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 
ABSTRACT 
 
The evaluation analysis dependingon the type of holographic 
diffraction diagram scattering reflective coating on surface 
profile mentioned period is carried out. Change tendencies of 
charts type diffractive scattering reflective coatings period of 
growth surface profile are found out. The prospects of the use 
of holographic diffraction reflective coating composed of 
laser alarm systems. Determined that the value of the value of 
the period of the surface profile of holographic diffraction 
reflective coating significantly affects the type of scattering 
diagram of these coatings. Diagrams of dispersion diffraction 
reflective coating in relative units are given. 
 
Key words :diffraction reflective coating, dispersion pattern, 
laser alarm systems, scattering chart.  
 
1. INTRODUCTION 
 
Current development trends and the widespread use of alarm 
systems are important part of the automated protection 
complex (security) of objects and approaches to them, 
necessitating the development of new and improvement of 
existing systems. This issue is especially relevant when 
solving the problem of increasing the level of protection of 
such objects from terrorist attacks and sabotage[1].In this 
respect laser alarm systems become actual for the following 
reasons[2] – [12]: 
contactless systems; 
low weight and size parameters; 
high noise immunity noiseless; 
small power consumption; 
easy installation, preparation and adjustment. 

 
 

Among the disadvantages of laser alarm systems it is 
necessary to note the presence of false positives under adverse 
conditions, reducing the environment transparency where 
laser radiation distributed. Removing this limitation 
disadvantage is ensured by multiple laser energy excess over 
the minimum threshold, necessary for the system operation, as 
and one of perspective solutions is the formation of a certain 
number of "laser barriers" in different directions. 
 
2.  LITERATURE REVIEW 
 
Technical realization of laser alarm systems provides the 
location of a laser transmitter and a photodetector at one track 
end of the laser beam spread, and the other one is light 
reflectors (in the simplest case it is mirror). In turn, the use of 
diffraction reflective coatings (DRCs) as the reflective 
element within the system allows you to focus a significant 
part of the energy of the reflected laser light in one or more 
narrow angular sectors. So is the formation of one or more 
"laser barriers". This fact is due to the fact that the DRCs are 
engaged in the energy redistribution of reflected laser light in 
space. Thus, there is a transition from uniform reflectance, 
which is described by Lambert, to significantly uneven 
distribution characteristic for the laser reflection at diffraction 
grating [2],[3], [13],[14]. 
DRCs can be characterized by different profiles and surface 
parameters (period, height profile). Various DRCs have 
significantly different scattering charts, which leads to the 
need to develop guidance on the use of specific types of DRCs 
composed of laser alarm systems intended for use in fixed 
objects[3], [15]–[21]. 
Holographic DRCs surface profile function is a harmonic 
function – cosine, technically just sell and its production does 
not require significant investment. For these reasons, 
holographic coverage of particular interest for their use in 
laser alarm systems[2], [16],[22]–[28]. 
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The purpose of the work is to assess the period impact of the 
surface profile of holographic DRCs on the chart for 
recommendations on the use of such DRCs consisting of laser 
alarm systems. 
 
3. MAIN MATERIAL 
 
To achieve this target, we consider the calculation method of 
DRCs scattering charts. 
Currently theories of solution scattering of waves in periodic 
structures (diffraction gratings) are developed sufficiently. 
The most common and well-proven experimental research in 
the field are two methods: 
the method of small perturbations; 
Kirchhoff method. 
The method of small perturbations considers optical radiation 
as adjustable electromagnetic field and based on accurate 
boundary conditions on the surface, so adequately describes 
the polarizing effects. However, its use is advisable in cases 
where the profile height of the periodic structure is quite small 
compared to the wavelength of the incident light and the 
parameters of the optical field (polarization) are known. 
Therefore the use of this method to determinate DRCs 
radiation scattering chart is not appropriate. 
Use of Kirchhoff method provides a relatively simple task 
decision of reflection (diffraction) waves on the diffraction 
grating, whose results are confirmed by research method and 
can be directly applied in practice. This method can be applied 
to surfaces with a radius of curvature greater than the 
wavelength of incident optical radiation, also restrictions 
don`t impose on the irregularities inclinations with respect to 
the surface area and polarization of optical radiation. Solution 
of the problem based on Fresnel-Kirchhoff diffraction 
equation field, which involves finding reflected from the 
diffractive optical element of the field by Fourier expression 
for the complex amplitude of the field on the surface of DRCs. 
Thus, during the assessment Kirchhoff method will be 
applied, but taking into account the profile frequency of 
holographic coating cosine structure. 
We accept that the laser wave with λ length extends towards 

