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SUMMARY  

This thesis presents the development, evaluation and application of a novel three 
dimensional (3D) image-analysis method for characterizing the size and shape of 
coarse grained particles (20 to 200 mm). In the thesis the features of the novel image 
analysis method have been described and the associated errors with the method have 
been evaluated. Moreover the method has been applied for the detail analysis of till 
samples in four locations at different parts of Sweden. Furthermore a new 
methodology for total analysis of till was developed and applied.  

The image analysis system is called the GID method, since a layer of Glow-In-the-
Dark beads is used to create a luminous background during the image acquisition. It 
is developed in Matlab and the image acquisition method is suitable for both field 
and laboratory application. The GID system is developed to analyse the 3D size, 
shape and angularity of coarse clasts. The analysis of different samples showed that 
the GID system could provide detailed information on the size, shape and surface 
texture of coarse clasts in short time. Thus the system is very useful to the 
sedimentology and engineering fields. In sedimentology, the GID system allows a 
statistically representative analysis of large sample sizes, which is one-tonne for 
cobble size clasts of till samples. On the other hand one of the calculated size 
parameter, which is called the SMBS, has provided very similar result to sieve 
analysis. Therefore construction engineers, who produce aggregate batches for 
asphalt and concrete based on mechanical sieve-size distribution, would find the 
GID method attractive. 

The variations of size and shape measurements from repeated measurement of 12 
aggregate samples in the GID method have been evaluated. Most of the measured 
parameters have shown high repeatability and insignificant error.  

The angularity index developed in the GID method, called the smoothing annularity 
index (SAI), has been compared with three other existing methods (GRAD, AI and 
AF). However none of the methods tested yielded comparable results to that of the 
visual classification. The SAI parameter seems to measure variations in surface 
texture besides angularity. 

A new methodology for total analysis of till was developed and tested. The total 
analysis included 3D size and shape distribution of coarse particles coupled to 
electrical resistivity, lithological distribution and magnetic susceptibility of the clasts. 
The results show clear difference in the till samples from the different sites. 

In the future it is important to further develop the GID system; constructing a 
mobile system is suggested for aggregate testing on site. In addition to that a 
modified algorithm is needed to accurately measure angularity. 
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ABSTRACT  

This thesis presents a novel three dimensional (3D) image-analysis method for 
characterizing the physical characteristics of coarse particles in the field, and 
introduces new methodology for the total analysis of glacial till samples. 

The novel image analysis method, called the GID method, is capable of determining 
the size, shape and surface texture of each individual clast analysed. Images of 
particles are taken in the field and analysis is done in the laboratory. Therefore the 
GID method makes it feasible to analyse statistically representative large sample in 
short period; for poorly sorted sediments, such as till, one-tonne is required if the 
analysis includes cobble size. The capability of the GID method was demonstrated by 
studying coarse clasts (20-200 mm) from till. There is excellent agreement in the 
results of the size distribution obtained from the GID method and sieve analysis. The 
GID method results for size and shape parameters show high and very high 
repeatability. The particle angularity in the GID method has not been measured to 
acceptable level; the repeatability test shows some variability. 

The new methodology for total analysis of till applied the GID method at four 
different locations in Sweden. The total analysis included 3D size and shape 
distribution of coarse particles coupled to electrical resistivity, lithological distribution 
and magnetic susceptibility of the clasts. The results show clear difference in the till 
samples from the different sites. 

 Keywords: 3D image analysis; Particle angularity; Sieve analysis; 
Particle form; Gravel analysis; Repeatability; Lithological distribution

INTRODUCTION  

The use of natural gravel from glacio-fluvial 
eskers is no longer the main source of 
aggregate material in Sweden; instead 
aggregates are mostly produced from 
fragmentation of bedrock from rock 
quarries. Finding a suitable site to open a 
rock quarry is relatively difficult since most 
of the bedrock is covered by Quaternary 
deposits, mostly with till (Lundqvist, 1977; 
Freden, 1994). Till is unsorted and non-
stratified sediment directly transported and 
deposited by the glacier (Dreimans, 1989). 
Before the bedrock can be fragmented and 
excavated the overlying sediment must be 
removed, thus thick deposits of till are costly 
to remove. Till is seldom used as aggregate 
material due to the high content of fines 
making it unsuitable for usage in concrete 
and asphalt unless the fines are removed. If 
the till cannot be used as an aggregate 
resource it is a waste and problematic for the 
industry to handle.  

There is no universal method to determine if 
a site is suitable for a quarry. The quarry 
industries mostly study existing bedrock 
exposures and erratic boulders. Outcrops of 

the bedrock are not necessarily representa-
tive of the whole rock mass, since most 
likely better rock quality is covered by till. 
Coupling different geological and 
geophysical methods during the planning of 
a quarry site could provide unbiased 
information about the sub-surface bedrock 
quality, thickness and composition of the till. 
This would be of great interest for quarry 
industries both prior to opening a rock 
quarry as well as in the expansion of the 
quarry. If the till can be processed, the fines 
removed, then it can potentially be used as 
aggregate material given suitable composi-
tion of the clasts. Potential rock quarry sites, 
with very good rock quality, may be left 
unexploited if there is a thick till cover and 
the till cannot be used as aggregate material. 

Normally till consists of a fine matrix, sand, 
silt and clay, in which there are clasts of all 
sizes, up to huge boulders. The clasts in the 
glacial till are sub-angular to angular in form 
and composed of various lithologies. The 
difference in the source of the rock debris 
would give rise to variation in lithological 
composition, granulometric distribution and 
thickness of the till deposits (Lundqvist, 
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1977; 1983; Haldorsen, 1983; Haldorsen and 
Kruger, 1990). Several researchers have 
analysed the lithology, size and shape 
distribution of the till clasts based on small 
proportion of samples. However, studies of 
larger size fractions have been seldom done 
in detail, usually clasts size less than 2 cm 
have been used (Eriksson and Holmgren, 
1996). This is not sufficient for determining 
the total composition of the till as a potential 
aggregate material.  

This doctoral research started with an 
applied engineering geology project which 
evaluate whether geophysical survey could 
be used to prospect for both rock mass and 
till deposits that could be used as aggregate 
resource. The research includes electrical 
resistivity survey, magnetic susceptibility 
measurements, and development of a new 
methodology for total analysis of till. The 
new methodology for total analysis of till 
includes development of 3D image analysis 
method to determine size and shape of 
coarse clasts; lithological analysis of multiple 
size fractions; and determination of the silt 
and clay content of the till. The total analysis 
of the till has been used for interpretation of 
the geophysical results (forth coming in a 
doctoral thesis by M. Magnusson).  

Aims of the thesis 

This thesis summarizes the research work of 
two main topics. The first part deals with 
development of a novel 3D image analysis 
method to characterize size and shape of the 
coarse clasts. The second section focus on 
the total analysis of till samples at the four 
sites, in Sweden. The specific aims were:  

 development of a suitable image analysis 
method that determines the 3D size and 
shape distribution of coarse grained 
materials in the field (Paper I); 

 evaluation of the repeatability of measure-
ments obtained by the new image analysis 
method (Paper III); 

 evaluation of three existing image analysis 
methods used for angularity analysis and 
proposing a novel angularity index 
(Paper II); 

 to introduce new methodology for total 
analysis of glacial till samples, by coupling 

electrical resistivity, magnetic susceptibility 
measurement, lithological classification of 
multiple size fractions, size and shape 
analysis of the coarse clasts (Paper IV).  

