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An efficient and low-cost atmospheric correction technique is becoming more and 

more necessary as the fields requiring remote sensing imagery grow. Certain 

techniques rely on measurements taken on-site, while others rely merely on the 

image; the latter requires less resources and time. For atmospheric correction, one of 

the most widely used techniques is the Dark Object Subtraction (DOS). In this 

study, Landsat-8 and Sentinel-2 data are subjected to the DOS and cosine of the 

solar zenith correction COST algorithm under varying atmospheric circumstances 

(July and December). Four distinct land cover classes (water, vegetation, desert, and 

urban) are used to categorize the data. The corrected DOS scenes are compared 

using both qualitative and quantitative analysis to the Level 2A of each satellite, as 

well as to the outcomes of QUick Atmospheric Correction (QUAC) in the case of 

Landsat-8 and Sentinel-2 Correction (Sen2Cor) results. As the Sentinel-2 DOS 

demonstrates good results in the vegetation and water scene, the results demonstrate 

the effectiveness of the DOS in the case of Landsat-8 for the vegetation, water, and 

urban scenes. But because there were no dark objects in the desert environment, the 

results were unsatisfactory, especially in clear weather for both satellites. 
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1. Introduction 

. Remote sensing is all about acquiring images of the 

earth by recording the reading of the satellite sensors 

which is the reflected sun light from the object of 

interest. This process produces a satellite image that 

can be used in many fields such as: Geology[1, 2], 

Oceanography[3], Agriculture[4, 5], Geothermal 

mapping[6], Environmental monitoring[7, 8] and 

many others. The reading from these sensors is 

delivered as a raw image of Digital Number (DN) as 

in the case of Landsat-8 or as top of atmospheric 

reflectance as in the case of the Sentinel-2 which 

doesn't express the true value of the surface 

reflectance. As the sun light has crossed a long 

journey from the sun to the object and from the 

object to the satellite sensor, the energy from the sun 

light scattered and absorbed by the atmosphere. The 

atmosphere affects the image in two ways; the first is 

scattering and the second is absorption[9] . The 

scattering effect of the atmosphere is reradiating part 

of the energy to other directions because of the 

interaction of the radiation with the air molecules 

causing the energy to scatter to other directions not 

along the path of the incident radiation[10]. This 

depends on the shapes, sizes and the materials of the 
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air particles and also the sun zenith angle [11]. The 

absorption is mainly that the energy is being 

absorbed by the air molecules. Ozone, carbon 

dioxide, and water vapor are the main constituents 

that absorb energy depending on the time and the 

location. This effect depends on the wavelength of 

the energy[12] . 99% of the ultraviolet (UV) energy 

is absorbed by ozone [13]. The visible region of the 

spectrum is not highly affected by absorption of the 

energy. Water vapor (H2O) and carbon dioxide 

(CO2) molecules are the two main constituents that 

affect the absorption of the infrared radiation[13]. 

Most of the radiation is absorbed in the far infrared 

region[14]. So to perform the atmospheric correction 

process there are some factors to be taken into 

consideration such as position of the sun, 

temperature, humidity and whether the sky is clear or 

contains large molecular structure such as fog, smoke 

or haze. To eliminate these effects an atmospheric 

correction algorithm is used. Some atmospheric 

correction algorithms, such as radiative transfer codes 

(RTC), require in-site measurements at the time the 

image was taken, while others, such as (DOS), are 

entirely dependent on the scene, making it simpler 

and less expensive. The RTC category is based on 

complex theoretical modeling of the atmospheric 

absorption and scattering caused by water vapors, 

aerosols and gases. Information about the atmosphere 

conditions in the time the image was taken is needed 

to perform the calculation. Examples of (RTC) are 

LOWTRAN[15], MODTRAN[16, 17], HITRAN, 5S 

and 6S[18]. Meanwhile, image-based methods need 

no in-person or weather data since the correction is 

completely based on the scene itself. As a result, this 

method is less expensive than the first. Example of 

algorithms that uses this method are empirical line 

(EL)[19-21] and (DOS)[22]. In this paper DOS will 

be demonstrated in details and applied on Landsat-8 

and Sentinel-2 data. The DOS algorithm is presented 

by Chavez in 1988[22]. In 1992 the DOS algorithm 

was compared with low-altitude aircraft-based 

measurements and showed acceptable results[23]. 

