
Компьютерная оптика и нанофотоника         

IV Международная конференция и молодёжная школа «Информационные технологии и нанотехнологии» (ИТНТ-2018) 

Оptical wave fields measurement by digital holography 
methods 

M.S. Kovalev1, G.K. Krasin1, S.B. Odinokov1, A.B. Solomashenko1, Yu.V. Fedotov1 

1Bauman Moscow State Technical University, ul. Baumanskaya 2-ya, 5/1, Moscow, Russia, 
105005 

 

Abstract. The solution of a wide range of research and application problems of modern 
science and technology is connected to the measurement of the wave field of optical radiation. 
The methods of digital holography allow not only to improve the accuracy of measurements of 
optical wave field parameters, but also to increase the compactness of devices without losing 
speed. Digital holography gives a push to the development of new approaches to the 
construction of devices such as a wave front sensor. 
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1. Introduction 
The measurement of the parameters of the wave fields of optical radiation is associated with the 
solution of a large range of scientific and applied problems of modern fundamental and applied 
science [1-3]. First of all, these are tasks of precision measurements of linear and angular 
displacements [4,5], distances [6], angles, refractive indices [7], surface shapes, medium uniformity, 
film thickness, wavelength of light and gravitational waves, star sizes and many other quantities. Such 
measurements are necessary in solving problems for the diagnosis of nanostructures and in 
nanometrology. 

One of the main problems associated with solving the problem of recording the optical wave field 
is the measurement of the spatial distribution of the phase. To date, a variety of methods have been 
developed to measure and record the profile of the phase front. The most known are measurements 
based on various interferometers, sensors based on the methods of Hartmann [8] and Shaka-Hartman 
[9]. The greatest accuracy in measuring the phase of light fields was achieved by means of 
interferometric methods. However, they make it possible to measure only the phase difference of two 
coherent light beams, one of which serves as a reference beam, which substantially limits the field of 
their application. Other phasometric methods are much inferior in accuracy to interferometric and also 
do not give a satisfactory solution to the problem of recording the optical wave field. It should be 
noted that most sources of optical radiation are incoherent or partially coherent. The problem of 
measuring the parameters of an incoherent wave field is of interest. The only phaseometric method 
suitable for working with incoherent wave fields is the Hartmann method and its modifications: the 
Shack-Hartmann sensor and the Hartmann scanning sensor. 
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However, all these methods allow us only to measure the slope of the phase front of optical 
radiation. In the general case, such a description of the incoherent field is not sufficiently complete. 
Thus, the problem of developing alternative methods for measuring the phase of light fields is still of 
interest. In addition, the problem of eliminating systematic errors in recording the spatial structure of 
the intensity of optical radiation is topical. 

2. Basic calculation relations 
The development of computer technologies and modern design capacities have made logical the 
intensive development of methods for the computer synthesis of holograms. By analogy with classical 
holography, computer models for calculating Fourier, Fresnel, and loseless holograms of Fourier and 
others appeared [10]. The questions of comparing the resolution of the computer-generated holograms 
(CGH) of Fourier and Fresnel and the justification of the choice of the type of CGH are important for 
the development of various devices. In analog holography, their resolving powers can be considered 
comparable when using a high-aperture optical system (in comparison with the size of the recorded 
object) in the recording scheme of a Fourier hologram and a high-resolution photosensitive material in 
the Fresnel hologram recording scheme. 

Computer synthesis of the Fresnel hologram. The essence of obtaining such a CSG is to calculate the 
interference pattern from the reference and object waves. As an object we choose a wave that passed 
through the transparency in the form of a circular hole Ø = 2b = 100 μm, located at a distance z from the 
observation plane-the recording plane of the hologram. The reference wave is a wave with a unit 
amplitude and a phase distribution corresponding to the type of aberration being tested (according to the 
mathematical decomposition of the Zernike basis [11]). The objective wave is a wave with a spherical 
wave front. Accordingly, in the hologram plane, the phase distribution of this wave is represented as a 
classical set of Fresnel zones. As a LCG output device, a liquid crystal spatial light modulator (for 
example, a Holoeye PLUTO SLM, 1080x1920 pixels and 8 µm pixel) may be used (Figure 1). One pixel 
of LCD-PMS displays one point of the hologram and determines the resolution of the hologram. In 
accordance with this, the interference pattern recorded on the hologram should have a period of at least 4 
pixels. 