Review of the research area 

Image analysis is a process of extracting 
quantitative information from digital images 
(Gonzalez and Woods, 2007; Sonka et al., 
2007). Over the last few decades, several 
image analysis programs have been 
developed for the quantification of particle 
size and shape (Wang and Bergholm, 1995; 
Mora et al., 1998; Kwan et al., 1999; Mora 
and Kwan, 2000; Rao et al., 2001; Taylor, 
2002; Maerz, 2004; Fernlund, 2005a, 2005b; 
Tutumluer et al., 2005; Fernlund et al., 2007; 
Tafesse et al., 2008; Tafesse et al., 2009, 
Tafesse, 2010). However, none of them have 
been developed for processing particles 
image both in the laboratory and in the field. 
This limitation of the existing image analysis 
methods for the field application has 
motivated this research. 

Particle size and shape distribution in 
unconsolidated sediments (for example: till, 
beach fluvial sediment and colluvium) varies 
dramatically. The variation depends upon 
mineral composition, mode of transport and 
deposition of the constituent particles.  

There are several methods that have been 
used to define the complex concept of size 
for irregular particles (Wadell, 1935; Zingg, 
1935; Krumbein, 1941; Folk, 1966; Allen, 
1968; Pettijohn, 1984; Ibbeken and Denzer, 
1998). The size of a particle is often 
represented with the three axes (length, 
width and thickness). The axes are defined 
and measured in various ways. Some resear-
chers define the length as the maximum 
caliper dimension (a-axis), and then 
measured the width (b-axis) and thickness 
(c-axis) as orthogonal dimensions to the a-
axis. In image analysis methods, particle size 
(length, width and thickness) is defined as 
the dimensions of the sides of the smallest 
circumscribed box around the particles 
largest and smallest projected area. 

The shape of a particle can be expressed in 
three different descriptors: form, texture and 
roundness (Fig. 1). Form reflects the gross 
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morphology of the particle and expressed by 
various relationships of the axial ratios 
(Gomez et al., 1988; Evans and Benn, 2004) 
(Fig. 1a). According to the axial ratios, the 
particles can be classified into different 
classes. The form terminology varies among 
researchers, for example: ‘flat’, ‘spherical’, 
‘flat and columnar’, and ‘columnar’ (Zingg, 
1935), renamed by Krumbein and Pettijohn 
(1938) as ‘disc’, ‘spherical’, ‘bladed’ and ‘rod’. 
Sneed and Folk (1958) made further 

modifications and redefined ten classes: 
‘compact’; ‘compact platy’; ‘compact bladed’; 
‘compact elongated’; ‘platy’; ‘bladed’; 
‘elongated’; ‘very platy’; ‘very bladed’ and 
‘very elongated’.  

Roundness is a large scale smoothness which 
describes how well the edges of a particle are 
curved to a rounded shape (Fig. 1b). 
Angularity is the opposite of roundness, it 
shows the sharpness of particles corner.  

Texture refers to the small-scale features on 
the outer surface of a particle (Fig. 1c). 
ASTM D3398-00 (2000) provides an indirect 
estimation of intuitive qualities for texture of 
particles and is described by terms such as 
rough, smooth, or bumpy surface. 

Among the three shape descriptors, angularity 
is an important physical characteristic. In the 
field of sedimentology, it is widely used to 
infer the distance and medium particle 
transport (Boulton, 1978; Huddart et al., 
1998; Hubbard and Glasser, 2005), because 
particles transported by glaciers, water or 
wind to different distances tend to be 
rounded differently. In engineering, the 
angularity of particles used in construction is 
also an important concern; because it greatly 
influences the workability, rheological 
properties, bonding and interlocking 
strength of cement concrete and asphalt 
concrete (Smith and Collis, 1993; Masad et 
al., 2001). Currently there are several image 
analysis methods available to quantify 
particle angularity; namely: Gradient angularity 
(GRAD), Angularity using outline slope (AI), 
Angularity factor (AF) using Two-Dimensional 
Fourier transform index, Smoothing Angularity 
Index (SAI), Surface erosion-dilation (ED), 
Radius angularity (RAD), One-Dimensional 
Fourier transform index, (FFT), Fractal dimension 
(FRCTL) (Masad et al., 2000; Rao and 
Tutumluer, 2000; Masad et al., 2001; Rao et 
al. 2002; Maerz, 2004; Wang et al., 2005; Al-
Rousan et al., 2007; Masad et al., 2007; 
Tafesse et al. 2009; Wang et al., 2009; Wang 
et al., 2012; Paper II). The mathematical 
algorithm used in GRAD, AI, AF and SAI 
method is briefly described in paper II. 

Fig. 1. Particle outline with its shape 
descriptors: (A) Form; (B) Angularity; 
and (C) Texture. 
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The study areas 

The glacial till samples were studied at four 
different locations in Sweden (Fig. 2). The 
sites were located next to active rock 
quarries, at Olunda, Bäckseda, Önnestad, 
and Dalby. The sites are different in relation 
to their late glacial shore line level and the 
local bedrock type at each site is also 
variable, thus the composition of the till is 
expected to vary with respect to mineralogy 
of the matrix and clasts of the till (Fig. 3-6). 

Olunda 

Olunda quarry is located at about 35 to 40 m 
above present sea level, far below the 
highest postglacial shoreline, which is about 
150 m above present sea level for this 
region. The bedrock is composed of tonalite 
which is the most predominate rock type 
(Fig. 3). The till is not evenly distributed in 
the land scape, up to 6 m deep pockets in 
the bedrock were filled with till, but at places 
there is no till cover over the bedrock. The 
till in some of the depressions is overlain by 
clay. High frequency of large surface till 
boulders is quite common in the area 
(Möller and Stålhös, 1971; Möller and 
Stålhös, 1974; Möller, 1992; Möller, 1993). 

Bäckseda 

Bäckseda quarry is located at about 280 m 
above present sea level, far above the 
postglacial sea level, which is about 100 m 
above the present sea level in this region. 
Bedrock in the surrounding area is much 
more diverse than Olunda (Persson, 1988; 
1989). The predominant rocks in the map-
sheet area are felsic magmatic rocks; 
different types of granite, granodiorite, 
tonalite, quartzite, diorite and pegmatite (Fig. 
4). There are a few occurrences of diabase 
and porphyritic dikes in the region as well. A 
complex till stratigraphy is reported to occur 
in the area and several layers of till are 
distinguished by interbeds of other 

Quaternary sediments, such as glaciofluvium 
or peat (Persson, 2001a; 2001b; Daniel, 
2001). At the study site the till appeared to 
be layered but no interbeds of other 
Quaternary sediments occurred. 

