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ABSTRACT 

Remote sensing technology is seen as a very effective and efficient way of monitoring and 

mapping the earth's surface. However, the higher the resolution possessed by remote sensing satellites, 

the more expensive the resulting data will be. Behind that, with the development of technology and 

information disclosure, now researchers can take advantage of satellite data for free from several 

websites. One site that provides satellite imagery data for free is GE. Data from GE has been widely 

used for coastal area studies, including shallow water bottom substrate mapping. With the availability 

of satellite imagery data, this study aims to map the shallow water bottom substrate using GE imagery. 

The digital image processing approach is based on a water column correction technique (Lyzenga's 

algorithm). The area of interest in this study is Biawak Island which is in Indramayu Regency, West 

Java. The results of this study obtained the value of the attenuation coefficient (ki/kj) of the band 2 and 

band 3 pairs of 1.152. Based on the results of this study, the bottom substrate of shallow waters on 

Biawak Island consists of five different substrate classes: sand, rubble, silt, dead coral, and live coral 

(biotic), with the dominant type of substrate being sand. The classification of bottom water objects in 

this study shows that GE imagery can be used to determine the bottom substrate for shallow waters. 
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1.  INTRODUCTION 

 

According to [1], Remote sensing is the science and art of obtaining information about 

objects, areas, or phenomena through the analysis of data obtained with tools without direct 

contact with the object, area, or phenomenon being studied. Remote sensing technology is seen 

as an effective and efficient way of monitoring, mapping, and analyzing information in the form 

of objects on the earth's surface [2, 3]. The data and information generated are very useful in 

various applications in various fields, from forming the basis of data-driven approaches in 

engineering, conservation, and research, to resource management [4, 5]. 

Until now, remote sensing technology has been widely used for research on coastal areas 

and marine resources [6–8]. We know that the use of satellite sensors in aquatic environments 

is very complex with a mix of signals from the atmosphere, waters, and the bottom of the waters 

[9]. However, current developments in satellite sensor technology have a good ability to detect 

various features in coastal and aquatic environments such as benthic ecosystems (coral reefs 

and seagrasses), bottom substrates, shoreline mapping, and bathymetry to seabed classification 

[10–18]. Along with the development of remote sensing technology, the types of satellites, 

sensor technology, and analysis methods used are also increasingly diverse, ranging from 

satellites that have low, and medium resolution to satellites with higher resolution [19–21]. The 

higher the resolution that is owned by the satellite, the more data, and information produced 

will be even more detailed but at a cost that is not cheap [3, 22]. However, with the development 

of more open information systems, now researchers can utilize satellite data for free from 

several application systems and websites [23, 24]. One website application that provides 

satellite imagery data and virtual globe maps for free is Google Earth (GE). 

GE's global map compared to conventional or digital maps locally or nationally has 

several advantages, including the availability of data that can be retrieved free or paid 

worldwide data coverage, and image information that is easy to access via the internet. 

Furthermore, this application can present the condition of a location virtually from various 

height levels [25, 26]. The satellites used by GE also vary, such as Quickbird, SPOT, and 

Landsat. Including GE data, also provides an advantage in mapping such a large coastal area so 

that it can be monitored quickly and continuously, even for areas that are difficult to explore. 

On this basis, the use of GE satellite imagery can be used for mapping marine resources. By 

using imagery from GE, studies related to shallow seabed mapping have previously been carried 

out by [27]. 

Mapping shallow waters are strongly influenced by the presence of a water column in the 

study area, because sunlight entering the water column decreases in intensity with increasing 

depth, or is known as the attenuation process. One way to eliminate this attenuation is using a 

water column correction using the Lyzenga algorithm. This algorithm has been widely used for 

shallow water mapping and improves the accuracy of image interpretation. Therefore this study 

aims to map the bottom substrate of shallow waters using existing satellite imagery on GE. 

 

 

2.  MATERIALS AND METHODS 

2. 1. Area of interest 

The bottom water substrate that is mapped is on Biawak Island. The island is a small 

island located in the Java Sea. Administratively, Biawak Island is included in the Indramayu 
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Regency, West Java Province which has an area of ± 120 Ha with a geographical location of 

05°55' South dan 108°22' East (Figure 1). Around the waters of this island, there are mangrove, 

seagrass, and coral reef ecosystems [42-48]. 

 

2. 2. Data and tools 

The data used in this study is in the form of images obtained from Google Earth with the 

area of interest of Biawak Island, Indramayu, West Java. To download images from GE, 

Elshayal Smart GIS software is used. This software can clarify the image obtained from GE. 

The image obtained from GE is an image from the SPOT-4 satellite with a resolution of 20 m 

in 2011. Meanwhile, the equipment used to carry out data processing to the analysis process is 

listed in Table 1 as follows: 

 

Table 1. List of data processing and analysis equipment. 

