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Abstract. The conventional way for interpreting satellite imagery is the color codes that appear
on the color bar. Recent trends of image-processing show the complexity of camera
technology. The satellite imagery used for this research is obtained from the Multi-angle
Imaging SpectroRadiometer (MISR). The image processing was done using CERN-Root open
source and C++ language. The results show that vital information can be obtained via image
processing techniques.

1. Introduction

Aerosols distribution over West Africa region is unique because of the volume of anthropogenic
aerosol dispersion over the region [1]. The mathematics of aerosol dispersion has been propounded [2]
and has been verified in over sixty locations within major cities or towns in West Africa [3-8].
Researchers have used satellite imagery to discuss aerosols distribution in parts or sectional portions of
West Africa [9-10]. Image processing of satellite images according to literature relates to either
atmospheric correction of satellite images [11] or satellite image processing algorithm [12].

This article focuses on the need to focus on the re-processing of satellite imagery using open source
software to decipher additional information.

2. Methodology

The satellite imagery for West Africa regional was obtained from the NASA-MISR for the year 2013.
The raw satellite image is shown in Figure 1. The satellite image is a MOD08_D3.051 aerosol optical
depth pixel count. The properties of the images were obtained using the MAC inbuilt-library for
determining image properties. The satellite image was harvested in .gif format. The first method is to
convert the satellite image from .gif to .png file. The properties of the new image are verified using the
afore-mentioned technique.

The CERN Root open software was used to determine parameters like, 2D imagery, spectrum
imagery, intensity of image, standard deviation of individual pixels in the image, full width at half
maximum (FHWM), Mean pixel, X and Y projections. The opencv C++ library were used to obtain
the various contours that were not visible to the human eye.
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Figure 1: Satellite imagery for West Africa, 2013

In order to understand the dynamics of the atmospheric convection of the dispersion, equation (1) is
resolved in accordance to the lorentz atmospheric convection model.
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Results and Discussion

The picture properties of the raw satellite information and the changed over information is appeared
Table 1. It is seen that the new pictures enhanced the dpi (Dots Per Inch) width, dpi height, test per
pixel, pixel width and pixel height.

Table 1: Image properties

Number Parameters Old Image New Image
1 pixelWidth 700 1242

2 pixelHeight 500 646

3 typeldentifier com.compuserve.gif public.png
4 format gif png

5 dpiWidth 72.000 144.000

6 dpiHeight 72.000 144.000

7 samplesPerPixel 3 4

8 bitsPerSample 8 8

9 hasAlpha no yes

10 space RGB RGB

11 profile SRGB IEC61966-2.1 Color LCD

The pixel along the X and Y axes were plotted as shown in Figure 2. A comparative view of Figures 1
& 2 show region that is invisible to the human eye (see red arrows).

The contour location calculation was utilized to decide shapes not noticeable to the eye. The circles
are utilized to gauge the width of the shape for example since the width of the circle. The blue bolt
demonstrates the immaterial circle in light of the fact that the form inside the circle is a territorial
limit. The red bolt demonstrates the significant circle that contains forms that can't be spotted by the
human eye (Figure 3). 40% of the circles really indicate the valuable forms while about 60% just
identifies with limit lines. The sizes of the circle can be estimated and the given areas inside the circle
can be explored for more data. The 3D picture (Figure 4) demonstrates the connection between the
inferred grids of the picture.
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Figure 2: Matrix plot of X and Y dimension

Figure3: Contour detection of satellite image

The red arrow corresponds to locations under intense influence of the Sahara dust (Figure 4). The
purple arrow shows locations on Figure 1 that have mechanisms of dousing the influence of Sahara
dust via wind convection or rainfall patterns [3-4]). Figures 5 and 6 show the X and Y projections of
Figure 1. The X-projection relates the X-segment of the satellite picture in extent of pixels along the x-
pivot of Figure 1. For instance, on the pixel 150 and 200, the X-segment of the absolute pixels is most
elevated over Nigeria, Chad and so forth. Likewise, two (165 and 190) was most extreme which
obviously demonstrates that there is higher mist concentrates scattering along these focuses.
Additionally, considering the Y-Projection of Figure 1 for example the greatness of pixels along the y-
hub, it very well may be seen that the pixel achieves its most extreme qualities over 170. This further
certifies the overwhelming impact of the Sahara along the upper pieces of Figure 1.
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Figure 4: 3D setting of satellite image
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Figure 5: X-projection of satellite image