Fig. 2. Map of Sweden and the locations 
of the four quarry sites.  
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A 

B 

Fig. 3. (A) Bedrock 
map of Olunda 
quarry; (B) Sketch of 
the rock quarry (not 
to scale) and relative 
positions of the 
sampling points 
(1 to 5). 
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B 

A Fig. 4. (A) Bedrock 
map of the area 
around Bäckseda 
Quarry; (B) Sketch 
of the quarry (not to 
scale) of the relative 
positions of the 
sampling points 
(1 to 3).  
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A 

B 

Fig. 5. (A) Bedrock 
map of the area 
around Önnestad 
quarry; (B) Sketch 
of the rock quarry 
(not to scale) and  
relative position of 
sampling points  
(1 to 5). 
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B 

A Fig. 6. (A) Bedrock 
map of the Dalby 
quarry; (B) Sketch 
of rock quarry (not 
to scale) with the 
relative positions of 
sampling points  
(1, 2 and 3). 
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Önnestad 

Önnestad quarry is also located 
approximately 60 m above present sea level, 
just above the postglacial shoreline 
(Ringberg, 1991), which is at 50-55 m in this 
area. The bedrock (Fig. 5) is predominantly 
composed of gneissic granite, with some 
dolerite dikes. The bedrock is overlain by a 
continuous cover of silty sand till that has a 
normal boulder frequency (Ringberg, 1992; 
Ringberg and Erlström, 1998). 

Dalby 

Dalby quarry is located approximately 70 m 
above present sea level. The site is above the 
postglacial shoreline which is below 50 m in 
this area (Ringberg, 1980). The bedrock 
(Fig. 6) consists mainly of Precambrian 
metamorphosed red aplite, (Sivhed and 
Erlström, 1998) also diabase dikes and zones 
of amphibolite occur within the aplite.  

The till in southernmost Sweden, where 
Önnestad and Dalby are located, often is 
extremely clay rich due to the existence of 
sedimentary rock in this region. However at 
these sites the bedrock is crystalline and thus 
the till matrix is sandy silt.  

MATERIAL AND METHODS 

Paper I deals with the development of the 
new image analysis method, for both field 
and laboratory application. In the new image 
analysis system, a layer of Glow-In-the-Dark 
beads is used to create a luminous back-
ground; thus the technique was named as 
the GID method. Paper II evaluates four 
different image analysis algorithms devel-
oped to quantify particle angularity. 
Paper III determines the repeatability of 
measurements obtained using the GID 
method, in two sets of experiments. Another 
part of the study deals with application of 
the GID method for studying the physical 
properties of clasts in till and coupling the 
image analysis result with lithological 
distribution, magnetic susceptibility and 
electrical resistivity methods possibly 
differentiate different till units (Paper IV). 

Digital-sieving 3D image analysis 
(Paper I) 

In this paper a new image analysis system 
(GID method) for characterizing the shape 
and size of coarse aggregates has been 
developed. In the GID method images of 
the samples were captured in the field, inside 
a portable dark room (Fig. 7). The dark 
room was made of inexpensive, lightweight 
and light-impenetrable cloth; supported by 
lightweight plastic poles. The dark room 
could be opened on all sides, for placing the 
particles on the layer of glow-in-the-dark 
beads. The height of the camera was about 
1.5 m from the sample tray, and the 
photograph covered a base area, of size 1 m 
by 0.80 m. 

The resulting images have very good 
contrast, thus no preprocessing was 
necessary. Images of the particles were 
captured in two positions, the largest and the 
smallest projected area of the particles. The 
particles in each of the two images were 
placed in the same general place and the 
GID program automatically couples the 
measurements from both images, producing 
3D morphological characteristics of the 
particle.  

Fig. 7. Portable dark room and sample 
tray with glow-in-the-dark beads. 
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Experimental analysis 

In order to test the potential applicability of 
the GID system, four samples were studied. 
The size category of the samples were two 
types; the first set consists of three samples 
composed of coarse gravel (20 to 60 mm) 
obtained from the Önnestad site and the 
other sample was composed of cobbles 
(60 to 200 mm) obtained from the Bäckseda 
site. 

A total of 1250 clasts were imaged and 
sieved; 84 clasts from the cobble sized 
sample and an average of 400 clasts from 
each of the three coarse gravel samples. The 
number of particles in one image varied 
between 15 cobble sized particles and 150 
gravel sized particles (size ranging from 
20 to 60 mm). After imaging, all the four 
samples were also sieved, for comparing the 
image analysis result with the sieve analysis 
method. The cobble sample was sieved using 
square templates of size 90.5, 128, and 
181 mm; whereas the three coarse gravel 
samples were mechanically sieved using 
square hole sieves, of size 25, 31.5 and 
45 mm. 

Evaluation of image analysis methods 
used for angularity analysis (Paper II) 

In this paper, an innovative image analysis 
method to quantify particle angularity is 
developed as part of the GID system. The 
program calculates two successive b-spline 
smoothing curves around the particle 
(Fig. 8), then standard deviation between the 
two b-splines is considered as the angularity 
index, named as the smoothing angularity 
index (SAI) method (Paper II). 

The angularity of six aggregate samples was 
analyzed using four image analysis systems, 
the GRAD, AI, AF and SAI systems (Al-
Rousan et al., 2007; Rao et al., 2002; Wang et 
al., 2012; Paper II) and visual classification 
method. The samples were collected from 
Michigan state in USA by Virginia Tech 
Transportation Institute (VTTI); namely: 
copper ore (CO), dolomite (DOL), glacial 
gravel crushed (GGC), glacial gravel 
rounded (GGR), iron ore (IO) and 
limestone (LST). There were 30 particles in 
each aggregate sample (Table 1 and Fig. 9). 

All the particles were within the same size 
range, passing 22 mm and retained on 
19 mm sieves but they were visually different 
in angularity. The visual classification of 
each sample was conducted 10 times, by 
different operator, using the Krumbein 
(1941) silhouette charts. The mean value of 
the 10 visual classifications were calculated 
to represent the angularity of each aggregate 
sample and used as a reference in comparing 
to the results obtained using the four image 
analysis methods. 

Repeatability of GID measurements 

(Paper III) 

There are numerous expected errors with 
the GID method. Figure 10 illustrates some 
of the possible errors associated with the 
position of the particle on the tray and 
change in the camera placement position. 
First, most of the particles, when imaged, are 
not situated directly under the camera but 
placed at random positions on the sample 
try that is about 80 by 100 cm. Some of the 
particles are placed at the edge of the tray 
and thus the image can be influenced by the 
angle of the view of the camera. Secondly, 
increase in the distance between the tray and 
the camera enlarges the field of view, 
decreases the angle of camera view axis, and 
reduces the number of pixels per particle 
image. Thirdly, the placement of some 
irregular shaped particles in the maximum 
and minimum projected area can be 
subjective; it is difficult to decide the 
maximum or minimum projected area of 
irregular particles. A slight rotation of the 
particles can influence the results. The forth 
error can be irregular luminosity of the glow-
in-the-dark beads. 

  

Fig. 8. Schematic illustration of the 
parameters used for calculation of SAI. 

Second 
smoothing 
curve 

Smoothing  
b-spline 

Perpendicular 
segments 

Particle  
boundary 
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The aim of Paper III was to evaluate the 
repeatability of size, form and angularity 
measurements obtained by using the GID 
method. Twelve aggregate particles with 
different size, form and angularity were used 
in the study (Fig. 11). Size of the aggregate 
particles was ranging from gravel to coarse 
cobble (Wentworth, 1922), and the form 
varies from compact to elongate (Sneed and 
Folk, 1958; Bunte and Abt, 2001).  

