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Abstract—For more than 100 years, researchers in the 

mechanical sciences have acknowledged that surface contacts 

between materials are highly reliant on their mechanical 

properties. In that light, Nanoindentation at small scales has 

become a conventional tool for the measurement of mechanical 

properties. Continuing advancements in indentation data 

analysis increased the method’s utility in the characterization 

of biomaterials. The mechanical characterization of tissues and 

other biological materials is of utmost importance in clinical 

medicine and the field of biomaterials. Since the interpretation 

of nanoindentation raw results appeared as time consuming, 

the necessity for more rapid approach was recognized. With 

that in mind the Python module with specific functionality was 

developed. The enclosed results for multiple test processing 

with and without proposed optimization show that presented 

method demonstrates faster and more accurate performance in 

all cases. 

 

Index Terms— Nanoindentation, biomaterials, Python, data 

acquisition  

 

I. INTRODUCTION 

Nanoindentation testing is a method that determines the 

mechanical properties of a material in the sub-micron/nano 

scale. The principal components in a nanoindentation 

experiment are the sensors and actuators used to apply and 

measure the mechanical load and indenter displacement, the 

indenter tip and the test material. Nanoindentation is 

conducted with a calibrated Berkovich diamond indenter tip. 

Typically, a specimen is mounted onto a hardened base or 

specimen mount using a very thin layer of glue [1]. 

Throughout a nanoindentation test, force, displacement and 

time on sample are documented as the indenter tip is forced 

into the test material's surface with a prescribed loading and 

unloading parameters or defined depth of indentation [2].  

Due to heterogeneous texture of bio samples, it is 

common to launch statistically enough number of tests in 

order to have more precise insight in their mechanical 

properties. For presented purpose 50 measurement points 

per sample are performed. Difficulty that appears is 
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demanding data acquisition. To be precise, presenting 

multiple load-displacement curves on one figure requires a 

disposal of failed and unsuccessful tests. Furthermore, 

finding average value of each Displacement (Load) per test 

with a purpose of displaying a global P-h curve of the 

sample has showed as a time consuming and unpractical to 

be done manually. The need for automatic processing has 

been recognized. 

The response of interest is the load-displacement curve 

(often called the P-h curve). Nowadays, the most frequently 

used nanoindentation model is the Oliver and Pharr model. 

This model calculates elastic properties of the material from 

the unloading part of the indentation curve [3]. 

The analysis of experimentally gained data is based on 

interpretation of load – displacement curve (Fig. 1). Basic 

form of the curve consists of a loading to full load followed 

by an unloading to zero load or with 90% of maximum load 

on sample [3].  

 
Fig. 1  Representation of a typical load-displacement curve where Pmax = 
maximum applied load; hmax = penetration depth; hf = final depth; S = 

unloading stiffness. 

 

Although nanoindentation was originally developed as a 

tool for mechanical characterization of films and coatings 

[4], it has recently developed as a dominant tool for 

measuring nano and microscale mechanical properties in 

tissues, bones and other biomaterials. This technique has 

been used to measure the mechanical properties of 

microstructural features in bone and teeth, investigate 

variations in mechanical properties with changes in tissue 

organization or composition in mineralized and soft tissues, 

and map mechanical properties spatially in complex 

biomaterials [5]. However, results of biomaterials 

nanoindentation are highly influenced by the sample 

mounting procedure, surface roughness and sample time-

dependent behavior [5]. This is especially true for glass 

ionomer samples due to the difficulty of sample fixation.  

Conventional glass-ionomer (GI) cements have a large 

number of applications in dentistry. One of the advantages 
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of GI, compared to other restorative materials, is that they 

can be placed in cavities without any need for bonding 

agents. As a filling material they demonstrate remarkable 

biocompatibility [6]. 

This article describes the implementation of a Python 

developed calculation algorithm and its application on 

nanoindentation raw results; calculations have been 

performed following the requirements of the aforementioned 

multiple-test processing problem.  

II. THE EXPERIMENTAL METHOD 

A. Nanoindentation samples and data 

Seven glass-ionomer specimens were used as the test 

samples. This samples were prepared according to the 

manufacturer's instructions. Immediately before mixing, the 

materials were activated and then placed in the 

amalgamator. The trituration process lasted 13 seconds. 

Immediately after preparation the capsule material was 

placed in the applicator and the cement was ready for use. 

The finished material was placed in cylindrical rubber molds 

with rounded hole, 5mm diameter. On each side of the mold 

one glass plate was placed, which allowed the creation of a 

flat surface, which is important for the validity of the 

measurement. During cementing it, it was under pressure. 

After curing, a circular cement plate was obtained, a 

diameter of 5mm, thickness of 2mm serving as a sample. 

Nanoindentaton tests were performed by KeySight Nano 

Indenter G200 [7]. In further text samples nanoindentation 

results will be referred as “fuji_I.xls” up to ”fuji_VII.xls”. 

