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Abstract. The method of adaptive nonlinear matching of dynamic ranges 

of radar signal and imaging device is proposed. The method is intended for 

use in the onboard remote sensing complexes during formation of radar 

images of the earth's surface. The method is aimed at increasing the 

visibility of small objects on the background of the underlying surface in 

order to simplify the procedures for their detection and identification. The 

computational complexity of the proposed algorithm makes it possible to 

use it in real time. 

1 Introduction  

Traditionally, the basis of onboard helicopter optoelectronic systems designed to support 

search and rescue operations are optical sensors of different spectral ranges. This is due to 

fact that it is the optical images of the objects of surrounding reality are most convenient for 

human visual perception. Recently, the most popular are tri-band optoelectronic systems, 

which include cameras of the visible range of the spectrum, as well as cameras of the short-

wave and long-wave infrared ranges. The main drawback of optical systems is the 

significant influence of light and weather conditions on the quality of the generated images. 

Thus, in the dark, the visibility range of optical sensors is reduced. In addition, the presence 

of high-intensity precipitation significantly impairs separation of objects of interest even in 

infrared images. The complexes of search and rescue operations [1], designed to work in 

difficult climatic zones (such as the Arctic region) are subject to  all-weather and all-season 

requirements. Therefore, the use of exclusively optical sensors in their composition is 

insufficient for the effective solution of the tasks. To overcome these shortcomings together 

with optical cameras, sensors of other spectral ranges, including radar, are introduced into 

such complexes. 
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2 Imaging device and radar signal: dynamic ranges matching 
problem 

Radar cross-section (RSC) is the quantitative parameter that most determines the 

appearance of any object of the surrounding reality on the radar image.  The greater RSC, 

the greater the amplitude of the electromagnetic wave reflected from the object and 

received by the radar antenna. RSC value of objects, the size of which is comparable to the 

resolution of the radar, determines their brightness against the background of the underlying 

surface. The appearance of large-size extended objects on the radar image is determined by 

the peculiarities of the spatial distribution of the RSC of its constituent elements. 

However, the visibility of any item of the radar image is determined not only by local 

difference between the RSC of its own and the surrounding background, but also by the 

global distribution of the RSC of all objects within the radar field of view during forming 

the image. This is due to the significant difference in the range of RSC’s of items of the 

observed scene with the dynamic range of the imaging device. Thus, the RSC of objects 

that may be interesting for radar detection and recognition may vary in tens, hundreds or 

even thousands of times. However, the dynamic range of a typical digital imaging device 

for monochrome video is usually limited to 256 degrees of brightness. At the same time, in 

the conditions of search and rescue operations, it is extremely important to display a radar 

image so that all these objects have a sufficient level of local contrast and can be 

distinguished by a human eye. 

The solution of this problem is due to the need to compress the dynamic range of the 

received radar signal and its coordination with a fixed range of the monitor. The traditional 

approach is a statistical method based on the calculation of the mean μ and standard 

deviation σ of the radar signal, followed by the coordination to the interval: 

(μ-3σ; μ+3σ )           (1) 

with the range of the visualization device according to the linear law. Radar images formed with 

the statistical method of dynamic ranges matching are convenient for human visual perception. 

However, there are difficulties in distinguishing small-sized locally contrasting items, if the 

radar survey area includes object that have RSC several orders of magnitude larger.  

To overcome these difficulties the nonlinear methods of dynamic ranges matching can 

be used. The most common are the logarithmic and power transformation, as well as the 

Retinex algorithm [2]. Logarithmic transformation establishes the relationship between the 

output So and input Si value of the amplitude of the received signal at each point of the 

image with indexes i,j by law: 

Soi,j = N log(Sii,j)/ log(Simax)         (2) 

where N is an avaliable number of degrees of brightness, and Simax is maximal amplitude of 

the signal received during radar image formation. Power transformation converts the input 

signal to the output image according to the expression:  

Soi,j = N (Sii,j / Simax)
γ          (3) 

where γ is a gamma parameter, which typically takes the value of 2.2. 

