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SWEDISH SUMMARY (SAMMANFATTNING) 

Bearbetning av bilder är en ny metod som används för att visa och mäta olika 
sorters objekt. Form och storlek på stenar är de mest avgörande faktorerna för 
geologer och ingenjörer, vilka används för att bestämma kvaliteerna på 
bergmaterial och grus. Denna undersökning brukar ett bildanalysprogram i 
syfte att mäta dessa faktorer, genom att begagna sig av bilder som tas på 
provkroppar av sten i liggande respektive stående position. I stället för att 
erhålla en 3-D bild, får man i gengäld 3-dimensionella formfaktorer, vilka 
beskriver formen hos stenproverna. Dataprogrammet kalibrerades samtidigt 
som de bästa förutsättningarna för att erhålla allra bäst slutresultat slutligen 
fastställdes. Det förtjänas att notera: Standardavvikelsen i mätfelet var mindre 
än 10 %. Det bör påpekas att det kan göras möjligt i senare undersökningar att 
minska denna avvikelse ytterligare; detta genom att förbättra dataprogrammet. 
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ABSTRACT 

Shape and size of rocks are important physical characteristics of aggregates 
used in engineering and for interpretation of the genesis of naturally occurring 
sediment. Several image processing programs are available for measure the size 
and shape of various types of objects. The accuracy and reproducibility of 
results of a new imaging method and new matlab based 3D imaging program 
has been studied. 3D results are obtained by coupling two images of particles 
one of their largest and one of the smallest projected areas. The accuracy of 
results depends on the focal length used for imaging as well as the positioning 
of particles in the view field.  

Key words: Image processing, method accuracy, 3D imaging method, 
grain-size analysis. 

INTRODUCTION 

In Sweden, there are enormous amounts of gravel, stored in 
eskers, sandur plains, drumlins, old river banks and old raised 
beach deposits. These features are one of our biggest natural 
resources. However they are not a renewable resource and thus in 
order to preserve them for the future exploitation of naturally 
occurring gravel is to be minimized. Instead aggregate materials 
are to be exploited from crushing rock. Aggregate materials, sand 
and gravel, are used in many applications. The majority of 
aggregates are used in construction and upkeep of roads and 
railroads but also a large portion goes to production of concrete. 
Depending on the usage the quality of the aggregates required 
differs. There are strict regulations concerning the size and shape 
distribution for different usages; particles must have a certain 
angular and rough shape. If the rock particles are too smooth or 
too rounded, they will function poorly and can cause failure of the 
engineering construction. If the particles are too long or too thin 
they may break and cause failure of the engineering construction. 
Thus it is important to accurately quantify of the size and shape of 
aggregates. The traditional methods used for size and shape 
analysis are not very accurate furthermore they are very time 
consuming. Modern image analysis methods have been developed 
that quantify the 3D size and shape of particles and claim to be 
very accurate. However the accuracy and reproducibility of image 
analysis methods needs to be tested.  
The aim of this study is to determine the accuracy of a newly 
developed 3D imaging method and image analysis code, the GID 
method (Fernlund, 2005a, b; Tafesse et. al., 2010) To determine 
the effects that the focal length, distance between the camera and 
the particles, has have on the results and to determine if there is 
an optimal distance. A review is made of the errors introduced 
both due to placement of particles and to the degree of glow of 
the background beads. To determine if particle size and shape 
have effects on the results and how the positioning of particles 
can affect the projection of the particles and thus the result. Still 
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another aim is to determine routines for exciting the luminous 
beads that yield good uniform images. 

