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ABSTRACT: In the concept of cracked soils, one of the important factors for determining slope stability is 

the position of cracks. The position of cracks has been successfully obtained by other study using geoelectric 

testing. The geoelectric data produces several colors that describe the conditions of the slope geometry, soil 

stratigraphy, and the position of the cracks inside the slope. In order to improve the accuracy of reading 

geoelectric data for slope stability analysis, a digital image processing technique is proposed here. This digital 

image technology is applied by means of an auxiliary program based on the graphical user interface (GUI) that 

exists inside the MATLAB m-files and utilizing the option of RGB (Red, Green, Blue) color formats. With 

this technique, geoelectric data retrieval will take place automatically, thus it can be directly used as input for 

the slope stability analysis program to determine the value of the slope safety factor. The image processing 

technique in this study is based on using a straight-line equation to detect slope geometry, soil stratigraphy, 

and the position of cracks on slopes based on the geoelectric data. The simulation results in this study provide 

sufficiently accurate values of geoelectric data retrieval, which is to reach 5.78 cm/pixel. The larger the pixel 

size of the processed slope image, the higher the accuracy of the program outcomes. The results of this study 

will be later used for input in the new slope stability analysis based on cracked soil approaches utilizing digital 

image technology. 
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1. INTRODUCTION 

 

A suggested a new method of cracked soil 

approaches for slope stability analysis had been 

suggested by Mochtar, et. al. [1-5]. Afterward, 

Alexander, Mochtar, and Utama [6-7] had 

suggested a new method of determining cracks 

inside the soil slope by using the geoelectric method, 

and the results were obtained using digital image 

technology. However, other studies are still needed, 

which mainly: (1) to connect the results of 

geoelectric measurement into the slope stability 

analysis and (2) to establish the new slope stability 

analysis using the cracked soil concept utilizing the 

digital image technology. This paper is to answer 

the first study, while the second study will be 

described in another paper in the near future. 

Geoelectric is a method of geophysical 

exploration to investigate sub-surface conditions by 

measuring the electrical properties of soil or rocks. 

The applications of geoelectric have been widely 

used in various fields of science. Some of the 

examples for the application of geoelectric on civil 

engineering field are to find out the soil and rock 

stratigraphy [8], groundwater position [9], position 

of the aquifer [10], soil and rock permeability and 

porosity [11], location of the bedrock [10], and to 

determine dimension and depth of foundation and 

other buried structures [12]. 

Geoelectric data can be applied directly, for 

example, to determine the position of the aquifer in 

the soil. However, when it comes to the need for 

further analysis such as the analysis of slope 

stability, the use of geoelectric raw data is seen as 

less practical. For example, to determine the slope 

geometry, the user must plot the data manually one 

by one; thus, the user must transfer the results of 

geoelectric data to the slope stability analysis 

program [6-7]. In addition, the results obtained by 

the manual method are deemed inaccurate and 

require a long time to transfer the raw geoelectric 

data to the slope stability analysis software. 

Therefore, innovation to improve the accuracy and 

the speed of the process of transferring geoelectric 

data to the slope stability analysis software is 

needed, namely using the digital image processing 

technology. 

In its development, image processing can be 

used to distinguish types of products because this 

technology can analyze products based on 

differences in color intensity. The ability of image 

processing technology was applied and developed 

to interpret the geoelectric test results on an earth 

slope so that the geometry, soil stratigraphy and 
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crack position inside the slope can be produced. 

Output data from geoelectric survey results are 

processed using digital image technology in the 

form of tomographic resistivity and induced 

polarization data. The tomographic resistivity, TR, 

values are obtained from measuring the potential 

differences, current strengths, and resistance at the 

geoelectric survey. The induced polarization, IP, 

values are obtained based on the time duration the 

electric current can still remain in the soil after the 

geoelectric survey is turned off. Examples of the 

results of geoelectric surveys can be seen in Figures 

1 and 2.  