All the aggregates were imaged in two ortho-
gonal projections with the GID system in 
two different set of repeatability experi-
ments; 

 Experiment 1 tests the influence of the 
distance between the sample tray and the 
camera, to a point 5 mm behind the rear 
focal element. Six different camera heights 
were used (120 cm, 130 cm, 140 cm, 
150 cm, 160 cm, and 170 cm) to acquire 
the image. This was repeated for different 

particle placement positions in the tray 
which is tested in experiment 2. 

 Experiment 2 tests the influence of where 
the particle is placed in the sample tray, 
out at the edge or in the center (Fig. 11c). 
The particles (A1 to A10) were placed and 
imaged at ten pre-defined positions. At 
the same time the two largest particles 
(A11 and A12) were rotated five times in 
each of two pre-defined positions. For 
each position experiment 1 was carried 
out. Position 8 is nearly directly under the 
view of the camera whereas positions 1 
and 5 are at the corners of the tray and 
have the greatest angle with respect to the 
view of the camera. 

Repeatability of each measurement obtained 
from the two experiments was evaluated on 
the basis of the calculated coefficient of 
variation (CV) values (Schwarzwald et al., 
2009). The repeatability based on the 
obtained CV was classified into four groups: 

Fig. 9. Photographic illustration of the six samples used in the study. Each sample 
consists of 30 particles: (A) Glacial Gravel Rounded (GGR); (B) Dolomite (DOL); (C) 
Glacial Gravel Crushed (GGC); (D) Limestone (LST); (E) Copper Ore (CO); and (F) 
Iron Ore (IO).  

A B 

D E F 

C 
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CV<5%: very high repeatability; 

5%<CV<15%: high repeatability; 

15%<CV<25%: moderate repeatability; 

CV>25: low repeatability. 

Total analysis of till (Paper IV) 

The glacial till deposit are product of 
complex processes, thus one would expect a 
variation in the physical characteristics and 
composition of till deposited in different 
areas. The main focus of Paper IV was to 
study whether electrical resistivity is 
influenced by the physical properties of the 
till. This section provides a brief description 
about the electrical resistivity survey, bulk 
sampling procedures and the bulk sample 
analysis conducted at the four study sites. 

Electrical Resistivity survey 

The electrical resistivity of different 
geological materials vary extensively 
(Palacky, 1989); for glacial till the value range 

between a few ten’s ohm meter (m), while 
for granite the range is between few hundred 

to 106 m. The reason for such large 
variation is attributed to several factors: such 
as water content, clay content, weathering, 
and mineral composition. 

In all of the four sites the resistivity survey 
was done in a rectangular grid area, of length 
160 m and width 40 m. Three different 
resistivity instruments were used; all were 
versions of the ABEM Lund Imaging System 
and allowed time efficient multiple channel 
data acquisition. 

Bulk sampling and analysis of  till 

The Olunda and Dalby site samples were 
taken from machine-excavated pits, from 
areas where the till layer was interpreted to 
be thick, based on the electrical resistivity 
measurements (Magnusson, 2008). At 
Bäckseda and Önnestad sites the samples 
were taken from existing road-cut sections, 
about 30 m away from the electrical 
resistivity measurement grid.  

  

Fig. 10. Illustration of the particle size 
variation with respect to change in the 
optical axes (dashed lines) and camera 
position (130 to 170 cm).  The size of the 
particle will vary if imaged from different 
camera heights and from different 
position on the sample tray. The distance 
between the tangent lines varies for the 
different camera heights thus the size will 
be different; the size of the particles will 
vary, A and B are not the same length 
and are not equal to E, C and D are not 
the same length. Furthermore just 
turning a particle, as illustrated by the 
close up at the top right where the 
particle is rotated 180 degrees, will result 
in a different tangent line, point F, and 
thus a smaller size measurement.  
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In order to get statistically representative 
result for analysis of coarse clasts from 
glacial till (size up to 20 cm), the sample size 
needs to be one tonne (Påsse, 1997; Church 
et al., 1987). Therefore in Paper IV, a total 
of 16 samples, each consisting of one tonne, 
were studied in detail. The detailed 
description of the procedures for sieving, 
lithological classification, magnetic suscepti-
bility analysis, image analysis of the coarse 
clasts and the silt and clay content of the till 
samples are described in the appended 
paper IV. 

RESULTS  

Digital-sieving 3D image analysis 
(Paper I) 

The size distributions of the clasts in the 
different samples are shown by cumulative 
curves (Fig. 12). The standing minimum 
bounding square (SMBS) which is the length 
of the smallest square which can be 
circumscribed around the particle’s mini-
mum projected area, is used as a represent-
ative image analysis size assumed to be 
equivalent to a square sieve opening 
(Fernlund et al., 2007).  

 

The SMBS distribution obtained by the GID 
system is plotted with respect to cumulative 
volume, rather than cumulative mass as used 
in sieve analysis. The cumulative distribu-
tions of SMBS of the four samples show 
similarity to the sieve analysis curve. In 
contrast the cumulative distributions of 
intermediate axes (bL), which is computed 
from the width of a minimum bounding 
rectangle around the particle, did not agree 
with the sieve analysis curve. 

Particle angularity using different 
Image analysis methods (Paper II) 

The angularity of each aggregate sample was 
ranked from 1 to 6 (most rounded to 
angular) according to the mean (M) value of 
each samples (Table 2). The visual classifi-
cation ranked the GGR as the most rounded 
with a mean angularity index value of 0.81. 
DOL, GGC and LST samples have 
comparable angularity index values, with 
mean ranging from 0.32 to 0.38. CO and IO 
particles have very similar angularity index 
mean values, 0.19 and 0.21 respectively. The 
AF, GRAD and SAI methods also ranked 
the GGR as the most rounded sample. 

Fig. 11. Photographic illustration of the 12 aggregate particles (A1 to A12).  
(A) image of the particles in natural light conditions, 10 cent euro coin, 2 cm in diameter, 
is used for scale;  
(B) Particles (A1 to A12), view of the maximum projected area imaged in the dark room 
with glow-in the-dark beads as background; 
(C) Same particles (A1 to A12) view of the minimum projected area, imaged at a pre-
defined positions: P1 to P10, A, and B. Particles A1 to A10 have been moved in the 
direction as illustrated in the picture to the ten pre-defined positions (P1 to P10). Whereas 
two large particles (A11 and A12) were placed only at two positions, A and B; and rotated 
slightly between each picture five times, then moved to the other position. 
 

A B C 
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The box-and-whisker plots of the angularity 
distribution show notable differences 
between the visual and image analysis results 
(Fig. 13).The visual classification shows that 
the GGR is well rounded to rounded whereas 
the three samples, the DOL, GGC and LST, 
are sub rounded to sub angular and the 
remaining two samples, CO and IO, are sub 
angular to angular (Fig. 13a). None of the 
image analysis methods (Fig. 13b to e) 
provided the same angularity ranking as the 
visual classification. Although the overall 
angularity distribution of the samples show 
substantial overlap, the GRAD and SAI 
methods distinguish the angularity of the 
different samples better than the AI and AF 
methods. 