Traditional methods for size and shape determination 
Sieving test is a common method used for determination of the 
size distribution of sand and gravel. The sieving is carried out, 
using a series of sieves, cylindrical containers, with a mesh in the 
bottom. Each sieve has a different mesh size with square 
apertures. The series of sieve with variable apertures are stacked 
with the largest aperture size on top and continuously smaller 
aperture sizes downward. At the bottom is a pan that collects the 
particles that pass the smallest sieve size.  
A sample of sand and gravel of known mass is poured into the 
column of sieves and then it is shaken in a machine for a few 
minutes. The weight of the particles retained on each sieve is 
determined and then the % of the total mass is calculated. The 
result is plotted as size-distribution curves. Sieving analysis is a 
traditional method for determining the distribution of particle size 
but this method does not in reality measure any axial dimension of 
any of the particles in the sample and the results are highly 
dependent upon particle form (Fernlund, 1989). Elongated and 
thin particles “fool” the sieving results since they pass sieve 
aperture that are much smaller than their longest axes; they dive 
through the mesh in the diagonal of the aperture.  Thus the mass 
of these particles is greater than other more cubic particles caught 
on the same sieve.  
Shape of particles is not easy to measure. There are however 
several different, time consuming, methods. One method is the 
Danish Box Method (Fig. 1) (Ibbeken and Denzer, 1998). 
Particles are placed in the box and turned until they yield the 
smallest axial measure for longest, intermediate and shortest axis 
of the particles, 3-dimensions.  
Other methods for determining shape of particles include sieving 
with elongate sieves. One size fraction from traditional sieving is 
placed in a sieve that consists of elongate mesh openings. The 
thickness of the particles are determined for the given size fraction 
but the longest and intermediate dimensions are not actually 
measured in this way.  

Fig 1. The Danish Box is 
measuring X-, Y and Z-axis of 
a rock particle. 
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Still another method is using a caliper. In this case the axial 
dimensions are measured by hand for each particle. It can be 
difficult to determine which the longest, intermediate and shortest 
axis is.  

Image analysis methods for size and shape determination 
Over the last few decades research about automatic or semi-
automatic recognition of particles from digital images has 
developed world wide (Mora et. al., 1998; Kwan et. al., 1999; Mora 
and Kwan, 2000; Rao et. al., 2001; Taylor, 2002; Maerz, 2004; 
Tutumluer et. al., 2005; Wang and Bergholm, 1995; Fernlund, 
2005a; Fernlund, 2005b). In image analysis, a picture of the 
particles is processed with computer programs to determine size 
and shape. There are numerous programs on the market however 
the codes are not open thus how the different parameters are 
measured is not revealed. This makes it hard to evaluate the 
results. Plus most image analysis programs are for 2D analysis. 
Particles however are 3 dimensional and thus it is necessary to 
determine the 3D size and shape. This is achieved in different 
ways. Some researchers make assumptions and calculate the 3D 
relationships. Others take numerous images of particles in several 
projections in order to determine the 3D size and shape. There are 
numerous methods for doing this however many of them require 
expensive apparatus (Mora et. al., 1998; Kwan et. al., 1999; Mora 
and Kwan, 2000; Rao et. al., 2001; Taylor, 2002; Maerz, 2004; 
Tutumluer et. al., 2005; 
A novel imaging technique has been developed by Fernlund 
(Fernlund, 2005a, b; Fernlund et. al., 2007; Tafasse et. al., 2010) 
which is both inexpensive and can be used in the field. Pair of 2-
dimensional pictures is taken of each particle one of the smallest 
and one of the largest projected area; in a standing and lying 
position. Furthermore a new image analysis code has been 
developed in Matlab for size and shape determination. The 
method is named the GID method since Glow-In-the Dark beads 
are used as the background for the images. 

GID Imaging method 
The new method for imaging consists of a bed of Glow-In-the-
Dark beads (thus the method is named the GID method 
(Fernlund, 2005a, b; Tafesse et. al., 2010) on which the particles 
are placed, several at one time, above which a camera is mounted 
(Fig. 2, 3). The camera is connected directly with a computer so 
the quality of the image can be evaluated directly. The bed on 
which the particles are placed is about 1 by 0.8 meters large and 
consists of angular fragments of glow-in-the-dark material with a 
size of about 2 to 4 mm. The entire setup is placed in a dark 
room. An inexpensive portable dark room, consisting of light-
impenetrable material mounted on a light-weight frame the order 
of 2 meters high (Fig. 2). The light-impenetrable material is lifted 
in order to expose the beads to the sun light and to place the 
particles on the bed of beads. When the luminous beads are 
saturated by the sun light, (this is done by just half a minute 
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during a sunny day) then the light-impenetrable material is 
lowered down and the beads glow. The researcher snaps a picture 
and stores that one in the computer. The beads glow in the dark 
thus images of the particles consist of silhouettes of the particles. 
The light-impenetrable material is lifted up on the sides and the 
particles are turned to their standing positions and then the 
material is lowered again and the second image is taken. 
Depending on the size of the particles up to 150 may be imaged at 
one time in one image. The procedure is described in greater detail 
by Tafesse (2007). 
Particles are placed on the bed in two positions and imaged twice. 
First so the image is of their largest projected area and then so the 

Fig. 2. Imaging particles out side. The researcher is putting rock 
particles on the bed of glow-in-the-dark beads. At about 1.8 
meters above the bed is a digital camera that is connected to a 
laptop computer. The sun light will excite the beads so they will 
glow in the dark. The scaffolding is covered with light-
impenetrable material. When this is closed the beads glow and 
the particles will appear as silhouettes giving a very high quality 
image that needs no preprocessing. 

