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Abstract. The article describes a device based on the holographic method 

for measuring the parameters of dispersed aerosols. In the proposed device, 

the measured particle is irradiated with two beams perpendicular to the main 

radiation axis, while the resulting holographic image in each of the 

projections gives an increased amount of information (in contrast to existing 

solutions) about the parameters of the particles. The information obtained is 

processed layer by layer using digital holography methods to form a 

volumetric representation of the aerosol under study, which significantly 

increases the information content of measurements in comparison with 

existing devices. Methods and algorithms for layer-by-layer processing of 

the obtained holographic images are described, which make it possible to 

reconstruct the parameters of aerosols of complex shapes. The design of the 

device and an algorithm for layer-by-layer reconstruction of aerosol images 

are proposed. 

1 Introduction  

The holographic method of recording wave fields makes it possible to record the storage of 

the entire volume of information about the object of study, namely, the information we need 

about the size and location of the aerosol particle in space [1-18]. This method provides an 

opportunity to see the investigated object in separate layers.  

For greater efficiency in the study of aerosol particles, an axial hologram recording 

scheme is used, which is shown in Figure 1 [19]. In contrast to the case of small-angle 

scattering, it is desirable to use a wide-aperture spatially coherent laser beam for recording a 

hologram.  

2 Methods  

If the radiation generated by the laser source propagates along the Z axis, then it can be 

considered a strictly harmonic plane wave of unit intensity, which has constant values of 

frequency, amplitude, and initial phase. In this case, the radiation scattered by aerosol 

particles will be described by the function U (x, y, z). Based on this, we will register the 

intensity in the plane: 

                                                 
* Corresponding author: vvsemenov@mail.ru 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 279, 02001 (2021)
EEESTS-2021

https://doi.org/10.1051/e3sconf/202127902001

mailto:vvsemenov@mail.ru


𝐼𝑝(𝑥, 𝑦) = |1 + 𝑈(𝑥, 𝑦, 𝑧)|2      (1) 

u(x,y)

t(x,y)

1+u(x,y)

Hologram plane Volume with 
microparticles 

 

Fig. 1.  The process of recording a hologram of microparticles 

 

To restore the original picture, let us pass a plane wave through the hologram. The 

radiation transmitted through the hologram will have a field amplitude distribution according 

to the expression -√𝐼𝑝(𝑥, 𝑦). It is possible to reconstruct the volumetric picture of the 

distribution of aerosol particles at a distance z from the hologram, assuming that the 

wavefront behind the hologram are points of secondary sources: 

𝐼0(𝑥0, 𝑦, 𝑧0) = |∬√𝐼𝑝(𝑥, 𝑦)𝑒𝑥𝑝(𝑖𝑘𝑟)𝑑𝑥𝑑𝑦|
2

    (2) 

 

where r = √(x − x0)
2 + (y − y0)

2 + z2, k =
2π

λ
 

Changing the "frozen" picture shown in Figure 2, a volumetric cloud of aerosol particles, 

allows you to obtain the required arrangement of particles along their diameters. The 

reconstructed real three-dimensional image of the object is the result of plane wave 

diffraction by the interference structure 𝐼𝑝(𝑥, 𝑦) holograms and is described by the function 

𝐼𝑝(𝑥0, 𝑦0, 𝑧0), which can be approximated by a set of cross-sections. 
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Fig. 2.  Scheme for reconstructing a real image of an ensemble of microparticles 

Considering these quantities as discrete, we will observe a model of this type:   
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𝑃(𝑚, 𝑛, 𝑑) =
1

𝜑𝑛𝑁
2
𝑒𝑥𝑝[𝑖𝜑𝑛(𝑚

2 + 𝑛2)] × 

× ∑ ∑ 𝑢(𝑘, 𝑙)𝑒𝑥𝑝 [
𝑖

𝜑𝑛𝑁
2 (𝑘

2 + 𝑙2)] 𝑒𝑥𝑝 [−
2𝜋

𝑁
(𝑘𝑚 + 𝑙𝑛)]𝑁−1

𝑙=0
𝑁−1
𝑘=0   (3) 

 

where N =
λd

∆∆1
, φn =

πdn

N2∆2
=

π∆1
2

λdn
, ∆и∆1 − sampling intervals in the plane of the hologram 

and the plane of the reconstructed section of the object, respectively.  