In this study the correlation of the angularity 
index obtained by the image analysis and the 

visual classification methods is presented for 
the CO and GGR (Fig. 14). These two 
samples were chosen since they represent 
extreme angularity classes; the GGR is well 
rounded whereas the CO is angular according 
to the visual classification (Table 2).  

The comparison of the samples for the 
different image analysis methods showed 
strong correlation; with R values ranging 
from 0.905 to 1.0, where R is the sample 
Pearson correlation coefficient (Bland and 
Altman, 1986).The results of AF and AI 
show nearly complete overlap. The GRAD 
and the SAI methods give different 
angularity class for these two samples. The 
GGR is classed as rounded to well-rounded in 
both SAI and visual classification methods, 
but the GRAD method classed the GGR as 
rounded. With respect to the CO, this is 

A 

D
A 

C 

B 

Fig. 12. Relationship of particle size distribution based on sieve analysis and image 
analysis (the minimum bounding square (SMBS) and intermediate axis (bL) plotted in 
cumulative diagram. (A) Önnestad sample 1; (B) Önnestad sample 2; (C) Önnestad 
sample 3; (D) Bäckseda sample. 
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visually classed as sub-angular to very-angular 
but the GRAD method assigned the CO as 
sub angular to sub rounded, and the SAI 
methods mainly classified the CO as very 
angular to sub rounded.  

Repeatability of the size and shape 
parameters using the GID (Paper III) 

The size parameters (length, width, thickness 
and SMBS) with respect to the change in 
camera height showed very high repeatability, 
96% of the comparisons for the total of 480. 

The remaining 4% (4 of the length, 11 of the 
width and 6 of the thickness values) show 
high repeatability, CV values <15% (Fig. 15). 

The comparison for the shape parameters 
(elongation, flatness and angularity indexes) 
with respect to the change in camera height 
show lower repeatability compared to the 
size parameters (Fig. 16). The elongation 
indexes results mostly show very high 
repeatability (CV<5%), only 9%, 11 
comparisons, reveal high repeatability and 
none gave moderate CV values. 

 

   

Table 1. Description of aggregate samples used in this study, all of which originate 
from Michigan. 

Type (abbreviated)  Origin Description 

Copper ore (CO) 

Keweenaw 
and Mixture of white, green, pink, and burgundy colors, fine to coarse 

grains 
Houghton 

Dolomite 
(DOL) 

Mackinac light gray, medium to coarse crystals 

Monroe Light gray, well defined small euhedral dolomite crystals 

Glacial gravel crushed 
(GGC) 

Kent Various different rock types with variable colors 

Glacial gravel rounded 
(GGR) 

Kent Various different rock types with variable colors 

Iron ore 
(IO) 

Marquette Black with tint of brown, very fine grained, metamorphic rock 

Limestone 
(LST) 

Schoolcraft Light tan with very fine sub-crystalline texture 

Arenac 
Light gray, very fine crystalline limestone with abundant frosted 
quartz sand grains  

 

 
Table 2. Sample ranking, based on the mean (M) angularity index of the 30 particles in 
each sample; the angularity index is obtained by the different methods. 

Sample 
Visual SAI GRAD AI  AF  

M Rank M Rank M Rank M Rank M*10
-6

 Rank 

GGR 0.81 1 0.131 1 1582.7 1 365.3 3 84.4 1 

DOL 0.38 2 0.217 2 2721.9 4 337.3 1 169.0 4 

GGC 0.36 3 0.225 4 2424.2 2 486.7 5 231.4 5 

LST 0.32 4 0.218 3 2657.5 3 349.5 2 92.2 2 

CO 0.21 5 0.27 6 3150.8 6 373.6 4 269.3 6 

IO 0.19 6 0.247 5 3065.4 5 **  100.8 3 

1 = least angularity, 6 = highest angularity  

** There are no results for the IO while using the AI method 
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Fig.13. Box-and-whisker plot for the angularity distribution of the 
samples using (A) visual; (B) SAI; (C) GRAD; (D) AI; and (E) AF 
methods. For the AI method there are no results for the IO sample. 
The AF and AI methods do not define angularity classes. The class 
boundary for the visual observation is defined after Powers (1953): 
Very Angular (VA), Angular (A), Sub Angular (SA), Sub Rounded, 
(SR) Rounded (R) and Well Rounded (WR). The GRAD system 
does not define any class boundary for well rounded. 
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  Fig. 14. Correlation 
plots of results for the 
visual classification 
and the image analysis 
methods. 
(A) Results for the SAI;  
(B) Results for GRAD;  
(C) Results for AI;  
(D) Results for AF.  
Only two samples are 
plotted, the most 
rounded and most 
angular, GGR and CO 
respectively. If the 
image analysis results 
are correct then the 
plot should fall in the 
grey areas in (A) and 
(B); there should not 
be any horizontal 
overlap between the 
two samples.  
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Fig. 15. Coefficient of variation (CV) for the size parameters of the 12 aggregate particles 
(A1-A12) with respect to camera height, 10 different positions (position 1 to 10) for 
particles A1 to A10; five  different rotations at position A (AR1 to AR5) and position B 
(BR1 to BR5) for the larger aggregate particles, A11 and A12. 
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Fig. 16. Coefficient of variation (CV) of the elongation, flatness and angularity indexes of 
the 12 aggregate particles  with respect to camera height, 10 different positions (position 
1 to 10) for particles A1 to A10; five  different rotations at position A (AR1 to AR5) and 
position B (BR1 to BR5) for the larger aggregate particles, A11 and A12. 
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Fig. 17. Coefficient of variation (CV) of the size parameters of the 12 aggregate samples 
(A1-A12) with respect to position change, at the six different camera heights. 
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Fig. 18. Coefficient of variation (CV) of the elongation, flatness and angularity indexes of 
the 12 aggregate samples (A1-A12) with respect to position change at the six different 
camera heights. 
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The flatness indexes results mostly show very 
high repeatability (CV<5%), only 19%, 
23 comparisons, show high values 
(5%<CV<15%), and none gave moderate CV 
values. The angularity indexes comparisons 
only 9%, 11 comparison, contributed very 
high repeatability, 82%, 98 comparisons, show 
high and 9%, 11 comparisons, show moderate 
repeatability. 
The repeatability of the GID measurements 
at the different camera height with respect to 
change in particles position is shown in 
figures 17 and 18. The length, width and 
SMBS, for most aggregate particles gave very 
high repeatability, 83%, whereas for the 
thickness, 55% gave only high repeatability 
(Fig. 17). The thickness show lower 
repeatability than the other parameters. 
Particles A1, A3 and A10, gave high 
repeatable results more often than the other 
particles; A1 and A3 are compact but A10 is 
elongate in form (Fig. 11). 

The repeatability for the elongation, flatness 
and angularity indexes with respect to 
change in camera height, in general gives high 
repeatability (5% < CV < 15%), for most 
particles and at most heights (Fig. 18). Only 
30% of the elongation and flatness indexes 
gave very high repeatable results and only 2 % 
of the angularity index gave very high 
repeatable results and 11% gave moderate 
repeatable results. No single height appears 
to yield better results but instead the results 
seem to be coupled to the individual 
particles. Particle A8 and A12, both compact 
in form (Fig. 11), gave more very high 
repeatability than the other particles.  

