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 The problem with the acquisition of satellite imagery in the tropics, 

especially in the area around the equator is that it is almost covered by 

clouds throughout the year. Users need cloud cover information and the 

possibility of obtaining cloudless satellite images before they get the data. 

An overview of the availability of cloud coverage distribution, especially those 

presented in a spatial format, was very beneficial and increased efficiency for 

users to select image data in the area of interest (AoI). This study aimed to 

develop a cloud removal, so-called blended cloud removal (BCR) model, 

which was applied in a part of West Java Province. The data used for this 

study were 33 images of quick looks at high-resolution satellite images of 

the 2013-2015 period that could be obtained free of charge on the website. 

The results showed that the distribution of efficiency was that AoI-1 

obtained 99.67% efficiency of cloud removal image, AoI-2 was 76.51%, and 

AoI-3 obtained 98.34%. These three AoI locations have an average 

efficiency of 91.50%. As a result, there was substantial evidence that fewer 

than 10% of cloud cover remains after cloud removal. This suggests that by 

using the BCR model, a considerable change in cloud cover for the AoI 

location might be obtained, meeting the Geospatial Information Agency’s 

standards. 
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1. INTRODUCTION 

Basic spatial information on a large scale is one of the most needed variables in supporting regional 

development. The requirement for large-scale mapping for the entire territory of Indonesia to support 

regional development is highly urgent and essential. Therefore, accelerating the provision of large-scale 

geospatial data is very important for better spatial planning and regional development. The main challenges 

to resolving large-scale geospatial data are limited resources, particularly financial resources, and a lack of 

time for terrestrial measurements in the field. The presence of satellite imagery, however, can help to solve 

these problems. Measurements using satellite imagery can accelerate the completion of essential geospatial 

data generation. In addition, the use of satellite imagery is also cheaper than field measurements for an 

extensive area. However, the main problem that is often encountered in satellite image procurement is cloud 

cover [1]. In many locations in Indonesia, particularly around the equatorial areas, the availability of cloud-free 

optical satellite imagery is relatively low. The availability of cloud-free optical satellite images for a location 

in the area is rather challenging because the most of the available optical satellite images are cloud-covered. 

https://creativecommons.org/licenses/by-sa/4.0/
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Even though the need for remote sensing satellite data for areas around the equator is quite high because the 

developments in that area are also quite developed. 

One reason is that the area around the equator is almost covered by clouds throughout the year. 

Equatorial regions receive more solar irradiance than other parts of the world, causing a band of low pressure 

to form across the equatorial regions known as the intertropical convergence zone (ITCZ). The oceans cover 

a large portion of the equatorial area, and solar irradiance causes massive amounts of evapotranspiration over 

these oceans. However, the humidity level in the equatorial air is high because warm weather has a higher 

humidity capacity. When air currents from surrounding high-pressure regions blow toward the ITCZ, they 

bring vast amounts of humidity into the ITCZ, and this wet air rises into the ITCZ and forms cumulonimbus 

clouds [2]. Satellite images that meet the specified requirements are large-scale images with a cloud cover 

of 10% per scene. In terms of limited satellite image data, the cloud cover maybe 10% of the area of interest 

(AoI). But cloud cover must not cover essential objects such as social facilities, public facilities, government 

offices, industrial areas [3]. 

The requirement for the use of satellite imagery to support regional development is getting higher [4]. 

This is in line with the more accessible and more affordable access to obtain remote sensing satellite data. 

Several models for minimizing cloud coverage in satellite images to meet the requirements for data quality or 

image map requirements have been developed [4]. The pixel-based model has been developed by the 

University of Maryland team in collaboration with the Australian National Carbon Accounting System 

(NCAS) team and the Indonesia National Carbon Accounting System (INCAS) team [5], [6]. The tile-based 

model has been developed by R. D. Dimyati et al. with the Indonesia Aeronautics and Space Agency (LAPAN) 

and Gadjah Mada University team. The model was created to meet the requirements of medium-scale digital 

data analysis as well as advanced digital classification [4].  

Many experts [7]-[15] have developed cloud removal models for large-scale satellite imagery. 

