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Abstract: To analyse the behavior of a solid particle in a vertical ascending air flow a series 

of studies have been carried out, both theoretical and experimental. This article presents a 

new method of imaging analysis of the behavior of a solid particle, in order to extend this 

study through experimental applications. The working algorithm implies the analysis of 

images in different positions of the solid particle in the vertical ascending air flow, analysis 

in relation to a reference image. By using the mathematical apparatus, i.e. Mathcad software, 

the movement of the solid particle in the air flow has been emphasized.  
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1. INTRODUCTION 

 

To determine the behavior of a solid particle in different environments, different investigation method have been 

conceived. Recently, the practical study of the movement of a solid particle in an environment has been achieved 

due to technological and software development, such as the use of high-speed video cameras and special programs 

to process the footage [1, 2]. 

 

In some cases, the specialized programs, coming with high-speed cameras or conceived to analyse video files, are 

not adequate to analyse certain processes; this is why they different methods are conceived to process these files 

[3-5]. The specialized programs are generally to create an imaging analysis using certain bench-marks to be 

observed [1, 2]. 

 

Experimental analysis uses two or more video cameras, or a single video camera and a laser system for highlighting 

the rotational motion of the solid particle or using radiolabeled particles. But there are situations in which the 

object pursued cannot be marked and that method of analyzing the movement film as such must be found.  In this 

situation there are many industrial processes in which the movement of free bodies in different environments or 

on different work surfaces performs complex movements [1, 2, 6-10]. This article presents a new method for 

analyzing the behavior of a solid particle in an upward vertical air stream using different filtering and imaging 

methods existing in the Mathcad program. 

 

 

2. EXPERIMENTAL SETUP 
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To analyze the behavior of a solid particle in an ascending vertical air stream, a laboratory stand was used, the 

walls of which are made of transparent plexiglass, with a vertical air channel and three chambers of soothing. 

The stand works on the air discharge principle, the air feed being made by the lower side, through the feed hopper. 
The area used to analyze the behavior of the solid particle in the ascending vertical air channel is the cylindrical 

part of the laboratory stand (Figure 1). 

 

In order to be able to analyze the behavior of a solid particle in the ascending vertical air channel, a HiSpec high-

speed video camera was used, which was configured to make video recordings at 500 frames/second (Figure 1) 

[11]. 

 

 
Fig. 1. The laboratory stand and position of the HiSpec high-speed camera [11]. 

 

Small particles could not be used as solid particles, as in the case of various experimental studies found in the 

literature, large polystyrene particles with dimensions of Ø27 was use, due to the size of the air channel. Figure 2 

presents a new imaging analysis methodology designed to highlight the free movement of the solid particle in the 

ascending vertical air channel (Figure 2) [11]. 

 

 
Fig. 2. Working method. 
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3. RESULTS AND DISCUSSION 

 

According to the working algorithm, a reference image with no solid particle has been chosen. This will be used 

to extract for the working images the background area of the concerned image, thus reducing the interferences that 

may appear due to color differences and reducing therefore the number of used colors (Figure 3). 

 

To highlight the work stages, an image of time t4 (for example from a movie which contains 400 frames t4 can 

corresponding to frame 169) was chosen (Figure 4).  

 

  
Fig. 3. Reference image. Fig. 4. Image subjected to analysis corresponding to 

time t4. 

 

By making the difference between the image matrix corresponding to the time tn and the reference image, as has 

been stated above, the components from the studied image on the background are removed, thus remaining the 

different components from the picture, in this case the solid particle, C5 = a5 – a1. For the realization of these 

work stages, as well as the future ones, the Mathcad program was used. Following the completion of the difference 

between the two arrays was obtained the following picture (Figure 5.) 

 

 
Fig. 5. Image obtained from preliminary processing. 

 

To achieve greater image clarity, the following processing steps will be performed: 

- The functions (1) and (2) are defined: 
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1( ) ( 1,255,0)f x if x=                                                                         (1) 

 

2( ) ( 100,0,255)f x if x=                                                        (2) 

 

where, x represents the working element, in this case is the matrix corresponding to the image; 255 and 0 – 

represent the numerical data of the different colours, 255 for white and 0 for black; 1 and 100 – random values 

chosen to eliminate from the matrix the elements with the referred to values. 

 

- In the functions defined as above are replaced the working matrices (equation (3) and Figure 6): 

 

1 1( 1)d f a=  and 5 1( 5)d f a=                                                             (3) 

 

  
a) b) 

Fig. 6. Images processed using the functions. 

 

- By adding the two matrices thus obtained (Figure 7.a), the following image results (Figure 7.b); 

 

  
a) b) 

Fig. 7. Images obtained by adding matrices. 