Chavez improved DOS in 1996 [24] to include more 

than just removing the haze effect, but also the zenith 

angle effect and the Rayleigh effect, as a result of 

which a new algorithm, DOS2 or COST, was 

presented. In 2005 Wu used the COST algorithm on 

QuickBird data and compared it with ground based 

measurements and it produced acceptable results in 

the visible bands and bad results in the NIR band 

[20]. In 2014 DOS was compared with other 

atmospheric correction algorithms in urban coastal 

environment which shows that DOS is a good choice 

for water scenes[21]. In 2015 a study compared DOS 

to other atmospheric correction algorithms in highly 

turbid sediment-loaded tropic lake, showed that DOS 

was overestimating the ground reflectance[25]. In 

2016 DOS algorithm was used on Landsat-8 data and 

found that it made more appropriate spectral pattern 

in water body, soil and vegetation[26]. In 2016 it was 

used on Hyperspectral Imager for the Coastal Ocean 

(HICO) along with FLAASH the result showed that 

FLAASH produce better result although DOS is 

easier and doesn’t need complex parameters[27]. In 

2017 it was used on Sentinel-2 data the result showed 

that the DOS algorithm easy to use and doesn’t have 

high computational demand[28]. In 2018 it was used 

on ALOS AVNIR-2 image data the result showed 

that the DOS algorithm is more effective and 

efficient than more robust atmospheric correction 

method[29]. In 2018 it was applied to GaoFen-1 Wild 

Field Camera (GF-1 WFV1) data under hazy 

condition which gave fair results[30]. In 2019 DOS 

applied on the same images from Landsat-8 and 

Sentinel-2 and the results showed strong correlation 

between the two images[31].In 2020 three distinct 

atmospheric correction techniques: two physical 

techniques (FLAASH and ATCOR) and one image-

based technique (DOS) used for estimating Landsat 

OLI data over arid and semi-arid regions. The results 

have demonstrated the image-based method DOS1's 

significant accuracy in reducing the atmospheric 

effects of the OLI image. The method's results are 

nearly identical to those of the physical atmospheric 

correction method and exhibit good conformity with 

the ground measurements[32]. According to the 

findings of a study conducted in 2023 on a few 

atmospheric correction algorithms (6S, FLAASH, 

DOS, LaSRC, and Sen2Cor), the DOS method 

achieved the highest producer's accuracy (PA) and 

user's accuracy (UA), yielding 100% of both[33]. 

This study aimed to (1) verify the DOS analysis 

performance of Landsat-8 and Sentinel 2. (2) make a 

good knowledge of the impact of the DOS on scenes 

with uniform and unique land cover. (3) Perform a 

qualitative and quantitative analysis of the DOS 

results and compare them to level 2A of the same 

scene, as well as another atmospheric correction 

algorithm, QUAC in the case of Landsat-8, and 

Sen2Cor in the case of Sentinel-2. QUAC is A semi 

empirical algorithm for multi and hyperspectral 

imagery that perform atmospheric correction based 

on the information contained within the scene[34, 

35]. 

The structure was organized as follows. Section 2 

introduced data and analytical methods. Section 3 

analyzed DOS verification, spatiotemporal 

distributions and, the sensitivities of composed DOS 

components to Atmospheric variables were further 
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discussed in Section 3. Finally, conclusions were 

provided in Section 4 

2. MATERIALS AND METHOD 

2.1. Data Collection 

The areas chosen for the experiment are the area 

of Port Said and Cairo in Egypt. Subsets were taken 

from scenes in two different dates 3 July, 2019with 

clear atmosphere and 10 December, 2019 with 

cloudy atmosphere, and in different land cover 

characteristics. The first 

subset is water with depth not more than 30m, the 

second is vegetation, the third is desert and the forth 

is urban. Landsat-8 satellite data with the first 7 

bands[36] and Sentinel-2 satellite data with 12 

bands[37] were used in this analysis. The original 

scenes are showed in Figure 1. 

Water  Vegetation  Desert  Urban  

    
(a) 

    
(b) 

    
(c) 

    
(d) 

Fig. 1. The original scenes used in the study: (a) Landsat-8 in 3 July 2019; (b) Landsat-8 in 10 December 2019; (c) Sentinel-2 in 3 July 2019; 

(d) Sentinel-2 in 10 December 2019. 

