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Abstract 
 
Image based modelling of surfaces is a non-invasive method which allows for further 
surface analysis through reconstruction of the surface properties. It also allows for 
detection of deviant surface behaviour from what was to be expected. Microgeometry is 
modelled based on BRDF (Bidirectional Reflectance Distribution Function) and LBP 
(Local Binary Pattern) readings from a sequence containing multiple known image 
acquisition conditions (illumination and point of view). In order to quantitatively 
evaluate the quality of the defect detection simulation, we use an â-vs-a-analysis to 
determine the Probability of Detection (POD) of defects on a simulated surface 
inspection. The POD designates the probability to detect a defect which is present in the 
component, and will here be determined as a function of defect size a. We discuss the 
POD and its usability as a tool for determining the quality of the image processing 
simulation. 
 
 
1.  Introduction 
 
Optical surface inspection is already a standard method of non-destructive quality 
inspection for industrial purposes. Development of such visual inspection systems is 
complex due to the high level of customization required to inspect different products. 
Appearance of surface defects in an image is highly dependent on the material of the 
product and the illumination conditions. The microgeometry of the material determines 
the textural and radiometric characteristics of the surface and the defects are defined as 
unwanted changes in surface geometry and/or colour. If a material itself has stable 
textural and radiometric characteristics of the surface, we can detect areas that deviate 
from the expected response. Such an approach makes the defect visibility estimation 
more general and independent of a specific image processing algorithm, by measuring 
the defect distinctiveness. Due to the algorithm independence of the results, the POD 
method can be applied on multiple defects under the same conditions providing the 
visibility measurement method standard to NDT community. 
 
 
2.  Image analysis procedure and test samples 
 
The texture of a surface in an image is a planar representation of the surface 
microgeometry. Therefore, the texture characteristics will change with the light 
conditions under which the image is acquired [1]. We used two aluminium samples with 
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a flat and a complex surface, respectively. The samples contain either an entirely 
uniform, or a combination of uniform and non-uniform microgeometry. The flat sample 
was used to test the defect evaluation, while the complex sample was used to test the 
proposed image analysis approach. The visibility of different defects was evaluated on 
the flat sample, for different illumination and viewpoint angles. A robotic arm carrying a 
camera and a light source performs a stepwise arch over the flat sample, capturing an 
image for every step. Two sets of images have been acquired: one containing only the 
correct surface and one containing multiple defects such as bumps, dimples and 
scratches, but without any parameterization regarding type, size or orientation for the 
inspection system. The complex surface sample is an aluminium cogwheel, produced on 
the basis of a 3D model, which is also used as an input to a planning system capable of 
computing camera positions required to cover the whole object. The produced position 
list is fed further into a system which acquires images from the listed positions. The set 
of images is acquired for both the correct and the tested object (containing multiple 
unparameterized defects). The proposed image processing approach assumes a pair of 
images as an input: a reference image representing the correct surface and a test image 
containing a potentially defected surface, both images acquired under the same 
conditions. A set of texture features is calculated using BRDF and LBP for both images 
and used to compare the reference and the test images. The resulting differences are 
recorded into a distance map, revealing the defects in areas of the greatest distance. 
 
 
3.  Defect visibility evaluation 
 
The defect detection results for the flat surface sample were used for further defect 
visibility evaluation using the POD method based on a statistical Rayleigh-Rice 
approach [2]. We investigated the visibility using the ground truth defect size a in pixels 
and the corresponding detected defect size â in pixels evaluated applying the 
aforementioned image processing approach. The defect sizes varied in a range from 200 
up to 104 pixels. Two illumination scenarios were investigated: perpendicular 
illumination with only a slight angular variation of ± 2° and side illumination at ± 45°. 
In the first case, a linear a-vs-â-dependence was detected resulting in an almost perfect 
step-like POD-curve with an a90/95 of 890 pixels. In the evaluation, the decision 
threshold âdec was application-specifically set to 400 pixels. For side illumination the 
performance was worse, resulting in a 2nd order polynomial data fit and an a90/95 of 
about 4200 pixels. Due to the nature and orientation of the defects the suitability or non-
suitability of the chosen illuminations could be accordingly assessed early on by 
experience. However, POD-analysis provides an efficient tool to assess the defect 
detectability and the suitability of the available inspection and evaluation procedures 
quantitatively. 
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