Retinex algorithm is a vision model based on a simplified simulation of the biological 

structure of the visual tract of animals. The main advantage of the Retinex model is the 

mechanism of dynamic compression of image lighting, which allows to register bright and 

darkened areas of the image that are lost during the transition from the natural dynamic 

range to a fixed range of image representation in the computer. The compression takes 

place according to the formula: 
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Soi,j = log(Sii,j) – log(Sii,j * Gi,j)         (4) 

where * is the convolution operation,  Gi,j  – the smoothing Gaussian function. 

The above-described methods of dynamic range compression help to increase the 

distinguishability of individual details in poorly lit areas of images by increasing the level 

of their local contrast. However, when they are used in relation to the processing of radar 

images, a negative effect is also observed, which manifests itself in the brightest areas of 

the image. It is expressed in the loss of extended objects their spatial RSC’s distribution and 

their merger into large illuminated spots.  

3 Synthesis of the new method for dynamic ranges adaptive 

matching  

The methods described in the previous chapter are not able to provide an acceptable result 

when processing radar images of the Earth's surface. However, it can be achieved by 

combining them and adapting to the features of such images. In this case, the algorithm that 

provides the desired result must fit the following requirements: 

 The application of the algorithm should increase the distinguishability of small 

items, locally contrasting against the background of the underlying surface; 

 The application of the algorithm should not significantly worsen the local contrast 

within large extended objects with distributed RSC; 

 The brightness of the resulting image of objects with a small RSC should not exceed 

the brightness of objects with a significantly larger RSC; 

 According to the radar theory [3, 4], the histogram of the resulting image must 

comply with the Rayleigh distribution law. 

The proposed method is based on the Retinex algorithm, which is due to its sensitivity 

to the characteristics of the local neighborhoods of each image area and providing the best 

result with increasing the visual distinguishability of small-size radio-contrast objects 

among all the nonlinear methods discussed in chapter 2. The Retinex algorithm is modified 

and combined with the logarithmic method in such a way as to neutralize the effect of 

deterioration of local contrast in bright areas of the image and counteract the decrease in the 

brightness of objects with large RSC. This allows them not to merge into large bright 

"spots" and increases their visibility on the surrounding background. The conversion of the 

received radar signal is carried out in accordance with the expression: 

 Soi,j = Sii,j ∙ log(Sii,j) / (Sii,j * G i,j)        (5) 

To make the histogram of the formed radar image as close as possible to the Rayleigh 

view, we present the result obtained at step (5) to the range (0; 3∙σr): 

σr = 2∙ ṁ 2/π           (6) 

where ṁ is the estimation of mean of Soi,j. 

Figure 1 shows the radar image obtained by a traditional statistical approach to the 

coordination of the dynamic ranges of the received signal and the imaging device, and 

figure 2 demonstrated the image obtained using the proposed algorithm. It can be seen from 

the images that the application of the developed method contributed to a significant 

increase in the distinguishability of small objects on the background of the water surface 

while maintaining an acceptable level of local contrast throughout the entire image. 
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Fig. 1. Radar image of the earth’s surface before non-linear processing. 

 

Fig. 2. Radar image of the earth’s surface after non-linear processing. 

4 Conclusion 

This paper proposes the method of radar image formation, focused on providing the high 
level of visual distinguishability of objects that may have significantly different RSC. The 
method implements adaptive dynamic range matching of radar signal and imaging device, 
which is a combination of different types of nonlinear processing. The application of the 
method helps to increase the distinguishability of small-sized radio-contrast elements, while 
maintaining the level of local contrast within large extended objects and providing the 
formation of images with the brightness distribution characteristic of radar pictures. The 
computational complexity of the algorithm makes it possible to implement it as part of the 
software of embedded onboard calculators used in avionics.  
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