The spectrum analysis of the satellite image (Figure 1) is shown in Figure 7. The spectrum analysis
shows the vertical profile and turbulence of aerosols. The aerosols activities i.e. dispersion,
distribution and loading are illustrated by the colour-mix represented. For example, the red arrow
shows the influence of Sahara on the given locations. The vertical profiles (green arrow) show that
aerosols forms layers within the atmosphere. The purple arrow shows the distribution of other
anthropogenic pollution source.

To understand the parametric dynamics of aerosol loading over Nouakchott, the Lorentz form
expressed in equations (5-7) will be used because it is notable for having chaotic solutions for certain
parameter values and initial conditions. The particulate velocities were considered in three coordinates
i.e. X, y and z. The initial conditions are given as 1 m/s for each coordinates. Three cases were
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considered i.e. plume condition during ascension, uniform motion and deposition. Table 2 show the
plume ascension condition. It is observed that the velocities of the particulates decrease within travel
time. However, the particulate velocity in the x-direction diminishes faster than the other velocities at
about 1.8 times. When the plume is in a uniform motion, the particulate velocity in the x-direction
diminishes faster than the other velocities at about 1.6 times. The particulate velocities in the y and z
directions were noticed to be almost the same during aerosol loading at uniform motion. During
deposition (Table 4), the particulates in the y-direction decrease exponentially into the negative. This
behaviour rightly describes the unpredictability of atmospheric aerosols deposition in large-scale
events.

Y-Projection
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Figure 7: The spectrum analysis of the satellite image
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Table 2: Dynamics of particulate velocities along specific coordinates during plume ascension

When particulates move-up
Vx=0.8, Vy=0.8, Vz=1.5, P=10, S=8/3
t(s) Dx/Dt Dy/Dt Dz/Dt
0 1 1 1
0.1 0.607954 1.0294 1.17037
0.213228 0.421761 0.978745 1.20083
0.326457 0.321511 0.86811 1.05589
0.44633 0.254731 0.729429 0.831077
0.575517 0.205643 0.589425 0.615282
0.716873 0.167138 0.463323 0.443491
0.87404 0.135513 0.356561 0.316299
1.05231 0.108627 0.268906 0.223891
1.26136 0.0850238 0.197408 0.156027
1.4854 0.0661078 0.145029 0.110329
1.71975 0.0512069 0.107198 0.0793292
1.9541 0.0398788 0.0805066 0.0584295
2.19989 0.0308041 0.0603951 0.0431974
2.44568 0.0238655 0.045759 0.032384
2.69147 0.0185304 0.0349288 0.024527
2.93727 0.0144117 0.0268122 0.018718
3.18306 0.0112226 0.0206698 0.0143665
3.42885 0.00874759 0.0159867 0.0110743
3.67464 0.0068235 0.0123956 0.00856469
3.92043 0.00532569 0.00962968 0.0066405
4.16623 0.00415852 0.0074921 0.00515861
4.41202 0.00324828 0.00583574 0.00401341
4.65781 0.00253797 0.00454964 0.00312607
4.9036 0.00198341 0.00354945 0.0024371
5.14939 0.00155027 0.00277063 0.00190131
5.39518 0.00121189 0.00216362 0.00148411
5.64098 0.000947455 | 0.00169015 0.00115895
5.88677 0.000740781 | 0.00132063 | 0.000905331
6.13256 0.000579225 | 0.00103211 | 0.000707395
6.37835 0.000452925 | 0.000806742 | 0.000552845
6.62414 0.000354178 | 0.000630665 | 0.000432129
6.86993 0.000276968 | 0.000493065 | 0.000337813
7.11573 0.000216595 | 0.000385516 | 0.000264108
7.36152 0.000169385 | 0.000301443 | 0.000206499
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7.60731 0.000132466 | 0.000235715 | 0.000161466
7.8531 0.000103596 | 0.000184326 | 0.000126259
8.09889 8.10183e-05 | 0.000144144 | 9.87329e-05
8.34469 6.33617e-05 | 0.000112724 | 7.72098e-05
8.59048 4.95533e-05 | 8.81545e-05 | 6.03798e-05
8.83627 3.87543e-05 6.8941e-05 4.72193e-05
9.08206 3.03088e-05 | 5.39157e-05 | 3.69277e-05
9.32785 2.37039%e-05 | 4.21654e-05 | 2.88795e-05
9.57364 1.85383e-05 | 3.29762e-05 | 2.25856e-05
9.81944 1.44984e-05 | 2.57897e-05 | 1.76634e-05
10 1.21032e-05 2.1529e-05 1.47452e-05