Li et al. [16] investigated a thick cloud removal method based on the stepwise radiometric adjustment and 

residual correction (SRARC). The SRARC is aimed at effectively removing the clouds in high-resolution 

images for the generation of high-quality and spatially contiguous urban geographical maps. These models, 

on the other hand, are for pre-processing purposes in subsequent digital analysis. To aid the efficacy and 

efficiency of subsequent processes, early information is required, specifically before the researcher acquires 

satellite data that will be used in future processing to determine the potential of cloud coverage. Techniques 

for presenting information more quickly at the start are not generally used.  

Cloud cover information for each scene is needed, especially for compliance with existing 

regulatory requirements and also for determining the final quality of the image map to be processed. 

This means that users can not rely on various digitally developed cloud removal models [17], which are only 

processed after the satellite image order is obtained by the user. Users need cloud cover information in each 

scene and certainty of compliance with regulatory requirements [3] cloud cover in each scene before the data 

is ordered for analysis. Digital processing indeed provides higher accuracy in cloud removal, but the process 

is intended for purposes once the satellite image data has been obtained by the user. Meanwhile, the speed 

and certainty of information regarding cloud cover requirements are essential for users before the digital 

analysis process [18]-[20]. 

Recently, the government has been encouraging the acceleration of the completion of large-scale 

base maps through the participation of stakeholders in the geospatial data industry with the same references 

and standards. Efforts to accelerate the provision of large-scale basic geospatial information need to be 

carried out in earnest because it has been more than 50 years since the existence of this data has not yet filled 

half of the territory of Indonesia. However, the need for its use is increasing and is eagerly awaited. To 

regulate this, the Geospatial Information Agency issued the regulation of the head of the geospatial 

information agency No. 1 of 2020. The regulation governs the standards for collecting basic geospatial data 

for the manufacture of large-scale base maps using drones and non-metric cameras. The availability of a base 

map is essential because it is used as a reference in making thematic maps. 

This study develops a model of cloud removal for satellite images. A cloud removal based on the 

approach of multi-temporal satellite images is proposed. The basic idea of this approach is to detect cloud 

and cloud shadows by using the difference in reflectance values between clear pixels and cloud and cloud 

shadow contaminated pixels. A cloud removal model is a blended approach in which the process of removing 

clouds and their shadows from satellite imagery is software-based and involves numerous steps. At a location 

covered by clouds and shadows, it will later be patched with zero cloud imagery from a multi-temporal 

image. The model of cloud removal for satellite images will be used by the user in planning and selecting the 

scene to be ordered. The model is also able to describe the condition of the cloud-covered area in the period 

required by satellite imagery users. This study aims to develop a cloud removal model using blended 

techniques with software, in the case of using a quick look at high-resolution satellite images, which can be 

obtained free of charge on the website for a part of West Java [21]. 
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2. RESEARCH METHOD  

2.1.  Materials 

The data for the development of the cloud removal model was used from Worldview-2 and 

Worldview-3 of the high-resolution satellite (HRS) quick look image, with 20 meters of resolution Table 1 

and Table 2. The study area was a part of Bekasi, Karawang, Purwakarta, and Bogor (AoI-1), the northern 

part of Cianjur, the eastern part of Sukabumi (AoI-2), and the Southern part of Cianjur (AoI-3) regions in the 

West Java Province. The data for the study area was obtained from Maxar Technology [22], in the period of 

2013-2015. The data covers three AoI. The area of AoI-1 was 2387.7 km2, AoI-2 was 911.01 km2, and AoI-3 

was 869.01 km2. The scene selection of each AoI depends on the availability of scene data in the area. 

The availability of scene data for the AoI-1 was 15 images, the AoI-2 was ten images, and the AoI-3 was 

eight images. The coverage location of the study area is shown in Figure 1. 

The software used in this research is the Global Mapper, Adobe Photoshop, and ArcGIS. The Global 

Mapper was used to re-convert image data of the "tiff" format to image data of the "tiff" format, but it has 

separate "tfw" data from the image of "tiff" that was used. The "tfw" format file is a file that contains the 

location, scale, and map rotation of the "tiff" image. The "tfw" file needs to be separated from the "tiff" 

because the image data of the "tiff" format will be edited by a raster using Adobe Photoshop. Adobe 

Photoshop is a raster editing software that’s not related to spatial functions. Adobe Photoshop was used to 

remove clouds by deleting raster data at cloud locations continuously until there was no coverage at that 

location or null. 
 