 1 1 1 1i = cos ,  cos ,  cos     (Figure 1). Define the 

observation point  2 2 2cos ,  cos ,  cos ,  R   , which is 

located at a distance R surface coating that is highlighted. 
 
In this case, the calculating of one-dimensional DRCs 
scattering diagram looks like [3],[14]: 
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where fR  is reflection coefficient of coverage; 

)x(z  is function of profile surface coating height; 





2k is wave number. 

Integral to (1) sets at the area S, which is illuminated by laser 
radiation. 
Define a plane OXY length of the highlighted DWC, on the 
OX axis isD1, and along the axis ОY – D2. Then for flat 
one-dimensional DRCs expression for the back scatter chart 
is: 
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In consideration of the frequency of DRC structure (phase 
diffraction grating) and the assumption that is on the aperture 
DRCs area, highlighted by laser radiation, S fits a whole 
number of periods diffraction grating on the axis OX (ie in 
the plane OXY length of the highlighted is 

    2/d1M ,2/d1MD1  and aperture includes М+1 
grating period along the axis ОХ), expression (2) is reduced 
for appearance: 
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(3) 

 
The total number of orders that apply in the case of arbitrary 

Figure 1: Cyrillic drop of laser at reflective relief 
phase of DRCs 
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Figure 3: Profile holographic DWC 

radiation falling on DRCs (diffraction grating) is 

1
2d sin 1    

[6]. In the case of radiation fall back touches 

of DRCs at 1 2
   

 
 (Figure 2), the numberof ordersdegrees 

will be maximized for a given period of phase structure. 
The expression to calculate back coverage of scatter chart is 
simplified due to falling of optical radiation perpendicularly 

to stroke of DRCs 1 2
   

 
 and falling areas matching and 

surveillance laser radiation. For this condition in [8] the 
following expression for the chart of dispersion coating is 
obtained: 
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when s , i are angles, that define the position of 
observation points and DRCs highlighting (Figure 2). 

Expressions (3) and (4) allow to calculate the intensity of the 
reflected laser from DRCs for various profiles surface 
coating. This is possible because the intensity of the light 
emission is proportional to the square of the complex 
amplitude of the optical field [2]: 

 
),(*P),(P),(I siVsiVsiН  .            (5) 

 

Based on relations (4) and (5) in the case of normal incidence 
of laser radiation on the surface of the coating in MATHCAD 
mathematical package conduct calculation of normalized 
diagram of the spatial intensity distribution of radiation 
scattered perfectly reflective holographic DRCs, the function 
of the surface profile of which is a harmonic function – 
cosine (Figure3).  