Total analysis of till (Paper IV) 

The result from the total analysis of the till 
samples are presented briefly for the 
different measurements done at each site. 
Figure 19 shows the lithological distribution, 
total grain size analysis, silt and clay content, 
magnetic susceptibility values and electrical 
resistivity measurements of the four sites. 

Electrical Resistivity of  the till 

The till at the four sites have distinctively 
different electrical resistivity (Fig. 19). 

 Olunda displays a wide range of high 
resistivity values, 

 Bäckseda shows very high resistivity, 

 Önnestad shows very low resistivity, 

 Dalby shows a bimodal distribution with 
moderate and high resistivity. 

Magnetic susceptibility 

The magnetic susceptibility was measured 
for the particles, of size 60 to 200 mm. 

 Olunda has in general low susceptibility 
but there is a bit a variation between the 
samples. The greatest variation is for the 
mafic, in sample 1 which is much higher 
than the others. 

 Bäckseda has in general moderate 
susceptibility; the metasediments and 
quartzite show some variation. Sample 3 
has the highest susceptibility for the 
metasediments. The quartzite values 
lowest of all samples. 

 Önnestad mafic rocks have the highest 
susceptibilities; the results are uniform 
between the samples with the exception 
of sample 5 felsic rocks which is very low. 

 All the samples at Dalby are similar, with 
low susceptibility. 

Lithological distribution  

The overall lithological composition of the 
till clasts, for size ranging from 4 to 200 mm, 
varies between the different samples (Fig. 
19). Most variation occurs for Dalby and 
next most occurs for Önnestad with respect 
to felsic and gneissic content. 

The lithological distribution in the different 
size fractions show trends (Fig. 20 to 23). 
There are both increasing and decreasing 
trends in the frequency of rock types with 
increased grain size. There are also some 
rock types that have similar frequency in all 
the fractions. Notable differences are: 

 

  



Physical characterization of coarse clasts with 3D image analysis method: development, evaluation and application 

 

23 

  

F
ig

. 
19

. 
(A

) 
O

lu
n

d
a;

 
(B

) 
B

äc
k

se
d

a;
 

(C
) 

Ö
n

n
es

ta
d

; 
an

d
 

(D
) 

D
al

b
y.

  
le

ft
  

to
 r

ig
h

t 
- 

li
th

o
lo

g
ic

al
 

d
is

tr
ib

u
ti

o
n

 o
f 

cl
as

ts
 f

o
r 

si
ze

 
fr

ac
ti

o
n

 4
-2

00
 m

m
; 

g
ra

in
 s

iz
e 

d
is

tr
ib

u
ti

o
n

 b
as

ed
 

o
n

 s
ie

ve
 a

n
al

ys
is

 
fo

r 
th

e 
b

u
lk

 t
il

l 
sa

m
p

le
; 
b

ar
 c

h
ar

t 
sh

o
w

in
g

 t
h

e 
p

er
ce

n
ta

g
e 

o
f 

co
b

b
le

  
(6

4-
20

0 
m

m
),

 
g

ra
ve

l 
(2

-6
4 

m
m

),
 

sa
n

d
 (

63
µm

-2
 m

m
),

 
si

lt
 (

4µ
m

-6
3µ

m
) 

an
d

 c
la

y 
(<

4µ
m

);
 

th
e 

av
er

ag
e 

m
ag

n
et

ic
 

su
sc

ep
ti

b
il

it
y 

(c
la

ss
if

ie
d

 a
s 

lo
w

<
40

0 
X

10
-5
 S

I,
 

m
ed

iu
m

 4
00

 t
o

 
12

00
 X

10
-5

 S
I,

 h
ig

h
 

>
12

00
 X

10
-5

 S
I)

 o
f 

th
e 

co
b

b
le

 c
la

st
s 

fo
r 

th
e 

co
m

m
o

n
 

li
th

o
lo

g
ie

s 
an

d
 t

h
e 

re
si

st
iv

it
y 

 o
f 

ti
ll

. 

A
 

B
 

C
 

D
 



Solomon Z. Tafesse  TRITA LWR PhD 1066 

 

24 

  

Fig. 21. Lithological distribution of all fractions at Bäckseda. The three samples were 
taken from three sub horizontal layers. 

Fig. 20. Lithological distribution of all fractions at Olunda. Samples 1 to 3 taken from a 
trench. Sample 1 was from about 3 m depth, all others were from about 1 to 1.5 m depth. 
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 Sample 1 at Olunda; the frequency trend 
of the felsic is different. It decreases with 
decreasing grain size whereas the other 
four samples increase. 

 All the samples at Bäckseda show about 
10 to 20% difference between samples 1 
and 3, however the trends in frequency 
are similar for all 3 samples. 

 At Önnestad there is a remarkable 
variation for felsic and gneissic. Samples 1 
and 3 (taken 5 m apart) show similar 
trends as samples 4 and 5 (taken exactly 
next to each other) but they are different 
from each other as well as different from 
sample 2. However in general all samples 
show an increase in frequency with 
diminishing size of felsic rocks and the 
opposite for gneissic rocks. 

 At Dalby there are some very diverse 
relationships between the samples. Most 
difference between all three samples is for 
the fraction 20 to 200 mm. Sample 3 for 

the gneissic is 20 to 30% more frequent 
than the other two samples. There is a 
trend for decreasing gneissic particles with 
size decrease. There is no clear trend for 
the felsic rocks with decreasing size. 

Sieve analysis and number of  clasts 

The sieve analysis on the bulk sample 
showed some variation between the samples 
at each site (Fig. 19). The samples at 
Bäckseda and Önnestad sites do not show 
great variations, whereas the three samples at 
Dalby are quite different. At Olunda site the 
samples taken from the same trench (S1, S2 
and S3) are very similar whereas sample 
4 and 5 are different. 

The number of clasts retained between the 
20 to 200 mm sieves from the one tonne of 
the till sample varied quite a bit between the 
sites (Table 3). Önnestad had the greatest 
number, up to 2660 particles whereas at 
Olunda one of the samples (sample 5) had as 
few as 944 particles. The two samples at 

Fig. 22. Lithological distribution of all 
fractions at Önnestad. Samples 1 and 3 
were taken 5 meters apart, Samples 4 
and 5 were taken exactly next to each 
other. 
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Önnestad (sample 4 and 5) taken exactly 
next to each other had nearly the same 
number of particles, 1536 and 1543. The 
three samples at Bäckseda all had about 
2000 particles and the three samples (sample 
1 to 3) at Olunda taken in the same sampling 
trench had about 1400 particles. 

Size and shape distribution using the GID 

The 3D size and shape distribution of the 
coarse clasts (20-200 mm size fractions) of 
the till samples from the four sites has 
provided a lot of measurements for the 
different lithologies. The result obtaiened 
from the different till samples at each sites 
coupled to lithological distribution is 
described in detail in the appended paper IV. 

