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Abstract - This paper presents a method for detecting the small changes in image patterns applied on ceramic tiles using differential digital holography. Holograms are constructed from tile images using composition of spherical waves. One hologram is created from ceramic tile with correct pattern and the other hologram is created from tile with small error in pattern. The two holograms are subtracted and resulting hologram is observed. Next step in the process is creating image from subtracted holograms. The results show that for small change in the tile pattern there is a great alteration in the hologram and reconstructed image. The experiment is repeated with different tile errors in patterns.
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1. INTRODUCTION

Detecting small changes in tile patterns is very important in ceramic tile manufacturing process. The ceramic tiles manufacturing process has now been completely automated with the exception of the final stage of production concerned with visual inspection. This is still performed manually and is concerned with visual surface inspection in order to sort tiles into distinct categories or to reject those found with defects and pattern faults [1, 2]. Limited capabilities of the human eye as well as fatigue results in a large number of defects in first class tiles and requires that machine vision system should be developed. Process of detecting small changes is automated. If a change in pattern is very small there is possibility that the instrumentation will not be able to detect it due to finite resolution or poor ambient light. Therefore, it is necessary to find a more accurate way to detect small changes in tile patterns. 
One of the possible ways to solve the problem is applying digital holography [3] or better differential digital holography. The feature of the hologram is that the information of each part of the original object is distributed over the entire hologram. It is possible to reconstruct the original information out of any chosen part of the hologram, but providing a certain amount of noise input [3]-[5]. Considering this, we can assume that the tile pattern error will be distributed over the hologram as well. In this method a hologram is constructed from ceramic tile image and it is compared with the hologram of another ceramic tile image. Subtraction of the two holograms provides a resulting hologram which contains only the information about the difference in tile patterns. If no change occurred the resulting hologram is equal zero. Tile pattern difference can be observed after the process of hologram reconstruction. Hologram that contains information about the two tile pattern difference can be reconstructed. Reconstructed image amplifies tile pattern difference.

2. METHOD

The method is based on subtraction of holograms. The hologram is constructed using composition of spherical waves [3]-[5],
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The subtraction is done on pixel-level and it is defined as the absolute value of the subtraction of the pixel intensities of two images having equal coordinates. Intensity values are quantized in 256 levels (grayscale).
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3. EXPERIMENT

Ceramic tile patterns, both correct and incorrect, are stored in computer in form of bitmap images. Defects in tile patterns are handmade, artificially placed somewhere on the ceramic tile image. Condition that needs to be met is that all images have same size in pixels. It is necessary because subtraction is performed on pixel-level. Bitmap images containing tile patterns are transformed into holograms. Hologram made of tile with pattern defect is subtracted with hologram made of tile with no defects in pattern. 
3.1. Artificially made pattern defects

First set of ceramic tile images have artificially made pattern defects. In Figure 1. are shown images of ceramic tile with no pattern defects and hologram.
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Fig. 1. Ceramic tile image with no defects (a) and hologram (b) 

It is necessary to repeat same process with ceramic tile image with pattern defect. In Figure 2. are shown images of ceramic tile with pattern defects and hologram.
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Fig. 2. Ceramic tile image with pattern defect (a) and hologram (b)

In Figure 3. a) and b) are shown the difference of images from Figure 1. and Figure 2.
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Fig. 3. Subtract made from tile images with pattern defect and without defect (a) and subtract made from holograms (b)

Next step in the experiment is to reconstruct image from the difference hologram. Result of reconstruction is shown in Figure. 4.
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Fig. 4. The difference hologram (a) and reconstructed image (b)

From Figure 4.b we can see that one small defect in tile pattern is amplified and better recognized after the difference hologram reconstruction. We can also notice several areas on image where the defect is visible. Area close to spot where the defect really is on the tile has characteristic concentric curves, like water waves.
It is necessary to point out that the subtraction of two holograms made from same images results in white hologram image. Reconstruction of white hologram results in white image. That means if there is no difference between two images, there will be no difference in their holograms.

3.2. Pattern defects made in manufacturing process

Second set of ceramic tile images have pattern defects made in manufacturing process. In Figure 5. are shown tile image with no pattern defects and hologram constructed from tile image.
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Fig. 5. Ceramic tile image with no defects (a) and hologram (b)
In Figure 6. are shown tile image with pattern defects and hologram constructed from tile image.
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Fig. 6. Ceramic tile image with pattern defect (a) and hologram (b)

In Figure 7. are shown subtracts made from tile image with no pattern defect and tile with pattern defect and the difference hologram.
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Fig. 7. Subtract made from tile images with pattern defect and without defect (a) and subtract made from holograms (b)

3.3. Sensitivity to small rotations

Ceramic tiles are not perfectly aligned in the manufacturing process. Some small rotations are possible. To investigate this case we have conducted experiment with ceramic tile images acquired from tiles that are slightly rotated. For the first experiment both tile images were without pattern defect, just slightly rotated. In Figure 8. are shown ceramic tile image with no pattern defect but slightly rotated and hologram.
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Fig. 8. Rotated ceramic tile image with no pattern defects (a) and hologram (b)

In Figure 9. are shown image subtract made from normally aligned ceramic tile image and slightly rotated ceramic tile image, both with no pattern defects, and the difference hologram.
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Fig. 9. Image and hologram subtracts
In Figure 10. is shown reconstruct of the difference hologram from Figure 9.b.
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Fig. 10. Reconstruction of hologram

There are no characteristic curves which can be detected in process when using tile images with pattern defect. Reconstructed hologram, i.e. image, is just slightly blurred which is caused by rotation.
The second part of the experiment was conducted on tile images with pattern defect and tile images with no pattern defects but slightly rotated. In Figure 11. are shown tile image subtracts made from unaligned ceramic tile images and the difference hologram.
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Fig. 11. Image subtract and the difference hologram 

In Figure 12. is shown reconstructed image from hologram from Figure 11.b.
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Fig. 12. Reconstructed image with visible pattern defect

It is possible to detect pattern defect even when the tile images are rotated.

4. CONCLUSION

This paper presents new method developed in early stage of ceramic tiles defect detection process. A new approach is based on differential digital holography. Results of experiment show possibility for small ceramic tiles pattern defect detection. Due to hologram characteristic to project every part of image in every part of hologram, even small defect is amplified. It is necessary to have a sample of correct ceramic tile to compare its hologram with holograms of defective samples. This comparison is based on subtraction of two sample holograms. 

Defects are manifested in shape of characteristic concentric curves, similar to water waves. These concentric curves are easy to detect by any known image processing method. Process of acquiring ceramic tile images is far from ideal and gives slightly rotated images. 
This method is indifferent to small image rotations. Image is blurred but defects are still visible.

Advantages of proposed method are small defect detection, indifference to small rotation, defect amplifying in form of easy noticed concentric curves. Disadvantages are time necessary for image processing due to complexity of algorithm, consumption of memory and processor time.

Differential digital holography in this phase can not be used in industry. This young method needs to be further improved and optimized.
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