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ABSTRACT

Traditional pebble count methods limit the spatial resolution of surface

characterization by grain-size distribution. The Automated Grain Size (AGS) method

is a technique for determining the grain-size distribution by means of digital

photographs. This paper compares the two different software packages ImageTool3.0

and ImageJ with traditional methods to evaluate their applicability in practical work.

As a first step pictures of gravel bars with a wide range of sedimentary

conditions and of standardized grains, which is usually used in physical hydraulic

model tests were taken. Subsequently it was analyzed by dint of the software.

Existing differences between the two software packages and traditional methods and

the respective advantages and disadvantages could be identified.

The findings of this comparison were highly satisfying. It could be shown that

grain size distributions derived from the digital images were match able with the

conventional distributions but performing the AGS method takes about one tenth of

the time.
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INTRODUCTION

The knowlendge about grain-size distribution is a central issue of

understanding river processes, morphology and sediment transport. The characteristic

grain sizes (e.g. d
50

, d
90

, d
m
) are of special importance in hydraulic, sediment transport,

and numerical modelling.

Traditionally the grain size distribution is accomplished through sieving of

bulk samples of riverbed sediment or by different pebble count methods. There are

several traditional methods for field sampling. Some of them are costly, time-

consuming and their results often depend on the observer’s bias (Bevenger and King,

1995).
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To overcome this limitation Automated Grain Sizing (AGS) method can be

used. AGS uses image analysis to extract grain size information from digital images

of river beds. Such methods are also used e.g. in biomedical applications or

mineralogy.

In most cases the surface of river beds is a more complex problem. The grains

are highly variable in shape, fabric or roughness. Additionally the grains may be

partially hidden or just “the tip of the iceberg” is seen.

FIELD SITES AND LABORATORY SEDIMENT

We performed the AGS method additionally to traditional methods on four field sites

and on five kinds of laboratory and artificial grains. These sites were not intended to

represent the full range of conditions. However the different properties give a good

overview about the ability of the software packages compared with the traditional

methods. On each site grains were collected, sieved and pebble counts (Wolman

Count, Linear Pebble Count) were performed. Figure 1 shows examples of the taken

images of natural sediment and laboratory grains illustrating the wide range in grain

size and shape, roundness and fabric.

Figure 1 Digital images exemplify the high variability in grain size, shape,

roundness and fabric on the field sites and by the laboratory grains

SOFTWARE OPERATION PROCESS

Obtaining a grain-size distribution from a digital image includes: taking

pictures of sediment (bird´s eye view), modifying the digital image by means of

digital operations so that the software is able to identify the different particles in the

image, measuring the particles and numerical sieving of the measured particles. The

approach is similar to Butler et al (2001) and Graham et al (2005a). Two different

software packages (ImageTool3.0 and ImageJ) were used. The operations for

conditioning the digital images were (the order differs on the software package):

converting to 8-bit gray-scale; converting the pixel in physical length; blanking the

interesting sequence; applying median filter; subtracting the background; applying the

so called threshold, morphologic, watershed and analysing function. The analysis

function fits ellipses to the identified particles in the image. Figure 2 shows on the left
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a part of an original image and on the left the result of the AGS software performing

the steps discribed above until watershed function.

Figure 2 Illustration of the results of the AGS-method: left a part of the original

digital image, right the same part after watershed function

The software displays the number of identified particles and the measured

area, major-axis length (approximately the a-axis or longest axis in granulometry) and

the minor-axis length (b-axis or intermediate axis).

SOFTWARE PROBLEMS AND WEAK POINTS OF AGS

In some cases, e.g. if images shows a wide range in grain size and shape,

roundness, and fabric both software packages have problems by identifying the

different pebbles. Different light conditions, uneven lighting and shadows in the

image or on individual grains plus lots of fine sediment or covered with vegetation are

a very difficult task. Without light reflexion on the water surface the software

packages are able to handle images with grains under the water surface.

Figure 3 shows the fitted ellipses by ImageJ with the application of the

automated threshold function. Applying the automated threshold function the

software is only able to identify the round grains without composed fabric.

Figure 3 Software problems occurred by identifying particles in the image, left

wide range of size, shape and fabric, right sediment under the water surface

4975



33rd IAHR Congress: Water Engineering for a Sustainable Environment

Figure 4 shows on the left side a picture of natural sediment. The graph on the

right hand side illustrates four grain size distributions which were derived by the

image on the right but with different methods. The sieving curve, which is on the

most right side, shows the coarsest results. The reason for that is the overestimation of

fine material by the other methods. The graph also shows that the manual applying of

the threshold function gives better results as the automated threshold function.