 

Table 1. Datasheet Worldview-2 satellite [23] 
Launch date 13 August 2014 

Orbit altitude 617 km 

Orbit type 
Sun-synchronous 

(10:30 am-descending orbit) 

Inclination orbit 98° 
Orbital period 97 min 

Swath (nadir) 13.4 km 

Acquisition mode Synchronous 
Re-visitation period 1.1 days (GSD 0.59 m) 

Re-visitation period (nadir) 14 days 
 

Table 2. Datasheet Worldview-3 satellite [24] 
Launch date 13 August 2014 

Orbit altitude 617 km 

Orbit type 
Sun-synchronous 

(10:30 am-descending orbit) 

Inclination orbit 98° 
Orbital period 97 min 

Swath (nadir) 13.4 km 

Acquisition mode Synchronous 
Re-visitation period 1.1 days (GSD 0.59 m) 

Re-visitation period (nadir) 14 days 
 

 
 

The process of mosaicking scenes was carried out using the Global Mapper software after the entire 

scene of the satellite image had been edited. The result of the editing by the Global Mapper was more mosaic 

image data with less cloud coverage. The final step of the process was used by ArcGIS software. This process 

was carried out to analyze the percentage of the area of remaining cloud cover in each mosaic in the AoI. 
 

2.2.  Method 

The cloud removal method was a method for removing clouds and cloud shadows in optical satellite 

images. This method is a method that eliminates the appearance of clouds by displaying image data from 

different times (multi-temporal). The principle used in the cloud removal process was overlapping and 

superimposing cloudy image data with clean image data, then localizing the cloud area and patching it with a 

clean image with the help of an algorithm formulation applied to satellite imagery. The proposed technique is 

called the blended cloud removal (BCR) model. The BCR model was a cloud masking process to replace the 

cloud cover of a satellite image in a particular scene with the original data of other scenes that are not 

covered by clouds at the same location. This BCR model was based on the approach of multi-temporal 

satellite images in the coverage of AoI, where cloud cover and shadows in satellite imagery were removed 

using software in many steps. 

The essential points that must be considered in the cloud removal process to obtain optimal results 

are [16]:  

1) The difference in image data acquisition time between cloudy and cloudless cover image data was not 

too long; 

2) The closer the period of the cloud-covered image with the fill image, the better the results; and  

3) The geometry of both image data must be the same and the appearance uniform.  

The difference in recording time in the images to be combined was significant because objects on 

the earth’s surface change very quickly. For example, the development of settlements makes land cover data 

change very quickly. If the merged images do not come from adjacent recordings, the pixel values will be 

much different. The geometry of the two images data must be the same so that when combined, particular 

objects at a location will join the object itself in the complementary image. This cloud removal process could 

be carried out after previously carrying out the map-to-map rectification or ortho-rectification process. 
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This process, based on one of the satellite image data that has been geometrically corrected, was used as a 

reference for the other satellite image data. It is intended that the object in the primary satellite image data 

does not shift when compared to the replacement satellite image data. The diagram showing the steps of the 

BCR model is shown in Figure 2. 
 

 

 
 

Figure 1. Location of the study area (AoI-1, AoI-2, and AoI-3) 
 

 

 
 

Figure 2. Algorithm of BCR model 
 

 

The algorithm of the BCR model was carried out as follows: 

1) Site selection: site selection of AoI, and identifying cloud-covered scenes in the quick look image, then 

selection of multi-temporal satellite images for the same location but different acquisition, which could 

be used to patch the cloud-covered location; 

2) Metadata processing: metadata processing is proceeded by exporting image data to the "tiff" format 

to get a separate image file in the "tiff" and "tfw" format, using Global Mapper software [25];  

3) Cloud removal: the cloud removal is done by manually erasing cloud coverage for each scene on AoI, 

using Adobe Photoshop software [26]; 

4) Masking and mosaicking: this process is executed by masking with a non-cloud image of the same area 

from a multi-temporal image. The process is then continued by mosaicking all cloud-free images in 

the AoI location, and 
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5) Finalization process: this process includes conducting a spatial analysis of the mosaic of cloud removal 

image results to calculate the remaining percentage of cloud area to comply with existing regulations 

(using ArcGis software) [27].  