In the following Figures 1 and 2, two examples 

of geoelectric data from Alexsander et.al. [6] are 

given in the form of digital image technology. The 

values of tomographic resistivity, TR, in Figure 1 

provide information that the blue color areas, in 

general, should indicate higher water concentration, 

while the red color areas indicate a lower water 

concentration, according to the color scale shown at 

the bottom of the image. Induced polarization, IP, 

values in Figure 2 inform that the red color areas 

contain some cracks, and the blue color areas are 

still quite solid (not cracked). This digital data will 

be further processed using a method to be described 

later in this paper. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 Two-dimensional Tomographic Resistivity, 

TR Results of geoelectric measurement [6] 

 

 

 

 

 

 

 

 

 

 

 

‘Fig.2 Two-dimensional Induced Polarization, IP, 

Results of geoelectric measurement [6] 

 

This research is meant to give contribution to the 

state-of-the-art of the development and application 

in the field in computational science combined with 

geotechnical and geophysical science. This research 

is also aimed to support the development of the 

concept of cracked soil [1-7, 13].  

The output from this research is manifested in a 

program based on the graphical user interface (GUI) 

using MATLAB m-file. This digital image 

processing technique facility is not yet available in 

the application or commercial program of slope 

stability analysis. It is expected that digital image 

processing techniques in this study provide a 

breakthrough in the geotechnical field, especially in 

analyzing slope stability. 

 

 

2. METHODOLOGY  

 

The image processing technique used in this 

study is image processing techniques with RGB 

(Red, Green, and Blue) color spaces. The 

geoelectric image was converted into an RGB 

matrix where the size of the matrix will be the same 

as the pixel size in the image.  Afterward, the matrix 

was further processed so that the slope geometry, 

soil layer, and areas that contain some cracks can all 

be modeled separately. The results can be carried 

out in three models, namely:  

a. Model-1, which is done to determine the slope 

geometry. The processed data are obtained from 

the tomographic resistivity, TR, data. 

b. Model-2, which is done to determine the soil 

stratigraphy. The processed data are also 

obtained from the TR data.  

c. Model-3, which is done to determine the 

position of the cracks. The processed data 

obtained from the TR and IP data. 

 

The results from the above three models will be 

used to speed up the processes of inputting data of 

the slope geometry, soil stratigraphy, and positions 

of cracks. This process of using digital image 

technology is also proven to be more accurate than 

the process of inputting data manually.  

The above method, however, up to this stage is 

still not yet satisfactory, because the techniques 

developed in this process can still not be directly 

applied on the existing programs of slope stability 

analysis (i.e. GEOSTUDIO, XSTABL, or PLAXIS).  

For this purpose, the authors are currently preparing 

a new program of slope stability analysis that will 

directly apply all the assumptions of cracked soil 

phenomena, while using the new techniques of 

inputting the digital image technology directly into 

the program. This new program, however, will be 

described in other paper in the near future. 

 

 

3. RESULTS AND DISCUSSIONS 
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In processing digital images, there are several 

color space formats such as RGB (Red, Green, 

Blue), CMYK (Cyan, Magenta, Yellow Key), HSV 

(Hue, Saturation, Value), HSL (Hue, Saturation, 

Lightness), HSB (Hue, Saturation, Brightness), and 

YUV (Y is the lumen component or brightness, U 

is the chromatic component of blue lighting, and V 

is the chromatic component of red lighting) which 

can be simply understood as the basic color that 

forms any color [14]. The image processing 

technique used in this study is of that of RGB (Red, 

Green, Blue) color space. Figure 3 is an example of 

an illustration of 8 × 8 pixels. 

 

 
 

Fig.3. Example illustration of an image having  

          8 × 8 pixels size 

An image is composed of several 8 × 8 pixels of 

colors shown in Figure 3. Then the image is 

interpreted into an RGB color space, to produce 3 

red, green, and blue matrices, which are the color 

codes that make up the image. To simplify the 

above concept, an example is given of color with a 

size of 1 × 1 pixel as follows: 

White : Red = [255], Green = [255], Blue = [255] 

Black : Red = [0], Green = [0], Blue = [0] 

Light Blue: Red = [0], Green = [175], Blue = [18]. 

