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Abstract. This work presents a different aproach for laminae counting and thickness measurements on laminated sediment
images. This is done by the use of morphological operations and minimum variance quantization.
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INTRODUCTION

Nowadays, computers can handle storage and display of high quality images in a fast way. However, these images
can contain a huge amount of detailed information causing processing problems. In order to avoid these problems, un-
necessary information should be eliminated. For example, laminated sediment cores are used in depositional/climatic
changes studies. These contain a huge ammount of unnecessary color information. Laminae count and thickness mea-
surement can be obtained by applying morphological operations such as erosion and dilation. Afterwards, the number
of colors of the image can be reduced by quantization. The resulting image can easily be used to count and classify
the layers on the varve image and also, to measure the layer thickness.

LAMINATED SEDIMENTS

Regularly, laminated sediments present alternating laminae attributed to seasonally driven oscillation between two
or more sedimentary phases[1]. Laminae can be considered as the basic unit in a depositional sequence revealing
quasi uniform conditions in the depositional environment. The thickness and variation of the facies can be used to
generate high resolution time-series which reveal the rhythm of climatic variation[2], sedimentary inflow rates[3],
among others. When the depositional period of a sequence of laminae is known, the age of the stratigraphic log can be
deduced by counting the number of sequences. The thickness variation can be studied by analysis of the time-series
to highlight existing cyclic events.

Laminated sediments can be counted manually when the number of laminae is small but the count becomes
monotonous as the number of laminae increases. The problem induced by manual counting motivates the imple-
mentation of an automated analysis method.
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FIGURE 1. (a) Original laminated sediment image, Retrieved December 19, 2015, from the working group marine geology with
focus on palaeoceanography and sedimentology at http://www.io-warnemuende.de/. (b) Amplification of the original laminated
sediment image. (c) Eroded image of Fig. 1(b). (d) Dilated image of Fig. 1(c). (e) Mean values in each row step. (f) Color reduction
by minimum variance quantization using a five color map.

PATTERN RECOGNITION OF LAMINATED SEDIMENTS METHODOLOGY

Morphological operations

The first step of the automation digital system to count layers of laminated sediments and measure their thickness
using color digital images is the elimination of the unnecessary information, which is achived by the morphological
processes of erosion and dilation of the varve image.

Let I(x,y) denote the M×N color image of the laminated sediments, for example Fig. 1(a). The image is processed
in the RGB color space, therefore three gray-scale images are generated, named I j(x,y), where j = R,G,B. Each
I j(x,y) was filtered by the 2×2 pixels binary filter in Fig. 2(a) using an erosion process. The gray-scale erosion of I j
by b (I j	b) is done by selecting the minimum value of the set of intensity values of I j(x,y) which are overlapped by
b[4]. Mathematically, it is expressed as

(I j	b)(x,y) = min
(s,t)∈b

{I j(x+ s,y+ t)}. (1)

In this work erosion is used to eliminate noise in the image. Selecting a small binary filter, the bigger objects, such
as the layers on the laminated sediments, can be preserved. However the thickness of the brightest layers decreases
and the darkest increases. For the sake of clarity, to exemplify the erosion process an amplification zone of Fig. 1(a)
is taken, Fig. 1(b). As it can be observed, the thickness of the eroded layers in Fig. 1(c) are different to the originals
in Fig. 1(b). Therefore, to restore the size of the layers, a dilation operation is executed by using a rectangular binary
filter of 2×50 pixels, called c (Fig. 2(b)). The gray-scale dilation of I j by filter c (I j⊕c) is a similar process to erosion,
but selecting the maximum rather than the minimum of the set of intensity values of I j and reflecting the filter about
its center. Mathematically, it is expressed as

(I j⊕ c)(x,y) = max
(s,t)∈c

{I j(x− s,y− t)}. (2)

The resulting image has better definition and fewer noisy layers, as it is showed in Fig. 1(d). Next, from the dilated
image a representative column that contains all the layers is obtained. One way to do so, is calculating the mean values



FIGURE 2. (a) 2×2 binary filter for the erosion process. (b) 2×50 binary filter for the dilation process.

in each row, Fig. 1(e). This is helpful when the image has horizontal lines, as in most cases of laminated sediments.
But in cases when there are curved or diagonal lines, a single column extraction is necessary.

Color image quantization

The color image quantization involves dividing the RGB (Fig. 3(a)) color cube into a number of smaller boxes. All
colors that fall within each box take the value of the color at the center of that box. There are two general classes of
quantization methods: the uniform and the minimum variance. These differ in the approach used to divide up the RGB
color cube. In the uniform quantization, the color cube is cut up into equally-sized boxes (Fig. 3(b)). The minimum
variance quantization method cuts the color cube into boxes of different sizes. The size of each box depends on how
the colors are distributed in the image. It works by associating pixels into groups based on the variance between their
pixel values. The color cube is divided so that each region contains at least one color that appears in the image, (Fig.
3(c)). The resulting color map has more indexes to those colors that appear frequently in the image, contrary to colors
that have less contribution. For example, if the image has many shades of green and fewer shades of red, there will be
more greens than reds in the quantized colormap.

In laminated automation problem, the number of boxes or colors depends on how many facies exist on the sample.
In some cases, there exist only two facies of sediments that correspond to a deposit period[5]. The result of this step is
a synthetic version of the original varve that has an index number for each facie, Fig. 1(f).

Laminae counting and thickness measurements

From the quantized image it is possible to calculate the number of the layers in the sample by keeping track of the
alternation of the colors used. For example, when there are two facies the change from one to the other is counted. On
the other hand, to calculate the thickness of the laminae, a representative area value is associated to each pixel using the
sample size and the image size. From there, the layer thickness is calculated by the number of pixels contained therein.
The time-series obtained by this methodology can give insight to the periodicity or randomness of the geological
phenomena using correlation, spectral analysis and/or wavelet analysis methods[5].

FIGURE 3. (a) RGB cube. (b) Uniform quantization sketch. (c) Minimum variance quantization sketch.



FIGURE 4. (a) Laminated sediment image with two facies. (b) Synthetic version of Fig. 4(a).

RESULTS

A database of 19 laminated sediment images were used to evaluate the performance of the proposed methodology.
Fig. 4(a) shows a laminated sediment image of two facies and Fig. 4(b) displays the synthetic version, which mimics
the number and thickness of the layers. For this sample, the automation digital system counted 54 black and white
alternating laminae with thicknesses varying from 0.0436 to 0.3922 centimeters.

Comparing with the K-Nearest Neighbors and Threshold (KNNT) methodology in [5], the automation system
developed during this research presents more flexibility and fewer human hand operations. In the KNNT methodology,
the users are involved in the middle steps, therefore it is a semi-automated system; moreover, it allows the use of two
facies only, reducing considerably the KNNT system’s applicability.

CONCLUSIONS

This work presents a new methodology that uses morphological operations and color reduction by minimum variance
quantization to classify, count and measure laminated sediments. The output data can be easily used for determining
periodicity of different phenomena. The methodology developed for laminated sediments can be effortlessly extended
to other fields where data presents lamination such as otoliths, tree rings in dendrochronology, etc.
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