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Abstract— In this paper a Python based pipeline encompassing 

steps necessary for automatic processing and plotting 

nanoindentation data is presented. It enables to process and plot 

big amount of created raw data from Agilent Nanoindenter G200 

and thus significantly increases knowledge discovery from such 

data. The described solution is demonstrated on example of 100 

measurements on a polymer sample. 

Keywords-Python; nanoindentation; average; plotting; 

GraphPad Prism 

I.  INTRODUCTION 

The Python programming language [1] has become very 
popular among researchers from various fields for data analysis 
[2,3]. Because the user operates with high-level abstractions 
that hide all low-level mechanisms such as memory 
management and hardware communications, it has a steep 
learning curve for beginners. As a result, one can focus on 
algorithm development. Several Python packages for 
interacting with and visualizing multi-dimensional data have 
recently been released. The Python programming language [1] 
has become very popular among researchers from various 
fields for data analysis [2,3]. Because the user operates with 
high-level abstractions that hide all low-level mechanisms and 
hardware communications, it has a steep learning curve for 
beginners. 

By far the most popular method for determining the 
mechanical properties of 2D materials is indentation testing. 
This method is divided into two categories: (1) AFM 
indentation of free-standing (FS) 2D materials, also known as 
free-standing indentation (FSI) testing, and (2) instrumented 
nanoindentation of 2D materials on a substrate. The load-
displacement relationship of a 2D material, whether FS or on a 
substrate, is measured in these tests, and the material's 
mechanical properties are extracted by fitting the measured 
load-displacement curve to an analytical model. All existing 
indentation models are based on the assumption of an isotropic 
linear elastic solid, and 2D materials subject to indentation are 
typically regarded as linear and isotropic [4]. 

The development of a large family of precision force nano 
testing methods known as "nanoindentation" has influenced 
progress in mechanical behaviour analysis of various materials 
at sub-micro and nanoscale levels to a large extent. The 
application of small forces to the test object and precise 
measurements of deformation with nanometre resolution under 
uniaxial compression, tension, bending, shear, and torsion by 
various methods with simultaneous in situ registration of their 
microstructural parameters is referred to as force 
nanomechanical testing. The main research directions 
developed in the last decade to improve experimental 
approaches and the results are obtained in amorphous solids 
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and biomaterials using these approaches on single-, micro-, and 
nanocrystalline materials, composites, films, and coatings [5]. 

The Agilent Nanoindenter G200 is a machine that performs 
a large number of individual measurements since it is usually 
necessary to perform a sufficient number of tests so that the 
obtained data can be statistically analysed with an adequate 
power sample size and therefore generates a large amount of 
output data. Usually, about 100 measurement locations are 
made per sample, where each location is measured in over 300 
points, depending of the nanoindentation protocol. Agilent has 
its own data processing software – Agilent Analyst but it is old 
and confusing and does not work on newer versions of 
Windows. Existing software cannot represent an averaged 
curve that symbolises the mean values of a certain number of 
curves. It is not uncommon that for one research it is necessary 
to perform more than 100 000 measuring points [6,7]. 

The nanoindentation measurement method for obtaining 
mechanical material characteristics is important not only for 
mechanical engineers but also for many other disciplines such 
as biomedical engineers, material scientists and archaeologists 
[8-10]. 

This paper presents a new software solution which can 
process and plot the data obtained from Nanoindenter. The 
program can calculate the mean representative curve of the 
standard nanoindentation curves (load vs displacement into 
surface curves), which the old Agilent program could not. 
Moreover, there is an option to choose measurements which 
should be excluded and that is possible in two ways – manually 
and automatically. 

Everything previously mentioned was important from the 
aspect of data processing. An equally important component of 
this program, in addition to data processing, is the possibility of 
automated data plotting in the desired software, in this case the 
GraphPad Prism software. 

II. THE PYTHON PIPELINE 

The Agilent Nanoindenter is the instrument which 
generates excel output files with numerous sheets. The first 
sheet contains Youngs modulus and hardness (calculated from 
the Load on sample vs Displacement into surface curves [8]), 
their mean values and standard deviation. Then there are as 
many following sheets as there are measurement locations, 
each sheet with the data for one curve - Load on sample vs 
Displacement into surface. Sometimes there is a need to merge 
various excel files into one plot. 

A. Main algorithm 

The algorithm in Fig. 1. depicts structure, flow and arbiter 
of the programme and it has the following sections: 

 Choosing files, 

 Visual checking of the data, 

 Automatic or manual selection of measurement 
curves, 

 Calculation of the average curve, 

 Forming of excel output file that corelates with the 
plotted data and 

 Forming the GraphPad Prizm software file with 
plotted data. 

 
The first step of the algorithm is to select the one or more 

.xls raw files from the nanoindentation and import them to the 
Python list. Next, there are two paths, one dedicated to 
calculate average curve and preview of all measurement curves 
plus average curve, then to form the excel file of all curves and 
to create GraphPad Prism file with plotted data. Other is 
designed to arbiter the choice of measured curves. Further, 
there are two ways, one to manually select the measurement 
locations that should be excluded and other to choose the factor 
k. When users are satisfied with the selection of the location 
algorithm connects to the section of forming excel and plotting 
data. 