From the example in Figure 3, color in RGB 

color space is composed of 3 basic color codes of 

red, green, and blue; and the size of the matrix is the 

same as the pixel size of the image. Greater color 

code values in red, green, and blue will make the 

colors tend to fade and lead to the color white, and 

vice versa. Whereas, smaller color code value will 

make the colors tend to be darker and lead to the 

color of black. If the image in Figure 3 with the size 

of 8 × 8 pixels is interpreted in an RGB color space, 

three red, green, and blue matrices are obtained with 

8 × 8 matrix sizes as follows: 

 

𝑹𝒆𝒅     =

[
 
 
 
 
 
 
 
𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟎     

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟎     𝟎     

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟎     
𝟎     𝟐𝟓𝟓

𝟐𝟓𝟓 𝟎     
𝟎     𝟎     

𝟐𝟒𝟓 𝟐𝟒𝟓
𝟐𝟒𝟓 𝟐𝟒𝟓

𝟎     𝟎     
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟎     𝟎     
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟒𝟓 𝟐𝟒𝟓
𝟐𝟒𝟓 𝟐𝟒𝟓

𝟐𝟒𝟓 𝟐𝟒𝟓
𝟐𝟒𝟓 𝟐𝟒𝟓]

 
 
 
 
 
 
 

  (1) 

𝑮𝒓𝒆𝒆𝒏 =  

[
 
 
 
 
 
 
 
𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟎     

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟎     𝟎     

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟎     
𝟎     𝟐𝟒𝟐

𝟐𝟓𝟓 𝟎     
𝟎     𝟎     

𝟏𝟑𝟒 𝟏𝟑𝟒
𝟏𝟑𝟒 𝟏𝟑𝟒

𝟎     𝟏𝟕𝟓
𝟐𝟒𝟐 𝟐𝟒𝟐

𝟏𝟕𝟓 𝟏𝟕𝟓 
𝟐𝟒𝟐 𝟐𝟒𝟐

𝟏𝟑𝟒 𝟏𝟑𝟒
𝟏𝟑𝟒 𝟏𝟑𝟒

𝟏𝟑𝟒 𝟏𝟑𝟒
𝟏𝟑𝟒 𝟏𝟑𝟒 ]

 
 
 
 
 
 
 

 (2) 

𝑩𝒍𝒖𝒆 =

[
 
 
 
 
 
 
 
𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓  𝟐𝟓𝟓  
𝟐𝟓𝟓  𝟐𝟓𝟓  

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓  𝟐𝟓𝟓  
𝟐𝟓𝟓  𝟎        

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟎     𝟎     

𝟐𝟓𝟓 𝟐𝟓𝟓
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟐𝟓𝟓 𝟏𝟖  
𝟎     𝟐𝟓𝟓

𝟐𝟓𝟓 𝟎     
𝟎     𝟎     

𝟓𝟐  𝟓𝟐  
𝟓𝟐  𝟓𝟐  

𝟏𝟖   𝟏𝟖 
𝟐𝟓𝟓 𝟐𝟓𝟓

𝟏𝟖   𝟏𝟖    
𝟐𝟓𝟓 𝟐𝟓𝟓 

𝟓𝟐   𝟓𝟐  
𝟓𝟐   𝟓𝟐  

𝟓𝟐     𝟓𝟐     
𝟓𝟐     𝟓𝟐     ]

 
 
 
 
 
 
 

 (3) 

The basis of the image processing techniques 

above will then be used to process and interpret the 

slope geoelectric test data and the results are 

described in the following sections. 

 

3.1 Model 1, Determination of Slope Geometry 

 

Slope geometry modeling can be formed from 

several points (xn, yn), and then these points are 

connected by straight lines as shown in Figure 4. 

