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Abstract: As people’s interest in software increases, the number 

and types of newly developed applications increase day by day. 
Therefore, there are attempts to automatically check whether the 
newly developed interface of these programs works correctly 
through image processing instead of manually. In this paper, we 
describe a strategy to robustly detect execution error screens of 
applications through comparative analysis of key features from 
various kinds of image scenes. In the approach described in this 
study, we extract the main multiple features representing the 
image. Then, by comparing the difference of the extracted 
multiple features, it is effectively determined whether the image is 
the same normal image as the reference image or an error image 
similar to the target image but different from each other. 
Experimental results verify that the described algorithm 
accurately detects normal and faulty images by comparing the 
main multiple features from various types of images. For 
performance evaluation, we quantitatively compared the 
performance of the introduced dissimilar region extraction 
strategy with those of other conventional methods. The existing 
methods of extracting similarity between images based on one 
feature or histogram comparison mostly lack information to 
sufficiently express the entire image. Therefore, when similar 
areas between two images are extracted, many errors occurred due 
to incorrect matching. However, the proposed multiple 
feature-based method obtains richer information by extracting 
multiple features from the input image. In addition, because the 
matching is done based on this information, the accuracy is 
relatively high. The approach introduced in this study is expected 
to be effectively used in many practical applications related to 
image processing such as image retrieval, trademark comparison, 
video security, application quality inspection, etc. 
 

Keywords: Faulty region, Image processing, Color model, 
Texture feature, Defined rule. 

I. INTRODUCTION 

In recent years, not only personal computers but also 

mobile devices having excellent image quality and 
performance have been widely spread, and various types of 
applications operating on such hardware have been developed. 
In particular, these devices have high-speed wired and 
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wireless network functions and location-based sensors, thus 
the functions of the applications being developed are 
becoming more diverse [1-5]. Applications developed in this 
way run on a variety of platforms, and they are actually 
applied and used in various fields related to the Fourth 
Industrial Revolution, including artificial intelligence, 
autonomous driving, robots, drones, 3D printers, virtual 
reality and extended reality [6-10]. 

The process of developing such an application consists of a 
planning stage, a design stage, a development stage, a test and 
quality inspection stage, and a maintenance stage. Among 
them, the quality inspection stage of the developed 
application program usually checks whether all functions 
operate normally by hand, and directly checks whether the 
execution screen displayed in relation to the function is 
appropriate. However, in recent years, the number of 
applications being developed is so large that there is a limit 
that a person manually checks the quality of the application. 

Therefore, there is a need for a study to automatically 
perform the quality inspection of the developed application 
rather than the manual work [11]. In other words, it is 
necessary to capture the screen displayed when each function 
of the corresponding application program is executed, and 
then determine whether the captured image is the same as the 
normal reference image through image processing. 
Existing studies for detecting similar images from different 
types of images received can be found in the related literature. 
The research [12] proposed a method of analyzing the 
histogram of the image and confirming the distribution of the 
contrast and the color value of the entire image. Therefore, in 
this method, the histograms between two images are 
compared to calculate the similarity between the color values 
of the images. This method of comparing histograms has the 
advantage that the algorithm is relatively fast and the 
processing speed of the algorithm is fast. 
The research [13] proposed a new method for finding a region 
corresponding to a target from an input image using template 
matching. In general, template matching has the advantage of 
solving a moving problem, but also has the disadvantage that 
it is difficult to match the object rotated or changed in size. 
The research [14] proposed a method of judging whether high 
resolution satellite images are similar by matching feature 
points that are robust to changes in lighting. As described 
above, the feature point-based image matching method 
extracts features such as color, edge, line, and corner from 
two images, and then compares the extracted features with 
each other to calculate the dissimilarity of the images. 
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The research [15] proposed a method of retrieving similar 
images by measuring similarity based on the circular sector 
method. In this algorithm, the HSB color model is used for 
feature extraction, and the median function is used.  

The proposed method in [15] has slightly higher accuracy 
than the existing method. In addition to the algorithm 
described above, new methods for accurately detecting 
normal and error images have been introduced [16]. 

However, the existing methods mentioned above are still 
relatively low in their degree of completion, and there are 
disadvantages in that there are many constraints depending on 
the surrounding environment in which the image is captured. 
Moreover, the research methods of detecting error images in 
connection with automated quality check of application 
program interface are relatively few compared to other 
existing research fields. 

In this study, we describe a strategy that robustly detects 
faulty images that show incorrect interface screens, except for 
normal images captured by a properly working application 
program, by comparing and analyzing the major multiple 
features from the input images. Fig. 1 shows an overview of 
the error screen detection algorithm by comparing and 
analyzing the main features presented in this paper. 
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Fig. 1. Overall flow of the suggested method 

As illustrated in Fig. 1, the introduced system extracts main 
multiple features representing the images from the captured 
images, which represent each screen on which the application 
program is executed. Subsequently, a difference operation is 
performed on the extracted feature, and it is checked whether 
the difference result is within a defined threshold. Through 
this process, it is effectively determined whether the input 
image is the same normal image as the reference image or an 
error image similar to the target image but different from the 
target image. 

