental setup, and a description 

of the technical standards and regulations on which it is based. This output is in a 

structured form and is clearly arranged. 

The following principles should be taken into account when developing protocols. 

Truthfulness and clarity of data are essential. Each coherent part of the protocol, con-

sisting of tables and graphs, must have a separate reporting capability. It is therefore 

not possible to read the whole protocol to understand a graph or table. The measure-

ment specification tells what will be measured and the conclusion contains the an-

swers to the questions in the specification, including the measured values and the 

measurement errors (precision). The protocol usually contains basic relationships 

(formulas) with descriptions of quantities and units, tables, graphs and a conclusion. 

Tables must have a description that uniquely identifies the contents of the table. The 

measured values are recorded with the precision (number of decimal places) with 

which they were measured. Graphs shall be clearly described, not only the description 

but also the indicated axes including origin and units. The measured values shall be 

interleaved with a curve. The interleaved curve shall start on the ordinate of the first 

value plotted and end on the ordinate of the last value plotted. If there are multiple 

curves in the graph, it must be clear what each curve means. At the end there should 

be a clear summary of the measured data. Justification of measured and calculated 

values, agreement or disagreement with expectations. Discussion of possible sources 

of error, if any. The instruments used are also clearly identified (type, measuring in-

strument, accuracy, ranges used, serial number,...). A schematic of the experiment 

shall be included where appropriate. Comparisons with groups must be numerical and 

verbal. The verbal description should include a justification of the correspondences 

and differences. 

The software used for the final protocol may be, for example, Word, LaTeX, or 

any other word processor or a text editor. In the samples below, the LaTeX is used as 

an example of free text processing system. It is suitable for technical writing includ-

ing complex mathematical symbols and formulas, tables and figures. The LaTeX 

system is not only free, multiplatform, but also easy to interconnect with other data 

processing and visualization software tools with possible scripting and automation. 

Figure 11 shows an example of the source code in LaTeX demonstrating the type-

setting of a simple linear regression formula shown in Figure 12 as output after com-

piling the LaTeX source file. Figure 13 show an example of the source code in LaTeX 

with simple data table and in Figure 14 the compiled LaTeX source output. 

 

 

383        E. Cézová



 
Fig. 11. Source code sample for linear regression formulas typeset in LaTeX. 

 

 
 

Fig. 12. Compiled sample output from LaTeX (linear regression) example. 

 
Fig. 13. Data table written using LaTeX – source code sample. 

 

 
Fig. 14. Compiled output from LaTeX – simple data table. 

 

The output of this final stage is a text document (including also images, tables and 

other complimentary material) that summarizes the whole experiment and its initial 

parameters and resulting conclusions. The document must also comply with stand-

ards, regulations and customer requirements. The measurement report summarizes the 
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demonstrable facts that need to be further interpreted and adapted for further use. For 

more information merging Python and LaTeX, the citation [2] can be used. 

5 Presentation (using LaTeX) 

Sometimes the formal protocol can be taken as the basis of a presentation that 

shows the whole experiment in a simplified form, including the results and their sub-

sequent interpretation. The software used for the preparing a presentation is either 

Powerpoint (or similar), which can be replaced by LaTeX and suitable PDF viewer. 

If LaTeX and Python are used to create the protocol, it is easy to modify the La-

TeX source that will be the basis of the presentation. This greatly simplifies the crea-

tion of the presentation and eliminates errors from rewriting. Since the presentation is 

done in LaTeX, the fragments of the source from the final report can be copied and 

only the formatting is properly adjusted for presentation, see Figure 15 and 16. 

 

 

 
 

Fig. 15. Sample LaTeX source code of presentation, using fragments from the protocol source. 
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Fig. 16. Example of the compiled slide from the LaTeX source code. 

 

6 Conclusion 

The example presented in this paper clearly demonstrates how the Python and La-

TeX can be used for experimental data processing, visualization and reporting. Figure 

17 shows the types of possible output files covering the described sub-stages of the 

experiment (acquisition of measured data, calculations and presentation of results). 

 

Fig. 17. Outputs of possible files. 

Figure 17 shows how Python and LaTeX can be used throughout the processing of 

experimental data, which is in line with the aim of the paper and confirms the full 

applicability of these products in complex experimental data processing. 
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In addition, compared to classical, non-automated processing, the presented ap-

proach yields higher efficiency in the case of repetitive processing of typed tasks due 

to the fact that once a template has been processed, the repeated measurement only 

provides new data. These are uploaded to populate the template and repeat the calcu-

lations, including their documentation and visualization, are performed according to 

this prescription in an automated manner. 
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