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In the present work, it is proposed to use the DOS (Dark Object Subtraction)
method to calculate the spatial distribution of the spectral brightness coefficient
(SBC) on the surface of Mars using satellite images. This method is used to
account for the effect of atmospheric haze on the surface of the planet SBC.

1. INTRODUCTION

Since the end of the 20th century, interplanetary stations have greatly ex-
panded our knowledge about the planet of Mars. Currently, the study of Mars is
an important part of space research programs [1].

The purpose of this research is to collect scientific data on the current condi-
tions of Mars. Studies of the red planet are necessary for a better understanding
of the past and possible future of the Earth [1,2].

In the last decade a number of artificial satellites conducted multispectral
shooting the surface of Mars [1,|3]. They were repeatedly measured passive re-
flected solar radiation from the surface of Mars.

An important informative parameter for remote sensing (RS) of the planet’s
surface is its SBK [2,4]. Currently, the DOS method is being successfully used
to estimate the SBK of the earth’s surface from satellites. Dark object substrac-
tion is a radiometric correction technique for satellite imagery. The dark object
subtraction model (DOS) developed by Chavez 1998 5] is applied for the earth’s
atmospheric correction of the satellite data.

The objectives of this work were to examine the applicability of the DOS
method to estimate the distribution of SBC surface of Mars using satellite im-
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ages. This method is one of the most common radio metric correction techniques
used for remotely sensed data of earth’s surface. In accordance with this method,
it is assumed that some of the atmospheric effects such as reflection can be re-
moved by finding the darkest pixels in an image and subtracting their values from
all other pixels.

2. DETERMINATION OF SBC BY DOS METHOD

The relationship between the at-satellite radiance and the surface reflectance
for lambertian surface reflectance approximation, can be described as [41/6]:

Lsat = Lhaze + FiTPO/ﬂ' (1)

where 44 is the at-satellite radiance (in W- m=2 - sr~! -mkm(—l), is the path

“2.sr~1.mkm™1), is the irradiance received at the surface (in

radiance (in W- m
W- m~2-mkm™!), T is the atmospheric transmittance from the target toward
the sensor of satellite and pg is the surface reflectance.

The incoming irradiance at the Earth surface
Fi = E + Egown (2)

where Eg,., is the downwelling diffuse irradiance and E is the beam irradiance,
E = EyuoTy, where Ty the atmospheric transmittance in the illumination direc-
tion, po = cos(fp)and 6y is the solar zenith angle, Ey = po - Esan/7 - 1% is the
exoatmospheric solar constant; Fyg, is the mean solar exoatmospheric irradiances,
r is the mean distance of Mars from the Sun in astronomical units.

From Eq. (1), we get for SBC

p= W(Lsat - Lhaze)/T(EO/LOTG + Edown) (3)

Due to the atmospheric scattering effects, the dark object is not absolutely dark.
Assuming 1% surface reflectance for the dark objects. In accordance with DOS,
the Lpqze radiation in (1) can be written as [5]:

Lhaze = me — L1% (4)

where Ly, is the radiance value of the identified darkest within-scene object
(spectral radiation for a 1% dark object), L1% is a reflection of a dark object, it
is agsumed that it has a reflection coefficient of 0.01.

Conversion of luminance valuesEstimates of Lg, in (1) and, accordingly,
the estimates of pin (3) are determined by the conversion of the original (raw DN)
pixel brightness values into radiation values in absolute units |5, 6].

L — L
Lsat = s s (DNcal - Qcal mzn) + Lmzn (5)
Qcal max Qcal min
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where: Ly - spectral radiation, which came on the satellite sensor; D N, - pixel
brightness values of raw geoimage; Qcql min - the minimum possible pixel value of
image; @Qcal maz- the maximum possible pixel value geoimage; Ly~ the minimum
value of the spectral radiation for a particular satellite sensor for a particular im-
age; Lmar - the maximum value of the spectral radiation for a particular satellite
sensor for a particular image.