Fig. 3. The digital camera 
used has the capacity of 2 
mega pixel. It was hung up 
on an adjustable pedestal 
above the bed and 
connected directly to a 
laptop computer.  
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image is of their smallest projected area. The particles are not 
moved from the spot between imaging thus the image analysis 
program can couple the results of the two images together yielding 
3D information of the particle size and shape.  
The method can also be carried out in the laboratory, in a room 
that can be made dark. This method does not deviate too much 
from the field method. The main difference is the light source. 
Normally there will not be sufficient sunlight inside so a source to 
excite the luminous beads is required, a special lamp. Then the 
procedure is similar to the one described above. The particles are 
placed on the bed first in the lying position, the beads are excited 
with the special lamp, the lights in the room are turned off and 
shades drawn so the room is dark making the beads glow and the 
image is taken. The particles are then turned on end in their 
standing position and a new image is taken. 

GID Image processing procedure 
The 3D image analyzer (GID particle software) is a combination 
of C and Matlab procedures which can be used in Matlab 
programs. The code is written by Fredrik Bergholm at the division 
of Engineering Geology and Geophysics, KTH. Considering the 
method of capturing images that is mentioned formerly; the 
Matlab program (GID new version) has the ability of processing a 

Fig. 4 Top - The 
computer pro-
gram locates the 
central gravity of 
the rock samples 
on image and 
draws a bound-
ary line around 
each object.  
Bottom – The 
central gravity 
point of each 
rock sample is 
used by the 
computer pro-
gram when it 
gives number to 
each object. 
Each object has 
an own unique 
identity, related 
to their own 
gravity point in 
this further step. 
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Fig. 5 Particle size is defined 
in numerous ways. 1. 
Parameters a and b are the 
lengths of the longest and 
shortest axis of the smallest 
super-scribed ellipse. 2. 
Parameters LB and WB are 
the length and width of the 
smallest super-scribed. 3. 
The width and the thickness 
is defined as the lengths of 
the longest and smallest 
sides of the smallest super-
scribed rectangle of the 
smallest projected area of the 
particle. 4. The minimum 
bounding square is the 
length of the side of the 
smallest super-scribed 
square around the particles 
smallest projected area. This 
is roughly equivalent to sieve 
size (Fernlund et. al., 2007). 

pair of images, with particles in their standing and lying position, 
and coupled the same particle in the two images together yielding 
3D results. 
By running the main function of program that been showed below 
on Matlab the process of images is get started: 
RunSeveralExp(1101,1102,200,60); 

• First argument of function is laying position image file name. 
• Second argument is standing position image file name. 
• Third argument is size of threshold, minimal acceptable area in 

number of pixel, of processing 
• Forth argument is the threshold for gray values which should be 

considered to create good silhouettes.  
First the program constructs histogram of the image and picks a 
value between two peaks of histogram as threshold size. GID 
program converts the two color image or color image to Boolean 
file which make it possible to do image processing easily. 
Considering threshold size and accumulation of pixels with same 
color, the program locates the central gravity of rocks on image 
and draws a boundary line surrounding rocks (Fig. 4). 
In this section program assigns numbers to the rock particles on 
the image considering their central gravity points (Fig. 4). Then it 
starts to measure the parameters defined (Fig. 5).  
Measured parameters 
The measured parameters are defined in many ways. The 2D 
images in two orientations of the particle yield 3D results Given 
that length and width are measured in each 2D image. If the image 
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is of the largest projected area of the particle then this will be the 
“true” length and width of the particle. However if the image is of 
the smallest projected area of the particle then the length will in 
fact be the width of the particle and the width with be the 
thickness. If the image is of any other projection of the particle 
then the parameters will not measure the true axial relationships. 
The parameters measured included (Fig. 5):  
• A - defined as the longest axis of the smallest super-

scribed ellipse around the particles largest projected area; 

• B - defined as the shortest axis of the smallest super-
scribed ellipse around the particles largest projected area; 

• LB, Length Box – defined as the longest side of the 
smallest super-scribed rectangle. 

