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Abstract 

Drones are becoming more commonly used for geological aerial photography.  

This study used pixel-based image processing in order to distinguish seaweed colonies 

in a salt marsh on the west coast of South Korea after photographing them with a drone. 

Also, in order to improve performance prior to detecting the edges, binarization is 

performed as a preprocessing step, and the edge detection result varies depending on how 

the threshold value is determined, 

Generally, differentiation-based methods are widely used for edge detection and 

convolution mask methods for edge detection proposed by Sobel, Prewitt, Roberts, etc. for 

effectively implementing the concept of differentiation.  

To clearly separate specific colonies in a video of west coast mudflat recorded by using 

a drone, this study compared the relationship between threshold values decided during 

the binarization process and convolution mask techniques for edge detection. 
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1. Introduction 

Recently, numerous geological and topographic image data are being produced by 

using aerial photography with drones. It is necessary to automatically separate certain 

areas and determine their size from the image. 

In order to classify and classify regions in the target image, we use pixel-based 

processing of images, morphological processing of images, and geometric processing. 

In this case, depending on which method is used, there are many differences in the 

perception of the person and the result. Maybe it's a different area than a person's 

cognition. 

The field of pattern recognition, which belongs to the field of cognitive science and 

artificial intelligence, has been actively studied recently by expanding the field of deep 

learning based on Big Data. 

However, learning requires a large amount of data to be accumulated. 

This study used, among various image processing techniques, the pixel-based image 

processing technique in order to separate a certain area from the obtained image. 

Pixel-based image processing converts a pixel value solely relying on the current pixel 

value, regardless of other pixel values. 

Pixel-based processing is the most basic operation used in various fields such as image 

conversion, image enhancement, and compositing.  

In this study, to separate a certain seaweed colony in an aerial photography of a salt 

marsh on the west coast of South Korea taken by a drone, edge detection was performed 
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by using image processing and, subsequently, to determine the size of the detected area, a 

closed curve was detected by using an image contour algorithm.  

Here, as a preprocessing step, grayscale conversion of the color image and binarization 

of the grayscale image are performed.  

The image is binarized in order to remove noise and facilitate analysis of the image. 

The threshold value determined during binarization and selection and combination of 

edge detection algorithms determine how the seaweed colonies are finally separated. 

In doing so, to prevent unnecessary edge detection, blurring and other methods are 

used to remove noise and histogram smoothing and various preprocessing operations are 

performed to improve the result. In other words, there is a substantial correlation between 

the preprocessing step and edge detection result. 

High frequency and low frequency filtering methods are used to remove noise from the 

image. 

The problem of the spatial domain can be considered as a frequency domain problem. 

The frequency in the frequency domain represents the degree of change in brightness or 

chromaticity of the image in the spatial domain. For example, a high frequency means 

that there are many changes in brightness or chromaticity, and in the frequency domain, 

the low frequency and high frequency components can be easily separated and the 

constant frequency region can be manipulated to affect the improvement of the original 

image. For example, removing the high frequency component smooths the image and 

removes the low frequency component, resulting in an image with a border highlighted. 

In this study, effective boundary detection method was investigated to distinguish 

seahorse communities of the West Sea salt marshes photographed by drones. Boundaries 

were emphasized by eliminating low frequency components before binarization. 

In this study, binarizations were performed by, once, using a threshold value 

determined based on Otsu's Method and, then, using a threshold value determined 

manually, respectively, prior to detecting the edge by using the convolution mask 

methods for edge detection proposed by Sobel, Prewitt, and Roberts. 

Also, for performance evaluation, this study measured the effect of threshold value 

determined during the binarization process by the number of closed curves created by 

using the image contour algorithm, on the edge detection result 

 

2. Related Works 

Image processing techniques are often used to identify and search objects through 

image processing. Various preprocessing processes are performed to improve image 

processing performance. 

Sarker used an adaptive Gaussian mixture model for background subtraction in a 

complex environment [14], and Seok-Wun used a color histogram to search for 

images. And the sensitivity of the acquisition process [1]. 

In order to improve the edge detection performance in complex images, Choi  

Hyun et al. Have compared the noise removal by high frequency filtering and low 

frequency filtering by distorting the road boundary detection in high resolution 

satellite images and removed specific frequency components to improve boundary 

detection performance in the preprocessing step[2]. 

It is possible to perform processing such as blurring or sharpening an image by 

filtering a specific frequency after converting the image into a frequency domain. 