Expression (3) is calculated using special mathematical programs that use FFT 

algorithms.  

3 Results and its discussion 

Let us consider the practical implementation of a device for holographic analysis of 

suspended particles [20]. Figure 3 shows a general diagram of a device for implementing a 

device. The device works as follows. Particles in the measuring volume (region 6) are 

irradiated by a laser radiation source 1, using prism 2 and objective 3. When passing the 

measuring volume (region 6), this radiation by the system of objectives 8, 5 and mirrors 9, 4 

is rotated and again passed through the measuring volume ( area 6).  
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Fig. 3.   Device for holographic analysis of suspended particles 

The specified system for changing the direction of radiation forms a real image of the 

particle in the measuring volume 6 and it corresponds to the projection of the particle onto a 

plane perpendicular to the plane of the objectives 3 and 8, since when constructing this image, 

the particle is illuminated by radiation from the objective 3. The two images obtained in 

region 6 are transferred by objective 7 into the registration plane. Passing through the beam-

splitting mirror 11, this object beam carrying information about two images of the particle in 

the perpendicular projection planes interferes with the reference beam, which also enters the 

separation prism 11 through the reflective prism 10. , and in unfolded beams. If the particle 

is exactly in the common focus of the objectives 8, 5, then the two images will overlap. To 

eliminate the overlap, it is necessary to separate the focuses in the direction of the measuring 

volume by an amount higher than the maximum size of the measured particle. 
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As a result of the operation of the device, two holographic images of each particle are 

formed in the plane of recording images of the digital video camera 12, which increases the 

information content of the data for evaluating the shape of non-spherical particles after layer-

by-layer processing. 

The resulting image of microparticles must be processed in order to classify aerosol 

particles by their parameters, namely, by size, shape and location in space. The collected 

information is further used to calculate the specified according to the given algorithm The 

essence of the algorithm is to transform the original image into a binary (two-level, binary) 

by using threshold quantization and highlighting the contours of high-intensity areas. These 

zones are numbered with sequential integers with simultaneous calculation of the particle 

area and the values of the coordinates of its center of gravity.  

 
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0 
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  2  0  0  0  0  
0  0  0  0  0  0  2  2  2  0  0  0  
0  0  0  0  0  0  2  2  2  2  0  0  
0  0  0  0  0  0  0  2  2  0  0  0  
0  0  0  0  0  0  0  0  2  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0   

0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0 
0  0  0  0  0  0  0  0  0  0  0  1  
0  0  0  0  0  0  0  0  0  0  1  1  
0  0  0  0  0  0  0  0  0  0  1  1  
0  0  0  0  0  0  0  0  0  0  0  1  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  4  0  0  0  0  0  0  0  0  
0  0  4  4  4  0  0  0  0  0  0  0  
0  0  4  4  0  0  0  0  0  0  0  0  
0  0  0  4  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0   

0  0  0  0  0  0  0  0  0  0  0  0  
1  1  0  0  0  0  0  0  0  0  0  0 
1  1  1  0  0  0  0  0  0  0  0  0  
1  1  1  0  0  0  0  0  0  0  0  0  
1  1  1  1  0  0  0  0  0  0  0  0  
1  1  1  0  0  0  0  0  0  0  0  0  
1  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  3  
0  0  0  0  0  0  0  0  0  0  0  3  
0  0  0  0  0  0  0  0  0  0  0  3  
0  0  0  0  0  0  0  0  0  0  3  3  
0  0  0  0  0  0  0  0  0  0  0  3  
0  0  0  0  0  0  0  0  0  0  0  0   

0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0 
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
3  0  0  0  0  0  0  0  0  0  0  0  
3  0  0  0  0  0  0  0  0  0  0  0  
3  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0  0  0  0    

Fig. 4. The result of the line-by-line algorithm for classifying particles by size 

 

As a result of this processing, a data array is obtained, which contains information about 

the area and coordinates of the center of the particle. Figure 4 is an example of how the 

algorithm works; it clearly shows the final result. This algorithm was tested empirically on 

microparticles that had a size of about 0.03 mm.  