• WB, Width Box – defined as the shortest side of the 
smallest super-scribed rectangle. 

 

Fig 6 A close up 
of the bottom left 
corner of figure x. 
Top – The 
smallest super 
scribed rectangle 
is drawn around 
each particle. The 
parameters LB 
and WB, “length 
and width box” , 
are the lengths of 
the sides of the 
rectangle.  The 
computer pro-
gram tries numer-
ous orientations 
until the smallest 
rectangle is estab-
lished.  
Bottom – the 
minimum boun-
ding square 
around the parti-
cle is larger than 
the “length box”. 
This size is very 
similar to sieve 
size if it is deter-
mined for the 
smallest projected 
area of the 
particle. 
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• MBS, Minimum Bounding Square - defined as the length 
of one of the sides of the smallest super-scribed square 
(Fernlund et. al., 2007).  

• Area – total number of pixels.  

• Area elllipse – obtained from area of ellipse equation 
based on the smallest super-scribed ellipse.  

The parameters a and b are measured by a best fitting ellipse 
which surrounds the rock particle. Width box, WB, and Length 
box, LB, are measured as a minimal rectangle around the rock 
particle by the computer (Fig. 6). This measuring is not easy to do 
manually (Fig. 1). The Minimum Bounding Square size is the 
length of the side of the smallest square which can be fitted 
around the particle (Fig. 5, 6). 
After measuring the parameters for both images, program 
compares rocks in two images (standing and lying position) and 
controls the number of rocks then it put same number for same 
rock in both images due to central gravity by using nearest 
neighborhood method (Fig. 7). 
It is important to know that the length for standing position is 
width and also width for standing position is thickness. The 
program is using auto scale. The scale of exported measurements 
is centimeter and it will become obtained from pixel size and were 
measured by putting two rulers of the same size, perpendicular to 
each other in one edge of frame.  
After doing all steps of processing, there are two exported files 
which contain all measurements of standing and lying position 
separately. It should be considered that all rock samples are 
numbered by the researcher before the test was started. The 
computer program renumbers the rock samples again, during the 
image processing. Each particle must be traced and again; all 
shape factors must be related to their “assigned” rock number. 

Test of the GID accuracy 
Image analysis results are considered to be very exact since the 
measure is the result of computer computation. But there are 
errors associated with all methods. In the GID method several 
particles are imaged at the same time thus they are not all perfectly 
perpendicular to the field of view of the camera. The larger 
particles are placed in the central portion of the bed to minimize 
distortion due to the angle of view. The large the between the 
camera and the bed is assumed to minimize distortion and thus 
minimize error but at the same time the larger the distance is the 
fewer the number of pixels per particle and thus increase error. 
The question to be studied is if there is an optimal distance 
between the camera and the bed. The analysis by of the 
parameters is done by the computer and thus is assumed to be 
very accurate however some parameters can yield different results 
due to changes in orientation. This is due to the way the 
parameters are defined and calculated. The results can be highly 
erroneous if the parameter results are dependent upon the 
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orientation of the particles. The question to be studied is whether 
or not the parameters are rotationally independent. Furthermore 
the positioning of the particles, done by hand, is subjective. Thus 
the results will differ somewhat depending upon how the particles 
are placed. Placement is fast process, taking only a few minutes 
for one hundred particles. The question to be studied is how 
much error exists due to variation in particle placement. The 
intensity of the beads is very stable when excited by daylight 

Fig. 7 A pair of images of the particles in the standing (top 
image) and lying (bottom image) positions; the smallest and 
largest projected areas of the particles respectively. The center of 
gravity of each particle in each image is used to couple the results 
for the same particle in both images. The particles are 
renumbered automatically by the program. 
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however in the laboratory the intensity of the beads is dependent 
upon the way in which they are excited. They may become 
unevenly excited, under exited or even over excited. The question 
is how does this affect the results and is it possible to develop 
routines that insure good and uniform glow intensity for all 
images. 

Introduction of errors 
In order to produce a good results hat are scientifically 
trustworthy, the possible errors must be identified and an attempt 
should be made to minimize them as far as possible. This accuracy 
and reproducibility of the GID method needs to be tested. The 
errors considered in this study include particle placement, focal 
length and glow intensity. 

