






19

JOURNÉES SIDÉRURGIQUES INTERNATIONALES  2001
1
9

Topographic image processing

�3-D topographic data processing
�The depression surrounding the crack appears very 

clearly
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The data provided by the conoscopic profilometers are the key to the 
detection. The depression surrounding the cracks appears very clearly on 
the topographic map; thus, cracks can be easily discriminated from the 
scale. The figure shows the 3-D aspect of several cracks (seen as 
depressions in the figures) scanned by the conoscopic profilometer where 
this becomes manifest.
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Cracks detection results
�More than 95% of cracks detected

�Detection statistics to be improved with last CH 
sensors generation

Example of detections superposed
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Statistics of detections

Once the results of both types of sensors are fused, a single and reliable 
indication of the cracks is obtained. This detection is saved in a database 
and can be presented to the operator, as can be seen in the figure in 
which the cracks are outlined over the conventional image of the slab. The 
detection results have been confirmed by visual inspection in several 
casting sequences, showing a very high rate of correct detections. For 
selecting the algorithm parameters, overdetection has been preferred to
underdetection, as it is much less harmful for the process. It should be 
noted that the conoscopic sensors used for these statistics where not the 
final version. The latest generations must still improve the figures as they 
greatly reduce the noise level in the interferograms from hot slabs.
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Quality assessment

� Slab quality classification
� Defect maps are reduced to few quality parameters
� Slab is classified according to operator defined rules
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Based on operator-defined rules, the crack map and the inclusion/pore 
map are used to classify the surface quality of the slab. The surface 
quality is the final output of the system, and is used for real-time action in 
the process, assigning the new route to the slab (repair, hot charge, 
storage, etc.). It can also be used for automatic or manually assisted 
feedback to the continuous casting process: it is the first tool that permits 
the engineers to have absolute and instantaneous knowledge of what is 
actually happening in the production as regards surface quality.
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Conclusions

� Results of the project
� Prototype in on-line operation
� Accurate detection of cracks and inclusions

� Benefits
� Significant cost reductions in manual inspection/repair and hot 

charge
� Improved process knowledge and feedback

� Conoscopic Holography
� Non-contact measurement technology 
� Very useful tool for steel industry measurement and detection 

problems
� Solves difficult or unaddressed problems

The conclusions of the project can be summarized in three main points.
The results of the project developed are very important: We now have a 
prototype in operation that is able to detect cracks and inclusions in hot 
slabs without disturbing the continuous casting process. Although further 
improvements could be needed, especially in the computing hardware, the 
crack detection system has proven accurate and reliable in real plant 
conditions during several months of operation. The inclusions/pores 
inspection system requires some more effort for industrialisation, 
especially in the part concerning the peeling machine, but the initial results 
are very good and will be improved in the near future.
A second point concerns the benefits of the project: significant cost 
reductions and improvements in the continuous casting process are 
expected. Manual inspection and automatic or manual surface 
conditioning will be reduced as only defective slabs will undergo these 
operations; consequently, hot charge ratios can be improved resulting in 
energy savings; and the improved process knowledge will lead to a 
substantial reduction in defects produced.
Finally, some words about the basic detection technology, conoscopic
holography. This novel non-contact measurement technique has proven a 
very valid tool for the steel industry, as it is able to operate in the harsh 
plant conditions with high accuracy. 
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Conoscopic Holography

� Internal surface 
scanning

� Variable range and precission
� Ranges from hundreds of µm to 

hundreds of mm
� Precissions from several µm to

hundred µm
� Sub-micron precission under 

preparation for roughness 
measurement

� Variated configurations
� 1-D measurements
� 2-D one-shot profilometry short 

and long stand-off
� 3-D one-shot (in preparation)

Rotation

Translation

Other projects developed using this technology confirm these results, 
providing a wide range of solutions for several types of measurement and 
detection problems. For instance, the co-linearity of the technology gives 
access to internal surfaces by means of a periscope, a technique that is 
being used to measure the internal surface of cannon shells using a 1-
meter periscope with an accuracy of 0.1 mm. It also provides the
possibility of working at long distances, working on hot material, and taking 
2-D measurements in a single shot. The measuring range of conoscopic
holography devices can be easily adjusted using different optics, being 
able to operate at short distances on cold material. This last feature is 
currently being used in a project focussed on roughness measurement in 
the galvanising line, aimed at providing 3-D roughness measurements on 
the line. 
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