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Abstract 
This paper proposes an algorithm that accurately detects the grid-shaped mosaic region 

used to cover certain regions of video data based on edge projection. The proposed algorithm 
first detects Canny edges from the image and detects candidate regions of the mosaic using 
horizontal and vertical line edge projection. The actual mosaic regions are then finally detected 
by filtering candidate regions of the mosaic using geometric features. Experimental results 
show that the proposed algorithm detects the area corresponding to the mosaic block more 
accurately than the other detection methods from various input images. 
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1. Introduction 

In general, video contains useful data, but may contain information that users do not want 
exposed to others. For example, the Google street view [1], which can be viewed frely by the 
general public through an Internet browser to search the map, may show the person’s face, 
license plate, etc., which is one of the specific personal information. In addition, if you search 
the blog on the Internet, the uploaded photos may contain parts of other people’s faces or 
exposed bodies that users do not want to be photographed. Therefore, many mosaics are used 
recently to hide these areas[2]. 

In application fields related to the detection of adult images [3], an area of a mosaic block is 
detected to effectively determine whether the image includes information that is not desired by 
the user, such as a specific part of the exposed body [4]. 

Existing research related to the field of automatically detecting mosaic regions from such 
digital image data can be found in the related literature. In[5], an edge is detected from an input 
image and a candidate region of a mosaic is generated based on the detected edge. Subsequently, 
the actual mosaic area is finally selected through filtering using geometric features. In[6], fuzzy 
C-means clustering algorithm is used to detect mosaic blocks accurately. In [7], edges are 
detected from an image, and candidate regions of a mosaic are detected using template 
matching. Finally, the actual mosaic area is selected using a support vector machine. In addition 
to these methods, various other approaches for detecting mosaics have been tried [8]. 

The existing methods described above are capable of detect the mosaic regions to some 
extent, but the accuracy is not high. To this day, researches on algorithms for generating and 
detecting mosaics have not been actively conducted. Therefore, in this paper, we propose a new 
algorithm to effectively detect grid-type mosaics based on edge projection. In this paper, we 
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mainly use mosaics to cover parts of the body in harmful images. In general, the mosaics used 
in the harmful image may have different sizes depending on the area to be masked, but a grid-
type mosaic block, which is a relatively simple form, is mainly used rather than a complicated 
form. Although harmful images using blurring or virtual object insertion can be found, mosaic 
blocks tend to be used in many adult images. 

Figure 1 shows the overall flow chart of the proposed mosaic detection algorithm. As shown 
in Figure 1, the proposed algorithm first extracts edge features from the input image and then 
detects candidate regions of the mosaic based on horizontal and vertical line edge projection. 
Subsequently, the final actual mosaic regions are detected by removing the non-mosaic regions 
through robust filtering of the candidate mosaic regions. 
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Figure 1. Overall flow of the proposed algorithm 

2. Extraction of candidate mosaics 
In this paper, we extract the Canny edge E(x, y) from the input image [9]. In the color image, 

the edge is one of the important features for detecting the mosaic, so it is very important to 
accurately extract the edge image, which is the first step. In general, Canny edge is one of the 
most widely used edge detectors in image processing and computer vision because of its 
relatively high accuracy in finding contours. 

The proposed system detects edges connected continuously over THline pixels in the 
horizontal direction from the extracted Canny edge, which is called horizontal line edge LEh 
(x, y) in this paper. In addition, edges continuously connected to a THline pixels or more in the 
vertical direction are detected and named as vertical line edge LEv(x, y). 

Then, as shown (1), the vertical line edge LEv(x, y) is projected in the direction of the x axis. 
Subsequently, a set of x coordinates in which Proj(x), the number of pixels accumulated 
through projection, is equal to or greater than THaccum is obtained and set to Xaccum. 
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Similarly, the horizontal line edge LEh(x, y) is projected in the direction of the y axis, and a 

set of y coordinates in which Proj(y), which is the number of pixels accumulated through the 
projection, is equal to or greater than THaccum is obtained. In (1) and (2), W and H represent the 
width and height of the input image. 

We compute the difference Xdiff between the adjacent x coordinates in the set Xaccum, and the 
difference Ydiff between adjacent y coordinates in the set Yaccum. Subsequently, of Xdiff and Ydiff, 
the value having the highest frequency and the value having the lowest frequency are selected 
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and determined as N and M of the mosaic blocks having a size equivalent to the NM pixel 
size. We select x coordinates where the difference between adjacent x coordinates in the set 
Xaccum is N and y coordinates where the difference between adjacent y coordinates in the set 
Yaccum is M, and they are set to Xmosaic and Ymosaic, respectively. 

The minimum enclosing rectangle regarding the domain including all the locations (x, y) 
having a value included in Xmosaic as the input image’s x coordinate and a value included in 
Ymosaic as the input image’s y coordinate are selected, and the defined MER is selected as the 
candidate mosaic block to be detected. 
 