Particle placement  
The objects are not placed correctly so the largest and smallest 
projected areas are viewed by the camera. One would expect that a 
particle placed exact in the middle of the field of view of the 
camera would yield accurate results. On the other hand, a particle 
placed distal to the centre of the picture, would be slightly 
distorted and thus yield somewhat erroneous results. The 
explanation for that is simply the angle between the object and the 
camera. The bigger angle, the more each particle will appear as 
leaning objects. The area will grow as the particles move toward 
the edge of the field of view of the camera. The larger the object is 
the greater the expected growth in size. 

Focal length 
The focal length between the particles and the camera is too small 
or too great. The smaller it is the more distorted the image of the 
particles in the periphery of the field of view will be. The greater it 
is the number of pixels per particle will diminish and thus the 
accuracy of the results may be less.  

Glow intensity 
The beads glow either too little or to great. In the outdoor 
environment there is no problem with glow intensity but in the 
indoor environment a special lamp is used to excite the beads. 
They can be under or over excited. This results in poor images.  
If the beads are over excited then the outline of the particles can 
be blurred. The samples even start to glow. Rock fragments are 
commonly composed of several minerals some of which reflect 
light, others not. This can result in images where some particles 
appear to be divided in several pieces. 
If the beads are under excited then some objects may not be 
identified during image processing. The program couples the same 
particle in two images. If one object is not identified in one of the 
images due to too low glow intensity of the beads, then no match 
is possible and the program will not process the two pairs of 
images. 
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METHODS 

There are two main parts to this study. One that evaluates errors 
associated with the position of particles and the focal length and 
one that evaluates the glow intensity of images taken indoors. The 
glow intensity study was done first since the results were required 
in order to perform the rest of the study.  

Glow intensity test and results 
The intensity of glow created by the special lamp needs to be 
consistent and at a good level to insure good results. The lamp 
used is a hand-held lamp with high intensity. The distance to the 
beads, the time of exposure and the movement of the lamp all 
were factors that were tested.  
A series of tests were made where the beads were exposed to the 
special light and images were taken every second after exposure 
was stopped from 1 to 20 seconds. In all cases the exposure time, 
distance between the lamp and the beads was constant and the 
lamp was moved in a circular fashion over the entire bed area 5 to 
6 times.  This was repeated several times.  
The images were printed out and evaluated. If there was too much 
light exposed on top of the luminous bed, then small shimmering 
sparks developed; both on the luminous gravel, but also on the 
rock samples themselves, created too many false rock samples on 
the screen. Some rock samples looked like they were divided into 
several parts; even the luminous bed could generate more samples 
itself. In fact, even a tiny fraction of gloving sparks could create a 
new rock object.  
After many tests and evaluations the optimal time laps was 
determined to be 10 seconds. Thus in the remaining tests all the 
images were taken 10 seconds after exposing the beads to the 
special lamp.  

Position and focal length test 
To evaluate the reproducibility of the results of GID method with 
respect to the position of particles in the field of view of the 
camera and to the focal length a study was designed where the 
same particles were imaged several times in different positions on 
the bed and at different focal lengths. Furthermore two groups of 
objects were used one consisted of regularly shaped objects and 
the other of rock fragments.  

Imaging setup  
The GID method was used. Images were taken with a digital 
camera with 2 megapixel quality (Fig. 3). This was mounted on a 
pedestal that could be varied in height. The focal distance was 
varied for each set of images by 10 cm, from 100 to 200 cm. This 
resulted in 11 sets of paired pictures; two from each level, one 
lying position and one standing position for each pair.  
After imaging one pair of images the particles were removed and 
then put back into onto the bed in a total different position again. 
This was done 10 times at each focal length. 
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Two sets of  objects 
The first group consisted of nine Regularly Shaped Objects, RSO, 
which are used to control the reliability of results and to evaluate 
the types of errors that may occur due to particle size and shape in 
image analysis. The nine particles are easily distinguished from 
each other and their size was determined by hand measurement 
(Fig. 1).  
Second group consisted of 25 rock fragments, RF; that varied in 
sieve size from 2 to 20 cm (Table 1). A number was written on 
each particle, 1 to 25. Based on the particle’s sieving size, the 
samples were divided in two groups, 2 to 6 cm and 6 to 20 cm 
(Table 1). 

