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Abstract

In this work, we present an approach to region-contour cooperative segmentation that has gained
significant interest in recent years. It involves cooperation between region-based segmentation and
contour-based segmentation. It exploits the advantages of both segmentation types to achieve a
more accurate and faithful segmentation result than what can be obtained using a single technique.
Wavelets have been applied to transform the image and reconstruct the model at a higher
resolution. Then, the segmentation is performed using Active Contour (Region Scalable Fitting
(RSF)). A comparison with the result obtained from active contour segmentation demonstrates the
advantages of adopting such cooperation.
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1. Introduction

Medical imaging encompasses all the techniques used in medicine for the diagnosis and treatment
of numerous pathologies. It has revolutionized medicine by providing immediate and reliable
access to information that was previously "invisible" to clinical diagnosis, such as anatomical
characteristics and even certain aspects of organ metabolism (functional imaging) [1]. Imaging
allows for the exploration of living organisms and has become a valuable tool for the
implementation of personalized medicine.

It provides complementary information to the patient's biological data, enabling earlier diagnosis
and more targeted and tailored treatment. Methods for processing and analyzing medical images
are fundamental and indispensable. [2]. This field is an integral part of medical imaging, and one
of the objectives of image processing is to separate the image into components or regions that are
meaningful for a specific analysis.

This is referred to as image segmentation. For example, it can involve counting and measuring
cells of a certain type in a blood sample. It can also involve recognizing a tumor in a brain image
in order to precisely measure its position and dimensions or delimit the unaffected white and gray
matter of the brain [3-5]. Given its importance, various segmentation approaches have been
proposed.
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Wavelet transformation has emerged as a powerful tool for solving problems in different
application domains [6-9], such as local tomography, image segmentation and enhancement, and
texture description. Here, we focus on the contribution of wavelets to the (local and global)
reconstruction of anatomical structures: automatic segmentation using active contour.

Our main objective is to study and implement effective segmentation methods using a cooperative
approach of wavelet decomposition and active contour techniques.

2. Image Segmentation using new approach of Wavelets

In these days signals (images) are processed in transform domain. Since this transform domain is
purely mathematics, we will focus more on its use in Digital Image Processing and we will try to
minimize math’s part.

Till now, all the domains in which we have analyzed a signal, we analyze it with respect to time.
But in transform domain we don’t analyze signal with respect to time, but with respect of
frequency.

The wavelet transform has been widely employed in signal processing application, particularly in
image processing research. It has been used extensively in Multi-Resolution Analysis (MRA) for
image processing. [10]

Image segmentation has a very important role in image analysis. for image analysis and features
extraction, model-based segmentation algorithm will be more efficient compared to non-
parametric methods and its height recommended to make this process fast and simple as possible
as can, An important issue in the segmentation process is to locate the edges. With wavelet
transform, we can analyze a portion of a signal with different scales. We can distinguish the noise
and actual corner more precisely. That is why we proposed new method Image Segmentation using
Wavelets. [11-13].

The approximation band of image Discrete Wavelet Transform is used for the segmentation
process which contains significant information of the input image.

The wavelet transform has many advantages in the field of signal processing and image processing.
The wavelet analysis is no longer limited to the image as it appears, but allows the study of objects
in the image at different scales, it improves segmentation of an image it can also extract important
information (texture, contours, etc.) contained in an image and also reduce the noise in the image.

Principe of Segmentation using Wavelets a

As we had mention above that the “Automatic Image Segmentation using Wavelets” is

more efficient compared to the classic methods and much faster and simpler. Our proposal is

similar to Knoll’s [14]. In terms of strategy, it consists of a coarse-to-fine adjustment. However,

our method avoids the comparison between a reference model and a deformed model.

Additionally, our method is directly extendable to the 3D case. Here we will talk about the Principe
of our method, the principle is shown in the following steps:
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1. Introduce the source image that we want to process.

2. We perform a pretreatment with a low-pass filter (Gaussian for example) to reduce noise
of high frequency.

3. Multi resolution decomposition of images using a wavelet basis: Applies the

decomposition on the pretreated image obtained from the steps above using the discrete wavelet
transform (DWT). The used conjugate mirror filters are Daubechies filters (length 8 with nearly
linear phase). At each level j, the image a; is decomposed into four sub-images: the approximation
aj+1 and the three detail images. Only the approximation images will be used to guide the contour
at different levels j.

4. Reconstruction of the deformed model at a higher resolution.

5. Adjustment of the model to the image using an active contour method: At level j, the
contour j is adjusted using an active contour technique [15] on the approximation image a;. This
adjustment will be performed at each resolution level in a coarse-to-fine strategy. The choice of
the deformation technique is somewhat arbitrary here. Other approaches could be considered.

6. We perform a post-treatment

Algorithm of Segmentation using new approach Wavelets .b
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Image Result (R)
C. Segmentation evaluation
Having evaluation methods for segmentation results is necessary:

. For researchers to compare a new algorithm with existing ones.
o For users to choose an algorithm and adjust its parameters based on the problem to be
solved.

