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Sensitive determination of the particle size distribution is an important procedure in terms of efficiency as well as 
affordability in mining operations which includes many stages such as blasting and mineral processing. Digital image processing 
methods used in mineral processing discipline found different application areas due to providing accurate data in relatively short 
time. In this study, the particle size distribution analysis of the samples taken from privately owned aggregate processing plants 
using sieve analysis and digital image processing methods were conducted and accordingly a comparison of these methods in 
terms of the applicability on industrial scale were realized.  In this context, a pilot setup was assembled for the laboratory and 
plant scale image processing analysis purposes. Particle size distribution measurements of the samples were conducted by digital 
image processing method using this pilot setup and conventional sieve analysis methods. As a result, d20, d50 and d80 sizes of a 
crushed stone plant product were determined with confidence levels of 94.75%, 88.45% and 80.00%, respectively. The obtained 
results showed that a system based on digital image processing method can be applied in particle size analysis with high success 
as alternatives to conventional methods. 
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1. Introduction 

 
 As it is the case in various industrial 

processes, determination of particle size 
distributions of various raw materials reduced to fine 
particles such as glass, cement, paper, plastic, 
ceramic, which are process input and/or output, is of 
great importance also in mining. An accurate 
determination of particle size distribution in many 
phases of mining which is consisting of a series of 
operations from blasting to mineral processing is 
important both in terms of efficiency and also 
economy [1].  

There are several methods are being used for 
determination of particle size distribution and shape 
factors. Sieve analysis is a common method used for 
determination of particle size distributions in mineral 
processing practices. The method is based on the 
principle of determination of passing particles 
through a certain aperture size. However, while 
using sieve analysis method in processing plants, 
taking representative samples from certain process 
flows such as conveyor belts is only possible through 
means of stopping the process completely. 
Therefore investigation of alternative methods for the 
determination of particle size distribution by without 
disturbing the process has become of interest in 
many recent studies [2-9]. 
 

  One of the alternative methods that can be 
used for determination and analyzing of particle size 
distribution and shape factors is digital image 
processing. Image processing is a practice which 
carried out for in order to transform a measured or 
captured digital image data by use of a computer 
software according to the application areas. Image 
processing is commonly used for processing 
available captured images by means of altering, 
splitting or enhancing available pictures and 
graphics [10-13].  

There are several studies conducted on the 
application digital image processing for the 
determination of particle size distribution. Jenkins et 
al. (1991) and Tovey (1995) used image processing 
techniques for determination of the particle size 
distribution of the mineral masses at different sizes. 
In this context,  micro-dimensional studies were 
performed and size determination were realized on 
images taken from optic and electron microscope 
[14, 15]. Goodchild and Fueten (1998) studied and 
analyzed grain boundaries of grained rock images 
from electron microscopy using image processing 
techniques [16]. 

Makinacı and Sinecen (2010) were aimed to 
classify the descriptive vectors obtained by using 
image processing techniques with the help of 
artificial neural networks. The results show that 
image processing and artificial neural networks are  
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effective methods for the determination and 
separation of aggregate properties. Additionally 
they have suggested that the automation systems in 
aggregate quarries will affect efficiency, cost and 
time factors with such approaches [17]. Edizer 
(2006) analyzed the grain size distribution analysis 
by using digital image processing method and 
analyzed the images obtained by digital techniques 
using open source code IMAGEJ software. As a 
result, the particle sizes, quantities and measured 
values of the particles were successfully obtained 
[18]. Karakuş (2006) developed an image analysis 
program using Visual Basic programming language. 
Mineral fractions and grain size distributions were 
determined from thin section images with the help of 
special functions that allow analysis on the rocks in 
the program. In addition, the size distribution of the 
pile after blasting was successfully determined by 
using image processing methods [19]. 

In an exemplary study by Thuley (2011) on 
the determination of particle sizes of crushed stone 
samples in a belt conveyor process flow by digital 
methods; measurements were made with a 3D 
image processing system. Various decision 
methods have been used for the evaluation of the 
particles that are overlapping and not in the system, 
and the size of the particles has been determined 
separately. In the study carried out, grain size 
distributions of two different materials loaded to 
conveyor belts with different grain size distributions 
were determined and compared with the sieve 
analysis results. A very good correlation was 
obtained between 3D image processing and sieve 
analysis in the measurements made on 40-70 mm 
material, but deviations were found between the 
results of 3D image processing and sieve analysis 
in measurements made on 20-40 mm material [20]. 
Another example of work in this area, grain size 
distributions of coarse size aggregates were 
determined by digital image processing method. 
Three different types of aggregate samples were 
investigated and the grain size distribution obtained 
by digital image processing was compared with the 
results of classical sieve analysis. A good 
correlation was obtained between the digital image 
processing results converted to mass classification 
and the results of conventional screen analysis after 
the measurements made [21]. In Liao and Tarng's 
2009 work, a new online machine vision optical 
system based on digital image processing method 
was developed in order to determine grain size 
distributions of coarse sized materials. The system 
has a grain discrimination module, an image 
acquisition module, an image processing and 
analysis module and a PLC-based control module. 
The experiments carried out within the scope of the 
study used particles with a size range of 1-100 mm; 
the particle size distributions, number and 
cumulative weights of the grains were determined in 
the said system. The system is based on the  
 