3. RESULTS AND DISCUSSION

Currently, various modifications of the DOS method are used for remotely
Earth remote investigation. For the application of this method in the exploration
of Mars, we use DOS2(COST) technique.

Examples of the results of calculations of the SBC distributions from images
of the surface of Mars in Figll] and 2] and the shooting parameters in the table
are shown in ﬁg and 4] In the calculations used matlab software package . In

Table 1. Parameters of shooting images in fig. [I]and 2} [31[7].

Parameters
Lxmin, W - m_2'L)\ mazs W+ m_2'Qcal min|@cal maz Exsan to | r, a.u. (at the minimum
srl-mkm™! | sr—1-mkm™! W - m~2 mkm-1 approximation distance)
-5.0 95.4 256 1 1969.000 0 1.38

fig[T] and fig 3] the images from NASA’s Mars Odyssey shows part of Arena Colles
(fig[l) and polar ise of Mars (fig3)).

Fig. 1. 1.Image of mars. Mission: from NASA's Mars Odyssey (2001), Addition Date
for 2019-07-15, Instrument: THEMIS.
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Fig. 2. The distribution of the SBC of the underlying surface, calculated from the
satellite image from fig. 1.

Figure [I] clearly seen sharp outlines of light and shadows on the surface of
Mars. Accordingly, as can be seen from Fig. [2 this leads to a strong difference
in the distribution of SBC in the gorges, lowlands, shadow and illuminated parts
of the surface of Mars.

The value of SBC is the smallest in the gorges and the greatest in the lighted
part of the mountain peaks. This distinction occurs more than 5 times.

In fig. 3|lighter areas result in high SBC distributions (fig. . And here we
see a strong contrast of SBC distributions.

Fig. 3. Image of mars. Mission: from NASA's Mars Odyssey (2001), Addition Date
for 9-03-15,Instrument: THEMIS.

This can be caused by the polluting action of strong dust storms occurring on
the surface of Mars. On the example of Figures 2] and [, it can be seen that the
SBC calculations using the DOS method make it possible to clearly distinguish
the difference in the reflecting properties of the Mars surface.
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Fig. 4. The distribution of the SBC of the underlying surface, calculated from the
satellite image from fig. 4.

REFERENCES

1. Society, National Geographic (2009-10-15). "Mars Exploration, Mars Rovers In-
formation, Facts, News, Photos — National Geographic". National Geographic.
Retrieved 2016-03-04.

2. GIS (geographic information system) https://www.nationalgeographic.org/encyclopedia/
geographic-information-system-gis/

3. Photojournal. NASA / Jet Propulsion Laboratory (2019).
https://photojournal.jpl.nasa.gov /spacecraft /2001%2BMars%2BOdyssey).

4. Ismailov F.I. Atmospheric aerosol. (R..: LAP Lambert Academic Publishing, 2019),
p.288 (In Russian).

5. Chavez, P. S. (1996). Image-based atmospheric correction—revisited and improved.
Photogrammetric Engineering and Remote Sensing, 62(9), 1025 — 1036.

6. Conghe Song, Curtis E. Woodcock, Karen C. Seto, Mary Pax Lenney, and Scott
A. Macomber. Classification and Change Detection Using Landsat TM Data:
When and How to Correct Atmospheric Effects? REMOTE SENS. ENVIRON.
75, 230-244 (2001).

7. Archinal, B. A., Sides, S., Weller, L., Cushing, G., Titus, T., Kirk, R. L.,
Soderblom, L. A., and Duxbury, T. C., (2005). "Model Development and Test-
ing for THEMIS Controlled Mars Mosaics," (Proceedings of the 36th Lunar and
Planetary Science Conference, 2005 March 14-18, Houston, Texas), abstract no.
2052.

8. MathWorks, Image Processing Toolbox™ User’s Guide, The MathWorks, Natick,
MA, USA 2013.

146



	20 Ismayilov.pdf
	USING THE DOS METHOD FOR CALCULATING THE SPECTRAL BRIGHTNES COEFFICIENT OF THE SURFACE OF MARSIsmailov F. I.
	References


