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Figure 2. Images of oil and gas wells made 
by the Sentinel-2 satellite in natural (a) and 
short-wave infrared (b) colors

Figure 1. Environmental control of forest plantations in Koncha-Zaspa near Kiev

Figure 4. Algorithm for solving the problem of local contrasting in 
shadows

Figure 3. High-resolution image for the city of Chicago 
(4409x1985x3, three RGB channels)
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To assess the contrast over the entire field of the digital image, we 
use the dimensionless normalized index:

where        is the standard deviation:

where DK, Dсереднє are the pixel value at the point and on average 
for the image.
To assess local contrast, a dimensionless normalized index is also 
used:

where G is the maximum possible number of gradations for the bit 
depth that is used, e.g., 256 for 8 bit per pixel /colour;
and  are the maximum and minimum values of image pixels. 
An option is selected for which KL → max.
For the image (Fig.3), we obtain the statistical data (Fig. 5) and the 
coefficients: KSR=0,372; KSG=0,322; KSB=0,251, KS=0,315
After the linear contrasting procedure, we get a new image (Fig.6) 
and have new statistical results (Figure 5 a). The coefficients 
KSR=0,633; KSG = 0,562; KSB = 0,448, KS = 0,548.  The overall 
contrast has improved, but some of the objects are still in the 
shadow.
The individual areas of the object (for example, car park, in the 
upper right corner, which is overlapped by the shadow of houses), 
we will smooth out with the 11x11 aperture low-pass filter. Then we 
select the training samples (ROI). Then we sequentially carry out 
controlled classification by the method of parallelepiped (Figure 
6 a), post-classification by the method of clamping of classes in 
ENVI, where it is called "Classification into a vector" (Figure 6 b). 
We get a vector mask, which is superimposed on the object (Figure 
6 c) and the actual mask image (Figure 6 d). The resulting image 
(Figure 6 e) allows us to assert an increase in contrast in the 
shadows and has made it possible to observe more details, although 
the definition of the image has decreased.

Figure 6. Algorithm for solving the problem of local contrasting in 
shadows
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Fig. 5. Statistics of baseline image (a) and linearly contrasted image (b)
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Figure 7. Transformation of a part of an image: a) controlled 
classification by the parallelepiped method; b) postclassification by the 
method of clamping of classes; c) image with a superimposed vector 
mask; d) mask image; e) the resulting image

Recommendations and conclusions. For high-quality image 
contrasting, the use of the general contrast ratio KS is proved to be 
quite effective. 
An algorithm has been developed as well as a technology for solving 
the problem of increasing local contrasts in the shadow in aerospace 
images.
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