All data were extracted in NanoSuite (KeySight Nano 

Indenter G200 provided software). 

 

III. MODULE CREATION, RESULTS AND DISCUSSION 

A. Excel file infrastructure 

NanoSuite software generates a separate Excel workbook 

for each sample. The sample workbook comprises 

worksheets for the NanoSuite results, required inputs, and 

editable post-test inputs (Fig. 2). The sample workbook also 

holds a worksheet for each test, which contains a column for 

each variable. 

The displayed columns are controlled by the channel export 

order as defined in the NanoSuite method. There are two 

types of variables: hardware and software. Hardware 

variables store data attained directly from the instrument. 

For example, “Time” is a hardware variable. A software 

variable stores the results of a calculation applied to every 

acquired data point. For instance, “Load on Sample” and 

“Displacement into Surface” are software variables. All load 

and displacement data acquired throughout the test are 

referenced to the point at which the indenter first contacts 

the test surface. Any NanoSuite variable can be exported 

[8]. 

 

 
Fig. 2.  Excel workbook 

 

A “Results” worksheet contains the calculated mean value 

of Modulus and Hardness at max load as well mean value 

from each test for all measurements. The first column of this 

worksheet include serial number of test. Although mean 

results for every test performed cannot be presented, their 

total number can be seen from 4th worksheet (in this case 

“Test 050”) (Fig. 3). Several tests in this particular sample 

failed as evidenced by invalid results (“****” sign). Their 

worksheet title is marked as “Test number_of_test Tagged”. 

Test worksheet has the same template for all generated 

data. Fig. 3.  Single test worksheet appearanceFig. 3 shows that each 

column is a single-dimensional array of size A, where A is 

the number of data points acquired during a single test. 

Dimension of A (column length) is not uniform for each test 

[8].  

 

 
Fig. 3.  Single test worksheet appearance 
 

B. Python module  

The module was created in that way so it could be able to 

load several files at once and handle them simultaneously. 

The files have to be entered with full designation and 

extension (e.g. FileName.xls). Same stands when is 

requested from user to create new .xls file in order to save 

processed results. Failed tests (“****”) are automatically 

excluded from further processing. User can also enter the 

numbers of tests that are going to be additionally excluded 

(Fig. 4). 



 

 
Fig. 4.  User interface 

 

In the file named by user (in this case Processed_results.xls) 

two worksheets were generated, “fuji_I average” and 

“fuji_I”. The module processing outcome will always be 

two new created worksheets per entered file (template: 

“FileName average” and “FileName”). The first sheet 

contains two columns, “Average Displacements” and 

“Average Loads” that were calculated from remaining tests 

(Fig. 5). The second sheet contains column couples of 

“Displacement into surface” and “Load on Sample” of those 

tests that were included in processing. There is a headline 

over each couple that indicates the number of test from 

which they were extracted (Fig. 6). 

In order to read, manipulate or write .xls file certain 

packages were needed including does for data mining (Fig. 

7).  

Packages are namespaces which contain multiple packages 

and modules themselves. They are simply directories of 

Python module(s) [9]. With imported packages following 

essential functionalities were enabled: 

 Data extraction from MS Excel spreadsheet files 

 Average value calculation  

 Generation of data structure consisted of 

Displacement-Load pair of previously processed 

tests 

 Creation of spreadsheet files compatible with MS 

Excel 

 

 
 

Fig. 5.  Generated average worksheet 

 

 

Fig. 6.  Generated worksheet of all Displacement-Load pair that were 

included in processing 

 

 
 

Fig. 7.  List of used packages 

 

Statistically created chart that displays average calculated 

data from one of the sample results (“fuji_IV.xls”), 

highlights the outstanding performance and effectiveness of 

Python module (Fig. 8). 

 

 
Fig. 8.  Average P-h curve 



 

C. Python module performance 

 

In order to show module performances seven Excel files 

were simultaneously processed. Each of them was consisted 

of fifty tests. Resulting Excel file contained 24 sheets, where 

2 sheets per Excel file were generated. Tests that were 

excluded from further processing were randomly entered. 

The imported ‘timeit’ library was need for measuring 

execution time. Processing time was 1.15 seconds (Fig. 9). 

 

 
Fig. 9.  Testing time performance of python module 

 

For the sake of comparison, manual processing of raw 

results was also performed. The assignment that users had to 

carry out by hand was the same task that python module 

executes through every iteration. The time users needed to 

accomplish everything given varied from 3 to 7 days. 

IV. CONCLUSION 

In this paper an optimization of Nanoindetation raw 

results processing has been proposed. Results has shown 

that time needed for numerous Excel file execution can be 

incomparably shorter when using automatic processing over 

manual one. Same stands for handling only one file 

consisted from 50 to 100 tests. This kind of optimized 

processing can be applied for similar methods that export 

raw results in a form of the Excel file.  
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