 

 

Figure 1.  Main algorithm diagram 

B. Data Transformations 

To clarify the data transformation and transitions Fig. 2. is 
formed. The blue sections represent the excel data files and 
GraphPad Prism file while grey sections are from Python 
sections. 
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Figure 2.  Data transition and transformation 

III. GRAPHIC USER INTERFACE 

The user interface for running the processing pipeline is 
implemented in Python using tkinter. The GUI (Graphic User 
Interface) window view of the programme is depicted in Fig. 3. 

 

Figure 3.  Data transition and transformation 

After application is turned on, it requires choosing .xls files 
containing raw data from nanoindenter to process. The data 
from .xls file are collected as object of ExcelFile class found in 
the pandas module. The algorithm will calculate an average 
curve and plot all measurement curves (the blue lines) with the 

average curve (the red line) on one graph. Thus, user can see 
results preview. Failed tests marked with “****” in the raw .xls 
data file are automatically excluded from processing. To 
calculate the average curve, firstly two empty lists are created. 
One for the x-axis (average Displacement into surface, AvD): 

, (1) 

and the second for y- axis (average Load on sample, AvL): 

. (2) 
In the previous formulas, P stands for the length of the 

shortest measurement, and N is the number of measurement 
locations. The number of elements in the new list is actually 
the same as the number of the elements in the shortest 
measurement L. The algorithm is cutting and ignoring data that 
are on index P and above. The cut-off curves are usually the 
curves which gathered the data from the material defects and 
they do not represent material behaviour. If the preview graph 
is adequate, the user can proceed with converting data to the 
.pzfx files (GraphPad Prism file extension). If not, there are 
more settings to improve the result. The measurements of one 
sample are considered to be distributed as in Gaussian 
distribution. To exclude outliers from the calculation of the 
average curve, every measurement that has a peak out of range 
(Average peak displacement) ± k ⋅ σ should be excluded. 
Where σ is a standard deviation of all peaks and k is a 
parameter that can be determined by the user. For every change 
of the parameter k, the algorithm is plotting preview graph 
again, so the user can choose the best k for his/hers needs. 
When there are some measurements with obviously deformed 
curve, the user can exclude them by typing their location 
numbers in the entry. 

When all configuration has been done and the user has 
adequate graph, the converting process can start. The algorithm 
first makes new .xls containing two sheets. In the first sheet the 
calculated average curve (AvD and AvL) is placed as two 
columns. The second sheet contains two columns for every 
measurement that is not excluded by user, one for displacement 
into surface and second for load on sample. The data from the 
new .xls files are now loaded with function read_excel from 
Pandas module. For easier access, the data are placed in 
Python dictionary as follows: 

 

To create the new .pzfx file, the algorithm is using pre-
created template in GraphPad Prism that is parsed as xml using 
Python module BeautifulSoup.  

Now algorithm replaces existing d values from .pzfx 
template with values from data dictionary. At the end, when all 
data has been replaced, the algorithm is saving modified .pzfx 
with the new name. The result is two new files, first .xls with 
calculated average curve and not excluded measurements, and 
second .pzfx file that has all measurements written in separate 
table and one table for the calculated average curve. All 
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measurements are plotted on one graph with lines in shades of 
grey and the average curve is plotted with the red line. The Fig. 
4 illustrates one example of plotted nanoindentation 
measurements performed on 100 locations on FlexDym 
polymer with k = 4. 

 

Figure 4.  An illustration of plotted nanoindentation measurements 

IV. CONCLUSIONS 

We present a Python programme for optimised processing 
Nanoindetation raw results in this paper. The NanoSuite lacks 
additional built-in Excel data processing tools that would allow 
users to tailor data acquisition to their specific needs. Due to a 
lack of this type of interface, unwanted and time-consuming 
processing occurs. The presented programme allows the user to 
run a programme and get results quickly, precisely, and 
efficiently with a possibility to perform all needed adjustments. 

An additional advantage of this program is reflected in the 
fact that it can deliver an averaged curve of all desired 
measurements. This curve is of particular importance when 
testing materials that are not fully prepared according to the 
nanoindentation protocol, meaning they are not polished or 
they are heterogeneous. In these cases, this curve descriptively 
determines the properties of the tested materials, rather than 
giving the absolute values of the tested parameters. Moreover, 
when these averaged curves are compared with each other, it is 
easier to compare the behaviour of similar materials tested by 
nanoindentation. 

The time required to execute multiple Excel files can be 
incomparably reduced when automated processing is used 
instead of manual processing, according to the findings. The 

same is true when dealing with a single file containing up to 
100 tests. Similar methods that export raw results in the form 
of an Excel file can benefit from this type of optimized 
processing. 
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