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Abstract 
Low-contrast, uneven, noisy and featureless characteristics are included in surface images of steel plates. It has been reported that 
it is very difficult for previous methods to discriminate defect region from defect-free one in those steel images. In this paper, a 
new discriminant measure based on wavelet transformation is applied to efficiently detect surface defects in noisy and 
inhomogeneous steel images. The discriminant measure is designed to not only enlarge defect area but also reduce defect-free one, 
and then it can easily detect surface defect. The measure consists of several coefficient images and normalized energy. The efficient 
discriminant measure is selected by its performance evaluation. The proposed method is verified through typical steel surface 
images. 
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1. Introduction   

Steel plate is probably the most important of all metals in 
terms of its quantum and variety of use. The inspected surface 
in manual inspection is about 0.05% of the total steel surface 
produced. Due to high line speed, fatigue and other adverse 
factors, inspection process is hardly satisfactory. Thus the 
manual inspection process is not sufficient to guarantee defect-
free surface of steel products with reasonable degree of 
confidence. Today, vision-based automated surface inspection 
systems [1,2] are produced by many reputed companies. 
Technology of vision-based automatic inspection of steel 
products, even though not 100% accurate, has matured and 
developed so far. Real-time inspection of steel surfaces faces a 
number of challenges, which may be enumerated as hazardous 
site, operating speed, varieties of surface defects, large number 
of cameras. In addition, three characteristics including noise 
such as low-contrast, inhomogeneous and featureless, are 
included in steel surface image. 

In this paper, a wavelet-based discriminant measure is 
modelled to efficiently detect surface defects in those images. 
Wavelet-based methods have the advantage of better 
performance against noise compared to spatial domain-based 
methods. Further, wavelets can localise defects in spatial and 
frequency domain unlike purely frequency domain methods. 
The proposed discriminant measure performance is verified 
through typical surface defects images with three properties. 

2. Wavelet-based discriminant measure  

2.1. Wavelet transformation 
Wavelet transform, a powerful tool for localized frequency 

analysis, decomposes an input signal into smooth and detailed 
parts with low- and high-pass filters on multiresolution levels. It 
is ideally suited for representing both spatial and frequency 
characteristics of steel surface images. The 1-D wavelet 
transform is defined as a decomposition of a signal s(t) with a 
family of orthonormal bases 𝜓𝑗,𝑘(t)   generated from a kernel 

function 𝜓(𝑡) by dilation j and translation k as follows[3] 

 

𝜓𝑗,𝑘(t) = 2
−𝑗

2⁄ 𝜓(2−𝑗𝑡 − 𝑘)                                                        (1) 

 
Since 𝜓𝑗,𝑘(t)  forms an orthonormal set, the wavelet 

coefficients 𝑎𝑗,𝑘(t) of the signal s(t) can be calculated by the 

inner product in Eq. (2) 
 
𝑎𝑗,𝑘(t) =  〈s(t), 𝜓𝑗,𝑘(t) 〉 = ∫ s(t) ∙  𝜓𝑗,𝑘(t) 𝑑𝑡                        (2) 

The 1-D wavelet transform can be easily extended to a two-
dimensional one. The 2-D wavelet decomposition of an image 
f(x, y) consists of filtering and down-sampling along the image 
axis using the 1-D lowpass filter and highpass filter to 
generated the coefficients matrices 𝑓𝑙(x, y) and 𝑓ℎ(x, y). For 
one level of decomposition, four images 𝑓𝑆(x, y) , 𝑓𝐻(x, y) , 
𝑓𝑉(x, y), 𝑓𝐷(x, y) are generated [3]. 

 

2.2. Modelling of discriminant measure    

Figure 1 shows surface defect images of steel plate, which 
have low-contrast, uneven and featureless properties. For 
those defect images, the successful defect detection method is 
to effectively separate defect region from defect-free one using 
wavelet transformation and its coefficient tuning. 

 

     

         (a) Scale               (b) Foreign material               (c) Crack 

Figure 1. Surface defects of steel plate 

 
The discriminant measure is developed to not only enlarge 

defect region but also reduce defect-free one. It can make easy 
defect detection. The proposed wavelet-based discriminant 
measure is modelled through following steps. The extraction of 
representative features of surface defect images is calculated 
using the normalized energy [3] of each decomposed detail 
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sub-image within a small neighbourhood window of size w × w 

with w = k + 1 at a resolution level l. 
 The normalized energies of decomposed horizontal, vertical 

and diagonal detail sub-images are in Eg. (3). 