Chapter 1 describes the motivation, background, and 
outline of the study. Chapter 2 describes a technique to 
accurately extract the main features that represent the input 
image. Chapter 3 describes the technique of calculating the 
difference between the feature values and then determining 
whether the input image is a normal image or an error image 
using the calculated difference of the feature values. Chapter 

4 explains the experimental results to quantitatively verify the 
introduced image judgment system. Section 5 describes the 
conclusions and future research plans. 

II. FEATURE EXTRACTION 

This chapter describes how to acquire the main 
characteristics that represent the input image. To this end, the 
image of 3 channels composed of RGB color space is first 
separated into each of R, G, and B channels, and then the 
difference feature for each color channel between the target 
image and the input test image is extracted. 

In this paper, to check the color as well as the location and 
size of the objects in the image, the color channels are 
separated and the difference in color characteristics between 
the two images for each channel is obtained as shown in (1). 
In (1), Rref (x, y), Gref (x, y), and Bref (x, y) represent R, G, and 
B color values at (x, y) in the target image, respectively, and 
Rinp(x, y), Ginp(x, y), and Binp(x, y) represent R, G, and B color 
values at (x, y) in the input test image, respectively. 
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The difference calculation result of each color channel 
generated above has a value between 0 and 255. If the result 
value of the difference operation is 0, it means that the pixel 
value of the target image and the corresponding pixel of the 
test image match. If the result value of the difference 
operation is 255, it means that the corresponding pixels do not 
completely match. 

Equation (2) calculates the number of pixels whose color 
values are not similar for each channel by applying the 
difference calculation result value of (1) to all pixels of the 
input image. In (2), Dissimilr, Dissimilg, and Dissimilb 
represent the number of pixels whose R, G, and B color values 
are not similar to each other in the target image and the input 
image. THr, THg, and THb have a value between 0 and 255, 
and indicate thresholds of R, G, and B color values, which are 
the criteria for determining that two pixel values are not 
similar in the difference image [17-20]. In general, in the 
image processing field, the threshold value may be artificially 
set to an optimal value for a corresponding domain through 
repeated experiments. 
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In this paper, we use the texture feature as the second major 
feature to effectively measure 
the similarity between two 
images. 
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 In an image, texture is generally used as one of the major   
matching features because it represents roughness of an image 
pixel distribution [21-24]. Conventional methods for 
extracting textures in the field of pattern recognition include 
many forms such as local binary pattern (LBP), wavelet 
transform, and so on. In this study, we utilize the Gabor 
feature [25], which is known to work relatively well in terms 
of accuracy. Gabor wavelets have the shape of plane waves 
constrained by Gaussian envelopes. 

The Gabor feature used in this paper is expressed as in (3). 
Each wavelet gmn(x, y) may be made by the adequate dilation 
and rotation of the mother wavelet g(x, y) via a generation 
function. 
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In (3), m and n denote expansion and rotation indices, 
respectively, θ = nπ / K, and K represents the number of 
rotations, which is set to 4 in this study. 

The texture characteristic used in this paper is defined 
using Gabor wavelet coefficients calculated by convoluting 
the gray value of the pixel with the wavelet kernel, as shown in 
(4). In (4), I(x, y) represents the gray value of the pixel at the 
(x, y) position of the image. Gmax represents the maximum 
value of the texture feature. Therefore, the texture feature G(x, 
y) is normalized to a value between 0 and 1. In addition, the 
calculated value represents a texture feature of the associated 
pixels. 
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Therefore, the multiple features used in the paper are 

defined by four main features, as shown in (5). 
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III. DETECTION OF FAULTY IMAGES 

In this paper, we use a metric as shown in (6) to measure the 
similarity of color features between the target image and the 
input test image. In (6), Iref and Iinp represent the target image 
and the input image, respectively. W and H mean the 
horizontal length and the vertical length of the sample data, 
respectively. In (6), the color similarity is normalized to a 
value between 0 and 100 for ease of calculation. 
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In this paper, we use the similarity measure as shown in (7). 
In (7), Gref (x, y) and Ginp(x, y) denote the Gabor texture 
features extracted for the (x, y) positions of the target image 
and the input test image. 
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In this paper, we define the similarity measure like (8) to 

calculate the final similarity between a target image and a test 
image by integrating similarity measure of color feature and 
texture feature. In (8),  and  are the weighting factors [26] 
that represent the contribution of color and texture features. In 
this paper, the weighting factor has a value between 0 and 1, 
and the sum of all weighting factors is 1. In this paper, the 
values of  and  are set equal to 0.5, respectively. In (8), the 
similarity measure Simil(Iref, Iinp) has a value between 0 and 
100. Therefore, if the value of the similarity measure is 100, 
the target image and the input image mean the same image, 
and if the value of the similarity measure is 0, the images are 
not completely similar. 
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Finally, in this paper, the error image is automatically 

detected from the input test image using the rule [27] defined 
as in (9). In (9), THerror is a threshold used to determine 
whether two images are similar or not. 
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In other words, if the similarity value Simil(Iref, Iinp) 

between the two images is greater than or equal to the 
threshold THerr, the input color image is determined to be a 
normal image similar to the reference image. Otherwise, the 
input color image is determined to be an error image that is 
dissimilar to the reference image. 
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Fig. 2 shows the overall flow diagram of detecting error 
images from input test image. 
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Fig. 2. Flow diagram of detecting error images 