There are various filters, but a low-pass filter that passes only low-frequency 

components and removes high- A high-pass filter for communicating a high-

frequency component, a band-pass filter for passing only a specific band, and a 

band-stop filter for removing a specific band. The low-pass filter makes the image 

blurred and the high-pass filter sharpens the image. 
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In an environment where noise is present, maximizing image boundaries and 

detail is one of the most important factors in eliminating noise. Yoo, Jong-Sang et 

al. Have attempted to remove image noise using a bilateral filter to remove noise 

from the original image, and this method proved to be a method of preserving the 

boundaries and detail of the image. Due to this characteristic of the bilateral filter, 

research on the elimination of the image noise through the bilateral filter is currently 

underway. In order to improve the ability to highlight the advantages of the bilateral 

filter, which is the advantage of bilateral filters, they proposed a more effective 

bilateral filter image noise reduction method using the simplest known image 

boundary detection algorithm[3]. 

 

2.1. Binarization 

A binarized image is an image that expresses all pixels only in black and white.  

Briefly, if the gray scale is represented by expressing only 256 levels of 

brightness, the binarized image is an image that expresses brightness only with 0 

and 1, that is, full black and white. 

The binarization of an image refers to a process of making a  pixel having a low 

value as a black (0) and a pixel having a high value as a back (255) based on a 

certain threshold value. 

The binarized image is used to detect the characteristics of the objects contained 

in the image and is known as a basic work for application in license plate 

recognition, document recognition, and the like. Using a binarized image, you can 

clearly show the character part of the scanned book image. Also, the file size of the 

binary image becomes smaller. 

Binarization is a two-class classification process in which the subjects are 

classified into either 0 or 1. 

It is performed as a preprocessing step for edge detection and, in general, based 

on Otsu's Method, the threshold value T is automatically determined as either 0 or 1.  

To determine the threshold value T, the binarization method looks for T that 

either minimizes the intra-class variance between two classes or maximizes the 

inter-class variance when dividing image pixels into two classes.  

First, binarization is performed to detect edges in an 8-bit grayscale image, and 

the result varies depending on the threshold value, as all pixels that are brighter than 

the threshold value are converted into 1 and those darker than the threshold value 

into 0. Determination of the threshold value in this process is critical. Therefore, in 

general, Otsu’s Method is commonly used to automatically set the threshold value 

based on brightness distribution of the image [4]. 

Sa et al., believed the traditional Otsu’s Method does not show adequate 

performance when dividing a target in the background during the strip detection 

process in calculating the threshold value and, therefore, proposed an improved 

threshold segmentation method based on the maximum variance algorithm [5]. 

Ranjani et al., proposed a hybrid approach for document image binarization, 

which applies the L0 gradient minimization algorithm and smooths image in order 

to prevent quality degradation of the background image while the foreground is 

improved by using local contrast [6]. 

Zayed et al., proposed an effective document image binarization method to 

overcome various quality degradation factors such as bleed-through, aging, and poor 

lighting conditions [7]. 

Bae, Jong-Wook, et al., Proposed a method to recognize the amount and number 

of coins in order to implement the coin calculation system. In order to increase the 

recognition rate of the coins, binarization was performed and the size information of 

the coins was used. Additionally, the histogram information of the image was used 

to increase the recognition rate [8]. 
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2.2. Edge Detection 

Edge detection is one of the main steps in image processing, image recognition, 

and computer vision as well as in image analysis, and can be used for a variety of 

fields including face recognition, industrial technology, system search, and military 

system.  

A contour is a boundary line having a different intensity from the viewpoint of 

image processing, and refers to a case where the brightness of a pixel changes more 

than a threshold value. The amount of change in brightness is used to find outlines 

in the image.  

The magnitude of the slope can be used in the first derivative and the brightness 

and darkness in the second derivative can be judged as the sign of the slope. In the 

image, we use a mask for differential calculations, which is a kind of filter with the 

same effect as the differential operator. 

In most computer vision systems, the importance of effective and reliable edge 

detection methods is growing day by day[9]. 

This type of algorithm is composed of a series of mathematical methods that aim 

to identify points at which the brightness changes rapidly or discontinuous 

movement is detected in the presented image.  

In other words, in images, edges refer to a boundary between areas that have 

different gray levels and are mainly found between an object and background or an 

object and another object [10]. 

Conventional edge detection methods include Sorbel’s and Prewitt’s methods, 

which apply vertical or horizontal masks, and Robert’s, which applies masks in 

different diagonal directions [11-13]. 

Roberts’s mask is smaller than other masks; therefore, it performs more efficient 

operations but is more sensitive to noise. Prewitt’s mask was designed to be more 

sensitive to horizontal and vertical boundary lines than to diagonal lines. By 

contrast, Sobel’s mask is more sensitive to diagonal boundary lines than to 

horizontal and vertical lines.  

In Prewitt’s mask, the value is either +1 or -1, regardless of the pixel’s distance 

from the center of the mask, while, in Sobel’s mask, pixels that are closer to the 

mask center are either +2 or -2 and those farther from the center either +1 or -1, 

thereby, allowing for more precise detection of the boundary lines. It is because, in 

convolution operation, pixels that are closer to the center pixel are more influential.  