 
Figure 1. Simplifed block diagram of the verifcation experiment system. 

 
According to the above, the following parameters were chosen for the synthesis of Fresnel 

holograms: plane wave front with wavelength λ = 632.8 nm, number of samples (along the x, y axis) Nx 
= Ny = 768, distance from the diffraction plane to the observation plane z = 3 m , a sampling step in the 
image plane of 36 μm. 

When such a hologram is illuminated by a reference wave in the plane of the receiving device at a 
distance z, there will be a circular spot - the image of the transparency. The position of the spots, the 
geometric position of each of which corresponds to the effect of the WF with its type of aberration (a 
certain value) of the phase function on the CSG, form a given intensity distribution. In the case when the 
unknown wave front has distortions used in the synthesis of such a structure, then, based on the analysis 
of the intensity distribution on the photodetector device and comparison of this distribution with a 
predetermined one, one can draw a conclusion about the degree and magnitude of the distortions. To 
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distinguish aberrations during the restoration at the stage of calculating the interference pattern, the 
position of the transparency is specified with the displacement dr relative to the central point. 

Figure 2 shows the transverse profiles of Fresnel holograms for the type of "defocusing" distortion 
with amplitudes of 0.02λ and 0.04λ. The shift of the interference fringes is 72 μm and is equal to the size 
of two cells of the LC-PMS. Thus, the condition for the solvability of the two interference patterns is 
satisfied and we can make a preliminary conclusion that such structures will make it possible to 
determine the distortions of the incident wavefront to within two hundredth of a wavelength. 

 
Figure 2. Interference bands in the recording plane of the hologram (an enlarged vicinity to the right of 
the ordinate axis is shown) with the same position of the transparency (on the optical axis - without 
displacement) and a wave with the defocus type of the value a) 0,02λ; b) 0.04λ. 

Figure 3 shows the transverse profiles of Fresnel holograms, in the synthesis of which, for each 
type of aberration, the parameter of the circular aperture displacement relative to the center of the field 
dr was chosen. This approach makes it possible to distinguish images when reconstructing a hologram. 
Figure 3 illustrates that for each parameter a curve different from the others appears, which makes it 
possible to apply these interference patterns in the detection problem. The sinusoidal character of the 
curves is due to the choice of the circular aperture as the illuminated object and the mathematical 
description of the Fresnel transform via the Fresnel integrals. 

 
Figure 3. Interference bands in the recording plane of the Fresnel hologram at different position of the 
transparency and the distortion value of 0.5λ type a) defocusing (displacement of the transparency dr = 
100); b) horizontal coma (dr = 150). 

Below, in Figure 4, the type of the resulting structure is shown, as well as the reconstructed images 
using the displacement parameter dr = 0 and dr = 40. 

 



Компьютерная оптика и нанофотоника           M.S. Kovalev et al. 

IV Международная конференция и молодёжная школа «Информационные технологии и нанотехнологии» (ИТНТ-2018)         147 

3. Conclusion 
The main theoretical positions necessary for the synthesis of Fresnel holograms are considered, an 

algorithm for creating Fresnel holograms as an operating element of a holographic wavefront sensor is 
developed and implemented. In the future, experimental studies of the practical possibilities of such 
holograms are planned. The claimed accuracy in determining the aberrations at 0.02λ will in practice 
be reduced due to the presence of cross-modulation noise, as well as the problems associated with 
multiplexing such structures for use in a wave front sensor. Nevertheless, the preliminary numerical 
simulation presented in the paper shows the prospects of Fresnel holograms in the wave front sensor. 

а)   b)  
Figure 4. a) view of the Fresnel hologram for aberration defocusing with a value of 0.5λ (dr = 100);  
b) restoration of the hologram (dr = 100). 
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