 principle of displaying free falling particles, with the 
error margin being a fairly low value of 1.5% [22]. 

The main objective of this study is to make 
particle size measurements in crushed stone plants 
by use of digital image processing techniques. In 
this context, a lab scale digital image processing 
set-up was assembled as a first step in order to test 
the reliability of planned final set-up in a simulated 
plant conditions. Systematic imaging for image 
processing and processing of the captured images 
was realized using this set-up, and then finally, 
reliability and accuracy analyses were made on the 
obtained data and results were discussed. Plant-
scale image processing analyzes were performed 
at a privately owned aggregate facility operating in 
Istanbul Kemerburgaz region, Turkey. A pilot scale 
set-up assembled at the plant and images were 
periodically taken from the conveyor belt of rotary 
crusher throughout shift, and then these images 
were processed with the help of a computer 
software. The obtained results were compared to 
each other to achieve reliable and reproducible 
particle size distribution values of the representative 
samples. 
 
2. Materials and methods 
 
2.1.Particle Size Distribution Analyses with 

Digital Image Processing 
 

Split Desktop software was used for PSD 
analysis of the sample with DIP method. Principal 
stages used in image processing by the software 
are as follows:  
 Obtaining digital images automatically or 
manually: Images taken in this study were obtained 
as video recording using a high resolution CMOS 
network camera (Hikvision, China) and the images 
were captured from the video recording and 
transferred to the computer. 
 Pre-processing of the unacceptable images 
that have lighting problems: The image transferred 
to the software for image analysis needs to have 
necessary quality and clearness, so the lighting 
condition and sharpness should be adjusted after 
the picture is taken if necessary. 
 Defining the fragments within DIP 
algorithm: The delineation parameters such as 
noise size, watershed ratio and gradient ratio and 
the coloring of the fine particles that are too small to 
include in the analysis are defined by the user in this 
step. 
 Applying statistical algorithms to two-
dimensional fragment areas to define three-
dimensional fragment volumes of each image: In 
this step the software converts particle area data 
created by delineation/fragmentation to volumes by 
applying an internal statistical algorithm to produce 
the data to be used for PSD. 
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Fig. 1 - Schematic view of the lab set-up. 
 
 Processing various images together for average 

distribution: In this stage, multiple images taken 
from one sample can be analyzed at the same 
time to increase the accuracy of analysis. 

 Transmitting output data to the screen, hard disc 
and network control systems.  

Working principle of the software is based on 
the segmentation of particles by the border 
determination, and subsequently, calculation of 
each particle diameter in a 2D image.  After this 
process, the software gives user a chance to correct 
the errors such as border of the particles. For 
example, if the user observing an aggregate of 
particles which needs a further fragmentation or a 
particle which erroneously fragmented into several 
smaller particles, it can be manually corrected by 
user using provided erasing and drawing tools  
[23-24].  

The PSD analysis results determined by DIP 
method and the PSD analysis results determined by 
sieve analysis method were compared by using 
“%Fault” formula given in Equation 1 and the 
percentage of error was determined. 

 

%𝐹𝑎𝑢𝑙𝑡 =  
 [𝐷𝐼𝑃 𝑅𝑒𝑠𝑢𝑙𝑡 − 𝑆𝑖𝑒𝑣𝑒 𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑅𝑒𝑠𝑢𝑙𝑡]

𝑆𝑖𝑒𝑣𝑒 𝐴𝑛𝑎𝑙𝑦𝑠𝑖𝑠 𝑅𝑒𝑠𝑢𝑙𝑡
 𝑋 

                           X 100 
 
2.2.Laboratory Scale Studies 

As previously stated, laboratory scale digital 
image processing set-up was assembled as a first 
step in order to test the reliability of planned final set-
up in a simulated plant conditions. The laboratory-
scale digital image processing set-up was 
consisting of a CMOS camera with high-resolution 
lens, mounting parts, telescopic support legs, a 
white background, LED lights, a computer and an 
image processing software. Schematic view of the 
set-up is given in Figure 1. 