The above algorithm, when formulated in mathematical form, becomes: 
 

𝐼𝐵𝐶𝑅 =  (𝐼𝑂𝑅 − 𝐼𝐶𝐶)  +  (𝐼𝑀𝑁𝐶) (1) 
 

where: IBCR is the image resulting from blended cloud removal; IOR is the original image that still has cloud 

cover; ICC is a semi-manually erased cloud cover and its shadow; and IMNC is a multi-temporal image that will 

be used to patch the ICC. By the regulations of the Geospatial Information Agency, the IBCR must meet the 

standard requirements of less than or equal to 10%. 
 

 

3. RESULTS AND DISCUSSIONS  

Based on the above algorithm, the cloud removal implementation process was carried out. The BCR 

model begins with the selection of the AoI location. The chosen image was the result of the acquisition 

between 2013 and 2015. The 33 scenes chosen show many cloud-covered images before the cloud removal 

process. To show the coverage of the study area, the 33 scenes were mosaicked, according to their AoI 

Figure 3. 

Figure 3(a) shows a mosaic of AoI-1, covering 15 satellite image scenes. From Figure 3(a), it could 

be seen that the distribution of cloud cover and its shadows were distributed in small clusters spread evenly 

throughout AoI. Figure 3(b) shows a mosaic of AoI-2, covering ten satellite image scenes. From Figure 3(b), 

it could be seen that the distribution of cloud cover and shadows was spreading across the AoI. And Figure 3(c) 

shows a mosaic of AoI-3, covering eight satellite image scenes. According to Figure 3(c), the distribution of 

cloud cover and shadows covered several areas and was clustered in specific areas at the AoI location. 

The quick look [28] of high-resolution satellite images was georeferenced. But because the cloud 

removal process would be carried out using editing software raster (Adobe Photoshop), where the software 

was not software that provides spatial related locations, it was necessary to do the "tiff" conversion. Then the 

georeferenced "tiff" and "tfw" format files were obtained. The "tfw" format file was a metadata file, which 

was a file that contained the location, scale, and map rotation of the image ("tiff" format). Because the 

location files were obtained separately, there would be no issues when editing in Adobe Photoshop. 

The contents of the information in the "tfw" format file can be seen in Figure 4. 

After converting the image and obtaining the "tfw" format file, the image can proceed with the cloud 

removal steps. Cloud removal was carried out manually using Adobe Photoshop software. Figure 5 shows a part 

of AoI-1 where the cloud cover has not been removed. After cloud removal, all scene images whose clouds had 

been removed were displayed and mosaicked using the Global Mapper software. The lowest cloud cover image 

scene that was at the same acquisition location for a different image scene or multi-temporal scene, was then 

superimposed, to obtain a cloud-free image scene or an image with low cloud cover as the result of mosaicking 

the scene image. 

Figure 6 shows the results of the final stage of the cloud removal process, which was called the image 

patching stage in a cloud-covered location with the original coverage on an image with lower cloud cover or 

cloud-free. Figure 6 shows the results of a part of AoI-1, where the cloud has been removed. The cloud removal 

procedure was applied to all of the image scenes in the AoI. In this Figure 6, the locations originally indicated 

by locations 5-A, 5-B, and 5-C have been patched with the other images shown in other temporal images. 

The new image indicated by location 6-A, location 6-B, and location 6-C shows zero cloud cover. 

The enlargement of a part of the area in Figure 5 at location 5-C was shown in Figure 7(a), the area 

before the cloud removal process. Meanwhile, the enlargement of a part of the area in Figure 6 at location 6-C 

was shown in Figure 7(b), the area after the cloud removal process. From Figure 5, it was clear that the satellite 

image was still covered by clouds. After being processed using the BCR model, the results were visible in the 

area that was originally cloud-covered. It became clear or cloud-free in Figure 6. This clearly shows the 

effectiveness and success of the BCR model in cloud removal. 

After the process of removing clouds and their shadows, then masking and cut-lining with other 

cloud-free scenes was carried out. The following step was to mosaic them with nearby scenes for the entire 

AoI. The results of the mosaic after cloud removal can be seen in Figure 8(a), Figure 8(b), and Figure 8(c). 

