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Abstract — In this work, soft sensor based on image anlaysis is proposed for quantitatively estimating the visual appe-
arance of manufactured products and is applied to quality monitoring. The methodology consists of three steps; (1) tex-
tural feature extraction from product images using wavelet transform, (2) numerical estimation of the product
appearance through projection of the textural features on subspace, and (3) use of latent variables of textural features
(i.e., numerical estimates of product appearance). The focus of this approach is on the consistent and quantitative esti-
mation of continuous variations in visual appearance rather than on classification into discrete classes. This approach is
illustrated through the application to the estimation and monitoring of the appearance of engineered stone countertops.
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Fig. 1. 2-D discrete wavelet decomposition at j-th stage. It consists
of horizontal and vertical filtering of 2-D signals using low-
pass and high-pass 1-D wavelet filters H, and H,. Separable
horizontal (2{1) and vertical (112) down-sampling by 2 gives a
separable sampling lattice. Because a separable solution for
2-D DWT gives strong directionality to its coefficients, detail
coefficients are often called horizontal (h), vertical(v), and
diagonal(d), respectively.
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Fig. 2. Three-level decomposition using standard 2-D DWT tree
structure.
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Fig. 3. Schematic diagram of engineered stone countertop manufac-
turing.

75
Fig. 4. Four sample images of countertop slabs. Experts’ evalua-

tions are: slab number 54 — “too much area with fine scale
structure,” 58 — “high contrast,” 69 — “on aim pattern,” and 75
— “coarse pattern”. In sections 3-2 and 3-3, original images
are subdivided into four smaller images as shown in slab 54.
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Table 1. Cumulative R%(fraction of the sum of squares explained by
the model) and Q*(fraction of the total variation of data that
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Dimension of Latent Space R*(%) Q*(%)
1 68.5 59.2
2 91.8 83.4
3 98.0 94.4

90
Fig. 6. Slab number 90, 85 and 52.
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Fig. 8. Multivariate SPC results for detecting off-specification coun-
tertops. Upper control limits (UCL) were calculated using
16 countertops from on-specification countertops (a = 0.05).
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Table Al. List of 16 images and corresponding experts’ qualitative evaluations (N/A: Not Available)

Image Number Evaluation Image Number Evaluation

52 N/A 75 Pattern too course
54 Too much area with fine scale structure 79 N/A

56 Close to on aim pattern 81 N/A

58 Contrast too high 83 Close to on aim pattern
60 Too blotchy 85 N/A

69 On aim pattern 88 N/A

71 N/A 90 N/A

73 N/A 92 Close to on aim pattern

Fig. Al. 9 countertop images not shown in the main text.
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