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Soft Sensor Design Using Image Analysis and its Industrial Applications
Part 2. Automatic Quality Classification of Engineered Stone Countertops
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Abstract — An image analysis-based soft sensor is designed and applied to automatic quality classification of product
appearance with color-textural characteristics. In this work, multiresolutional multivariate image analysis (MR-MIA) is
used in order to analyze product images with color as well as texture. Fisher’s discriminant analysis (FDA) is also used as a
supervised learning method for automatic classification. The use of FDA, one of latent variable methods, enables us not
only to classify products appearance into distinct classes, but also to numerically and consistently estimate product appea-
rance with continuous variations and to analyze characteristics of appearance. This approach is successfully applied to auto-
matic quality classification of intermediate and final products in industrial manufacturing of engineered stone countertops.
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Analysis, Color-texture Analysis
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Fig. 1. Four sample images of countertop slabs with labels. Mean-
ings of alphabet letters in image labels are: ‘S’ - after surface
polishing, ‘U’ - before polishing, ‘Q’ - questionable quality, and
‘G’ - good quality (following expert graders’ evaluations). Two
digit numbers denote slab numbers. In sections 3-2 and 3-3,
original images are subdivided two smaller images as shown
in slab S-01-Q.
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Fig. 2. A multivariate image can be considered as a stack of con-
gruent images measured from different variables (for exam-
ple, 512x512 congruent images from 4 different wavelength
bands, A,~A,). Then, it is same as a three-way data array
and each pixel can be represented by a multivariate vector
as shown above.
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Fig. 3. A part of countertops manufacturing. Color and textural
properties of countertops change after surface polishing.
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Fig. 4. t;-t, score plot from PCA of MR-MIA features of all coun-
tertops(sanded and unsanded).
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Table 1. Cumulative R” and Q? of the PCA model of MR-MIA features
of all countertops (sanded and unsanded)

Dimension of Latent Space R%(%) Q’(%)
1 97.5 97.4
2 98.8 98.5
3 99.3 99.1
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Table 2. Cumulative R? and Q? of the PCA model of MR-MIA features
of sanded countertops

Dimension of Latent Space R%(%) Q* (%)
1 66.1 63.7
2 80.8 717.5
3 88.0 83.9
4 92.1 88.3
5 94.2 89.9
6 95.7 91.4
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Fig. 8. Two sanded countertops with extreme quality in Fig. 7.
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Appendix

2 Aol AR 2971) 1zE]A] s sl sidehs 2l
F0] thet Ze34e] PERE Table ALY LFERISITE

Table Al. List of 29 images and corresponding experts’ evaluations

Image Number Evaluation Image Number Evaluation
01-S-Q Questionable - -
02-S-Q Questionable - -
03-S-Q Questionable 03-U-Q Questionable
04-S-Q Questionable 04-U-Q Questionable
05-S-G Good 05-U-G Good
06-S-G Good 06-U-G Good
07-S-G Good 07-U-G Good
08-S-G Good 08-U-G Good
09-S-Q Questionable - -
10-S-G Good 10-U-G Good
11-S-G Good 11-U-G Good
12-S-G Good 12-U-G Good
13-S-Q Questionable 13-U-Q Questionable
14-S-G Good 14-U-G Good
15-S-G Good - -
16-S-G Good 16-U-G Good
17-S-G Questionable - -
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