3. Detection of real mosaic 

In this paper, geometric features are used to remove candidate regions that are considered to 
be non-mosaic regions among the candidate regions of the grid-type mosaic detected in the 
previous step. Geometric features used to remove candidate regions are defined by using the 
size features, aspect ratio features, and compactness features of mosaic candidate regions as 
shown in (3). 
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In (3), Ri denotes the i-th region among the mosaic candidate regions extracted in the 
previous step. Num(Ri) denotes the total number of pixels included in the candidate region Ri. 
MERh(Ri) and MERv(Ri) represent the length and width of the minimum enclosing rectangle 
for the candidate area of the mosaic, respectively. 

First, the size feature of the candidate region is used to remove candidate regions of too small 
size generated by the influence of noise. The aspect ratio feature is used to effectively remove 
non-mosaic regions that are biased too long in either direction. Of course, there may be a mosaic 
area with a long elongated shape in a specific direction, but such an area is not found in actual 
harmful images. The density feature is used to remove low density non-mosaic regions in the 
region. 

In this paper, the geometric features defined above are applied to the candidate regions of 
the mosaic. When the features fall below a predefined threshold[10], we judge them as non-
mosaic regions and remove them from the candidate regions. In (3), THsize, THaspect, and 
THcompact denote the predefined thresholds for the size, aspect ratio, and density features of the 
candidate mosaic region, respectively. In this paper, these thresholds are artificially set through 
repetitive experiments. 

In this paper, the three features defined above are applied to the candidate regions of the 
mosaic to remove all the regions determined to be non-mosaic regions, and then the remaining 
regions are finally determined as actual mosaic regions. 

It is true that geometric features such as aspect ratio and size may remove common mosaic 
areas, for example, mosaic areas used to cover specific buildings or signs. However, in this 
paper, since the mosaic area to cover the body components is the main detection object, the 
geometric features used in this paper operate effectively. 
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4. Experimental results 
The personal computer used for the experiment in this paper consists of Intel Core (TM) i7 

2.93 Ghz CPU and 8GB of main memory and used Microsoft’s Windows 7 operating system. 
The proposed algorithm is implemented using Microsoft’s Visual Studio and OpenCV open 
source computer vision library. In this paper, various indoor and outdoor input images including 
mosaic blocks were collected and used to compare and evaluate the performance of the 
proposed algorithm. These images are taken in various indoor and outdoor natural 
environments with no specific constraints set. 

In this paper, we used an accuracy measure defined as in (4) and (5) to quantitatively evaluate 
the performance of the proposed mosaic detection algorithm [11]. NTP used in (13) and (14) 
indicates the number of mosaic regions accurately detected, NFP means the number of regions 
that are incorrectly detected as mosaic regions but not mosaic regions, and NFN denotes the 
number of mosaic regions not detected. In (13) and (14), Rprecision represents a relative 
proportion of mosaic regions accurately detected among all mosaic regions detected from the 
input image, and Rrecall represents a relative ratio of mosaic regions accurately detected among 
all mosaic regions actually present in the image. 
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In this paper, the performance of the proposed method is compared and evaluated in terms 
of accuracy with that of the existing template matching method. Since the proposed feature 
projection-based method reduces false detection of mosaic regions, it can be confirmed that it 
detects mosaic regions from images more robustly. 

The proposed algorithm uses horizontal and vertical edge projection to detect the grid mosaic 
areas more accurately than the conventional method. However, when a mosaic is generated in 
a portion where image quality deterioration occurs in an input image, the detection accuracy of 
the proposed method may be slightly degraded. In this paper, line edge is basically used to 
reduce error caused by noise edge. Therefore, noise line edges below a certain size are not 
considered automatically, but errors due to noise line edges above that size are inevitable. To 
solve this problem, pre-processing such as image smoothing should be performed to reduce 
noise as much as possible, or the size of threshold, which determines a line edge, must be 
adaptively adjusted according to the degree of noise included. 

The mosaic detected in this paper targets harmful images as described above. That is, it is 
difficult to include them in the paper because the experimental images are the ones in which 
the main parts of the body are exposed, or the images of the sexes of men and women are mostly 
taken. Therefore, in this paper, we select images that do not contain these parts and insert them 
into the paper. 
 
5. Conclusion 

In this paper, we propose a robust algorithm to detect the grid-type mosaic area from the 
input image based on horizontal and vertical line edge projection. In the proposed method, we 
first extract the Canny edge from the color image, and then extract the line edge connected 
continuously in the horizontal and vertical directions. The edges were projected in the 
horizontal and vertical directions, and the frequency of the projected edges was calculated to 
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detect candidate regions of the mosaic. The detected candidate regions were then filtered using 
geometric features. Therefore, the non-mosaic regions were effectively removed from the 
candidate regions of the mosaic, and only the actual mosaic regions were accurately extracted. 

In the future, we plan to increase the efficiency of the current mosaic detection algorithm by 
adaptively tuning various parameters used. In addition, the robustness of the algorithm will be 
improved by applying the images captured in various indoor and outdoor environments to the 
proposed algorithm. 
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