 

DISCUSSION 

The main aims of the thesis have been two 
fold. The first one is development and 
evaluation of a new 3D image analysis 
method to characterize size and shape of 
coarse particles. The other aim focused on 
the total analysis of till samples.  

The specific topics were the following: 

1) Developing 3D image analysis method 
(GID) and evaluating the repeatability of the 
measurements obtained with the method.  

2) Evaluation of image analysis method used 
to determine particle angularity. 

3) Application of the GID method to study 
the physical characteristics of till clasts. 

Fig. 23. Lithological distribution of all fractions at Dalby. Samples 1 and 2 from two 
different depths in the same pit.  
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Development and evaluation of the 
GID method (Paper I and paper III) 

The GID system is developed for field 
application to study the size and shape of 
coarse grained samples. The time required 
for the image acquisition and processing in 
GID method was relatively small. It takes a 
few seconds per particle to place in the two 
projections, about 15 minutes to capture the 
two set of images (in both lying and standing 
positions) of about 150 particles. Thus it is 
possible to analyse large sample size in short 

period. A statistically representative sample 
size for the study of coarse gravel and 
cobble, size up to 20 cm, is one metric tonne 
(Church et al., 1987; Påsse, 2003).  

The equipment for the GID system is 
constructed from inexpensive materials and 
can be modified to suit the particular needs 
of the researcher. If the equipment needs to 
be carried to the study site it is possible to 
construct smaller versions of this setup to 
minimize the weight. It is also possible to 
make a mobile setup in a vehicle which is 
suitable if you can drive to the site. This 
could be very suitable for the aggregate 
industry in road and railroad construction 
where it is required to verify the size and 
shape of the aggregate.  

The variability and accuracy of the different 
parameters measured with the GID method 
have been evaluated with two different set 
of experiments. The two experiments test 
the effect of camera height and particle 
position change during image acquisition. 

Experiment 1 evaluated the influence of 
distance between the camera and sample 
tray. None of the camera heights showed 
any better or worse repeatability of results; 
instead the repeatability was sensitive to 
individual particles. The comparison for 
lengths of particles yield high repeatability 
only for A1 and A4 and this is for most 
heights. Likewise the width of particles A1 
and A10 yield only high repeatability 
(5 % <CV <15 %) and this is for most 
heights. Particles A8 and A12 showed very 
high repeatability for all heights. However, 
the equivalent sieve size (SMBS) seems to 
yield less good repeatability for the 120 cm 

distance than other distances. With respect 
to shape parameters compared to the 
different camera heights the results mostly 
show high repeatability. A few particles yield 
very high repeatability at all heights, A5, A8 
and A12 for elongation, and A4, A8 and 
A12 for flatness.  

Experiment 2 evaluated the influence of the 
particle position in the sample tray.  It would 
be expected that particles placed directly 
under the camera or close to the center of 
the sample tray would have the most 
repeatable results since there is a very low 
angle of view of the camera. Thus positions 
6, 7 and 8 (Fig. 11c) would be expected to 
yield the best repeatability and the positions 
in the corners, positions 1 and 5, would yield 
the less repeatability. With respect to the size 
parameters positions 7 and 8 have a greater 
percent with only high repeatability than all 
the other positions. With respect to the 
shape parameters position 8 yields high 
repeatable results 7 times, which is more 
than all the other positions. Positions 1 and 
5, in the corners, have only 2 values that are 
high, all the rest are very high. For the 
angularity index most of the values yield 
only high repeatability. Position 8 shows the 
most moderate repeatability comparisons, but 
only 3. The corners, positions 1 and 5 both 
have 2 comparisons of moderate repeatability. 
The expected reason is possibly small 
variations in the rotation of the particle 
when placed in each of the pre-defined 
positions. 

The results in general show very high repeat-
ability and the variations observed are not 
what were expected. Neither the height nor 
the placement in the pre-defined positions 
seems to be consistently associated with less 
repeatability. Although positioning of the 
particles is to be controlled in the GID 
method, there is some subjectivity associated 
with determining which position displays the 
largest or the smallest projected area. Tilting 
the particles will influence the results. If the 
same particles are imaged 10 times, replaced 
between each image, then they will not be 
placed so the same projection is viewed by 
the camera; the images will be different. 
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Evaluation of image analysis methods 
used to quantify angularity (Paper II) 

The aim of this study was to evaluate the 
four image analysis methods used for 
quantifying particle angularity, namely: 
Gradient angularity (GRAD), Angularity 
using outline slope (AI), angularity factor 
(AF) and smoothing angularity index (SAI). 
The GRAD and AI methods were available, 
widely used and recommended by Al-
Rousan et al. (2007); the other two methods, 
AF and SAI, were not previously tested. 

Different image analysis methods use 
various mathematical algorithms to calculate 
the angularity, thus one would not expect 
that the results for angularity would be 
exactly the same between the different 
methods. It would be expected that the 
methods would clearly distinguish angular 
particles from rounded. However, none of the 
image analysis methods clearly distinguish 
the particle angularity of the six samples as 
the angularity ranking using visual 
classification. But owing to the subjectivity 

and time consuming nature of the visual 
classification method, SAI and GRAD 
angularity measurement could still be a 
useful alternative to obtain non-subjective 
angularity measurements. 

Total analysis of glacial till (Paper IV) 

The aim of this study was to investigate 
whether the detailed analysis of the till clasts 
coupled to electrical resistivity would yield a 
unique ‘‘foot print’’, to differentiate till units. 
Thus the paper presented the resistivity of 
the till deposit in four different location in 
Sweden; tested the application of 3D image 
analysis method to determine the size and 
shape of the coarse clasts in the till; the 
lithological distribution is studied in multiple 
size fractions, and determined the magnetic 
susceptibility of cobble sized clasts. Prior to 
this study no one has done such a detailed 
study on one-tonne samples of till. 

Resistivity 

The four sites have clearly different 
resistivity results (Fig. 19). Low resistivity is 
expected with higher content of fine particle 
which would retain more water but this was 
not the case. In general the resistivity value 
of sedimentary rocks is low (Parasnis, 1982). 
Therefore the low resistivity value obtained 
at Önnestad site could be related to the 
occurrence of the sedimentary clasts (flint 
and limestone) but few such clasts existed in 
the till. The sand and silt fraction could be 
derived from the sedimentary rocks and thus 
influence the results. However more 
research is needed to determine the main 
factor that influence the resistivity in the till 
(Magnusson et al., in prep). 

Clast count and lithological distribution 

The greatest differences between the sites 
are the number of the coarse particles, of 
size 20 to 200 mm, in one-tonne sample 
(Table 3). The lithological distribution 
results clearly show that the till at the four 
sites were different (Fig. 19). At each site the 
frequency of the different types of rocks in 
the different size fractions varied (Fig. 20-
23), thus the lithological analysis result from 
just one size fraction is not necessarily 
representative of the lithic composition of a 

Table 3. Total number of clasts 
retained on the 2 cm, particle size 
ranging from 20-200 mm. 

Study sites Sample no. Count (no.) 