Figure 4 Comparison of the AGS results with automated and manual threshold

function with linear pebble count and sieving

The handling and tuning of the software is essential for getting realistic

results. This fact makes a visual inspection necessary.

A weak point of the AGS-method is due in a geometrical problem. In the

majority of cases the grains are inclined relative to the horizontal projection of the

image. That means that the measured axes of the fitted ellipses in the identified

particles are only the horizontal projection of the real axis. The systematic error is a

function of the inclined angle of the real and the projected grain axis and is different

for nearly each grain.

COMPARISON BETWEEN AGS AND TRADITIONAL METHODS

The problem of the comparison between AGS and traditional methods is that

they measure slightly different things in different subsets of the total sediment volume

at a river bed. Contrary to the AGS method and pebble, where the top layer is served,

the sieved sediment might not only originate from the surface of river beds.

Additional a sieve sample is picked at one point, the pebble count is performed on a

line and the AGS method analyzes data of an area. These facts can be eliminated by

paint-and-pick procedure (Lane and Carlson, 1953) to find the “true” grain-size

distribution of each sample (Graham et al, 2005 b).

Another part of the problem is that sieving produces mass-frequency, pebble

counting number-frequency curves. The result of the AGS method is an areal number-

frequency grain-size distribution or area-frequency grain-size distribution. These have

to be converted into mass-frequency distributions for comparing with the distributions
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produced by sieving. We used the method of Fehr (1987) to convert the AGS data into

mass-frequency distributions.

We found out that in the majority of examined cases the grain-size distribution

of the a-axis fitted better than the b-axis of the identified particles (Figure 5)

compared with the traditional methods like sieving or linear pebble count.

Figure 5 Example of results performed by AGS-method (natural sediment)

Figure 6 shows on the right a image of laboratory sediment and on the left side

the resulting grain-size distribution of the b-axis (intermediate axis) derived by AGS

compared with the grain-size distribution produced by the sieving of the laboratory

sediment. We assume that the reason is the difference between natural sediment and

laboratory grains. The laboratory grains are loose and the sediment in field is packed

imbricately. That means, the systematical error related to the inclined angle of the real

axis and the horizontal projection is different. Furthermore the grains in images of

natural sediment are often hidden by fine sediment. That is the reason why only a

small part can be seen. The tested laboratory grains had no fines.

Figure 6 Example of results performed by AGS-method (laboratory grains)

The percentiles obtained from the distribution by the AGS method compare

well with those from sieved grain-size distributions. Generally, the AGS method

performs better compared with different pebble count methods than with sieving. This

results from the fact that the two methods are fundamentally similar.

In general the results of this comparison were highly satisfying. It could be

seen that grain size distributions, derived from the digital images, were match able
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with conventional approaches. The selection of the proper axes is essential to get

comparable values for characteristic grain size diameters (e.g. d
50
, d

90
, d

m
).

According to Graham et al. (2005a, b) there are two principal problems with

AGS. The first problem results in the nature of the sediment at the time, the image is

taken. The surface of the larger grains show faster drying than the finer sediment

particles in the gaps. If fine sediment is located on larger stones or if larger stones

have complex fabric composites the software often is often not able to identify the

individual particles. The second problem is connected with the first one. The software

splits or connects individual grains, e.g. in case of wet patches, vegetation or shade on

grains. This results in overvaluing or undervaluing the fine parts of the grain-size

distribution.

As discussed above the AGS-method is only able to measure the projected

axis of the identified particles. The systematic error is related to the inclined angle of

the real axis and the horizontal projection of the image.

The problem comparing AGS, pebble counting and sieving is in most cases

the different subset and the different types of grain-size distributions (e.g. mass-

frequency curves or number-frequency curves).

CONCLUSIONS

The comparison of AGS-method with traditional methods using sediment data

obtained from field sites and standardized sediment lead to the following conclusions:

1) A visual inspection of the results of the AGS-method is necessary.

Applying automated threshold is not recommendable.

2) The quality of the results depends on the variation in grain shape,

roundness and fabric on the field sites and on the light conditions of the

image.

3) Compared with traditional methods the a-axis matched in the majority of

cases (except laboratory sediment) better than the b-axis.

4) The AGS-method produces very satisfactory results for d
90

or d
84

(used to

estimate the roughness value) but overestimates the fine part of the grain-

size distribution.

5) In our case the software ImageJ performs better than Imagetool.

6) To eliminate the systematical errors resulting from different subsets a type

of sensitivity analysis is necessary.

However, the testing of the different methods showed that a short training

period with the AGS software packages is essential for determining realistic results.

After that the AGS methods allows quick and good results.
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