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Figure 1: Comparison of synthesized images and original image.

Abstract

Automated surface inspection planning is a research area, aimed to enhance inspection in
automated and custom product manufacturing. Visual surface inspection focuses on two main
tasks. First, camera and illumination placement for achieving the required coverage of the
inspected product. Second, the development of defect detection algorithms. Both tasks greatly
benefit from realistic and automated image synthesis of the inspected object using computer
graphics modeling and rendering methods. The realism of synthesized images greatly depends
on object material, whose properties are greatly influenced by texture. In our work, we focus
on texture synthesis and its application for visual surface inspection planning. Our research
was motivated by the complexity and vastness of textures that have to be recreated as well
as their consistent application on complex, free-form geometry for the purposes of automated
texture synthesis. In this paper, a framework that stemmed from our research is discussed.
Furthermore, we provide an overview and shortly discuss several texture synthesis models that
we have developed. Presented methods enable non-computer graphics experts, such as inspection
planning experts, to recreate a range of patterns often present in the machined surfaces, using
only several parameters, during the synthesis of representative product image data.
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The goal of the surface inspection is to find defects on a product. In order to do so, the positioning
of acquisition hardware (i.e. illumination and camera), relative to the inspected object, is needed
in order to obtain required coverage (see Figure P). Also, image processing algorithms for defect
detection must be developed and utilized on covered surface areas. Although the inspection process
is automated once the configuration is present, the planning of such configuration is still done by
experts which is time-consuming and error-prone as discussed by Gospodnetic et al. [1]. Further-
more, in the context of Industry 4.0, where automation of customized products manufacturing is
introduced, manual inspection planning becomes infeasible.

Figure 2: Illustration of surface inspection environment: illumination, camera and inspected object

Research aiming to_automate the inspection planning process is an active area discussed by
Gospodunetic et al. [2, B], Mohammadikaji et al. [4] and Mosbach et al. [f]. Planning of camera
and illumination placement, as well as the development of image processing algorithms for defect
detection, requires a large amount of representative product image data. Representative images are
images that are taken under controlled conditions and for which is known exactly which part of the
object they show. Due to challenges such as the lack of product samples, complex environment, lack
of particular defects (which also have to be acquired), obtaining the right amount of images from
the right position becomes difficult very fast. Therefore, the process of obtaining representative
images can greatly benefit from image synthesis using computer graphics modeling and rendering
techniques discussed by Mohammadikaji [6], Bosnar et al. [[]] and Reiner [§]. Synthesized product
image data show inspected objects as they would have been seen from a real camera in a real
inspection environment. Therefore, synthesized images can be used for the automated development
and evaluation of visual inspection plan.

To synthesize representative product image data, it is required to model and render a 3D scene
containing inspected object, illumination and camera used in inspection. In order to achieve realism,
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