The unsized aggregate samples with 
particles size range of 325×4 mm used for 
laboratory scale test-work were supplied from a 
crushed stone plant operating in Cendere Region of  

 Istanbul, Turkey. In the scope of digital image 
analysis, the aggregate sample was homogenous 
scattered irregularly on the white background of the 
laboratory set-up, which imitates the conveyor belt 
to a degree, and high resolution images of the 
aggregates were taken. Additionally, the sample 
was not arranged in any way to prevent overlapping 
of particles. Subsequently, obtained images were 
divided to different sections in order to increase the 
sensitivity of the analyses and these different 
sections were processed and subjected to PSD 
analysis individually using a computer software. 
The image of a sample captured using the set-up is 
given in Figure 2. In order to allow processing of 
these images by software, an object with known 
dimensions was positioned in the center. 
 
 
 

 
 

Fig. 2 - Raw image obtained with the lab set-up. 
 

Different sections of the irregularly distributed 
aggregate samples were captured using the set-up 
and these images were processed with the help of 
Split Desktop software (Figure 3). 
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(a) (b) 
Fig. 3 - Actual (a) and processed (b) images. 

 
Subsequently, particle size distribution of the 

sample was also determined by sieve analysis 
method. The results from sieve analysis were used 
as a reference for reliability of the PSD results 
determined by digital image analysis method. 

Several methods for evaluating a crushing 
process have been developed throughout the years. 
Most of these methods are based on comparing the 
metrics of particle size distribution of the material 
before and after granular crushing [25]. The most 
commonly used metrics when describing particle 
size distributions are D-Values [26]. Hagerty et al.  

 (1993) used the ratio d50crushed/d50uncrushed to illustrate 
how crushing evolves when increasing the applied 
stresses [27]. In addition to the median particle size, 
the width of the particle size distribution is usually 
calculated in order to obtain information on the size 
homogeneity of the particles. Various evaluation 
methods have been used for this. The ratios 
between cumulative weight passing particle sizes 
d20 and d80 (d80/d20) or d16 and d84 (d84/d16) are used 
to evaluate the spread of the particle size 
distribution [28]. Accordingly, d20, d50 and d80 sizes 
were used for the comparison of the PSD of the 
crushed aggregates. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 - Appearance of apparatus in plant environment. 
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(a) (b) 

Fig. 5 - Actual (a) and adjusted (b) images taken from conveyor belt. 
 
2.3.Plant Scale Studies 

The same set-up that has been tested in 
laboratory was assembled over the conveyor belt of 
the vertical mill crusher output in the plant. In plant 
scale studies, the camera was adjusted to be 
positioned at a height of about 1 m from the conveyor 
belt with facing it from a 90° angle (Figure 4). 

36 images were captured from the vertical 
mill crusher output conveyor belt with 10 minute 
intervals throughout the shift. In order for these 
images to be processed in the program, an object 
with known dimensions were positioned in the same 
level as conveyor belt. A sample image obtained 
from conveyor belt using the setup, and adjustment 
of the images for DIP procedure are shown in Figure 
5a and Figure 5b, respectively. 

Images taken from vertical mill crusher 
output conveyor belt with plant setup were 
processed with Split Desktop software (Figure 6). 

 
3. Results and discussion 
 
3.1. Results of Laboratory Scale Studies 
3.1.1. Sieving Analysis 

The result of the PSD analysis using sieving 
method showed that d20, d50 and d80 sizes of the 
sample used in laboratory scale studies were 9.60 
mm, 12.72 mm and 17.30 mm, respectively. 
Cumulative undersize graph of the sample is given 
in Figure 7. 

 
3.1.2. Digital Image Processing 

The results of the PSD analyses using the 
DIP method of the four different sections obtained 
by division of the images taken from lab scale 
studies are given in Figure 8. 

According to particle size analysis of the 
Section 1 realized by digital image processing; d20, 
d50 and d80 sizes of the sample were determined as 
8.49 mm, 12.34 mm and 16.74 mm, respectively. 
d20, d50 and d80 sizes of the sample were determined 
as 9.36 mm, 13.50 mm and 18.55 mm, respectively 
according to particle size analysis by digital image 
processing of the Section 2. According to particle  

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 - An exemplary processed image taken from conveyor 
belt. 

 
 

 
Fig. 7 - Result of PSD analysis using sieving method. 