From the modeling, a simple matrix equation model 

is obtained and shown in Equations (4) and (5).  

 

xn = [x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 ... xn]  (4)  

yn = [y1 y2 y3 y4 y5 y6 y7 y8 y9 y10 ... yn] (5)  

 

 

 
 

Fig.4 Model results of geoelectric test data and data 

input for image processing technique 

 

The stages of geoelectric data procession using 

digital image technology to obtain slope geometry 

can be arranged as a flow chart in Figure 5.  

The above stages of digital image processing in 

Figure 5 can be explained as follows: 

1. Inputting images of the geoelectric test data. At 

this stage, the length and height of the 

geoelectric image are scaled to the actual size of 

the slope in the field. 

2. Reading pixel data from the geoelectric test data 

image in RGB color space. If the example in 

Figure 3 is used, the matrix obtained is those of 

Equations (1), (2), and (3). 

3. Converting three red, green, and blue matrices 

into a greyscale matrix, as in Equations 6. 
 
[𝐺𝑟𝑒𝑦] =  0.2989 .× [𝑅𝑒𝑑] + 0.5870 .× [𝐺𝑟𝑒𝑒𝑛] +

0.1140 .× [𝐵𝑙𝑢𝑒]   [15] (6) 
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Fig.5 Flowchart to obtain slope geometry data from 

geoelectric test results 

 

The results of Equation (6) can be applied into 

Equations (1), (2), and (3) to produce a gray 

matrix as shown in Equation (7). From the 

matrix above, a comparison of changes will be 

obtained as shown in Figure 6. 

 

[
 
 
 
 
 
 
 

𝟐𝟓𝟒 𝟐𝟓𝟒
𝟐𝟓𝟒 𝟐𝟓𝟒

𝟐𝟓𝟒 𝟐𝟓𝟒
𝟐𝟓𝟒 𝟐𝟓𝟒

𝟐𝟓𝟒 𝟐𝟓𝟒
𝟐𝟓𝟒 𝟐𝟓𝟒

𝟐𝟓𝟒 𝟐𝟓𝟒
𝟐𝟓𝟒 𝟐𝟓𝟒

𝟐𝟓𝟒  𝟐𝟓𝟒  
𝟐𝟓𝟒  𝟐𝟓𝟒  

𝟐𝟓𝟒 𝟐𝟓𝟒
𝟐𝟓𝟒 𝟐𝟓𝟒

𝟐𝟓𝟒  𝟐𝟓𝟒  
𝟐𝟓𝟒  𝟎       

𝟐𝟓𝟒 𝟐𝟓𝟒
𝟎     𝟎    

     𝟐𝟓𝟒 𝟐𝟓𝟒
    𝟐𝟓𝟒 𝟐𝟓𝟒

𝟐𝟓𝟒 𝟎  
𝟎     𝟐𝟒𝟕

    𝟐𝟓𝟒 𝟎     
   𝟎     𝟎     

𝟏𝟔𝟎  𝟏𝟔𝟎   
𝟏𝟔𝟎   𝟏𝟔𝟎   

𝟎 𝟏𝟎𝟒 
𝟐𝟒𝟕 𝟐𝟒𝟕

𝟏𝟎𝟒 𝟏𝟎𝟒    
𝟐𝟒𝟕  𝟐𝟒𝟕    

𝟏𝟔𝟎    𝟏𝟔𝟎   
𝟏𝟔𝟎    𝟏𝟔𝟎   

𝟏𝟔𝟎 𝟏𝟔𝟎      
𝟏𝟔𝟎 𝟏𝟔𝟎      ]

 
 
 
 
 
 
 

(7) 

 

 
 

Fig.6 Comparison of RGB and GRAY images 

 

4. The conversion of grey matrix into the form of 

binary matrices is done via the following 

equations: 

if grey (n,n) < 1, then grey (n,n) = 0 (8) 

if grey (n,n)  1, then grey (n,n) = 1 (9)  

 

By using Equations (8) and (9) the binary matrix 

shown in Equation (10) is produced. 

