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A new method of topographical characterization, light scattering simulation, is applied on surfaces worn under 
extreme tribological conditions. The simulated images are then classified by damages which are more or less 
highlighted according to the light scattering angles, using a classification algorithm.  
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1. Introduction 

The tribological stresses cause characteristic damages 
that involve a modification of the surface topography. As 
a consequence, information on the topography reveals 
morphological characteristic signatures on several scales: 
forms (pits, cracks, dimples, flakes), roughness spatial 
distributions (peaks, valleys, etc.) or oriented shapes 
(grooves, scratches, etc.). Seeking these morphological 
singularities representing the specific characteristics of a 
damage is a difficult task to describe damage mechanism. 
On a topographical maps analysis, the height amplitude 
is too complex and a set of filtering method must be 
employed. Images from scanning electron microscope 
(SEM) are too local to make robust statistics of the 
damage characteristics and interpretation remains 
sometimes subjective. 

2. New approach 

An original method is developed to mix both topography 
measurements and like-SEM images with high degree of 
accuracy. The main idea is therefore to simulate light 
scattering on 3D measured surface with a local diffusion 
intensity s (BTFvisu, internal software). The incident and 
reflected beams are defined in spherical coordinates ((ϕi, 
θi), (ϕr, θr)) in a half sphere centred on each discretized 
point of the topography. A set of k images ((ϕi, θi), (ϕr, 
θr), s)k are computed and a subset of images, containing 
the different damage shapes, is extracted from a 
morphological classification algorithm. 

3. Methodology 

The proposed methodology is divided into six steps: 

Step 1: Selection of a representative, typical material 
with a listed and quantified damage. 

Step 2: High quality topographic measurements. 
Step 3: Reflectance simulation on topographies. 
Step 4: Research of topographical features and 

identification of damage signatures.  
Step 5: Reproduction of the steps 1-4 for different types 

and different states of damage. 
Step 6: Building of a database of reflectance defects 

with their associated states. It allows to deduce 
proper defects and to know how to observe them. 

4. Material and Methods 

A metal matrix composite (MMC) with a high alumina 
content is studied [1]. The MMC surface is severely worn 

by impact. Different ceramic grains are measured in high 
resolution with a x50 objective of Alicona InfiniteFocus 
(around 10000 x 10000 pixels). Reflectance simulations 
are performed on these topographies 

5. Discussion 

This method gives more information than classical 
surface topography. The process is a physical filtering 
which represents an optical interaction between an 
oriented light and a surface. In fact, optical simulations 
based on distributions of complex, local facets reveal the 
direction of each morphological component created by 
each damage.  

 Figure 1: Identification of damages by the BTFvisu 
algorithm (lighting angles (blue vector) and view angles 
(red vector)) on topographies of worn ceramic grains. 

6. Conclusion and perspectives 

A new vision of topographical analysis using the 
decomposition of multiphysical signatures is developed 
and paves the way for the experimentation, especially for 
insitu measurements. 
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