Holographic DRCs of particular interest to solve the problem 
of security because their production has learned. 
The calculation results of holographic DRCs scattering charts 
at different parameters are shown in Figure4. 
Analysis of calculated holographic DRCs scattering 
diagrams with different period d, allow to make the following 
conclusions: 
with the growth of d period from 1 to 5 increasing number 
of diffraction maximums scattering diagrams - areas in which 
the spread of the reflected laser DRCs: from 3 to 11; 
varying the period d from 1 to 5 lead to changing the 
provisions of the diffraction maximums scattering diagrams - 
areas in which the spread on the reflected from DRCs 
laserradiation; 
the intensity of the reflected optical radiation diffraction 
maxima is different, that indicate about the uneven energy of 
reflected laser radiation in each direction; 
obtained calculations results of holographic DRCs scattering 
diagram, are analogous to holographic DRC, obtained 
experimentally [5]. 
Thus, depending on the type of object, his configuration, it is 
possible to use holographic DWC with specially calculated or 
determined parameters. 
For example, a laser alarm systems used for security in the 
narrow areas with significant length (corridors, tunnels) 
appropriate use of holographic DRCs period d=(1…2), 
which will ensure the formation 3…5 "laser barriers".  
Thus, in the central angular sector 1000 formed 1...3 "laser 
barrier".  
In turn, the use of holographic DRCs with period d = (3…5) 
is expedient in parts of laser systems, that are quite in a wide 
premises and open space, the location of possible on angles in 
controlled areas. These holographic DRCs in angular sector 
1000 will provide forming 5...9  "laser barriers".  
This number of "laser barriers" also allows in addition use 
laser alarm system: 
identifying directions of objects in different directions; 
measurement of the speed of objects movement. 

Figure 2: Fall laser perpendicular touches of 
phase DRCs 



SergeyHerasimov  et al., International Journal of Emerging Trends in Engineering Research, 8(8), August 2020, 4502 – 4507 

4505 
 

 

 
 

 
 

 
 
 

 
 

а)d=1, M=100                                                                 b)d=2, M=100 

                                 c)d=3, M=100                                                                           d)d=4, M=100 

 e)d=3, M=100 

Figure 4: Chart holographic scattering DWC in relative units 
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4. RESULTS AND DISCUSSIONS 
 
The article shows that the power of the input signal depends 
on the transparency of the atmosphere and can vary 
significantly in accordance with weather conditions. The 
developed scheme allows to isolate the useful component in a 
wide range of input signal power, even when the receiving 
part is illuminated by powerful light sources (searchlight or 
solar radiation). This ensures high noise immunity of laser 
security systems. 
The article developed proposals on the possibilities of 
expanding the list of security functions in laser signaling 
systems, namely, the implementation of the following 
functions: measuring the positions of objects (violators) and 
their movements at different distances; measuring the speed 
of movement of objects (violators); measurement (control) of 
the dimensions of objects (violators). 
Improvement of laser alarm systems in order to expand the 
list of security functions is relevant for the effective 
protection of objects. 
The work demonstrates the feasibility of holographic DWC 
using, whose production is technically just realized, in the 
laser alarm systems to improve the efficiency of these 
systems. Determined, that the value of the period of 
holographic DRCs profile surfacesignificantly affects the 
type of diagrams dispersion these coatings.  
Based on the holographic DRCs scattering diagrams 
established upward trends in the number of diffraction 
maximums scattering diagrams – directions in which the 
spread the reflected laser from DRCs and redistribution of 
energy reflected radiation in these directions. Thus, with 
increasing quantities period surface profile d from 1to 5, 
increasing the number of diffraction maximums diagrams 
scattering from 3 to 11. Thus, the growth period d by the 
amount of radiation wavelength leads to two additional 
diffraction maxima. This effect increases the sensitivity of 
laser alarm systems. 
 
5. CONCLUSIONS 
 
The study of issues of effective ensuring the safety of the 
population and industrial facilities in modern conditions is 
especially relevant in connection with the intensification of 
threats of international terrorism and man-made disasters. 
The article evaluates the period of impact of the surface 
profile of holographic DRCs on the chart for 
recommendations on the use of such DRCs consisting of 
laser alarm systems. 
This allows to form recommendations for selection of 
parameters for DRCs namely the period of the surface 
profile, as a part of laser systems for signaling different 
objects of complex configuration. 
Further research on the possibilities of using holographic 
DRCs in laser alarm systems should be directed to determine 
the effect of errors in manufacturing coating to characteristics 
DRCs. 
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