2.2. Dark Object Subtraction (DOS)  

The dark object subtraction method in its simplest 

form involves subtracting a constant value from the 

entire image assuming a uniform haze distribution all 

over the scene[ [22]. This constant value is derived 

from the fact that there is a high probability that some 

pixels in every image are equal to zero, since there 

are some spots in the scene in complete shadows due 

to topography or cloud cover; these pixels should be 

zero, but due to atmospheric scattering, they have 

values[29], and if this value is subtracted from the 

entire scene, the haze effect will be removed. In 

thispaper, the objective is to convert the satellite 

digital numbers (DN) values to ground reflectance or 

absolute surface reflectance as follows: 

1- Convert the DN to at-satellite radiance 

which known as the upwelling radiation at top of the 

atmosphere. This is done by removing the gain and 

offset caused by the imaging system with the 

following equation: 

Lsat=(DN-Offset)/Gain (1)  

Where Lsat is the at-satellite radiance, DN is the 

digital number in the given pixel offset and gain is 
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the offset and gain of the specific band being 

corrected and can be obtained from the metadata file 

that comes with the Landsat-8 scene After that. 

2- The at-satellite radiance converted to surface 

reflectance by eliminating the solar and atmospheric 

effect. The general equation as presented by Moran 

1992[23] is:  

Ref=
             

                         
 (2)  

Where Ref is spectral reflectance of the surface Lhaze 

is Upwelling atmospheric spectral radiance scattered 

(W m
-2

 sr
-1

 μm
-1

) i.e. the path radiance. Atmospheric 

transmittance along the path from the ground to the 

sensor is referred as TAUV. Eo is Solar spectral 

irradiance on a surface perpendicular to the sun's rays 

outside the atmosphere (W m
-2

 μm
-1

). The angle of 

incidence of direct solar flux onto the Earth's surface 

is denoted by TZ (solar zenith angle, Thetaz). 

Atmospheric transmittance along the journey from 

the sun to the ground surface is referred to as TAUZ. . 

Due to dispersed solar flux in the atmosphere, Edown 

is Downwelling spectral irradiance at the surface 

(Wm
-2

 μm
-1

). 

From this general model two algorithms are driven 

by making different simplifying assumptions that are 

going to eliminate some certain effects. 

Assumed parameter of DOS TAUV=1.0, TAUZ =1.0, 

Edown=0.0 and Lhaze is derived from the image using 

the dark object algorithm, by this the scene will be 

corrected for spectral band solar irradiance, the solar 

zenith angle and also correct the scattering 

component of the path radiance. In the case of COST, 

assume parameter is improved by adding term to 

correct for atmospheric transmittance. TAUZ is 

approximated by cos(θz) where θz is the solar zenith 

angle for bands from 1 to 5 and unity for bands 6,7, 

with TAUV=1.0, Edown=0.0 and Lhaze as DOS 

3-  The last step of the algorithm is to calculate 

the Lhaze value from the scene; this is done by 

assuming a 1 % minimum reflectance, which is based 

on the fact that there are very few fully black objects 

on the planet. 

The resulted image goes through a series of analysis 

procedure to evaluate the algorithm. Frist, compute 

the Mean Square Error (MSE) by eq. (3) which 

indicates the average of correctly identified images to 

the total number of correctly and non-correctly 

images with the reference input. The following 

equation provides a formula for calculation of the 

MSE: 

 

MSE=
 

  
∑ ∑          

  
     

 
      (3) 

Where n, m is the number of the rows and columns of 

the image. The resulted image is referred as E while 

the original is O. 

Second, there are spectral curves, which are diagrams 

of an object's spectral response at different 

wavelengths of the electromagnetic spectrum. 

Finally, the visual inspection of the image. 

2.3. proposed Method 

The methodology used in the proposed procedure 

varies depending on the form of initial data, since 

Landsat-8 data is in DN format, it must first be 

translated to top of atmospheric radiance, while 

Sentinel-2 data is already in top of atmospheric 

reflectance format. The scenes are selected to 

highlight a specific aspect, such as the water scene, 

which focuses solely on the water surface and same 

for the vegetation, desert and urban. 

The Landsat-8 data is going through the algorithm 

from step one and as noticed in Figure 2 the dark DN 

of the image is calculated and then go through the 

same as the entire image. The Landsat-8 image is 

also corrected by QUAC which was performed by 

ENVI 5.3. The DOS and QUAC results are compared 

to the level 2A of the same scenes. 

As for level 1C of Sentinel-2; it provides an ortho-

rectified top-of-atmosphere reflectance image[38]. 

