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STATIC LINEAR MODEL OF IMAGE PROCESSING BY A LASER MONITOR 

T.S. Bondareva
1
, M.L. Gromov

1
, S.N. Torgaev

1
, and M.V. Trigub

2
 

1
Tomsk State University, 36 Lenin Ave., 634050 Tomsk, Russia, tbon07@mail.ru, gromov@mail.tsu.ru, 

torgaev@mail.tsu.ru; 
2
Institute of Atmospheric Optics SB RAS, 1 Zuev Sq., 634055 Tomsk, Russia, trigub@tpu.ru 

The object of the study is a laser monitor (LM) [1]. Due to the peculiarities of the functioning, the LM creates 

images in which objects are not evenly illuminated. The unevenness of illumination is not static: it changes from frame 

to frame. This feature of the LM makes it hard to use algorithms for automatic image and video processing [2]. To 

overcome this problem, it is necessary to create a model of image processing by the LM. The model will allow to solve 

an inverse problem: to restore the original images from the images obtained using the LM. The original image is the 

image that would have been obtained if the LM was perfect, without uneven illumination of the object. When building a 

model, we consider the LM as a kind of device (“black box”), which distorts an image sent to it. It is assumed that the 

image is initially formed by some ideal LM, and then this ideal image is distorted by the real LM. Then the ideal image 

is the input signal of the real LM, and the resulting image is the LM response. That is, the model under construction is a 

model of image processing by the LM. At the current stage of our work, we decided to limit ourselves to the simplest 

model. We do not to take into account nonlinear effects (in particular, the saturation effect when an input image reaches 

certain brightness), the effects of image blurring (for example, due to the diffraction) and instabilities of the LM 

parameters. In this case time dependency of the model under construction can be omitted, the input and output images 

are described by brightness functions (g(x, y) and f(x, y) respectively), and the image processing by the LM can be 

described by the following formula: f(x, y) = k(x, y) g(x, y) + b(x, y), where k(x, y) and b(x, y) are the desired parameters 

of the model. We decided to get these parameters empirically using the classical approach: we send known input signals 

g(x, y) to the LM, get the response f(x, y) and then solve equations k(x, y) and b(x, y). To do so, we conducted a series of 

experiments. In experiments, in order to get rid of the time dependency of the model parameters, several images of the 

same scene were shot in a row, and then these images were averaged. In the first experiment there was no object placed 

in front of the LM (no input signal). In this case g(x, y)  0 and the resulting image (the LM response) is exactly b(x, y). 

In the second experiment, a white sheet of paper was used as an object. Then g(x, y)  1, where I is a constant, equal to 

the maximum possible intensity of a point (most common value is I = 255). Since b(x, y) was already known, we could 

calculate k(x, y). In order to verify the obtained model, a monochromatic object was placed in the area of the LM. The 

image obtained using the LM was compared with the image calculated using the model. The comparison showed a 

qualitative coincidence of the results. The obtained linear static model of image processing by the laser monitor was 

found to be satisfactory. 

In the future, we plan to take into account the nonlinear characteristics and temporal instabilities of LM 

parameters. 
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