Table 3: Dynamics of particulate velocities along specific coordinates during plume uniform motion

When particulates uniformly
Vx=0.8, Vy=0.8, Vz=0.8, P=10, S=8/3
t(s) Dx/Dt Dy/Dt Dz/Dt
0 1 1 1

0.1 0.676254 1.09086 1.09086

0.231059 0.47831 1.12783 1.12783

0.362117 0.369642 1.06904 1.06904

0.502941 0.2949 0.937669 0.937669

0.653936 0.239252 0.774504 0.774504

0.818304 0.194903 0.612804 0.612804

1.00037 0.157832 0.469781 0.469781

1.20741 0.125656 0.349869 0.349869

1.42809 0.0993402 0.259367 0.259367

1.66051 0.0779591 0.192385 0.192385

1.90165 0.0608256 0.143268 0.143268

2.14278 0.0475552 0.108008 0.108008
2.39232 0.0369137 0.0814334 0.0814334
2.64187 0.0286812 0.0618733 0.0618733
2.89141 0.0222999 0.0472877 0.0472877
3.14096 0.017347 0.0363019 0.0363019
3.3905 0.0134992 0.0279632 0.0279632

3.64005 0.0105078 0.021596 0.021596

3.88959 0.00818111 0.016712 0.016712
4.13914 0.00637066 0.0129525 0.0129525
4.38868 0.0049615 0.0100506 0.0100506
4.63823 0.00386442 0.00780605 0.00780605
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4.88777 0.00301016 0.00606707 0.00606707
5.13732 0.00234488 0.00471809 0.00471809
5.38686 0.00182673 0.00367062 0.00367062
5.6364 0.00142312 0.00285665 0.00285665
5.88595 0.00110872 0.00222375 0.00222375
6.13549 0.000863797 | 0.00173142 0.00173142
6.38504 0.000672991 0.0013483 0.0013483
6.63458 0.000524339 | 0.00105009 0.00105009
6.88413 0.000408527 | 0.000817909 | 0.000817909
7.13367 0.000318297 | 0.000637112 | 0.000637112
7.38322 0.000247997 | 0.000496309 | 0.000496309
7.63276 0.000193225 | 0.000386641 | 0.000386641
7.88231 0.00015055 | 0.000301216 | 0.000301216
8.13185 0.000117301 | 0.000234672 | 0.000234672
8.3814 9.13946e-05 | 0.000182832 | 0.000182832
8.63094 7.12102e-05 | 0.000142446 | 0.000142446
8.88049 5.54835e-05 | 0.000110983 | 0.000110983
9.13003 4.32301e-05 | 8.64697e-05 | 8.64697e-05
9.37958 3.36829e-05 | 6.73715e-05 | 6.73715e-05
9.62912 2.62441e-05 | 5.24917e-05 | 5.24917e-05
9.87867 2.04482e-05 | 4.08985e-05 | 4.08985e-05
10 1.81118e-05 | 3.62252e-05 | 3.62252e-05

doi:10.1088/1742-6596/1299/1/012043

Table 4. Dynamics of particulate velocities along specific coordinates during plume deposition