To determine whether the cloud cover has met the requirements of less than 10%, as a percentage of meeting 

the Geospatial Information Agency’s regulatory requirements [3], the percentage of cloud cover area has 

been calculated. Supervised classification was carried out to calculate the percentage of cloud cover area in 

the final mosaic image result. The supervised classification was carried out through a vectorization process 

and calculated geometry using ArcGis [26]. The classification was carried out in the whole area of the AoI. 

The following Table 3 was the result of the percentage of the cloud coverage area for each AoI. 
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(a) 
 

(b) 
 

(c) 
 

Figure 3. The area of mosaic from quick look of high-resolution satellite images before cloud removal 

process: (a) AoI-1, (b) AoI-2, and (c) AoI-3 
 

 

 
 

Figure 4. Image of metadata export result 
 

 

  
 

Figure 5. Satellite images as a part of AoI-1 

before cloud removal. Location 5-A was covered 

by dense cloud, location 5-C was covered by 

medium cloud, and location 5-B was covered by 

rare clouds 

 

 

Figure 6. Satellite images as a part 

of AoI-1 after cloud removal. Location 6-A 

was zero cloud coverage, location 6-C was 

zero cloud coverage, and location 6-B was 

zero cloud coverage 
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(a) 
 

(b) 
 

Figure 7. An enlargement of the image: (a) location 5-C before the cloud removal process and 

(b) location 6-C after the cloud removal process. 
 
 

   
 

(a) 
 

(b) 
 

(c) 
 

 

Figure 8. The area of mosaic from quick look of high-resolution satellite images after the cloud removal 

process: (a) AoI-1, (b) AoI-2, and (c) AoI-3 
 

 

Table 3. Area and percentage of cloud cover in AoI 
AoI Area AoI (Km2) Before cloud removal After cloud removal 

AoI-1 2387.7 km2 196.695 km2 (8.2%) 0.657 km2 (0.02 %) 

AoI-2 911.01 km2 203.933 km2 (22.4%) 47.912 km2 (5.2%) 

AoI-3 869.01 km2 65.935 km2 (7.6 %) 1.096 km2 (0.13%) 

 
 

From the analysis results in Table 3, it could be seen that the original AoI-1 was covered by clouds 

of 196,695 km2 (8.2%). The cloud cover decreased to 0.657 km2 (0.02%) after the cloud removal process was 

completed using the BCR model. The original AoI-2 was covered by clouds of 203.933 km2 (22.4%). 

The cloud cover became 47.912 km2 (5.2%) after the cloud removal process was completed using the BCR 

model. The cloud coverage was still quite broad because for several years, there were no cloud-free images in 

the AoI-2 region. The original AoI-3 was covered by clouds of 65.935 km2 (7.6%). The cloud cover was 

1.096 km2 (0.13%) after the cloud removal process was completed using the BCR model. It could be 

concluded that AoI-1 obtained 99.67% efficiency of cloud removal image, AoI-2 was 76.51%, and AoI-3 

obtained 98.34%. These three AoI’s have an average efficiency of 91.50%. Based on this analysis, it was 

discovered that all of the BCR models resulted in a cloud cover image that was less than or equal to 10% of 

the Geospatial Information Agency’s standard requirements. It could be underlined that there was a significant 

change in cloud cover for the AoI location before and after cloud removal. These results could explain how the 

BCR model could be used to assist users in ordering satellite image scenes on AoI with cloud cover close to the 

planned and by the specified cloud cover requirements. These results would further improve the efficiency of 

the analysis process on the image scene that would be used for the next stage. Information on the distribution 

of cloud cover and cloud removal efforts like this will be beneficial for users to choose a location and adjust 

their budget to procure satellite images to be used. 