 
 
size analysis of the Section 3 realized by digital 
image processing; d20, d50 and d80 sizes of the 
sample were determined as 9.21 mm, 13.39 mm 
and 18.43 mm, respectively. d20, d50 and d80 sizes of 
the sample were determined as 9.17 mm, 13.24 mm 
and 18.20 mm, respectively according to particle 
size analysis by digital image processing of the 
Section 4. 
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Table 1 
Results of percentage error in laboratory studies (particle size range 325×4 mm) 

Section 
No 

Particle Size (mm) 
Error (%) 

Sieve Analysis Digital Image Processing 
d20 d50 d80 d20 d50 d80 d20 d50 d80 

1 

9.60 12.72 17.30 

8.49 12.34 16.74 11.53 2.99 3.24 
2 9.36 13.50 18.55 2.55 6.13 7.23 
3 9.21 13.39 18.43 4.11 5.27 6.53 
4 9.17 13.24 18.20 4.52 4.09 5.20 

Mean 5.68 4.62 5.55 

 
Table 2 

 d20, d50, and d80 results for images taken from conveyor belt 
Image No d20 d50 d80 Image No d20 d50 d80 

1 7.85 11.03 14.76 19 8.64 11.99 16.04 
2 7.09 10.18 13.94 20 7.54 10.50 14.04 
3 7.04 10.00 13.68 21 7.76 10.86 14.59 
4 7.55 10.73 14.82 22 8.45 11.74 15.81 
5 7.24 10.22 13.80 23 8.41 11.54 15.18 
6 6.57 9.409 12.90 24 8.37 11.51 15.07 
7 7.59 10.73 14.48 25 8.69 11.94 15.65 
8 7.81 11.26 15.47 26 9.16 12.47 16.19 
9 7.58 10.66 14.27 27 8.98 12.43 16.59 

10 7.22 10.59 14.76 28 8.56 11.92 15.91 
11 7.81 11.10 14.98 29 8.93 12.74 17.58 
12 6.39 9.193 12.64 30 8.99 12.69 17.06 
13 6.97 9.902 13.34 31 8.55 11.96 15.86 
14 6.89 9.835 13.35 32 8.70 12.05 15.86 
15 6.75 9.622 13.01 33 8.97 12.21 15.99 
16 6.73 9.585 12.99 34 7.02 10.11 13.69 
17 6.88 9.88 13.42 35 6.51 9.25 12.49 
18 7.35 10.53 14.37 36 6.43 9.16 12.44 

Average 7.72 10.87 14.64     
S.D. 0.86 1.08 1.34     

 

 
The error data obtained by the comparison 

of the averages of the particle sizes of different 
sections obtained by DIP method and particle sizes 
obtained by sieving method are given in Table 1. 

The maximum error in the laboratory work 
was 11.53% with d20 in section 1 and the minimum 
error was 2.55% with d20 in section 2. Average 
errors for d20, d50 and d80 sizes were found to be 
5.68%, 4.62% and 5.55%, respectively. Although 
the obtained percentage of errors for all d-sizes 
were found to be within tolerable limits, d50 size 
values were usually found to be marginally closer to 
sieve analysis data. The possible cause of the 
skimming in d80 is; when particle boundaries are 
determined, it is thought that some particles are 
perceived together as bigger particles and thus 
larger size values are obtained. On the other hand, 
skimming in d20 can be associated with the possible 
difficulty in sensitive border detection under certain 
particle sizes. 
 
3.2. Results of Plant Scale Studies 
 

The d20, d50 and d80 sizes obtained after 
processing of the images taken throughout the shift 
are summarized in Table 2. 

Sieve analysis was carried out on the sample 
obtained from the plant to determine the average 
particle size distribution. The error percentages 
obtained when comparing the data obtained from 
the processed images with the actual data are given 
in Table 3. 

 

 
Fig. 8 - Result of PSD analysis using DIP method. 

 
 

Compared to actual data of 36 different 
images taken from conveyor belt, the average error 
of the system; d20, d50 and d80 sizes were found to 
be 5.25%, 11.55% and 20.00%, respectively. In 
parallel to laboratory studies, error percentage of 
d80 size found to be higher than d20 and d50 sizes. 
Again, the possible cause of this situation is thought 
that some particles over the conveyor belt are 
perceived together as bigger particles. 