 

No. Tools Utility 

1. Computer Set Digital data processing 

2. ArcGIS 10.2.2 To process the map 

3. Elshayal Smart GIS To download images from GE. 

4. Er Mapper 7.1 For image processing 

5. Google Earth Pro As a free virtual globe map service provider. 

6. Microsoft Office To process text and tabular data 

 

 

2. 3. Method and procedures 

The approach method used in this study is the observation of satellite imagery. This study 

was conducted using several stages of approach and data analysis, namely data collection, initial 

image processing, and advanced image processing (image classification). In brief, the steps 

taken are as follows: 

 

2. 3. 1. Data collection 

Downloaded data using Elshayal Smart GIS software. This software can clarify the image 

obtained from GE. In brief, the steps to obtain good image quality from Google Earth are as 

follows: (1) Selecting an area of interest, namely Biawak Island through GE; (2) check which 

satellite was used to record the image; (3) set the height (eye altitude) of the desired area; (4) 

Adjust the position of the image by clicking the control with the up arrow, then clicking 'N' or 

north in the navigation and (5) Opening the Elshayal software to download images from GE 

and (6) Image mosaicing using the ER Mapper software. Sample snippets of image data mosaics 

obtained can be seen in Błąd! Nie można odnaleźć źródła odwołania. Usually, data recorded by s

atellite imagery requires radiometric correction [28–30] and geometric correction [31, 32], 

However, the image obtained in this process has been corrected radiometrically and 
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geometrically. The result of this image download process is in the form of image mosaics of 

Biawak Island. The number of files is 285 files divided into 57 files in .jpeg format, 57 files in 

.dbf format, 57 files in .jgw format, 57 files in .shp format, and 57 files in .shx format. The 

results of the mosaicing can be seen in Figure 3. 

 

2. 3. 2. Image transformation 

The next stage is the image transformation process. The image transformation process 

applied in this study uses a channel transformation approach, namely the depth invariant index 

or water column correction algorithm [33]. The algorithm uses band 1 and band 2. The basis 

for using band 1 and band 2 is that these two bands have good penetration into the water column 

[34]. This spectrum is then widely used to map bottom substrate types in waters (Figure 4). 

Image transformation in this study uses the Lyzenga algorithm or water column 

correction. According to Lyzenga [35], the Lyzenga algorithm can strengthen the spectral 

response of the substrate of the bottom water, because it can reduce the effects of depth, water 

movement, and turbidity to increase the acquisition of shallow water characteristic information. 

The use of the Lyzenga algorithm to determine the bottom substrate of the waters begins with 

the creation of a training area. These pixel values are later used to calculate the variance and 

covariance values used in image transformation using the Lyzenga algorithm [36, 37]. 

The process of making this training area is carried out by selecting a representative area. 

These areas are usually selected based on reference data sources such as topographical maps, 

aerial photographs, and even direct field observations [1]. In this study, 50 training areas were 

created which were spread over the image. The results of creating a training area in the ER 

Mapper software are then converted into a spreadsheet (Ms. Excel), this aims to make it easier 

to calculate the statistical variance (variance) and covariance (covariance) values of the average 

pixel value in each band used in Lyzenga's Algorithm. According to [33] The bands used for 

the Lyzenga algorithm must have good penetration in water, such as blue and red, blue and 

green spectral combinations, and red and green spectral combinations. The algorithm is as 

follows: 
 

𝑌 = ln(𝐵1) +
𝑘𝑖

𝑘𝑗
 ln(𝐵2) (1) 

 

where: 𝑌 is the image extracted from the bottom of the water; B1 is the DN of GE channel 1 

(red); B2 is the DN of GE channel 2 (green); 
𝑘𝑖

𝑘𝑗
 is the value of the attenuation coefficient, is the 

key parameter for reducing the variance of water depth of image, with the equation: 

 
𝑘𝑖

𝑘𝑗
= 𝑎 +  √𝑎2 + 1 (2) 

 

where, 
 

𝑎 =  
(𝑣𝑎𝑟𝐵1 − 𝑣𝑎𝑟𝐵2)

(2 ∗ 𝑐𝑜𝑣𝑎𝑟𝐵1 ∗ 𝐵2)
 (3) 

 

where: 𝑣𝑎𝑟 is the variance value of the DN value and 𝑐𝑜𝑣𝑎𝑟 is the coefficient of variance of 

the DN value. 
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Figure 1. Map of the location of Biawak Island as an area of interest. 
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Figure 2. Sample image snippet downloaded from GE. 

 

 
 

Figure 3. The image is the result of combining image mosaics from Google Earth. 
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(a) 

 
(b) 

 

Figure 4. Image transformation results (a) before transformation; (b) the image after being 

transformed using the Lyzenga algorithm. 

 

 

 
 

Figure 5. Image classification map of the Lyzenga algorithm based on key interpretation of 

the bottom substrate. 

 
 

2. 3. 3. Image classification 

Classification is a process of grouping the reflectance values of each object into certain 

classes so that they are easily recognized. In this study, the classification used is unsupervised 

classification with the unsupervised Iso cluster method. This technique aims to group pixels in 

an image into several classes based on the results of the algorithm used, without first 

determining the sample (training area) which will later be used by the computer as a reference 

for classification (Figure 5). 
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After the classification is completed, then reclassification is carried out using the bottom 

substrate image interpretation key. The feature used in determining the color of the Lyzenga 

transformation algorithm is the color LUT rainbow. The key to this interpretation is divided 

into seven classes based on the transformations performed by [38] Table 2. 