 

𝑩𝒊𝒏𝒂𝒓𝒚 =

[
 
 
 
 
 
 
 
𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟎

𝟏 𝟏
𝟎 𝟎

𝟏 𝟏
𝟏 𝟏

𝟏 𝟎
𝟎 𝟏

𝟏 𝟎
𝟎 𝟎

𝟏 𝟏
𝟏 𝟏

𝟎 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏]

 
 
 
 
 
 
 

  (10) 

 

The results of the final comparison of images 

from grey to binary are shown in Figure 7. 

5. Multiplying the pixel size of the image with the 

real length and height of the slope will produce 

a pixel size that represents the actual size. In this 

example, if the actual size is 80 × 80 m, then the 

size of each pixel is 10 meters. 

 
 

Fig.7 Comparison of grey and binary images 

 

6. Retrieving data position (x,y) from the value ‘0’ 

on the binary matrix in each column and 

selecting the value ‘0’ with the top position, or 

with the position of the value (y) as the smallest 

in each column. For more details, it can be 

visualized in the Equation (11) for the selected 

value of ‘0’ marked in green. 
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𝑩𝒊𝒏𝒂𝒓𝒚 =

[
 
 
 
 
 
 
 
𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟎

𝟏 𝟏
𝟎 𝟎

𝟏 𝟏
𝟏 𝟏

𝟏 𝟎
𝟎 𝟏

𝟏 𝟎
𝟎 𝟎

𝟏 𝟏
𝟏 𝟏

𝟎 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏

𝟏 𝟏
𝟏 𝟏]

 
 
 
 
 
 
 

  (11) 

 

From Equation (11) above, the selected value of 

‘0’ is shown. The next step is to take position 

data (x, y) from the value of ‘0’ selected in the 

binary matrix. The results of the selected list of 

values of ‘0’ are shown in the following matrix 

equation: 

𝒙 =  [𝟏 𝟐 𝟑 𝟒 𝟓 𝟔 𝟕 𝟖]  (12) 

𝒚 =  [𝟖 𝟕 𝟔 𝟓 𝟓 𝟒 𝟒 𝟒]  (13) 

     Then, to conform with the x – y curve rules, 

matrix x and y needs to be converted into the 

following equations: 

xnew = x (1, n) – 1 (14) 

ynew = max pixel - y (1,n)  (15)  

where: 

n = member of the x or y of the order - n 

The matrix xnew and ynew are as follows: 

𝐱 𝐧𝒆𝒘 =  [𝟎 𝟏 𝟐 𝟑 𝟒 𝟓 𝟔 𝟕]  (16) 

𝒚 𝐧𝐞𝐰 =  [𝟎 𝟏 𝟐 𝟑 𝟑 𝟒 𝟒 𝟒] (17) 

7. Calculation of gradient values from each 

position shown in the matrix Equations (16) and 

(17) using the following equation:  

𝒎 =  
𝒚𝟐 − 𝒚𝟏

𝒙𝟐 −𝒙𝟏
         (18) 

From Equation (18) the gradient results are 

shown as shown in Equation (19): 

𝒎 = [𝟏 𝟏 𝟏 𝟎 𝟏 𝟎 𝟎]  (19) 

8. Selection of positions shown in Equation (16) 

and (17) based on matrix values in Equation (19) 

with the following conditions:  

(xchosen, ychosen) if m (n)  m (n+1) (20) 

From Equations 19 and 20, the mchosen, xchosen dan 

ychosen matrices are obtained, which are the click 

points (at this stage there is no need for all points 

(x, y) to be entered). The selection results are 

shown in the following matrix equations: 

𝒎 𝒄𝒉𝒐𝒔𝒆𝒏       =  [𝟏 𝟏 𝟎 𝟏]  (21) 

𝐱 𝐜𝐡𝐨𝐬𝐞𝐧         =  [𝟎 𝟑 𝟒 𝟓]  (22) 