IV. EXPERIMENTAL RESULTS 

The personal computer utilized to perform the experiments 
in this study is composed of an Intel Core (TM) i7-6700 3.4 
GHz CPU, 16 GB of main memory, 256 GB of SSD, and a 
Galaxy Geforce GTX 1080 Ti graphics card with NVIDIA’s 

GPU GP104. The personal computer used was installed with 
the Microsoft Windows 10 operating system (OS). In addition, 
Microsoft Visual Studio version 2015 was used as the 
Integrated Development Environment (IDE), and the 
proposed algorithm was developed using the OpenCV version 
3.4.7 Open Vision library. In the experiment, each execution 
screen of the developed application was captured and used as 
test data. 

Fig. 3 (a) shows an example of an input color image that 
normally shows the execution result screen of the application 
program used in this paper. Fig. 3 (b) is a test image capturing 
an execution screen of an application program, and shows a 
test image in which an error that is not normally executed 
occurs. Figure 3 (c) illustrates an example of the color 
characteristics of the R channel extracted from the input 
image. Fig. 3 (d) shows the dissimilar regions detected from 
the target image and the test image by analyzing the color and 
texture features. 

In this paper, we quantitatively evaluate and compare the 
performance of the proposed dissimilar region extraction 
algorithm. In this paper, we used a performance measure such 
as (10). In (10), Numdetected indicates the number of dissimilar 
images that are correctly detected using the proposed 
approach. Numtotal represents the total number of dissimilar 
images existing in the input image data. 
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Table I gives the results of the performance measurement in 
terms of the accuracy of the faulty image detection method in 
a tabular form. In this study, we compared the performance of 
the conventional histogram-based method and the existing 
matching-based method with the proposed method. As given 
in Table I, it can be seen that the algorithm presented in this 
paper detects faulty images of the execution result of the 
application program more accurately than the conventional 
methods. In addition, the performance of the conventional 
histogram-based method was the worst, and the conventional 
matching-based method was worse than the proposed method, 
but the performance was somewhat better than the 
histogram-based method. 

  
        (a) Normal image                 (b) Test image 

  
 (c) Red component image          (d) faulty region 

Fig. 3. Faulty region detection 

The conventional histogram-based method has the 
advantage that the algorithm is relatively simple and fast. 
However, this method generates an error of judging the same 
scene even if the position of the target object area is changed. 
In the conventional matching-based method, when the size of 
the object is changed or the object is rotated, the matching is 
inaccurate and an error occurs. On the other hand, the 
proposed method is more accurate than the conventional 
methods by effectively extracting the difference between the 
color and texture features between two images. 

Table I. Performance comparison 

Method Accuracy (%) 

Conventional histogram-based method 87.13 % 

Conventional matching-based method 87.57 % 

Proposed method 89.92 % 

Besides, the existing methods of extracting similarity 
between images based on single feature or histogram 
comparison mostly lack information to sufficiently express 
the entire image. Therefore, when similar areas between two 
images are extracted, many errors occurred due to incorrect 
matching. However, the proposed multiple feature-based 
method obtains richer information by extracting multiple 
features from the input color image. In addition, because the 
matching is done based on this information, the accuracy is 
relatively high. 
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V. CONCLUSION 

In recent years, the number of applications to be developed 
increases exponentially, which makes it difficult to manually 
inspect the quality of the developed screen. Therefore, it is 
necessary to study the quality by automatically analyzing the 
adequacy of the execution screen of an application program 
using image processing techniques. 

In this study, we describe a strategy to accurately detect the 
execution error screen of the developed application program 
by performing multiple feature analysis from various types of 
test color images. The proposed method first extracts multiple 
features that best represent the input color image. Then, by 
comparing and analyzing the extracted multiple features, it is 
effectively determined whether the input image is a normal 
image similar to the target image or an error image similar to 
the reference image but different from each other. 
Experimental results give that the algorithm presented in this 
study detects the execution error result screen of the 
application program more accurately than the existing 
methods from the input test image. 

In the future, we will apply the dissimilar region extraction 
algorithm presented in this paper to the execution result 
screen of various types of application programs to confirm the 
performance of the introduced strategy in terms of accuracy 
and time. In addition, we plan to upgrade the scalability and 
compatibility of the introduced error scene detection 
algorithm by applying it to various other platforms as well as 
personal computers and mobile devices. 
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