The sentinel-2 data is processed using the algorithm 

from step 3 by finding Lhaze directly and subtracted 

from the scene. The Sentinel-2 data is also corrected 

by Sen2Cor algorithm. It’s based on 

Atmospheric/Topographic Correction algorithm 

(ATCOR)[28]and built upon lookup tables from a 

radiance transfer model (LibRadtran)[39] and scene 

classification. Basically it is a processor that 

performs atmospheric corrections on Top-of-

Atmosphere Level 1C input data for Sentinel-2 to 

generate bottom of atmosphere or Level 2A 

product[40]. These results are also compared to the 

Level 2A of the same scenes. 
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Fig. 2. the proposed workflow 

 

3. Results and Discussion 

3.1. The landsat-8 results 

From figure 3 the results of DOS and COST are very 

similar except for the vegetation and urban scene in 

the hazy weather, the COST beaks around the NIR 

band. DOS and COST gave error not exceeding 1% 

except in the desert scenes in both hazy and clear 

weather conditions while QUAC gave smaller error 

in the desert scene with clear weather only. From the 

spectrum curves figure 4 DOS and COST are very 

close to the Level 2A while the QUAC looks drifting 

so much far from the level 2A. In the desert scenes it 

looks that DOS and COST over estimated the error 

and QUAC is closer to Level 2A in clear weather, the 

desert scene in clear weather gave a high error as 

there is no good object can be considered as dark 

target but on the other hand in the hazy scene the 

error reduced as the scene contained cloud shadows 

which considered a good dark target. It is noticed that 

most of the MSE graphs shows a peak at the NIR that 

is because in both vegetation and desert reflects high 

amount of energy in the NIR band that make the 

scene very bright and the dark target fewer in the 

other hand the water absorbs a large amount of 

energy in the NIR band that makes the scene much 

darker so no beak in the MSE. In figure 5 the visual 

inspection shows that both DOS and COST keep the 

details of the image and don't cause distortions but 

overestimate the error especially in the water scene 

and clear weather desert scene. 
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Fig. 3. the mean square error of the Landsat-8 compared to the Level 2A data 

Fig. 4. The reflectance spectrum curve for the Landsat-8 data (Level 2A, DOS, COST, QUAC) 
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QUAC   DOS COST  L2A 

(a) 

    
QUAC   DOS COST  L2A 

(b) 

    
QUAC   DOS COST  L2A 

(c) 

    
QUAC   DOS COST  L2A 

(d) 

    
QUAC   DOS COST  L2A 

(e) 
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QUAC   DOS COST  L2A 

(f) 

    
QUAC   DOS COST  L2A 

(g) 

    
QUAC   DOS COST  L2A 

(h) 

Fig. 5. the resulted landsat-8 scene from DOS, COST, QUAC, Level 2A: ( (a) Water scene, (b) Vegetation scene, (c) Desert scene, and (d) Urban 

scene in 3 July 2019) ; ( (e) Water scene, (f) Vegetation scene, (g) Desert scene, and (h) Urban scene in 10 December 2019) 

       

3.2. the Sentinel-2 results  

Sentinel-2 results as might have been noted, the B10 

is never computed because it lacks surface 

information and is only used to detect cirrus. From 

Figure 6 It's worth noting that the DOS result has a 

far higher error than Sen2Cor, but it's not more than 

1% except in the desert scenes where the error 

exceeding 25% in the clear weather and 60% in the 

hazy weather. The lower error value for DOS is in the 

water scenes with error not exceeding 3*10-3 in clear 

weather and 8*10-3 in hazy weather. The Sentinel-2 

findings, like the Landsat-8 results, show a peak at 

the NIR (B9) in most MSE graphs. This is because 

both vegetation and desert represent a large amount 

of energy in the NIR band, making the scene very 

bright and the dark target less, while water consumes 

a large amount of energy in the NIR band, making 

the scene much darker and therefore no beak in the 

MSE graph. From the spectrum curves Figure 7 it’s 

clear that Sen2Cor is very close to the Level 2A 

where DOS go close to them in the vegetation scenes 

and the urban scene in clear weather while drifts so 

much far in the desert scene. In Figure 8 visual 

inspection reveals that DOS preserves image 

information and does not cause distortions, but it 

tends to overestimate the error. 
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Fig 6: Mean square error of the Sentinel-2 compared to the Level 2A data 

 

 
Fig 7: the reflectance spectrum curve for the Sentinel-2 data (DOS, Sen2Cor, Level 2A) 
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4. conclusion  

This section demonstrates the effectiveness of the 

proposed workflow on Landsat-8 and Sentinel-2. The 

performance of the proposed atmospheric correction 

workflow was evaluated in terms overall accuracy 

(OA) which is the ratio of a sum of correctly 

identified pixels to the number of total pixels  

 , The images shown in Figure 5 and Figure 8 are true 

color images combined of the bands blue, green and 

red (band2, band 3 and band 4), respectively. The 

results are compared by calculating the mean square 

error MSE between the corrected image and the 

Level 2A image, comparing the spectrum curve of 

each scene and by visual inspection.  
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