When particulates uniformly
Vx=0.8, Vy=0.8, Vz=0.2, P=10, S=8/3
t(s) Dx/Dt Dy/Dt Dz/Dt
0 1 1 1

0.1 0.631079 1.60889 1.01599
0.221816 0.444675 4.20314 1.00428
0.343633 0.346784 -12.512 0.963795
0.465449 0.284886 -2.87007 0.902982
0.587266 0.241142 -1.72187 0.830492
0.721537 0.204895 -1.23813 0.745557
0.865749 0.174566 -0.970896 0.655697
1.02075 0.148441 -0.795453 0.565875
1.18742 0.125516 -0.666194 0.47992
1.36678 0.105199 -0.562662 0.400365
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1.55994 0.0871609 -0.474765 0.328696
1.76774 0.0712423 -0.39751 0.265653
1.9904 0.0573857 -0.32875 0.21149
2.22684 0.0455747 -0.267966 0.166115
247442 0.035768 -0.215367 0.12911
2.72201 0.028044 -0.172267 0.100433
2.9696 0.0219692 -0.137183 0.0781818
3.21719 0.017198 -0.108826 0.0608973
3.46477 0.0134552 -0.0860525 0.047457
3.71236 0.0105221 -0.0678656 0.0369973
3.95995 0.0082254 -0.0534086 0.0288516
4.20754 0.00642813 -0.0419597 0.0225048
4.45512 0.00502242 -0.0329205 0.0175574
4.70271 0.00392342 -0.0258009 0.0136996
4.9503 0.00306447 -0.020204 0.0106907
5.19788 0.00239331 -0.0158107 0.00834342
5.44547 0.00186898 -0.0123663 0.00651195
5.69306 0.00145943 -0.0096683 0.00508278
5.94065 0.00113956 -0.00755652 0.00396744
6.18823 0.000889764 -0.00590452 0.00309694
6.43582 0.000694701 -0.00461278 0.00241751
6.68341 0.000542389 -0.00360308 0.00188717
6.931 0.000423462 -0.00281406 0.0014732
7.17858 0.000330607 -0.00219762 0.00115005
7.42617 0.00025811 -0.00171609 | 0.000897791
7.67376 0.000201508 -0.00133999 | 0.000700871
7.92135 0.000157318 -0.00104627 | 0.000547146
8.16893 0.000122818 | -0.000816908 | 0.00042714
8.41652 9.58831e-05 | -0.000637807 | 0.000333456
8.66411 7.48551e-05 | -0.000497962 | 0.000260321
8.9117 5.84386e-05 | -0.000388773 | 0.000203226
9.15928 4.56223e-05 | -0.000303522 | 0.000158654
9.40687 3.56167e-05 | -0.000236963 | 0.000123858
9.65446 2.78055e-05 | -0.000184998 | 9.66932e-05
2.17073e-05 | -0.000144428 | 7.54864e-05
10 1.96818e-05 | -0.000130952 | 6.84426e-05

10
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3. Conclusion

From the image processing techniques used, much information can be extracted from satellite
imagery. The vertical profiles of a satellite image can be roughly estimated. The types of aerosols
present can be obtained i.e. region influenced by dust and region influenced by anthropogenic sources.
The X and Y projections of the satellite imagery matrix can be obtained to investigate maximum and
minimum points of satellite image. Also, the image-processing algorithm presents in clear terms to
what extent some particular aerosols e.g. dust can be controlled over an area. Special regions that are
not visible to the human eye can be obtained and measured inform of contours. Hence, this technique
presents a more logical way of analyzing satellite imagery.
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