𝒚 𝐜𝐡𝐨𝐬𝐞𝐧         =  [𝟎 𝟑 𝟑 𝟒]  (23) 

9. The final stage is to add the position of the last 

point of the matrix in Equations (22) and (23) 

namely xlast = 7 and y = 4 on the equations xchosen 

and ychosen thus the new matrix is selected and the 

new one is chosen as follows: 

𝐱 𝐜𝐡𝐨𝐬𝐞𝐧 𝐧𝐞𝐰 =  [𝟎 𝟑 𝟒 𝟓 𝟕] (24) 

𝒚 𝐜𝐡𝐨𝐬𝐞𝐧 𝐧𝐞𝐰 =  [𝟎 𝟑 𝟑 𝟒 𝟒] (25) 

 

After obtaining xchosen new and ychosen new, then 

plotting is done according to Equations (24) and 

(25). The plotting results can be seen in Figure 8. 

 

 
 

Fig.8 Curve plotting of the (xchosen new, ychosen new) 

 

From all the stages described above, the slope 

geometry data are automatically obtained from the 

geoelectric results and the slope geometry data in 

the form of curves and (x, y) matrices are also 

produced so that the slope stability analysis 

program can be directly executed. 

 

3.2 Model 2, Determination of Soil Stratigraphy 

 

For the determination of soil stratigraphy, the 

Tomographic Resistivity, TR, data are needed as 

seen in Figure 9. In Figure 9, several lines and a 

number on click points are drawn as the borders of 

the green and yellow areas. The click points are 

what will be used to detect differences in soil 

parameters (soil layers). These results will be 

compared to soil data from soil boring tests before 

being simulated in the soil stability program. 

Equations (4) and (5) also represent the 

modeling of soil layers in Figure (6) (written with 

(xln,yln)). The results of the simple matrix equation 

model in Figure 9 are shown in Equations (26) and 

(27). 

 

xln = [x1 x2 x3 x4 x5 x6 x7 x8 x9... xln] (26) 

yln = [y1 y2 y3 y4 y5 y6 y7 y8 y9... yln] (27) 

 

 
 

Fig.9 The data model is needed for modeling soil 

layers on slopes based on the results of TR data 

 

For modeling the soil on a slope, an algorithm 

almost like the slope geometry algorithm is used, 

which is to detect the black lines, because from each 

soil layer in the geoelectric test results one may 

choose a color gradation display with a black line as 

the separating lines. Then, the following algorithms 

are used: 
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1. Sampling data points representing the shapes of 

soil layers is done manually by using the click 

tool so that the points (x, y) of the click points 

can be known. The sampling method is 

deliberately chosen so that the determination of 

soil stratigraphy can be adjusted to the soil drill 

data.  

2. Inputting the click points (x, y) into Equations 

(28) and (29) below: 
x subsoil =  [𝑥0 𝑥1 𝑥2 𝑥3 𝑥4 𝑥5 𝑥6 𝑥7]

 (28) 
𝑦 subsoil =  [𝑦0 𝑦1 𝑦2 𝑦3 𝑦4 𝑦5 𝑦6 𝑦7]

 (29) 

3. after obtaining the xsubsoil and ysubsoil matrices, 

the matrix results can be plotted on an (x-y) 

curve with slope geometry data as in Figure 10. 

 

 

 

 

 

 

 

 

 

 

 

Fig.10 Result of soil stratigraphy determination 

 

3.3 Model 3, Determination of Crack Positions 

 

In determining areas of cracks, Tomographic 

Resistivity, TR, and Induced Polarization, IP, data 

are needed as shown in Figures 1 and 2. Both of 

those data will then be subjected into intersection 

process. Visualization of the intersection process is 

shown in Figure 11. 