The result of his work is histograms of microparticles in size in each of the cuts under 

consideration, located 4 cm and 5 cm from the surface of the holographic image.  

Thanks to the digital holography used in the device, it becomes possible to record the 

wavefront of the original object layer by layer by changing the focal length. The block 

diagram of the algorithm for layer-by-layer recording and restoration of an object is shown 

in Figure 5. At the end of the layer recording, it is sent to storage and grouping in the memory 

unit, after which focus control is performed (changing the “d” parameter). By transforming 

formula (3) into (4), we set the distance d from the radiation source to the first restored 

section, while this value will change with a step Δd. This will restore the layers sequentially: 

 

Q(𝜉, 𝜂, 𝑑 + 𝛥𝑑 + 𝑗) = 

= −1{+1[𝐼(𝑥, 𝑦)𝐵(𝑥, 𝑦)] ×+1 [
1

𝑖𝜆(𝑑+𝛥𝑑+𝑗)
∙ 𝑒𝑖

2𝜋(𝑑+𝛥𝑑∙𝑗)

𝜆 𝑒
𝑖𝜋

𝜆(𝑑+𝛥𝑑∙𝑗)
(𝜉2+𝜂2)

]}  (4) 

  

By controlling focusing on the elements of the object of study, it is possible to obtain 

images of the layers of the object at successive focal lengths. Then you can "sew" separate 

layers into a single object, that is, having the serial number of the layer and understanding its 

location in space, you can position it in the future in the required plane. After that, the layers 

in a certain order can be combined and obtained a volumetric hologram of the original object.  

When restoring the image at different values of "d" along the axis, it becomes possible to 

restore the whole object. Figure 6 shows the scheme of layer-by-layer reconstruction of the 
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hologram obtained with the device. It is necessary to perform through lighting while 

maintaining the axial geometry. This is due to two optical windows that provide this 

opportunity. The depth of field of view corresponds in order of magnitude to the laser 

coherence wavelength. It is important to note that the depth of field of view, under certain 

conditions and assumptions, and regardless of the final resolution, can be equal to several 

tens of centimeters.  

During the verification and measurement stage, the entire system is focused on a specific 

layer, which is the main one, and images of the remaining layers are built from it. The laser 

pulses must be synchronized with the expansion of the chamber, as well as the moment the 

particles are ejected. At the same time, without losing optical quality throughout the entire 

depth, up to 0.09 m   
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Fig. 5.  Block - a diagram of the algorithm for layer-by-layer recording and restoration of an object 

 

5

E3S Web of Conferences 279, 02001 (2021)
EEESTS-2021

https://doi.org/10.1051/e3sconf/202127902001



x

Reference wave 

y

d

dn

ξ 

η 

Propagation of an 

object in space 

Fragment of an 

object that fell into 

layer n at a distance 

dn 

Recoverable layer at a 

distance dn 

Объем 

восстановления 

Hologram 

 

Fig. 6. Scheme of layer-by-layer reconstruction of the object's hologram.   

4 Conclusion 

Thus, the considered device, in contrast to the known methods, makes it possible to obtain 

in the registration plane two holographic images corresponding to its projections onto 

mutually perpendicular planes, which are reconstructed layer by layer by digital holography 

methods to form a volumetric representation of the aerosol under study, which significantly 

increases the information content of measurements compared to existing devices.  
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