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Computing," ACC JOURNAL, vol. XIX, issue A, pp. 16-24, 2013. 

 Targeted problem: 

Fabric fault detection is performed manually through visual inspection by human operators with 

fluctuating performance due to the work fatigue, subjective evaluation, and variable labor 

experiences  

 Objective(s): 

- Develop a prototype for automated fabric fault detection  

- Develop computer vision algorithms to handle the acquired images 

- Develop soft-computing algorithms for classifying the detected images 

- Create an integrated system with a database that reports the statistics of the most frequent faults 

and their probable reasons 

 

 Materials scope: 

- Fabrics produced with weaving technology with “plain” fabric structure 

- Nine fabric fault categories were produced and tested 

 

 Computation method: 

- Spatial and spectral features were extracted from the acquired fabric images 

- Artificial neural networks with different structures and order were implemented 

 

 Paper significance: 

- The introduced machine prototype is capable to run at speeds of 10 m/min which is relatively 

suitable at the applied states of hardware and software  

- The system was trained and is capable of identifying a relatively high number of fabric faults 

categories 

 

 Software  

A software program with a user-friendly GUI was developed for this paper. The software is available 

on the accompanied CD with a tutorial video demonstration. The program also has some examples 

on the CD so it can be tested. The program GUI is shown below: 
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Abstract 

Fabric inspection is one of the essential quality control processes in weaving mills. The 

automation of this process using computer vision systems is expected to increase the efficiency 

of the process and increase the total profit revenues on the long run. This work introduces a 

computer vision system that has the capability to detect and classify a relatively large number of 

fabric defects. Image enhancement techniques were used in processing the fabric acquired 

images. Spatial and spectral features were extracted from the processed images and used as 

inputs to soft-computing classifiers. Two approaches were used in the classification with the aim 

of reducing the calculation time required during the image analysis. The successful classification 

rate was 97.3% using the direct approach that has a slightly longer processing time. The 

performance of the classifiers in the hierarchical approach ranges between 91 to 100% depending 

on the classification level and the used image features. Results of this work with high 

classification rate and short processing time are promising to apply the introduced technique in 

real time fabric inspection systems. 

1. Introduction 

The conventional inspection process in the weaving mills usually depends on human visual 

inspection which only detects 60 to 70% out of the total fabric defects. The other defects pass 

without detection and cause several problems in the following processes of manufacturing. In 

addition, fixing defects is a complicated process and the defective parts are usually discarded as 

wastes that might be recycled or sold at low prices (usually 45 to 65% from the free defect 

price). Several researchers tried to solve this problem using image processing techniques and 

implemented different spatial and spectral methods for image analysis and feature extraction. 

Kuo and Su [1] applied the co-occurrence matrix and gray relational analysis. The gray relational 

analysis was also used to investigate correlations of the analyzed factors among the selected 

features in a randomized factor sequence through image processing. The system classified 

different defects such as broken warps, broken wefts, holes, and oil stains with 94% recognition 

accuracy of the system. 
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Shady et al. [2] used image analysis and neural networks for six different knitted fabric defects 

detection and classification. Statistical approaches and Fourier Transforms were used for feature 

extraction and artificial neural networks were used to classify the defects. The results of using 

the Fourier transform features were slightly more successful than the statistical approach in 

detecting the defect-free samples and classifying most of the defects. Mallik and Datta [3] 

presented a theoretical based technique for real-time fabric defect detection using a joint 

transform correlator that is extension of Fourier transform analysis. The joint power spectrum 

showed better classification results compared to the Fourier and experimental results. The 

technique introduced reasonable results for identifying and classifying some defects such as the 

existence of thick yarns, knots, and missing yarns. 

Hu and Tsai [4] used wavelet packet transform and an artificial neural network (ANN) to inspect 

four kinds of fabric defects. The approach was reliable and effective in classifying fabric defects 

with a total classification rate of 100% for a wavelet function with a maximum vanishing 

moment of four and three resolution levels. Wen et al. [5] also used wavelet transform and co-

occurrence matrix to extract features of textured images. The system was able to detect whether 

the fabric is defective or not at 92% rate of success. Also, the system was able to locate the 

defect position at 84% rate of success. 