 

 
 

Fig.11 The intersection process in areas of blue 

colors in TR and IP images 

 

The process to define the algorithms to retrieve 

cracks data is shown in the flowchart in Figure 12. 
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Fig. 12 Flowchart for detecting the TR and IP cracks 

data from geoelectric test results  

 

Steps to read the TR data: 

1. Inputting image data from geoelectric test 

results (Figure 1); 

2. Interpreting the image into three matrices 

(RGB); 

3. Color detection for blue intensity in the image 

for each pixel to distinguish blue color from 

other colors, so that the intensity of blue  202 

is given. To determine that the color is blue, the 

following equation is used:  

if blue (n,m)  202 (bluish intensity)  

therefore 

red (n,m), green(n,m), blue(n,m) = 255 (30) 

The results of executing Equation 30 can be seen 

in Figure 13. From Figure 13, it is shown that the 

selected zone is exclusively blue, therefore it 

means those areas have a relatively high-water 

content. 

4. Conversion of RGB into greyscale form. 

5. Detection of the intensity of the darkest grey 

color on the image for each pixel that function 

to distinguish light gray with dark gray, 

sometimes even closer to black. It aims to take a 

high-intensity grey taken as grey  200 using the 

following equation: 

if grey(n,m)  200 (greyish intensity) 

therefore 

grey(n,m) = 0    (31) 

 

 
 

Fig. 13 The results of the image data after the stage 

of blue color intensity selection 

 

6. Conversion from the grey matrices into the form 

of binary matrices, the final result is shown in 

Figure 14. 

 

 
 

Fig. 14 Final result of the image data of blue color 

selection 

 

Steps to read the IP data: 

 

1. Inputting image data from geoelectric test 

results for IP data (Figure 2);  

2. Interpreting the image into the three matrices 

(RGB); 

3. Detecting the red intensity in the image for each 

pixel that functions to distinguish the red from 

other colors, so that the highest red color 

intensity  202 is taken using the following 

equation: 

if red (n,m)  202 (reddish intensity)  

therefore 

red (n,m), green(n,m), blue(n,m) = 255 (32) 

 The results of the execution of the above 

equation can be seen in Figure 15. 

4. Conversion of RGB into greyscale form. 

5. Detection of the intensity of the darkest grey 

color on the image for each pixel that function 

to distinguish light gray with dark gray, 

sometimes even closer to black. It aims to take a 

high-intensity blue taken as grey  200 using the 

following equation: 

if grey(n,m)  200 (greyish intensity)  

therefore 

grey(n,m) = 0 (33) 
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Fig. 15 The results of the image data after the stage 

of reddish color selection 

 

6. Conversion grey matrices into binary matrices 

and the result can be shown in Figure 16. 

 

 
 

Fig. 16. The final result of the image data of red 

color detection 

 

Integration of blue colors from TR and red 

colors from IP data to find the position of cracks is 

done by the following methods. Visualization of the 

intersection process is shown in Figure 17. The 

results of cracks are the results of the intersection of 

the area between TR and IP. 

 

 
 

Fig. 17. Visualization of the intersection process 

and the result of the detected areas of cracks 

 

1. The cracks detection requirements are applied as 

shown in Equation (34) thus the results of the 

image of the crack are shown in Figure 18.  

 

Crack zone = intersection of the area between TR 

and IP. (34) 

 

2. Sampling the area of cracks in the form of matrix 

equations is done manually with a picker tool 

that is already available on the program. Thus, 

when someone clicks on a point, a coordinate 

point (x, y) will show, and the complete data can 

be entered into the cracks area Equations (35)-

(38). 