RESULT AND DISCUSSION 

The advantage of studying regularly shaped objects, RSO, is their 
regular shape, in contrast to rock particles that are highly irregular 
in shape, making it possible to compare results with manual 
measurements.  

The sources of errors and reliability test 

Distance Error 
This kind of error appears when the distance changes between 
frame and camera. 
The distance error increases by increasing the distance and also 
image quality changes and the boundary of sample becomes more 
smoothed and it is not easy to point the sample shape. The outline 
of a sphere, that has a diameter of 2.5 cm, is less distinct in an 
image taken with 200 cm focal length than in an image taken with 
100 cm focal length (Fig. 8). 

Fig. 8 The difference between sharpness in the image at 100 cm 
(left) and 200 cm (right) focal length. The boundary is more 
diffuse at 200 cm distance than it is at 100 cm distance. There are 
fewer pixels per particle as the distance increases thus the 
particles appear more rugged. Some error in size will be 
introduced due to this. 
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Dimensional Error 
This error is the most common type of error in image processing. 
It represents specially in study of 3D samples by using 2D image 
processing. Numerous of samples have this “error” but it cannot 
be easily identified due to the shape of sample. For any other 
shape except a sphere the sides of particles will be viewed by the 
camera if the object is not perfectly located directly under the lens. 
For example a cube (Fig. 9), it has two sides that generate 2 extra 
areas and these areas should not be calculated given the definition 
of size. The area generated is related to the overall size and shape 
of the particle; it will increase as the particles increase in size. As 
the focal length increases this error decreases since the angle 
between the particle and the lens deceases with increased focal 
length (Fig. 9, 10)  

Fig. 10 Left a block in the form of a cross taken with 100 cm focal 
distance. Right the same block taken with 200 cm focal distance. 
The sides of the cross are viewed in both images to some extent. 
In general the outline of the block at 200 cm is fuzzier than the 
one taken at 100 cm distance. But the amount of the side viewed 
decreases slightly as the distance increases.

Fig. 9 Left – image of a cube with 100 cm focal length; Right – 
image of the same cube with 200 cm focal length. Depending on 
the orientation of the cube image will include sides of the cube as 
part of the object. This is due to the angle between the object and 
the lens. The larger the focal distance the less is the angle and 
thus the less will be the distortion of the object.  
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Contrast and reflection Error  
The contrast is an important part of image. If the contrast 
decreases, the recognition boundary between sample and 
background will be difficult to extract; the outcome of the 
measurement will be less than reality. Reflection is one cause of 
decreasing contrast. 
This sample has a prism form, the two upper sides make a 450 
angle with camera. Obviously it reflects the light from the sides 
(Fig. 11). The low difference between contrasts affects the area of 
the sample. It means the lower contrast misses pixels of sample. 
Contrast error increases when the focal distance becomes greater. 
This causes the pixel size of a sample to decrease. 

Shadow Error  
The shadow is a common effect in snapping the image from 
samples. The images are affected by some types of errors; the first 
group is manual error and the second group is systematic errors. 
Shadow error is common in both groups. 

Combined error  
This is the combination of 2 or more than 2 types of errors. It 
should be understood that the combination of errors in some 
cases contribute the error into lower or upper percentage. But it is 
not a common rule. It means in some cases they treat against each 
other and one type of error will decrease or increase another type 
of error. On the other hand:  one error hides under the existence 
of other type of error. A picture is somehow deceptive, and does 
not necessarily depict what one wants to see. 

Fig. 11 Left - Image of the prism with 100 cm focal length. 
Right – Image of the same prism with 200 cm focal length. The 
end of the prism has less contrast with the background than 
does the top of the prism. This becomes even more diffuse as 
the focal length increases, right image.  
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Standard deviation of parameter results with changing focal length 
The results yield data for 7 parameters for each particle (Table 2). 
The exported table of result was the same for standing and lying 
position. The results of the measured parameters for the 25 
particles were sorted into 25 separated files for both pairs of 
images, of the particles in both the standing and lying position. 
This resulted in 50 plots of the variation (Fig. 12). The rock 
samples were divided to two groups first group based on their 
sieve size, 20 mm to 60 mm and 60 mm to 200 mm (Table 1). The 
reason for that is mainly is to compare results of the digital sieving 
with traditional sieve results.  

 
Table 1 The number of the rock fragments in the two sieve-size 
fractions, 2 to 6 cm and 6 to 20 cm, plus the longest 3D length 
of the particle in cm. 