It can be seen from the survived literature that most of the applied detection systems were able to 

classify a few number of defects which may not be efficient in practical production 

environments. Therefore, this work introduces an automated fabric fault detection and 

classification (FFDC) system to detect and classify a larger number of woven fabric defects.  

 

2. Methods 

The overview of the FFDC computer vision system is shown in Figure 1. The system utilizes a 

digital camera to acquire and transmit fabric images to a computer which enhances and extracts 

some features for each image. The features are then processed using an Artificial Intelligence 

(AI) technique to detect and classify the fabric defects. Also, the FFDC system predicts the 

sources of the defects to be fixed. These defects are recorded in a database providing a report of 

the frequent defects for fixing their sources and consequently increasing the quality of the 

manufactured fabrics. Therefore, applying such automatic system in weaving mills is expected to 

increase the profit and the product quality.  
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Figure 1. Flow chart of the FFDC algorithm 

 

2.1. Image enhancement 

The size of the acquired images is 3088 x 2056 pixels which represents a fabric sample with 

dimension of 30 x 20 mm. To make defects more detectable in the acquired images, each image 

was divided into nine sub-images. Image enhancement was applied to remove the noise and 

hairiness from the woven fabric images and adjust their gray levels, shown in Figure 2. The 

enhanced images should facilitate the allocation of the fabric defects. 

 

(a)  

(b) 

Figure 2. (a) A fabric image that was divided into nine sub-images; (b) A true-color image (top) and enhanced 

image (bottom) after noise removal and gray level adjustment 
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2.2. Feature extraction 

The feature pool consists of three statistical and six spectral features. The statistical features (the 

mean, the summation, and the standard of deviation) were chosen for their simplicity and faster 

calculation. The determination of the statistical features was performed according to the 

following relations: 

The mean :                                                             (1) 

The summation of columns or rows: 

                                                                                         (2) 

The standard deviation: 

    
 

   
          

                    (3) 

The spectral features were based on the Fourier transform technique that transforms pictures 

from their spatial domain to the spectral domain. If the image is considered as a function  f(m,n) 

with two discrete spatial variables m and n, then the two-dimensional Fourier transform F(m,n) is 

defined by the relationship: 

                  
    

 
                          (4) 

After transforming the image to the spectral domain, the power spectrum of the image can be 

calculated and some dominant peaks can be used as image features. An example of some of these 

features is illustrated in Figure 3. 

 

Figure 3. Some spectral features of the Fourier transformed image 
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2.3. Artificial neural network 

Artificial neural networks (ANN) were used as soft computing techniques for classifying 

defected and non-defected samples. Different network architectures were used and the optimized 

network structure was found to include a multi-layer network with two hidden layers (25 neurons 

per layer). The input and output layers were adjusted according to the used features and the 

required fault categories. Three groups of features were used: statistical features only, spectral 

features only, and combination of statistical and spectral features. The classification went 

through two approaches by either identifying the defect type directly from the input features (the 

direct approach) or by identifying the defect at different levels (hierarchical or stepwise 

approach). In the hierarchical approach the classification was done on three steps; the first step 

classifies if the fabric sample is defected or defect-free. The second step classifies the defect 

category (warp, weft, or areal) and the third step identifies the defect type. 

