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Abstract. We propose the use of Difference Histogram method for
classification of soya seed speckle images. The time history speckle patterns
(THSP), obtained from the dynamic speckle patterns of the seeds were
processed for texture classification based on seed vigor and viability. In this
work, bean seeds were analyzed with different humidity levels, ie. at 15, 25, 35
and 45 minutes since the sample was taken out from the humid germination
paper and submitted to the imaging process, with the aim of determining the
influence of this temporal parameter in the classification result (dead or alive).
The whole set of seeds was previously analyzed and classified in viable (alive)
or not viable (dead) by experts in the matter by applying a traditional method.
According to the obtained results the proposed method revealed to be
appropriate for the task of classification of seeds. In the case of the highest
humidity level the disagreement between our method and the conventional one
was the greatest. It should be said that in this case the analyzed images were
noisier.

1 Introduction

Dynamic speckle is a related phenomenon occurring when laser light is scattered by
objects showing some type of activity [1]. This is the case of many biologic samples
as seeds [2], fruits, etc., and some non biologic ones as corrosion phenomena and
drying of paints [3].

In the activity images [3], corresponding to dynamic speckles, the size, shapes and
spatial distribution of the areas of same gray tones, change with time.
Characterization of seed quality can be done by taking into account vigor and viability
of seeds through textural analysis of the time history of speckle patterns (THSP),
obtained from the dynamic speckles [4]. In the THSP images, the rows represent
different points on the object and the columns their intensity state in every sampled
instant. The activity of the sample appears as intensity changes in the horizontal
direction. So, when a phenomenon shows low activity (dead seeds), time variations of
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the speckle pattern are slow and the THSP shows elongated shapes. When the
phenomenon is very active (alive seeds), the THSP resembles an ordinary granulated
speckle diagram. Consequently, textural features provide information that allows the
quantitative characterization of the seed state.

Many methods for texture analysis have been reported [5-8], such as statistical and
spectral ones using digital filtering [9-11]. We propose a methodology based on the
Histogram Difference Method developed by Unser in 1986 [7] to characterize texture
of the THSP images. The images were analyzed through the Unser discrimination
function which was computed by using the elements of the difference histogram [7] as
texture features. This is the histogram of the image obtained by subtracting a shifted
image from the original image.

In this work, bean seeds were analyzed with different humidity levels, ie. at 15, 25,
35 and 45 minutes since the sample was taken out from the humid germination paper
and submitted to the imaging process. It was done in order to study the influence of
this temporal parameter in the classification process (dead or alive). The whole set of
seeds was previously analyzed and classified in viable or not by experts in the matter
by applying a traditional method.

A similar procedure could be used to classify other kinds of images, corresponding
to a dynamic speckle processes.

2 Time-History Images of Dynamic Speckle Patterns (HTSP)

In the optical experiment, dynamic speckle patterns corresponding to different seeds
were registered. The samples were illuminated with an expanded and attenuated 10
mW He-Ne laser. The speckle images were then registered by a CCD camera,
digitized to 8 bits by a frame grabber and stored in the memory of a personal
computer.

Fig. 1. (a) Dynamic speckles corresponding to a seed "alive" (b) Dynamic speckles
corresponding to a seed "dead"

To recorded the time evolution of a speckle pattern we used the Oulamara et al.
method [4]. It is, for every state of the phenomenon being assessed, 512 successive
images were registered of the dynamical speckle pattern and a certain column was
selected in each of them. With the selected column, a new 512x512 pixel® composite
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image was then constructed. In this image, named the time history of the speckle
pattern (THSP), the rows represent different points on the object and the columns
their intensity state in every sampled instant.

The activity of the sample appears as intensity changes in the horizontal direction.
So, when a phenomenon shows low activity (died seeds), time variations of the
speckle pattern are slow and the THSP shows elongated shape. When the
phenomenon is very active (alive seeds), the THSP resembles an ordinary (spatial)
speckle pattern as shown in Fig. 1.

3 Difference Histogram Method

The difference histogram of the image Y/i,j/ is the histogram of the auxiliary image,
that is obtained by subtracting the original image of its replica, with a relative
displacement of [d1, d2] among them.

v\ i jl=vli+d,.j+d,]- 7] j] "

The classification method is completed by applying the decision Bayesian rule and
by assuming a multinomial distribution law for the histograms values x={x;,xy}[7].
The image whose histogram is x, belongs to the class " i " if:

U; (x)= min{U; (x) ,j = Lok )

where:

0,652 g ] ®

where P; ; is the probability that the HD takes the value x; for the class “j”. These
values are obtained from the HD patterns, which are representative of the & classes.

In this experiment we have only one class: “dead”, and for this reason it was
necessary to use the parameter U; not to discriminate between some classes but to
define a discrimination threshold between “dead” and “not dead” or “alive” textures.
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4 Classification Procedure. Results

Four groups of THSP images of seeds, corresponding to different levels of humidity
were conformed. From each humidity group of 54 samples, a THSP image was
picked up as the most representative of the “dead” state, according to its textural
characteristics. This image texture was considered as the pattern corresponding to the
“dead” class.

It was selected an subset of 10 THSP images textures with heterogeneous character
(five of them corresponding to seeds qualified as "alive" and the other five as "dead"
by a conventional method). The values of the Unser discrimination function related to
the corresponding pattern were computed for this subset. These values were used to
define a discrimination threshold between “alive” and “dead” textures for each
humidity group. The heterogeneous character of the sample subset contributes to fit
the threshold in a more precise way.

For classification process, the value of the discrimination function of each sample
was compared to the threshold in order to classify the seeds in viable and not viable.
The results were compared with those obtained by the conventional method.
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Fig. 2. The figure 2 shows the classification results for two levels of humidity. The value of the
discrimination function Uj related to the pattern is plotted for each THSP image.

The straight line represents the threshold value of the discrimination function. For
our method all results located under this line belong to the “dead” or non viable class.
The crosses correspond to the sample subset that was considered to define the
threshold value. The asterisks correspond to coincident classifications according to
both methods: this method and the conventional one, and the circles correspond to
non-coincident classifications.

The percent of coincident classifications was 85%, 91%, 92% and 90% for times of
drying of 15, 25, 35 and 45 minutes respectively.
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5 Conclusions

According to the obtained results the proposed method revealed to be appropriate for
the task of classification of seeds. In the case of the highest humidity level the
disagreement between our method and the conventional one was the greatest. It
should be said that in this case the analyzed images were noisier.

The characterization process of seeds done in this work, by using dynamic speckles
and image processing, constitutes a less subjective method than the traditional ones
and allows the automation of the process, increasing its efficiency.

The proposed method could be applied, not only to classification of seeds but also
to any other phenomenon where the mean speckle lifetime be a significant measure of
some type of sample activity, making possible the characterization of the temporary
evolution of the phenomena.
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