Research such as cloud removal has been carried out by Li et al. [16], which was called stepwise 

radiometric adjustment and residual correction (SRARC). The concept of SRARC is that the complementary 

information in adjacent temporal satellite images can be utilized for the seamless recovery of 

cloud-contaminated areas in the target image after precise radiometric adjustment. To this end, the SRARC 

method first optimizes the given cloud mask of the target image based on superpixel segmentation, which is 

conducted to ensure that the labeled cloud boundaries go through homogeneous areas of the target image, 

to ensure a seamless reconstruction. 
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The difference between these two studies was that the research conducted by the researchers, called 

the BCR model, was mainly dedicated to the purpose of digital processing before the data was obtained by 

the users. Meanwhile, the conducted research [16] was mainly conducted for digital processing after the 

satellite image data was obtained by the users. The difference between the two studies is very clear. Research 

conducted by researchers is not carried out by other researchers.  

Xu et al. [7] conducted research on cloud removal based on sparse representation via a new 

approach, which was called multi-temporal dictionary learning (MDL). Dictionaries of the cloudy areas 

(target data) and the cloud-free areas (reference data) were learned separately in the spectral domain. 

The removal process was conducted by combining coefficients from the reference image, and the dictionary 

learned from the target image. This method could well recover data contaminated by thin and thick clouds or 

cloud shadows. Their experimental results show that the MDL method was effective in removing clouds from 

both quantitative and qualitative viewpoints. Candra et al. [8] researched cloud and cloud shadow masking 

using a multi-temporal cloud masking algorithm in tropical environments. A cloud masking approach based 

on multi-temporal satellite images was proposed. The basic idea of this approach was to detect cloud and 

cloud shadows by using the difference in reflectance values between clear pixels and cloud and cloud shadow 

contaminated pixels. Several bands of satellite images that have a big difference in values were selected for 

developing the multi-temporal cloud masking (MCM) algorithm. The results show that the MCM algorithm 

could detect clouds and cloud shadows appropriately. Moreover, qualitative and quantitative assessments 

were conducted using visual inspections and a confusion matrix, respectively, to evaluate the reliability of 

this algorithm. Comparisons between this algorithm and the quality assurance (QA) band were conducted to 

prove the reliability of the approach. The results show that MCM was better than the QA band and the 

accuracy of the results was very high. 

The three researchers mentioned above, Li et al. [16], Xu et al. [7], and Candra et al. [8], conducted 

cloud removal research for digital analysis of the process after the user owned the satellite image. In addition, 

the three of them did not use high-resolution image satellites and also did not use quick-look images. Three of 

them did not calculate the percentage of cloud cover in the study area. This was what distinguishes our research 

from the research that has been done by many previous researchers. 

By the provisions of geospatial information agency regulation No.1 of 2020, which requires that the 

cloud cover on satellites used in processing basic geospatial information be less than or equal to 10%, BCR 

could be used as a model to meet the requirements [3], [29]. This means that the BCR model could help 

accelerate the achievement and efficiency of the regulatory compliance and implementation process. 

This was consistent with previous research [4], which found that cloud removal could improve the accuracy 

of selecting input data for the analysis process. These results prove the efficiency and effectiveness of the 

BCR model in identifying and removing cloud cover from satellite images. Meanwhile, these findings 

provide a new idea for the remote sensing community, especially in the fields of cloud removal detection and 

image processing [30]. 
 
 

4. CONCLUSION  

In ordering satellite imagery, cloud cover information was essential. In addition to reflecting 

transparency in the process of providing satellite data acquisition, it will also assist users in increasing the 

efficiency of data acquisition images in AoI selection. The developed BCR model, which was applied in a part 

of the West Java Province, using quick look imagery from high-resolution satellite images that could be 

obtained free of charge on the website, has produced strong scientific evidence. This significant result was 

shown by a substantial change in cloud cover for the AoI location before and after cloud removal. 

The distribution of efficiency of cloud removal picture for AoI-1, AoI-2, and AoI-3 was 99.67%, 

76.51%, and 98.34%, respectively, using the BCR model with the case of the 2013-2015 period or 33 images 

of acquisition in AoI. The average efficiency of these three AoI’s was 91.50%. It signifies that all BCR 

models produce a cloud cover image with a value of less than or equal to 10%. 

In many cases, cloud removal models like this help users in their frustration to get cloud-free 

satellite images. The assistance will be significant, especially for areas that were always covered with clouds 

throughout the year, such as in areas around the equator. Given the importance of spatial information of 

cloud coverage over an image for users ordering satellite images, it was strongly advised to develop 

automatic applications using machine learning at a later stage.  
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