Particle  
number 

Sieve size  
2 and 6 cm 

Length of particle 

Particle  
number 

Sieve size  
6 and 20 cm 

Length of particle 
25 2.53 6 6.27 

1 3.59 14 8.03 

7 3.66 21 8.38 

11 3.7 24 9.21 

13 4.17 2 10.62 

3 4.47 18 13.08 

9 4.51 19 14.64 

16 4.51 15 24 

22 4.57  

8 4.6 

12 4.75 

4 4.81 

17 5.12 

5 5.17 

23 5.25 

20 5.52 

10 5.86 

 

Fig. 12 – next 5 pages - The results of the variation 
in the value for each of the parameters are plotted 
for each particle. The x-axis is the focal length 
which varies from 100 to 200 cm. The y-axis is the % 
of variation for each parameter from the 11 images. 
The results are presented in order of particle size, 
starting with the smallest (Table 1). The particles 
sieve size is indicated by italic – for sieve size of 2 to 
6 cm and by underlining – for sieve size 6 to 20 cm 
(the last 8 particles). 
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 Particle 25 lying 

Particle 7 lying 

Particle 1 lying 

Particle 11 lying 

Particle 13 lying 

Particle 11 standing 

Particle 25 standing 

Particle 1  
standing 

Particle 7 standing 

Particle 13 standing 
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Particle 22 lying 

Particle 8 lying 

Particle 16 lying 

Particle 3 lying

Particle 9 lying 

Particle 22 standing

Particle 8 standing

Particle 3 standing

Particle 9 standing 

Particle 16 standing 
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Particle 5 standing 

Particle 23 standing 

Particle 17 standing 

Particle 12 standing 

Particle 4 standing 

Particle 12 lying 

Particle 4 lying

Particle 17 lying

Particle 5 lying 

Particle 23 lying
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Particle  20 lying

Particle 10 lying 

Particle 6 lying 

Particle 14 lying 

Particle 21 lying 

Particle 20 standing 

Particle 10 standing

Particle 6 standing

Particle 14 standing 

Particle 21 standing
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Particle 24 lying

Particle 2 lying 

Particle 18 lying 

Particle 19 lying 

Particle 15 lying 

Particle 24 standing

Particle 2 standing

Particle 18 standing

Particle 19 standing 

Particle 15 standing



 Rock property measurements using image processing  

 

27 

The result of one rock particle displays the variation of the 
7 parameters measured (Fig. 12) Vertical axis shows the standard 
deviation error by percentage and the horizontal axis is the focal 
length; the distance between frame of samples and the camera. 
The fluctuation of every factor can be seen easily in this chart and 
the aim is to find whether the results are reliable or not. The 
acceptable error percentage for standard deviation is less than 5%. 
But cause of high fluctuation in error percentage the limit of error 
increased to 15%. 
After considering all 7 shape parameters it was evident that the 
length factors showed acceptable error percentage (less than 5%) 
in some cases. It means the reliability of results is trustworthy. It is 
interesting to know that the measurement of shape samples was in 
three different positions but still the results are precise.   
After checking all 50 charts, the distances which have the standard 
deviation error less than 15% were picked up and the best 
distance for snapping image were selected from 10 distances for 
two groups of rock size in standing and lying positions. 
There are some heights which were repeated in samples due to 
their good accuracy of measurement. The acceptable points for 
each rock sample were located. 

Table 2 An example of the results for the 25 rock sample data and 
the unit is centimeter. The particle number is generated by the 
program and for each set of results the number has to be adjusted 
to the one assigned to the particle.  
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The distribution of each height which has the standard deviation 
error less than 15% reveals that the error is quite variable with 
respect to the different focal lengths (Fig. 13). As it can be seen 
there are four curves which are standing and lying position for 2 
groups of rock sizes. There appear to be 2 heights which have the 
most number of repetitions of good accuracy. First distance is 
170 cm and second is 110 cm. 
The program was controlled by two series of sample. First group 
were the models and it was compared with the mean value of 
factors by manual measurement. The second group was the rock 
samples and the mean value factors were obtained from 
population of measurement by Mat lab program. The results for 
length factors for both methods were satisfying and the standard 
deviation error was between 5 to 15 percent. Although 15% STD 
is over the maximum defined standard, but it can be improved in 
the future and also by changing image processing factors such as 
the threshold of the Matlab program. 
The area factors are not reliable. The STD error was more than 
20%. This is an indicator that it is necessary to revise the program. 
Also the scale of different distances was obtained manually. In 
minor cases the STD error one of length factors had the error 

