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Reference algorithms and softgauges for areal surface 
texture metrology on 3D objects

The PhD project themed “Reference algorithms and softgauges for areal surface texture metrology on 3D objects” has been
started in collaboration between LNE, Paris and LURPA, Paris-saclay and Cetim in order to generate new Reference
algorithms and softgauges for areal surface texture metrology on 3D complex objects and to validate them.
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Surface parameters

Geometrical
surfaces

• The classification of surfaces is provided by the invariance class
concept where each class is defined by the motions (translations
and rotations) that leave the geometrical surface invariant as
follows:

3.Cylinderical: One
translation along and
one rotation around a
straight line

2.Planar: One rotation
around a straight line and
two translations in a plane
perpendicular to the
straight line

1.Spherical: Three
rotations around a
point

6.Helical: One
translation along and
one rotation combined,
at a fixed ratio, around
a straight line

4.Complex: No rotational or
translational invariant movement
possible

5.Prismatic: Translation
along a straight line

7.Revolute: Rotation
around a straight
line

Height 

parameters

Sq
Ssk
Sku
Sp
Sv
Sz
Sa

Hybrid
parameters

Functional
parameters

Volume 
parameters

Feature
parameters

Multi-scale
parameters

Sdr
Sdq

Smr
Smc
Sk

Spk
Svk

Smr1
Smr2
Spq
Svq
Smq

Vmp
Vmc
Vvc
Vvv

S5p
S5v
S10z
Sda
Sha
Sdv
Shv

Sal
Str
Std

Spatial 
parameters

Sal
Str
Std

Reference Algorithms

Sz=Sp+Sv

Sz

Sa=
𝟏

𝑨
 𝒁(𝒙, 𝒚) 𝒅𝒙𝒅𝒚

𝑨

• Specification of areal surface parameters are given in ISO 25178-2
(see[1]) and Areal texture software measurement standards are
covered in ISO 25178-71(see[2]).

• Some of these parameters are shown below:
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• L. Pagani, Q. Qi, X. Jiang, P. J. Scott in [3] have provided a new
definition and algorithm for areal surface texture where the
manufactured surface can be described with a regular surface
∑ ⊂ ℝ3 as:

𝑟 𝑢, 𝑣 = ቐ

𝑥 = 𝑥(𝑢, 𝑣)
𝑦 = 𝑦(𝑢, 𝑣)
𝑧 = 𝑧(𝑢, 𝑣)

And it can be decomposed into to parts
𝑟 𝑢, 𝑣 = 𝑟𝑓𝑜𝑟𝑚 𝑢, 𝑣 + 𝑟𝑟𝑒𝑠 𝑢, 𝑣

∑𝑓𝑜𝑟𝑚: 𝑟𝑓𝑜𝑟𝑚 𝑢, 𝑣 represents the form 

surface and ∑𝑟𝑒𝑠: 𝑟𝑟𝑒𝑠 𝑢, 𝑣 represents
the residual surface.

• Computing the surface parameters with the provided algorithm
is based on the primary surface without any filtration, but such
algorithm could be improved which represents a challenging
research, and despite that the existing software works for simple
profile, it is still a major challenge when considering areal surface
texture for 3D objects with complex geometries.

• The goal of this PhD project is working on 3D objects with
complex geometries to:

 Generate reference algorithms for 3D pre-processing.
 Generate reference algorithms for areal surface texture

characterization.
 Innovative reference material measures (RMMs).
 Calibration of the developed reference material

measures/standards with reference to nominal specifications in
terms of areal surface texture.

• The generated reference algorithms will be validated by
comparing it with a reference software, this comparison will be
performed by inputting a common data set into both the
software and comparing the results.
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Ra computation with discrete 
approximation. 

Ra computation with the proposed
method. 