 𝐸𝐻,𝑉,𝐷
𝑙 (x, y) =

𝐹𝐻,𝑉,𝐷
𝑙 (x, y)

𝐹𝑆
𝑙(x, y)

⁄                                             (3) 

The discriminant measure is proposed for detecting defects in 
the steel surface images based on the normalized energy and 
weights at three levels. The weights in Eq. (4) are used to adjust 
the importance of the energy at a resolution level l + 1. 

𝐶𝐻,𝑉,𝐷
𝑙,𝑙+1 (x, y) = 1 − exp(−∆𝐹𝐻,𝑉,𝐷

𝑙,𝑙+1 )                                        (4) 

        Where  

∆𝐹𝐻,𝑉,𝐷
𝑙,𝑙+1 =

1

𝑤2 𝐹𝐻,𝑉,𝐷
(𝑙+1)

−
1

𝑤2 𝐹𝐻,𝑉,𝐷
(𝑙)

 

The discriminant measure is presented in Eq. (5). 

𝑆𝑖
𝑙(x, y) =

  𝐸𝑖
(1)(x, y) + 𝐶𝑖

(1,2)(x, y)𝐸𝑖
(2)(x, y) + 𝐶𝑖

(2,3)(x, y)𝐸𝑖
(3)(x, y)     (5) 

      𝑖 = 𝐻, 𝑉, 𝐷  

 

This equation is described as 21 discriminant measures(DM) 

including the last one  𝑆𝐻𝑉𝐷
123 (𝑥, 𝑦) in Table 1 

 

Table 1 Calculated discriminant measures 
No.   1  2  3 4 5 

DM f(x, y) 𝑆𝐻
1 (𝑥, 𝑦) 𝑆𝐻

2 (𝑥, 𝑦) 𝑆𝐻
3 (𝑥, 𝑦) 𝑆𝑉

1(𝑥, 𝑦) 

No. 6 7 8 9 10 

DM 𝑆𝑉
2(𝑥, 𝑦) 𝑆𝑉

3(𝑥, 𝑦) 𝑆𝐻
12(𝑥, 𝑦) 𝑆𝐻

123(𝑥, 𝑦) 𝑆𝑉
12(𝑥, 𝑦) 

No. 11 12 13 14 15 

DM 𝑆𝑉
123(𝑥, 𝑦) 𝑆𝐻𝑉

1 (𝑥, 𝑦) 𝑆𝐻𝑉
2 (𝑥, 𝑦) 𝑆𝐻𝑉

3 (𝑥, 𝑦) 𝑆𝐻𝑉
12 (𝑥, 𝑦) 

No. 16 17 18 19 20 

DM 𝑆𝐻𝑉
23 (𝑥, 𝑦) 𝑆𝐻𝑉

123(𝑥, 𝑦) 𝑆𝐻𝑉𝐷
1 (𝑥, 𝑦) 𝑆𝐻𝑉𝐷

2 (𝑥, 𝑦) 𝑆𝐻𝑉𝐷
3 (𝑥, 𝑦) 

 
In this paper, the efficient discriminant measure is 

determined by the evaluation function(EF) presented in Eq. (6). 
 

EF =
𝜇𝑑

𝜇𝑑𝑓
                                                                                         (6) 

Here, 𝜇𝑑 ,   𝜇𝑑𝑓 are mean pixel values in specified defect and 

defect-free region, respectively. When the evaluation function 
is maximum, the efficient discriminant measure is regarded. 

3. Experiment  

Figure 2 shows experiment device and a surface defect image. 
A part of surface defect images calculated by 20 discriminant 
measures is presented in Figure 3. 

 

     

(a) Experiment device        (b) A defect image for crack     
Figure 2. A surface defect image for crack 
 

Figure 4 is represented using Eq. (6) and Figure 3. The 
discriminant measure with the maximum evaluation function 

value is No. 3, that is 𝑆𝐻
2 (𝑥, 𝑦), in which horizontal feature 

components are considered. In case of considering both 

horizontal and vertical components, 𝑆𝐻𝑉
3 (𝑥, 𝑦)  (No. 14) is 

available. The evaluation values for No. 4-5 is relatively large 
compared with other ones, and it means that the selected 
discriminant measure can effectively detect a kind of cracks  
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Figure 3. Surface defect images calculated by several discriminant 
measures 
 

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Discriminant  Measure

 
Figure 4. Evaluation function values according to 21 discriminant 
measures for a scab defect image 
 

among various surface defects. In this paper, a new 
discriminant measure based on l wavelet transformation is 
proposed to efficiently detect surface defects in low-contrast, 
uneven, noisy and inhomogeneous steel images. The 
discriminant measure is selected and modelled by its 
performance evaluation. It is shown that the efficient proposed 
method gives good results for typical steel surface images 
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