Fig. 13 The frequency of which the results showed variation less than 15% for the 11 
sets of images. This is divided into variation in accuracy for lying and standing 
particles in the two sieve sizes, 2 to 6 cm and 6 to 20 cm.  The frequency of the best 
reproducible results shows firstly that the results for the smaller size fraction is more 
accurate than it is for the larger size fraction for both lying and standing particles.  
The variation in results for the lying particles is less than it is for the standing 
particles for the smaller size fraction. For the larger size fraction the variation in the 
results is rather uniform for both the lying and standing particles with the exception 
of 150 cm where the standing particles yield more uniform results and at 170 cm 
where the lying particles are much yield much more reproducible results than 
standing particles. Overall the focal distance with the best results is 170 cm (with 
the exception for the standing particles in 6 to 20 cm fraction). The next best 
reproducible results were for 110 to 120 cm focal length. Focal lengths greater than 
170 yielded poor reproducibility and the focal length of 100 yielded very poor 
reproducibility.  
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more than 15%. It was considered to be due to human error; 
deciding which position yields the correct view of the particle. 
Placement was easy when the particles were platy or elongate; it 
was very clear which position yielded the maximum and the 
minimum projected areas. However for particles that were equant 
and irregular in shape it was difficult to decide which was the 
optimal position. Imaging different positions will yield different 
results. The particle form, or rather uniform length of axis, is 
suggested to be the reason why some particles yield highly variable 
results such as for particles 7 and 16 which are both in fraction 2 
to 6 cm but display high variation in results. In contrast other 
particles in the same fraction display high uniform results such as 
particles 8, 13 and 25. There is no clear orientation of some 
particles like number 7 which has nearly equal axial lengths, but 
for some particles there is a very clear orientation since the axial 
lengths vary greatly. Although the percent variation is on the order 
of 5 to 15 % this is still much more accurate than that of sieving 
which does not differentiate closer than the particles are between 
2 to 6 cm which for a particle 2 cm in size but classes as “up to 6 
cm” is 300% error and for size or 6 to 20 cm size a particle 6 cm 
in size is classed as “up to 20 cm” which is more than 300% error. 
Thus 15% variation in results of a particle 2 cm in size is very 
good in contrast to the accuracy of sieving.   

CONCLUSIONS  

The shape sample analysis showed the measurement of the 
program and its limitation. Comparison between images and result 
viewed the different types of errors and at last the result 
represented that the measurement of program is reliable (less than 
10% STDV).  
The rock sample analysis revealed the certainty of program 
measurements were acceptable by considering special conditions.  
These are important results from the study: 

• Two heights (110 cm and 170 cm) are enough accurate to use as a 
stable distance from camera. In some cases the standard deviation 
error was less than 5%. 

• The length factors were enough certain and accurate but the area 
factors (area and area of oriented ellipse) are not. 

• The standing position results had more fluctuation more than 
lying position the main reason is the user is able to place rock 
samples in many different positions.  
GID particle software (Mat Lab program) is an image processing 
program. It is able to calculate the length factors of rocks between 
20mm to 200m by standard deviation error less than 10%. Image 
analysis showed the quality of image is the main factor for 
obtaining the acceptable results.  
Also the calibration procedure showed that the optimum distances 
between camera and frame are 170 cm and 110 cm.   
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SUGGESTIONS FOR FUTURE WORK 

There are some suggestions for continuing this study way for the 
future. 

• Two factors, (Rectangularity and Roundness) should be studied 
and developed for usage. 

• The area factors measurements error can be improved and the 
error should be decreased by revising program and method of 
calculation. 

• The calculation of volume of rock is a good aim which is possible 
to operate. It is important to emphasize that scientific work is 
describing the output parameters from a 2 mega pixel camera. 
However, any other camera of different specifications is to be 
calibrated before starting any experiment.  
Nowadays image processing is going to be useful in numerous 
engineering projects and it is possible to use this method to 
represent the shape of rocks. Image analysis is a tool that hand 
over good evidences, pointing out that this is a good rock for just 
that kind of usage purpose, and another rock type/shape is of no 
good quality. If the image analysis works reliable from one height 
and for one rock size/quality, it will almost work for all sizes and 
rock types.  
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