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Abstract: Information about the grain size distribution of a material plays an important role in 
optimizing production systems in various branches of industry. Analysis of particle size 
distribution in the run-of-mine material is frequently employed to verify the quality of drilling 
and blasting operations. Adequate software and improved grain size identification technologies 
not only help to monitor and evaluate the results of blasting operations, but also inform the 
selection of blasting methods which best correspond to particular geological and mining 
conditions both in surface mining and in underground mining. The accuracy of indirect, image-
analysis methods used in the identification of grain size distribution motivated some pilot 
works aimed at using the grain size to evaluate the quality of a lithological complex copper ore 
deposit. Describing the run-of-mine material fed to the Ore Enrichment Plant (OEP) with the 
use of its grain size distribution may improve the techniques currently employed to optimize 
the energy efficiency of ore treatment processes. A model of ore flow in the underground 
transportation system, developed in the FlexSim environment, as part of the DISIRE research 
project, may prove a valuable optimization tool. This paper presents the results of preliminary 
research aimed at verifying whether grain size distribution of the run-of-mine material 
correlates with its lithological composition. The examinations covered grain size distribution in 
copper ore transported on belt conveyors in two mines in which the extracted ore has different 
lithology. The research was performed with the use of photogrammetric techniques and the 
Split Desktop 4.0 computer application. The advantage of the proposed technique is that it can 
be used at any location in the mine. The analysis was performed on the photographic material 
collected in situ at the “Lubin” mine. This material was supplemented with qualitative data 
stored in the Run-Of-Mine Ore Monitoring system (further: MOPRONA), as defined on the 
basis of channel samples collected on the day of tests.  

1. Introduction 
A mining operation and copper production must be profitable. The profitability is influenced by the 
price of material and the production cost. For this reason, particular attention is paid to researching 
methods for the optimization of the production line and for lowering the production cost [1].  Research 
focuses both on new solutions and on improvements to the already existing solutions. For example, the 
EU-funded DISIRE project is aimed at optimizing ore processing operations by providing in advance 
qualitative information about the lithology of the ore fed to the enrichment plant [2, 3]. The DISIRE 
project focuses on the processing operations, as their further optimization may translate into reduced 
processing cost and increased metal yield in the concentrate [4]. This goal has been pursued by 
annotating the stream of run-of-mine material with data-carrying sensors. The sensors included 
information about both the quality and quantity of the mined copper ore. The information from the 
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sensors was subsequently read and processed in order to control ore processing operations. [2, 5, 6]. 
One of the results produced by this research is a model of ore flow generated in the FlexSim 
environment. FlexSim reconstructs the transport network in a mine and allows monitoring the flow of 
ore, which has variable metal grade levels due to three lithology types existing in the mining region 
operated by KGHM Polska Miedz S.A. (further: KGHM) (Figure 1).  

 
Figure 1. Model of copper ore grade distribution in the deposit profile Hexcavation – face height, Hdeposit – 

deposit thickness, λb – cut-off copper grade [7] 

In the proposed empirical ore flow model, qualitative information about the deposit is retrieved from 
the MOPRONA system [8], which contains the results of in-situ measurements and channel samples 
collected from each of the mines.  The authors of the model are aware that it may be viewed as a 
simplification to assign an ore lithology identified by channel sampling to the part of the ore extracted 
from the surface adjacent to the channel sample, but no other methods are presently available.  Apart 
from the above fact, the process is time-consuming (it lasts approximately 24 hours) and expensive, as 
it necessitates qualitative tests performed in a specialist external laboratory equipped with optical 
microscopes. Therefore, it seems rational to search for new, more automatized methods in which data 
obtained in-situ will enhance the mobility of ore processing operations by enabling modifications of 
the processing parameters. Developments in computer technology allow easy and quick 
implementation of software for grain size identification based on the collected photographic 
documentation. This fact led to the authors to attempt finding a correlation between grain size 
distribution of the run-of-mine material and its lithological composition. Photogrammetry techniques 
have been found useful in evaluating grain size distribution of the run-of-mine material in both surface 
and underground mining [9, 10]. Literature mentions numerous examples of research into rock size in 
the run-of-mine material on the blast pile, belt conveyor or in the box of a haul truck [9, 11]. Such 
research proves useful in the monitoring and evaluation of blasting results and allows the selection of 
accurate blasting methods which best correspond to particular geological and mining conditions [11-
17].   