 

Table 2. Key to the interpretation of transformed image results. 

 

No Color Color symbol Interpretation/object 

1. Black  Land 

2. Purple and dark  Deep-sea 

3. Yellow and red  Sand 

4. Light green  Live coral 

5. Dark green  Dead coral 

6. Orange  Makro alga/sea grass 

7. Budding leaf green  Rubble and alga 

 

 

3.  RESULT AND DISCUSSION 

 

The main process in image interpretation is image classification. In classifying several 

elements such as hue or color, texture, size, pattern, association, location, shape, and 

convergence of evidence are used [1]. Image classification was carried out to determine the 

diversity and extent of the substrate in the shallow waters of Biawak Island. In this study, a 

combination of substrate classes, namely fine sand and gravel sand, was carried out to form a 

sand class, while a coral fracture sand substrate class was combined with a rubble substrate 

class. This merging is done because of the similarity of the digital values for each class so that 

there is a merging of several substrate classes into one class, and also although visual 

researchers can distinguish specific types of substrates, the implementation of images is still 

constrained by the low ability of the sensors used. to record images to separate the character of 

objects in shallow water.  

The resulting attenuation coefficient (ki/kj) of band 2 and band 3 is 1.152. In full, the 

results of image transformation statistical calculations can be seen in Table 3. After obtaining 

the ki/kj values, these values are then entered into the Lyzenga formula with the help of the ER 

Mapper software. The application of this algorithm is intended to obtain a better visual image 

of objects that are below the surface of the water. Visualization of image transformation can be 

seen in Table 4. 

According to [39] the results of the transformation of the Lyzenga algorithm can clarify 

the bottom of the shallow waters to be observed to make it easier to classify the types of 

substrates in shallow waters both in the form of biotic and abiotic components. The results of 

image classification are then calculated using ArcGIS software. The dominating substrate is 
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sand with an area of 525,338.73 m2 or about 40.71% of the total existing substrate, whereas a 

relatively smaller substrate area is a mud substrate with an area of 90,913.74 m2 or 7.05% of 

the total area, while for live coral area is 110,641.83 m2 or 8.57% of the total substrate area on 

Biawak Island (Table 4). By [40] The water column correction method (Lyzenga algorithm) 

can produce a water bottom index that is not affected by depth and significantly increases the 

accuracy of shallow water bottom substrates. This can be caused by the use of water column 

correction to eliminate attenuation by the Lyzenga algorithm. Conceptually, remote sensing is 

an ideal tool for monitoring shallow and related ecosystems. But operationally, there are many 

limitations. The operational bottleneck investigated here is the optical similarity of the spectral 

reflectance characteristics of the features in the shallow environment. For example, similar 

optical dark signals are expected for deep water, healthy coral substrates, and dark sand, so 

confusion may arise in identification. The broadband signal is insufficient to detect subtle 

differences in the spectral response expected for apparently identical features [40]. Mapping 

the types of the bottom substrate using GE imagery has a high potential for development, but 

still has weaknesses, for example in determining the area. According to [41] the higher the 

slope, the greater the error rate on the slope, and the flatter the surface, the smaller the slope. 

 

Table 3. Image transformation statistical values and coefficient ratios  

of Band 2 and Band 3 (ki/kj). 

 

Citra Varian B2 Varian B3 Covar B2.B3 a ki/kj 

GE (SPOT- 2011) 287.759 222.664 228.911 0.142 1.152 

 

 

Table 4. Area of each bottom substrate of Biawak Island shallow waters. 

 

No Bottom Substrate Class Area (m2) Percentage (%) 

1. Sand 525,338.73 40.71 

2. Mud 90,913.74 7.05 

3. Rubble 347,613.82 26.94 

4. Dead coral 215,927.64 16.73 

5. Live coral 110,641.83 8.57 

Total 1,290,435.76 100.00 

 

 

4.  CONCLUSIONS 

 

Based on the results of this study, it can be concluded that the bottom substrate of shallow 

waters on Biawak Island consists of five different bottom substrate classes namely sand, rubble, 
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silt, dead coral, and live coral (biotic), with the dominant type of substrate being a sand 

substrate. The classification of bottom water objects in this study shows that GE imagery can 

be used to determine the bottom substrate for shallow waters. In addition, GE's image 

processing by applying the Lyzenga algorithm, shallow water mapping is more effective 

because it makes it easier to interpret images. For further studies, for example, to find out the 

level of accuracy of image interpretation from GE, a field survey (ground truthing) should be 

carried out with the consequence that the image used must be relatively new with the same year 

of data collection as the year during the field survey. According to [33], to achieve the goals 

we expect, the accuracy of the map that will be used must be known, otherwise, when 

implementing the decisions we have compiled, things may not happen as we expected. 
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