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Introduction

Distribution pattern of the river bed particles grading creates important issues in investigation
of the hydraulic, geomorphological and ecological behavior of the river.. For example, surface
grain-size variability is crucial for illustrating sediment transport (Hoey and Ferguson, 1994;
Russ, 1999; Joyce et al., 2001).

Particle size characteristics that are dependent on particle size distribution are estimated in
different ways, such as sieving method, sampling techniques in the field, photographic print
method, and the other methods that have been suggested so far (Aberle and Nikora, 2006). The
most prevalent method is the sieving method that obtains particle size distribution curve using
cumulative weight of passing aggregation,.. It is obvious that, measurement of the particle size
distribution based on field methods are time consuming, overwhelming and non-economic, so
developing a fast and accurate method for measuring the particle size distribution of the river bed
has a significant effect on civil and environmental engineering. Nowadays, this process is
possible using image processing methods to automatically extract particle size using digital
images of river bed. Various methods have been reported which aim to provide robust and
automated estimates of grain size from images, falling under two broad categories classified by
(Buscombe et al., 2010) as, respectively, ‘geometrical’ and ‘statistical’. Both techniques require
imagery where the smallest grains are resolved by at least a few pixels. Statistical methods
characterize grain size using a measure sensitive to image texture. These approaches have used
autocorrelation (Warrick et al., 2009), semi variance or one of the several other methods,
including fractals (Buscombe, 2013) and grey-level co-occurrence matrices. Geometrical
methods use image processing techniques (principally, threshold and segmentation) to isolate and
measure the visible axes (or portions of whole axes) of each individual grain (e.g. Graham et al.,
2005; Chang &Chung, 2012). This research showed that new methods of image processing have
an adequate potential to replace with previous traditional methods. Also, the percentage of human
bias in methods such as field sampling or Sticky layer is very high for sampling of the Armor
layer of the river bed, while the image processing method has enough power to take all the details
and analysis of the data and it has a desirable accuracy compared to traditional methods.

This research, with using image processing toolbox in MATLAB software, tried to improve the
detection filters and finally determined the size distribution of sedimentary particles of armor
layer in the alluvial river bed.
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Methodology

The photographic print is based on the contents of the publication number 349 of the
Management and Planning Organization and is used to measure the sample observations
(Burghaie, 2006). Five images were provided by Samsung Digital Camera (18510) for the
purpose of operating the research objectives from the Balaroud River basin located in the south
of Andimeshk, Khuzetan province of Iran. This digital camera model has an eight-megapixel
image resolution. The algorithms of MATLAB software have been used to determine the grain
size of the armor layer. In this research, two different methods of watershed algorithm and an
image reconstruction algorithm have been used to extract the diameter of the armor layer
particles in the alluvial river bed. morphological operator of image reconstruct rebuild images
with using marker image and mask image. Understanding the watershed transform requires that
thought of a grayscale image as a topological surface, where the values of f(x,y) are interpreted as
heights. Probablerain falling on this surface, it is clear that water would collect in the two areas
labeled as catchment basins. Rain falling exactly on the watershed ridge line would be equally
likely to collect in either of the two catchment basins. The watershed transform finds the
catchment basins and ridge lines in a gray-scale image. Determining the threshold of brightness is
one of the most basic steps in both algorithms. Determine the brightness threshold in different
ways, including the triangle algorithm is showed in figure(1).
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Figure 1- Schematic of determination of Figure 2- Results of watershed and image
brightness threshold based on triangular reconstruction algorithm compared to
algorithm photographic print method

Results and Discussion

The purpose of this study is to extract the particle diameter and, consequently, to extract the
Armor layer grain size distribution curve in alluvial rivers bed. The results of applying the
watershed algorithms and image reconstruction on the determination of particle size distribution
curves are shown in Figure 2. Also, to provide an appropriate conspectus for quantitative and
gualitative evaluation of the results, the grain size curve obtained from measuring the lengths of
the largest axis of the particles in the photographic print method is used as criterion, and results
are illustrated in Figure 2. In order to quantitatively evaluate the results of the proposed methods
for estimating the Armour layer particle size curve in alluvial rivers, error analysis functions such
as root mean square error, mean error, standard error of estimation, model efficiency were used.
The results are summarized in Table (1).
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Conclusions

The analysis of the statistical results of the particle size distribution obtained from the two
algorithms against the photographic print method showed that the image reconstruction algorithm
estimates the particle size by 4.6% less than the photographic print method, while the results
using the watershed algorithm is 24% more than the photographic print method. The Grain size
curve obtained from the two methods of the watershed algorithm and the image reconstruction
algorithm against the results of the photographic print method has a root mean square error of 5
and 3.04 mm. Also, the efficiency of particle diameter estimation in the image reconstruction
model is 96/3% and the watershed algorithm is 66%, which indicates the relative superiority of
the image reconstruction algorithm to the watershed algorithm.
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