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Quantitative analysis and processing of surfaces
and profiles from profilometry images

A. Giura"", M. Zucco!, A. Balsamo', L. Ribotta'

! Division of Applied metrology and Engineering - Istituto Nazionale di Ricerca
Metrologica (INRiM), Strada delle Cacce 91, 10135, Torino, Italy

*a.giura@inrim.it

Key words: Profilometry, texture, roughness, parameters, Python, topography,
levelling, resampling, filtering

1. Introduction

Surface metrology is concerned with inspecting morphological parameters of a
surfaces or profiles, by using contact or non-contact profilometers.

The following abstract describes the development of a software in Python
environment that implements various processing methods on images from optical
and stylus profilometers. In particular, the program focusses on image pre-processing
and determination of dimensional parameters for 2D areas and 1D profiles.

It is worth mentioning that many open and closed source programs are already
distributed, but they do not provide a sufficient automatization in the image
processing, often requiring the user to repeat the same steps for each image to obtain
the expected results.

The program has been initially developed within the framework of the EMPIR
20INDO07 TracOptic project [!] for the processing of a batch of topographies on RS-
M and RS-N linear step samples, in order to compensate for the lack of automation
for the calculation of height parameters. The developed program [?] is designed to be
modular and scalable for expanding the processing capabilities.

1.1 Surface processing

Surface measurements are usually obtained with optical profilometers or
microscopes, and the resulting topographies must be processed to extract the
parameters of interest.
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X lumy

Figure 1: Topography
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For the pre-processing of the images, three different levelling methods have been
implemented which allow to correct any tilt of the topography: least square plane
levelling, three points plane levelling and bounded least square plane levelling. The
program also includes a method for resampling the image and for extracting cross-
sectional profiles of the topography.

1.2 Profile processing

Profile measurements are usually obtained with stylus profilometers, confocal point
sensors or by extracting a cross-sectional profile from a surface.
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Figure 2: Profile

In order to pre-process the profile, least square line levelling and bounded least
square line levelling were implemented as for the topography. An additional
histogram levelling method has been developed to allow the tilt correction of profiles
with a large feature on a flat baseline.

The program provides Gaussian filters according to the ISO 16610-21:2011
written standard [*] for the extraction of the morphological roughness parameters,
and the erosion morphological filter according to the new ISO 21920-2:2021 written
standard [*].

2. Conclusions

The methods previously described were validated using MountainsMap 7.4 [°]
commercial software.

Regarding profile roughness parameters, an agreement within 0,05% for Ra, 0,2%
for Rq, 0,5% for Rsk and Rku, below 1 %o for Rt, is achieved on different types of
profile from stylus profilometers measurements.

Future developments will focus on uncertainty estimation of morphological
parameters both using GUM and Monte Carlo methods. Moreover, the capabilities
of the software will be expanded to allow the extraction of more complex surface
features.
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