Olunda 

Sample 1 1489 

Sample 2 1475 

Sample 3 1300 

Sample 4 955 

Sample 5 944 

Bäckseda 

Sample 1 2096 

Sample 2 2372 

Sample 3 2003 

Önnestad 

Sample 1 2660 

Sample 2 2223 

Sample 3 2093 

Sample 4 1536 

Sample 5 1543 

Dalby 

Sample 1 1588 

Sample 2 989 

Sample 3 1177 
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whole sample. Often there were trends in 
the frequency with respect to size fraction; 
some rock types were very frequent in the 
large fractions but not at all frequent in the 
smaller fractions and vice versa. In contrast 
some rock types were uniformly frequent in 
all size fractions. This variation in the 
lithological distribution of the till at the 
different size fraction would aid to 
understand the transport of the clasts from 
the source bedrock. During glacial transport 
the comminution process reduces the 
particle size. Therefore the far transported 
material would be abundant in the smaller 
fractions.  

Size and shape of  particles using sieve 
analysis and GID method  

The length, width, thickness, equivalent 
sieve size and shape of every particle, 20 to 
200 mm, is determined by the GID method 
in the field. Thus it was possible to study 
large sized samples; one-tonne samples were 
analyzed which would be representative to 
study up to 200 mm (Påsse 2003; Church et 
al. 1987). In contrast the sieve analysis does 
not measure the axial lengths of any of the 
particles and the results are highly influenced 
by particle shape; whether or not particles 
are retained on a sieve (Fernlund et al., 2007; 
Fernlund, 1998). The 3D image analysis 
yields very detailed data making it possible to 
detect small variation in the physical 
characteristics of the particles.  

CONCLUSION  

This thesis has focused on the development 
of new GID image analysis method for 
characterizing size and shape of coarse 
gravel and cobble samples. The application 
of the method is also tested to determine the 
size and shape distribution of coarse clasts 
from glacial till samples from four sites in 
southern Sweden. The research has been 
divided into four separate parts: (i) the 
development of a new 3D image analysis 
method that is applicable for field use; (ii) 
tests of the repeatability of measurements 
obtained using the GID method; (iii) 
evaluation of four image analysis methods 
(GRAD, AI, AF and SAI) used to determine 
particle angularity, and (iv) the development 

of a new methodology for the total analysis 
of till samples that applies resistivity method,  
analysis of  clast’s size, shape, lithological 
and magnetic susceptibility.  

The first part concluded that the GID 
system provides accurate determination of 
the three dimensions (length, width and 
thickness) of the aggregate samples. 
Moreover, the system could rapidly 
determine the equivalent sieve size 
distribution of the aggregate samples based 
on the minimum bounding square in the 
standing projection (SMBS). This would 
make the GID method attractive for 
construction engineers, who produce 
aggregate batches for asphalt and concrete 
based on mechanical sieve-size distribution 
and not from the axial dimensions of the 
particles. The GID method requires simple 
and inexpensive image acquisition setups 
and is suitable for the field application. the 
method is considered as a major 
advancement to determine the size and 
shape of aggregate materials. 

The second stage of the study tests the 
repeatability of measurements obtained 
using the GID method. The experiments 
were made to study the influence of particle 
placement position on the sample tray and 
the influence of distance variation between 
the sample tray and the camera. The study 
showed that the GID method, for both 
camera height and position variations 
yielded very high repeatable results for size 
parameters, (length, width, thickness and 
equivalent sieve size) and for the shape 
indexes (elongation and flatness indexes). 

The third area of the research has focused 
on the evaluation of four image analysis 
methods used to determine particle 
angularity. Although the six samples show 
notable angularity variation by visual 
classification, the four image analysis 
methods did not distinguish the angularity of 
the samples at equally good level. The 
GRAD and SAI methods did differentiate 
the angularity variation between some of the 
samples, thus these two image analysis 
methods could be considered as possible 
alternatives to the visual classification 
method.  
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Parallel to the development and evaluation 
of the GID image analysis method, a total 
analysis of till deposits was done at four 
different quarry sites. The aim of the study 
was to see if electrical resistivity and 3D size 
and shape of clasts coupled to lithology and 
magnetic susceptibility could be used to 
differentiate till units. The study of the 16 
one-tonne samples showed that the variation 
between the four sites is greater than at the 
individual sites. Samples at a site that were 
expected to be different did not always show 
great differences, such as the three layers of 
till at Bäckseda. Samples that were taken at 
the same place (such as Önnestad samples 
4 and 5), expected to be the same, did not 
give the same results for all parameters 
measured, a perfect unique “foot print” was 
not clearly evident. High silt and clay 
content and high magnetic susceptibility did 
not correlate with low resistivity as expected. 
Further research is needed to understand the 
relationship between the resistivity and the 
physical properties (Magnusson et al., in 
prep). Study of the 3D size and shape 
distribution for one-tonne samples of till 
with the GID method yields an enormous 
amount of detailed data. Unfortunately the 
angularity parameter is still under develop-
ment; it is very important for differentiating 
between glacial sediments of different origin. 
The analysis of the lithic composition in the 
till at the different size fraction has shown 
great variation for the different lithologies. 
This difference will aid to understand the 
distance of the source since glacial transport 
comminution reduces the particle size the 
far transported material will be abundant in 
the smaller fractions of the studied clasts.  

Application of the new methodology for 
total analysis of till can be used to quantify 
the quality of till as a potential aggregate 
resource. Method determines the percentage 
of fines in the till and the composition of the 
till clasts. At Önnestad the till is washed and 
used as aggregate material. There is a low 
content of fines in the till at Önnestad 
compared to the other sites making washing 
the till feasible. Furthermore the composi-
tion of the clasts is quantified and thus the 
quality of the aggregate material can be 

guaranteed. Using this methodology before 
opening a rock quarry can help establish 
whether the till will be a waste or a resource 
and thus be important when determining the 
economic feasibility of the potential rock 
quarry. 

RECOMMENDATIONS FOR 

FUTURE RESEARCH  

The SAI method for quantifying particle 
angularity needs further development. The 
current SAI program measures continuous 
variations along the particle surface, thus it 
possibly measures some aspect of surface 
texture too. An improved algorithm is 
required in order to measure particle 
angularity with better accuracy. 

Although several differences and similarities 
have been identified in the total analysis of 
the till samples, it is not possible to draw 
well founded conclusions about the 
similarity or differences. Therefore more 
research is needed to determine the normal 
variation in one-tonne of till; what percent 
of variation of a given physical property is 
evidence that the samples are different?  
Quantification of size, shape and 
composition of till clasts is important for 
predicting if till can be, if modified, used as a 
resource. Research is ongoing to quantify the 
quality of till as an aggregate resource. The 
method determines the percentage of fines 
that needs to be washed away and quantifies 
the composition of the clasts. It is important 
that the till can be used as a resource and not 
discarded as a waste product. 
Production of a mobile system is suggested 
for aggregate testing on site. The image 
analysis system could easily be mounted in a 
van. Instead of transporting samples to the 
laboratory the particles could be imaged on 
site. When constructing a railroad the size 
and shape quality requirement for the aggre-
gates is very strict. With a mobile setup it 
would be possible to drive along the 
construction site and image the particles at 
several points. The particles would not need 
to be transported to the laboratory. Thus 
more tests could be carried out in less time 
and the analysis cost would be inexpensively.   
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