Line 1 
𝐱 𝐜 = [𝒙𝟎 𝒙𝟏 𝒙𝟐 𝒙𝟑 𝒙𝟒 𝒙𝟓 𝒙𝟔 𝒙𝟕] (35) 

𝒚 𝐜 = [𝒚𝟎 𝒚𝟏 𝒚𝟐 𝒚𝟑 𝒚𝟒 𝒚𝟓 𝒚𝟔 𝒚𝟕] (36) 

Line 2 
𝐱 𝐜 = [𝒙𝟎 𝒙𝟏 𝒙𝟐 𝒙𝟑 𝒙𝟒 𝒙𝟓 𝒙𝟔 𝒙𝟕] (37) 

𝒚 𝐜 = [𝒚𝟎 𝒚𝟏 𝒚𝟐 𝒚𝟑 𝒚𝟒 𝒚𝟓 𝒚𝟔 𝒚𝟕] (38) 

 

Furthermore, the equation data for Line 1 and 

Line 2 are obtained to draw the crack areas. The 

data can be plotted so that visualization of the crack 

area can be established. The data above are then 

processed using algorithms and image processing 

techniques described previously so that finally the 

results of the image procession from the program 

can be drawn as in Figure 19. 
 

 
Fig. 18 Detected areas of cracks 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19 The outcome of the program based on field 

data 

 

From the results of image processing above, the 

accuracy and superiority of using the digital image 

processing techniques in this study can be described 

as follows: 

1. The real size of the object of Figure 16 is 120 × 

40 meters and the image has a pixel size of 2073 

× 691 pixels. Therefore, the accuracy is 

120m/2073 px, or = 0.0578 m/pixel, or equals to 

5.78 cm/pixel. With this method, the geometry 

models, soil layers, and cracks can be 

determined in higher accuracy. This method can 

also be used to give more detailed modeling with 

accuracy reaching 5.78 cm from the results of 

the test images shown in Figure 19. 

2. The accuracy level of slope data retrieval is 

higher because data retrieval is done with a scale 

according to the size of the slope. Hence, this 

method produces results of the slope geometry 
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modeling with proportional size and in 

accordance with the size of the results of 

geoelectric test data. 

3. The existence of digital image processing 

techniques in research can also be used to detect 

the unevenness of a slope model, such as those 

given in Figure 19. 

4. Cracks detection can be done easily considering 

the conditions to get the cracked areas by super-

positioning the blue TR area and red IP area. 

This, of course, is very difficult if done without 

using the program and technique that is carried 

out in this study. 

5. In the previous method, the digital data of the 

slope cross section is obtained by drawing again 

the shape of the embankments manually, 

according to their visual coordinates. This 

process has to be done at every cross section 

needed. However, when many analyses have to 

be performed on many cross sections in a 3-

dimensional slope, the current manual process 

becomes cumbersome. The method offered in 

this study is automatical and digital so that the 

process of retrieving data is much faster. 

 

4. CONCLUSION 

 

Based on the results of the research that has been 

described above, the following conclusion is 

obtained: 

1. Determining the slope geometry, soil 

stratigraphy, and cracks positions can be done 

faster and accurate by using digital image 

technology. 

2. This digital image method can be detected up to 

5.78 cm/pixel accuracy. Therefore, the greater 

the pixel size of the geoelectric test results, the 

higher the accuracy will be obtained. 

Accordingly, the more detailed and accurate 

geometry, layer, slope and slope modeling 

results could also be obtained.  

3. The bigger the pixel size of the slope image 

processed, the accuracy level of the outcomes of 

the program will be higher. This method can also 

detect uneven slope geometries such as mounds 

or even wallows on any slope. 

4. Detection of geometry and slope layer using 

black lines found in the geometry and slope 

layers. Thus, the coordinates of the geometry 

and the slope layer can be determined. 

5. This digital image method can detect blue areas 

on TR and red areas on IP automatically. It can 

also do super-positioning the two areas so that 

the areas of cracks are obtained. This method 

will certainly be very difficult if not done using 

the digital image processing techniques as 

discussed in this study. Without this method, 

determination of the value of accuracy, scaling 

ratio, and color detection from the geoelectric 

test results data will be rather difficult and 

cumbersome. 

The process of reading geoelectric data is done 

through computational techniques so that the 

geoelectric test data can be calculated quickly and 

accurately. This method can also process slope data 

while simultaneously calculating the value of the 

slope stability in a short period of time. As a result, 

the slope stability analysis can be done faster and 

more accurately. 
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