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Аналіз методів оцінки сегментації зображень
У статті проаналізовано методи сегментації зображень. Розглянуто основні методи оцінки якості сегментації, а також визначено, які методи краще використовувати для сегментації супутникових знімків. Описано та проаналізовано основні аспекти для методів Intersection-Over-Union, Dice та Binary-Cross-Entropy, а також наведено розрахунок функції втрат.
Introduction
The main task of image segmentation is to classify each pixel of the image in order to understand the context as a whole. The task of segmentation is simpler, because it is only necessary to determine the homogeneous areas of the image, and in tasks of semantic segmentation it is necessary to determine which class of objects these areas define. Quite often, the task of semantic segmentation is compared with the task of classification, but classification is also simpler, because in semantic segmentation, in addition to the class, it is also necessary to establish an accurate spatial representation of the object, its structure and parts [1].

There are several cases of semantic segmentation problems. In one case, the challenge is to classify each pixel individually. In the second case, there is a need to set the classes of areas highlighted in the image. After starting to use methods and algorithms of machine learning, it was still possible to achieve certain successes in increasing the quality of the results of executive semantic segmentation [2-7].
The proposed method
The purpose of this work is to develop a software system for the image analysis by the method of semantic segmentation. The following tasks were highlighted: analysis of existing semantic segmentation algorithms; construction of an algorithm for the analysis of images based on semantic segmentation; practical implementation of the algorithm for analyzing images based on semantic segmentation; development and implementation of an application with a user-friendly graphical interface.
Intersection over Union (IoU) is a popular metric to measure localization accuracy and compute localization errors in object detection models. It calculates the amount of overlapping between two bounding boxes – a predicted bounding box and a ground truth bounding box.
The Dice coefficient can be used to compare the pixel-wise agreement between a predicted segmentation and its corresponding ground truth. Dice coefficient is 2 times The area of Overlap divided by the total number of pixels in both the images.
The binary cross-entropy (BCE) loss therefore attempts to measure the differences of information content between the actual and predicted image masks. It is more generally based on the Bernoulli distribution, and works best with equal data-distribution amongst classes.

The process of selecting a segmentation algorithm for the analysis of a certain type of image is rather difficult and time-consuming. It is customary to distinguish two main types of segmentation quality assessment: subjective and objective. The subjective method refers to a visual assessment, which means that the assessment is made by a person, which is a rather big drawback of this method. Objective methods, unlike subjective methods, are based on quantitative indicators, not on visual ones. Fig. 1 presents the classification of segmentation quality assessment methods.
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Fig. 1. Classification of segmentation quality assessment criteria
IoU and Dice use slightly different approaches to measure how similar the results of an image segmentation algorithm are to the corresponding segmentation results that have been confirmed by observations. The IoU can be represented in a geometric form (fig. 2)
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Fig. 2. Graphic content of the IoU metric

Looking at this expression, we see that IoU is simply a ratio. In the numerator, we calculate the area of overlap between the assumed limiting area and the area that will actually be limited. The denominator is the pooling region, or, more simply, the region that is encompassed by both the assumed bounding region and the actual bounding region. Dividing the overlap area by the union area gives the final figure – IoU (fig. 3).
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Fig. 3. Graphic content of the IoU with the designation FN, TP, FP

In fig. 3, we assume that the field in the upper left corner, which is marked in yellow, is the segmentation region marked by a human. The field marked in red is the segmentation result that the deep learning algorithm created on the image. The area of overlap between human and AI results is the blue square in the numerator image. This is the region where the image segmentation algorithm identifies pixels that exactly match the annotated segmentation. These pixels are known as True positives (TP). The merge region in the denominator combines the results of both human and AI segmentation and then subtracts the TP to prevent double counting of these pixels. The pixels in the red area were falsely segmented by the algorithm and are known as False positives (FP). The pixels in the yellow area should be segmented by the algorithm, but they were missed. These missed pixels are known as False negatives (FN). If the overlap area is equal to the union area, we have perfect segmentation and the IoU is equal to 1. In this case, FP, TP and FN are all 0.
The definition of the Dice metric is not as easily described geometrically as the IoU. Fig. 4 shows a graphical representation of this metric.
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Fig. 4. Graphic meaning of the Dice metric

Binary Cross-Entropy (BCE) is also called Sigmoid Cross-Entropy. It consists of the sigmoid activation function, as well as the cross entropy. Unlike the Softmax loss, it is independent of each vector component (class), the loss functions calculated for each component of the CNN vector output do not affect other component values.

Very often, BCE is used for yes/no decisions, such as classification with many values. The loss function reflects how wrong your model's predictions are. For example, in multi-label problems, where an example may belong to several classes at the same time, the model tries to decide for each class whether the example belongs to that class or not.
It turns out that segmentation is widely used in real-world applications, such as pattern cognition, feature extraction, image retrieval, machine vision, satellite imaging, biometrics, and the military. The investigation of the pros and cons of segmentation methods with respect to the main segmentation criteria revealed that it is difficult to achieve a satisfactory performance of the previous criteria at the same time. Therefore, image segmentation should not be ignored, and it is preferable to combine segmentation techniques to reduce its disadvantages in order to obtain better results.
Conclusions
This study provides a review of different segmentation techniques due to their importance in digital image processing. Despite several decades of research, image segmentation is still a difficult challenge in image processing, as each method has advantages and disadvantages. So, there is no single technology that can be considered good for all types of images and not all technologies are equally suitable for a particular type of image. The algorithms and methods for image analysis were considered. The segmentation evaluation methods were analyzed. The main methods of assessing the quality of segmentation were highlighted, and it was also determined which methods are better to use. The geometric content of the IoU, Dice and Binary Cross-Entropy methods were described and illustrated. The most appropriate method for segmenting satellite images will depend on the specific characteristics of the images. However, some commonly used methods for satellite image segmentation include thresholding, edge detection, decision trees, and support vector machines. These methods can achieve varying levels of accuracy, with thresholding typically providing the highest level of accuracy at around 95%. 
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