The Highland Valley Copper mine may serve as another example. The on-line grain size 
distribution monitoring coupled with rock hardness monitoring, which were implemented in the 
mining operation, increased the efficiency of the autogenous mill by 10% [11]. Based on literature and 
on the findings reported by researchers from Poland and from abroad, the authors suggest a method of 
grain size distribution measurement in Polish copper ore mines with the use of the Split Desktop 4.0 
software. 

 

2. Test Methodology 
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Grain size distribution slopes for ore extracted in different mining regions have been generated on the 
basis of photographs taken over belt conveyors receiving material from the division discharge points. 
The photographs were taken at even time intervals, during one full shift (4 hours). They were taken as 
the conveyor belt was moving. The camera was positioned on a stand, in perpendicular to the direction 
of belt movement, and the shutter was released with a remote control connected to the camera (Figure 
2b). Relative width of the belt in the trough was used as a reference to provide an appropriate scale to 
the photos (Figure 2c). This width was averaged (due to local edge defects) on the basis of three 
measurements performed on various belt conveyor sections. A proper light source was also provided, 
which is an important prerequisite in an underground mine and which helped ensure that the 
photographs had an adequate contrast (Figure 2a). 
 

a) b) c) 

 
  

Figure 2. Measurement stand, a) schematic diagram, b) measurement stand in the mine, c) image 
from the camera positioned over the belt, during belt width measurements required for scaling 

purposes; (Source: own materials) 
 

Measurement results in the form of grain size distribution curves for the ore transported on belt 
conveyors T5 (mining division G2) and W522 (division G5) were compared with the information on 
the quality of the deposit on the day of in-situ measurements, as obtained from the MOPRONA 
system.  Belt conveyors used in the measurements are circled in red on the transportation system 
scheme of the KGHM mine selected for the tests. (Fig .3). The lithological data obtained from the 
MOPRONA system included thicknesses of individual layers in the mining face and mean copper 
grades. After photographs of satisfactory quality had been acquired, they were processed in the Split 
Desktop 4.0 software. The software uses built-in image thresholding functions to identify contours of 
rock fragments in the mined material [18].  Two diagonals are marked on the identified contour, which 
later serve to form a solid body. The solids are dimensioned on the basis of a scale defined with the 
use of an object of known dimensions. Subsequently, the Gaudin-Schumann distribution or the Rosin 
Rammler distribution are used to determine the percentage share of fractions whose contours cannot 
be identified. 
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Figure 3. Schematic diagram of the belt conveyor transportation with circled points in which run-

of-mine material was measured on the conveyor belt (Source: Lubin Mine) 
 
The determination of the fines cut-off (FCO) level is influenced by the surface area of fine particles 
and by the dimensions of larger fractions. The procedure can be manually controlled by editing the 
solids and adjusting the delineation coefficients. 
 

 
Figure 4. Data processing stages 

 
Figure 4 shows subsequent photograph processing stages. Stage one consists in uploading a 
photograph to the application, stage two – in delineation, i.e. in identifying rock contours. Stage three 
consists in marking the locations where rock particles are too fragmented to be identified by the 
software. In the last, fourth stage, an image is processed by excluding areas in which no solid bodies 
are found. In this case, it was the area of the conveyor belt. The result is a particle size distribution 
curve, which describes the percentage shares of of individual fraction sizes.  The software enables the 
user to generate combined curves on the basis of multiple photographs and thus to obtain mean 
particle size distributions for the analyzed time period.   
 