 

By overlapping all the images, the trajectory that the solid particle has within the ascending vertical air channel 

can be obtained (Figure 8). 
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Fig. 8. Assembling the figures to identify the trajectory of the solid particle. 

 

Because the particle under study has a spherical shape, it is desired to determine its size. To this end, the following 

work steps are performed: 

 

1. Will be identified the number of columns and rows of the matrix under analysis (in this case the working matrix 

corresponding to the picture under analysis was denoted by de1). The cols and rows functions will be used for this 

(equations (4) and (5)): 

 

rows(de1) = 1001                                                                           (4) 

 

cols(de1) = 880                                                                             (5) 

 

2. Two parameters will be defined, i and j, which will vary in the range presented, the parameters that will be 

used to generate the circle used to determine the size of the solid particle (equations (6) and (7)):  

 

i = 0 … rows(de1)                                                                            (6) 

 

j= 0 … cols(de1)                                                                             (7) 

 

3. The circle diameter is defined, r. This will vary for each analyzed image, r = 6000. 

 

4. The coordinates of the center of the circle are defined, which must coincide with the middle of the studied 

body. These will have values that will damage for each analyzed image (equation (8)): 

 

cx = 100 and cy = 230                                                                    (8) 

 

5. The function to generate the circle is defined (equation 9). 

 

                                   (9) 

 

6. The two matrices overlap and adjustments of the above-mentioned parameter will be made so that the contour 

of the created circle overlaps the contour of the studied particle (Figure 9 and Figure 10). 
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Fig. 9. Graphical representation of the overlap of the 

two matrices before adjustment. 

Fig. 10. Graphical representation of the overlap of the 

two matrices after adjustment. 

 

Table 1 shows the parameters for each picture analyzed. 

 

Table 1. Variable values. 

No. 
Picture 

Radium of the 

circle, r 

the coordinates of the center of the circle 

OX axes (cx) OY axes (cy) 

1 de1 5500 82 215 

2 de2 5400 143 257 

3 de3 5300 209 296 

4 de4 5200 283 336 

5 de5 5100 353 382 

6 de6 5000 435 422 

7 de7 4900 525 462 

8 de8 4800 605 502 

9 de9 4700 714 534 

10 de10 4600 820 565 

11 de11 4500 920 602 

 

The new method for determining the behavior of a solid particle in an ascending vertical air channel involves the 

use of mathematical apparatus in order to highlight the motion of the studied particle. The newly created method 

can be used to analyze sound images in which different stages of the free movement of a solid particle in time are 

captured. 

 

In general, the method can be applied to study the behavior of a single solid particle in different industrial processes 

in order to better understand these processes and to achieve their optimization. The presented method did not 

include the step of converting the sizes obtained from pixels into mm. 

 

From the image analysis carried out and as a result of measurements carried out it could plot graphically the path 

of the solid particles into the air channel (Figure 11). 

 

Taking into account the fact that the particle analyzed in this working methodology moves from top to bottom, it 

is found that (from the analysis of the graphical representation, from Figure 11, and from the values described in 

Table 1) the solid particle moves away from the camcorder lens. 
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Fig. 11. Graphical representation of the path traveled by the solid particle in the air channel. 

 

This methodology does not include scaling (conversion from pixel to mm), a conversion that is specific to each 

type of particle used and the working environment (water or air). For this reason, it was not possible to identify 

the coordinate values for the OZ axis, respectively for the realization of a 3D representation. 

 

 

4. CONCLUSIONS 

 

In the literature are presented various studies that aim to track a solid particle or a mixture of solid particles in a 

fluid but very few of these studies present the methodology by which the images or films used for analysis are 

analyzed. 

 

In order, to identify a method for tracking the behavior of solid particles in an environment, it was decided to create 

a methodology that is applied to the analysis of displacement for only one solid particle. 

 

The methodology presented in this article involves the analysis of a sequence of pictures, a methodology that aims 

to highlight the behavior of a solid particle in an ascending vertical air stream. 

 

Also, to obtain a clear trajectory of the solid particle the images used were processed as follows: 

- An analysis of the image under study was made in relation to the basic image in order to eliminate the background 

elements. 

- A series of filtering elements were made, from a mathematical point of view, which have the role of creating an 

image with two types of color, black and white. 

- The images thus obtained were used to identify the location of the solid particle in the air duct and to determine 

the size of the solid particle. 

 

The determination and identification of the variation of the solid particle size emphasizes that the identified method 

can be used to generate a 3D model. 

 

The generated working methodology does not take into account the conversion of the sizes used, respectively 

pixels, into metric sizes, respectively mm. 
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