The main disadvantage of this type of edge detectors is that they are sensitive to 

noise and inaccurate[14]. 

Although these methods use simple operators and are able to easily detect edges 

in an area with a considerable gradient change, the processing results are less than 

satisfactory because the same mask is applied to the entire image regardless of the 

pixel distribution, etc., [15-18]. 

Unlike the boundary detection method using the differential operator to perform 

boundary detection in an image, Kim et al. Refer to two neighboring pixel 

information in a binarized image, compare the four neighboring pixel patterns with 

predefined boundary pixel patterns, they propose a method to detect the boundaries 

of the binarized image by detecting the boundaries of the detected search pixels and 

detecting the non - visited pixels to detect the boundaries of the next region. 

In case of performing boundary detection using differential operator when 

performing image recognition, it is possible to omit the thinning process which is 

the next step of boundary detection, and the boundary detection time can be 

shortened compared to the existing boundary boundary tracking method [19]. 

Kim et al., propose a new algorithm for the classification of binary classification 

problems, such as the Convolutional Neural Network (CNN), Recurrent Neural 

Network (RNN) and Deep Boltzmann Machine (DBM) Function selection, and the 
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relationship between various network design issues. We also analyzed the effects of 

Multi-Layer Perceptron, which is a traditional artificial neural network, CNN, which 

is a deep learning algorithm, and Long Short-Term Memory, which is a variation of 

RNN. The performance of the proposed method is verified by comparing the 

performance with the binary classification problem[20]. 

 

3. Test and Results 

The test in this study was performed by using MATLAB2015a and Visual C++ Open 

CV. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Source Image(Left) and Grayscale Image(Right) 

By using MATLAB, the original color image was converted into grayscale prior to 

performing binarization in which the threshold value T was automatically determined 

based on Otsu's Method and binarization based on the threshold values of 110, 130, and 

140. 

For the binarized images based on each threshold value, edge detection was performed 

by using the Sobel, Prewitt, and Roberts convolution masks. 

Due to the strong contrast with the sunlight reflected on the mudflat in the original 

image, in the result created by using automatic binarization based on Otsu's Method, it 

was not possible to separate the seaweed colony with the naked eye.  

When the threshold value was set at 110, 130, and 140, the results, while varying, 

enabled easy edge detection. 

For the results that were binarized based on different threshold values, edge detection 

was performed by using the three different convolution masks. 
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Figure 2. Binariztion 

When thresholds were determined automatically by the Otsu method, prewitt, Roberts, 

and Sobel operations were performed for each mask. When the threshold is 110, 130, and 

140, boundary detection is performed for each mask. 

When the three convolution masks were applied to the original image, there was no 

difference in edge detection performance.  

The performance was evaluated based on the number of closed curves created by the 

image contour algorithm.  

Image contour refers to connecting the outer edge of an area that has the same color or 

same color intensity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Results of Closed Curve by Edge Detection Mask 
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It is useful for analyzing shape of an object or recognizing an object in an image.  

In this study, the function cv2.findContours() in OpenCV, which uses the Suzuki85 

algorithm, was used.  

It is shown that binarization by automatic determination of threshold value by Otsu 

method is not always the best. 

And 110, 130, and 140 as representative values in which the distinction becomes clear 

while changing the threshold value. 

The closed curve detection results based on binarization of Otsu's Method and on 

threshold values 110,130, and 140 are as follows: 

Although there was no significant difference in edge detection results among the three 

different convolution masks, considerable difference was observed according to the 

threshold value in binarization performed as a preprocessing step. 

 

4. Conclusions 

Using pixel-based image processing to separate a certain area in an image involves 

different variables. The results can vary widely from human detection, because the 

method does not recognize pattern.  

Various factors need to be taken into account in order to easily separate a particular 

area with the aid of computer.  

This study demonstrated a close relationship between edge detection performance and 

preprocessing of the input image when using convolution masks, as which are a type of of 

pixel-based operation that is commonly used for separating a certain area in an image.  

In this study, edge detection performance according to different threshold values 

determined during binarization was compared by using the image contour algorithm.  

The result of this study showed that, when performing binarization, Otsu’s Method 

does not always provide an optimal condition for edge detection and that, in binarization 

of images with strong contrast, the relationship between the set threshold value and edge 

detection result is especially sensitive. 

Pixel - based computation for morphological image processing has advantages such as 

fast computation and low capacity, but it has a limitation that it does not reach human 's 

cognitive level. 

In future research, we intend to approach the perception level of human through deep 

data based deep learning method as a method to detect and recognize a specific pattern in 

order to distinguish the community from the geological image taken by the drone. 
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