T5 (G2)

W522 (G5) 
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3. Test results analysis 

The quality of the material transported on belt conveyors T5 and W522 was described primarily on the 
basis of the data on the geological composition and Cu content stored in the MOPRONA system. The 
data were from channel samples collected at mining faces on the day of the in-situ measurements.  The 
percentage shares of individual lithology types and mean Cu grades are shown in Figure 5.  
   

 

 
Figure 5. Percentage share of individual lithological layers in the mined height, based on data from 

the MOPRONA system acquired on the day of the in-situ measurements for the T5 (G2) and the W522 
(G5) belt conveyors 

 
The run-of-mine material from the analyzed mining divisions was extracted from faces of similar 
heights, but has different Cu content.  The copper ore from the G2 division consisted of two 
lithological types (sandstone and shale), while Cu content in the ore from the G5 division is 
additionally increased owing to the dolomite part. In order to determine whether lithological 
differences may influence the particle size distribution in the run-of-mine ore, the authors proposed 
photogrammetry tests with the use of Split Desktop 4.0 software.  Individual series of photographs 
were taken for both cases, and subsequently particle size distribution curves were plotted. Observation 
under the microscope was already sufficient to notice significant differences in the size and in the 
colour of rock fragments. Figure 6 shows sample photographs representing various fragmentation 
levels of the ore transported on both conveyors. 
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a)  

   
b)  

  
 

Figure 6. Example of size differences between various fragments of rock transported on conveyors:  
a) T5 – division G-2,   b) W522 – division G-5 

The above observations were confirmed in fragmentation tests, whose results are shown as particle 
size distribution curves. The curves plotted on the basis of the acquired photographic documentation 
correspond to the sizes of all rock fragments which constitute a representative sample of the material 
transported on both belt conveyors used in the examinations (Figure 7).  The distribution curve for the 
ore with dolomite fraction (W522) has a slope which indicates higher percentage share of coarse 
fraction.  This fact allows a conclusion that dolomite has greater strength [19] and shows smaller 
susceptibility to crushing when mined or transported [20]. The slope of the curve for the sandstone-
shale ore has a reduced inclination angle due to prevalent fine fraction.  This in turn is caused by the 
presence of sandstone – a low strength rock type composed of quartz grains bound with illite. 

 
The analysis demonstrates a connection between the particle size distribution curves plotted for copper 
ore and its lithological composition described on the basis of data from channel samples. However, an 
accurate image-based qualitative description of ore requires a measurement methodology based on 
automated procedures for particle size identification with algorithms allowing fast processing of 
acquired photogrammetric data. Classification of the size and colour of rock particles may be 
performed for example with the use of artificial intelligence methods, already successfully employed 
in chemical engineering [22], agricultural engineering [23] or in medicine [24]. 
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Figure 7. Cumulative particle size distribution curves for copper ore in the analyzed cases 

Curve designations in the legend: T5 (division G-2)   and W522 (division G-5) 
 

4. Conclusions 
The study presents the analysis of particle size distribution with the use of an indirect, image-based 
method. For this purpose, a series of photographs were taken of the ore transported from mining 
divisions having different deposit lithology. The research results were shown in the form of 
cumulative particle size distribution curves based on the acquired photographic documentation. The 
curves were compared with the information on the geological composition and Cu content obtained 
from the MOPRONA system. As a result, a relationship was observed between the identified the 
particle size distribution in the run-of-mine material and its lithology. This fact confirms that the 
quality of ore may be successfully described with the use of rock particle sizes. The strength of 
individual lithology types has been demonstrated to affect the degree of size distribution of the 
particles in the transported material. Copper ore extracted from the G2 division, where sandstone is 
prevalent, showed greater susceptibility to crushing. Owing to the presence of carbonate rocks, which 
typically have greater strength, the grain size distribution curve for the ore fed from the G5 division 
shows increased percentage share of coarse particles. 
Moreover, the study revealed differences in the colour of copper ore extracted in different divisions. 
Although the research here presented was performed on a small scale, its results are promising and 
confirm that it is sensible to pursue further research into a technology for acquiring additional 
information on the quality of ore fed to the processing plants.  
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