The images obtained from the aggregates 
on the conveyor belt flow appear to be more 
homogeneous because of the large number of 
images and continuous flowing over the belt. 
However, such factors as stacking, vibration and 
dust in the environment constitute constraints in 
terms of measurement precision. 
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Table 3 
Results of percentage error in plant studies 

Image No 
Error (%) 

Image No 
Error (%) 

d20 d50 d80 d20 d50 d80 
1 3.64 15.71 20.98 19 6.05 22.97 31.48 
2 12.98 5.28 14.26 20 7.47 7.69 15.08 
3 13.60 3.07 12.13 21 4.83 11.38 19.59 
4 7.37 12.02 21.48 22 3.64 20.41 29.59 
5 11.18 5.77 13.11 23 3.25 18.36 24.43 
6 19.34 4.18 5.74 24 2.76 18.05 23.52 
7 6.81 12.02 18.69 25 6.61 22.46 28.28 
8 4.15 18.53 26.80 26 12.39 27.90 32.70 
9 6.97 11.17 16.97 27 10.20 27.49 35.98 

10 11.37 10.31 20.98 28 4.99 22.26 30.41 
11 4.13 16.56 22.79 29 9.56 30.67 44.10 
12 21.61 6.83 3.61 30 10.34 30.15 39.84 
13 14.52 1.87 9.34 31 4.92 22.67 30.00 
14 15.51 1.04 9.43 32 6.71 23.59 30.00 
15 17.13 1.57 6.64 33 10.10 25.23 31.07 
16 17.42 2.02 6.48 34 13.91 3.69 12.21 
17 15.55 1.60 10.00 35 20.07 5.12 2.38 
18 9.80 9.57 17.79 36 21.08 6.06 1.97 
    Average 5.25 11.55 20.00 

 

 
As a result, d20, d50 and d80 sizes of a 

crushed stone plant product were determined with 
confidence levels of 94.75%, 88.45% and 80.00%, 
respectively. The obtained results showed that a 
system based on digital image processing method 
can be applied in particle size analysis with high 
success as alternatives to conventional methods. 

 
4. Conclusion 
 

In this study, the particle size distribution 
analysis of the samples taken from privately owned 
aggregate processing plants using sieve analysis 
and digital image processing methods were 
conducted and accordingly a comparison of these 
methods in terms of the applicability on industrial 
scale were realized.  In this context, a lab scale 
digital image processing set-up was assembled. 
Systematic imaging for image processing and 
processing of the captured images was realized 
using this set-up. Subsequently, the same set-up 
that has been tested in laboratory was assembled 
over the conveyor belt of the vertical mill crusher 
output in the plant. 

Results of the lab scale studies showed that 
all d-sizes can be detected with tolerable 
percentage of error using the proposed set-up. 
Meanwhile, when we compared the results of plant 
scale experimental studies with real data; it is 
observed that real and experimental values for d20 
and d50 sizes were generally determined to be close 
to each other. However, values of d80 size were 
above real values. The most important reason for 
this is presumed to be that some particles were 
detected as a single particle when particle edges 
were determined and thus larger particle sizes were 
obtained. Moreover, the difference in the results of 
lab scale and plant scale studies can be associated 
with the difference in measurement environment 
(static measurement in the lab 
environment/dynamic measurement in the plant  

  
environment). Additionally, the resulted deviations 
between the methods can be attributed to a fact that 
the DIP method takes only a two dimensional 
projected image of a particle, therefore elongated 
particles which were likely to pass a certain sieve 
size might be considered as oversize in DIP 
method. Nevertheless, the most important 
advantage of the system is that the equipment used 
in the study consists of components with lower 
costs and easy availability. As a result, particle size 
distribution data comparable to more advanced 
techniques such as 2D methods using different 
methodologies and 3D imaging can be obtained 
with the digital image processing procedure applied 
within the scope of this study. 

As a conclusion, the obtained results 
supported that the DIP method can be used, 
especially with applying a correction coefficient due 
to varying degrees of error in d80 sizes, in PSD 
analysis of unsized aggregates as an alternative to 
conventional methods such as the sieve analysis.  
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MANIFESTĂRI ȘTIINȚIFICE / SCIENTIFIC EVENTS 

 

IABSE Symposium: Towards a Resilient Built Environment - Risk 
and Asset Management 

Objectives: 

• Place the topic of Sustainability of the Built Environment in an International Discussion Forum; 
• Offer a Worldwide discussion in risk assessment and infrastructure asset management with a share of 
knowledge from different stakeholders; 
• Discuss Performance and Costs of built environment assets, with a focus on “Zero Maintenance”; 
• Provide the adaptation of Young Engineers to the topics of Risk, Construction, Quality, Resilience and 
Management. 

https://www.rilem.net/agenda/iabse-symposium-towards-a-resilient-built-environment-risk-and-asset-management-1231 
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