 

3. Experimental setup 

The fabric samples used in this study were manufactured at “Samanoud Company for Woven & 

Pile Fabrics” on a Sulzer-Ruti weaving machine. The fabric structure is plain weave 1/1 with a 

yarn count of 20/1 Ne for warp and 14/1 Ne for weft. The densities of warp and weft yarns are 

20 and 18 per cm, respectively. The chosen defects were intentionally introduced on the machine 

based on the knowledge of defects sources. The used defects, shown in Figure 4, were 

categorized into three main categories; defects in warp direction (Wrong draw and warp float), 

defects in weft direction (double pick, Stop mark with high density, Stop mark with low density, 

and missing picks), and areal defects (hole, slubs, and fabric blotchs).  
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Wrong draw 

 

Warp float  

 

Double pick 

 

Heavy beat 

 

Light beat 

 

Missing picks 

 

Hole 

 

Slub 

 

Fabric blotch 

Figure 4. Images for some fabric faults 

 

 

4. Results and Discussions 

The set of image features was divided into three groups for the artificial neural network (ANN) 

training, validating, and testing. The results of the testing sets are summarized in  

Table 1 for the direct and the hierarchical approaches. The results of the direct approach show 

that the classification using Fourier features only get better results than using statistical features 

only and the application of both features (statistical and spectral) gets the best results among the 

three inputs.  
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Table 1. The overall performance of the ANN classification system 

 Statistical 

features 

Spectral 

features 

Statistical and 

spectral features 

 Direct approach 84.5 92.7 97.3 

h
ie

ra
rc

h
ic

a
l 

a
p

p
ro

a
ch

 

Defect or defect-free 91 89 87 

Warp, weft, or areal 89.3 95.3 94.7 

Warp defects 100 95 100 

Weft defects 100 100 100 

Areal defects 90 93.3 100 

 

The hierarchical approach was suggested in this study to minimize the calculation time allowing 

a real time processing of the fabric samples. According to this approach, no further processing 

for the defect-free samples is required in the case of their classification at the first stage. 

Defected samples go for further classification in the next classifiers by categorizing the defect 

(warp, weft, or areal) in the second ANN. The category is considered as an input of the next 

classifier to determine the exact fault type.  

 

The results of the hierarchical approach differ according to the level of classification as shown in 

Table 1 and the testing of the classifiers using different features show that:  

 

 First classifier: The purpose of this classifier is to determine if the fabric is defected or 

not. The classification using only the spectral features gets better results than using both 

types of features (statistical and spectral) while using only the statistical features gets the 

best results. This result may be counter intuitive; however, the consideration of many 

features as inputs for the classifier may “confuse” the system and decrease its 

classification performance. Therefore, optimizing the input features should be considered 

to reduce the number of inputs for the system. The principle component analysis (PCA) 

technique might be useful for input reduction and optimization.   

 

 Second classifier: The purpose of this classifier is to categorize the fabric faults (warp, 

weft or areal). The best classification results were obtained using the Fourier spectral 

features while the combination of the spectral and spatial features performs better than 

the application of statistical features only.   
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 Third classifier: The purpose of this classifier is to identify the fault and produce its exact 

type. The performance of this classifier depends on the fault category as shown in Table 1 

where the combination of statistical and spectral features gives the best classification 

results with 100% rate of successful classification. It is noticeable that the classifier has 

the ability to differentiate the weft defects using any set of features (statistical only, 

spectral only, or their combination) although having the highest number of faults in this 

category. The 100% successful classification for the warp and weft categories using 

statistical features only may be useful in the real-time classification because of the short 

time calculation of the spatial features.   

5. Conclusion 

This work utilizes a digital camera to acquire and transmit fabric images to a computer which 

enhances and extracts the features for individual images. The features are then processed using 

an artificial intelligence technique to classify the fabric faults. Two approaches were 

implemented in this study with direct classification approach and hierarchical classification 

approach. The results of the direct approach show that the use of a combination of statistical and 

spectral features gives a 97.3% successful classification. The hierarchical approach aimed to 

reduce the processing time and its testing shows the dependence of the classifiers performance 

on the given set of features. The application of a whole set of statistical and spectral features 

performs the best in most classification categories while statistical features only were enough 

(with their short calculation time) in determining if the fabric is defected or not and in 

determining the faults within the warp and weft categories. Results of this study are promising 

and may allow the application of the introduced technique in real time fabric inspection systems 

because of the high successful classification rate and the relatively short processing time. 
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