When a ground truth is available, segmentation evaluation is performed using criteria that
compare each segmentation with the reference image. This allows for the ordering of
segmentations. In the absence of ground truth, absolute quantitative criteria or coherence
calculations between different segmentation results must be employed. In our work, we used the
criterion of missegmented pixel position:

Dice Criterion

The Dice coefficient (DICE), also called the overlap index, is the most used metric in validating
medical volume segmentations. In addition to the direct comparison between automatic and ground
truth segmentations, it is common to use the DICE to measure reproducibility (repeatability). Zou
et al. [16] used the DICE as a measure of the reproducibility as a statistical validation of manual
annotation where segmented S repeatedly annotated the same MRI image, then the pair-wise
overlap of the repeated segmentations is calculated using the DICE, which is defined by:

2|Sémstl| 2TP (1)

Dice = . T
|5g|+|5t| 2TP + FP + FN

Jaccard

The Jaccard index (JAC) [17] between two sets is defined as the intersection between them
divided by their union, that is:

s s

JAC = ___Ir )
‘S; uS,l‘ TP + FP + FN
Accuracy
Measures how well a binary segmentation method correctly identifies or excludes a condition [16]:
TP+TN
accuracy = 3)
FP+FN+TP+TN

Yasnoff et al.'s measure
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Simply counting the number of missegmented pixels is insufficient; it is also necessary to consider
the position of these pixels, for example, measuring the distance between a missegmented pixel
and the region to which it belongs in the reference image. The measure by Yasnoff et al. is
expressed as follows:

@* 205 4
y /gd() )

3. Results and Discussions

In this part we will present a small test of the results obtained from our application and we
will make a comparison between the results of the wavelet based our method and the results
obtained from the classic method, we had chosen to evaluate the results using similarity
measurements and a visual comparison basing our work on the medical images since this last one
considered as the most important images which needs a good segmentation to get a good
diagnostic.

Experimental results
a. The choice of the wavelet used
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Figure 1 - Segmentation using different wavelets based on the Yasnoff measure

In our work, we use the Position of Missegmented Pixels Index: Yasnoff et al.'s measure. We
conducted several experiments with different types of wavelets, and then applied the active contour
segmentation (RSF). The Daubechies wavelets yielded better results, which supports the use of
this wavelet family.

In terms of speed, we observed that the Db2 wavelet provides an optimal result.
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To assess the performance of the wavelet-based approach in terms of both speed and robustness,
we compared it to a simple approach. It is important to note that the same contour technique is
used in both approaches. The accuracy of the results is evaluated with respect to the exact contour
of the shape to be segmented and estimated using the method described in [15].

b. Reconstruction:

Reconstruction of the deformed model at the higher resolution
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Figure 3 - Screenshot in phase 2

C. Adjustment of the model to the image by an active contour method
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Figure 4 - Screenshot in phase 3
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In some experiments, the segmentation result obtained by the simple approach is slightly more
accurate than the one obtained by the wavelet-based approach. Considering the image details that
we want to segment, the number of points in the initial contour is high. Additionally, the distance
between two contour points is very small.

Figure 5 - Some segmentation errors

d. Tests in the presence of noise.

In the presence of Gaussian noise in the image (SNR ~ 2), the gradients that guide the contour
evolution are disrupted. In the simple resolution approach, this leads to further slowing down of
the contour evolution. The number of iterations required then increases significantly (Table 1). In
the multiresolution case, the same evolution parameters as in the noise-free case are used. The
result is obtained with a convergence time similar to the noise-free case, meaning it is 16 times
faster than the simple resolution approach. The quality of the segmentation obtained with the
wavelet approach is better than in the simple case. By increasing the level of noise in the image
(SNR ~ 5), this effect is accentuated. With the same parameters in the simple resolution case, the
result is quite disturbed and requires over 1000 iterations.

As can be shown, our hybrid technique constantly achieves the best results compared to all of
the Classical techniques. The results of the experiments showed that the proposed technique was

superior in terms of accurately obtaining segmentation from the original images.

Table.1 Performance of our approach compared to the classic approach.

Classic approach Our approach
iter t dice jac accurac erreu iter t(s) dic ja accuracy erreu
(s) y r e c r

With 200 0. 0.65 0.14 0.6929 0.35 10 0. 09 0781 095 0.
Noise 6 1 9 0 3 1 1
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RSB~ 400 4. 0.53 0.14 0.5428 0,98 9% 1. 08 0.734 094 O.
2 3 2 9 1 3 1 2
RSB~ >100 / 032 0.14 03955 / 92 1. 08 0625 092 0
5 0 4 9 &8 1 9 3

4. Conclusion

Segmentation of medical images remains an open area of research. It is said that the goal of image
segmentation is to facilitate the extraction of its constituent elements. Therefore, subsequent tasks
such as feature extraction, object position detection, or object recognition heavily depend on the
quality of segmentation.

our study of segmentation enabled us to identify potential areas of further research:

. We can affirm that the use of wavelets enhances the performance of the active contour
segmentation method with reasonable execution time.

. As a future perspective, we can suggest improving our results by integrating another
method to delineate the processing area and eliminate noise or artifacts present in medical images.
J We also deduced that, based on the tested approach, cooperative segmentation is a method
that achieves two fully compatible segmentations. It combines the advantages of each approach
when used separately.
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