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Abstract: This exploration paper presents a new approach for automated discovery of erythrocyte shape abnormalities using image
processing ways. Erythrocyte morphology plays a pivotal part in colorful physiological and pathological conditions, making accurate
discovery of shape irregularities essential for individual purposes. Traditional homemade styles for erythrocyte shape analysis are time-
consuming and private, pressing the need for automated systems. Our proposed system leverages image processing algorithms to descry
and quantify erythrocyte shape abnormalities from bitsy blood smear images. original preprocessing way involve image improvement
and segmentation to insulate individual erythrocytes. latterly, morphological operations are applied to prize features reflective of shape
irregularities, similar as spherocytosis, elliptocytosis, and poikilocytosis. Machine literacy ways are employed for bracket and
confirmation of abnormal erythrocyte shapes. Experimental results demonstrate the effectiveness and effectiveness of the proposed
approach in directly detecting and characterizing erythrocyte shape abnormalities. This exploration contributes to advancing
automated hematological analysis, easing early opinion and monitoring of colorful blood diseases. [1]
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l. INTRODUCTION

Erythrocytes, or red blood cells (RBCs), are the foundation of oxygen transport in the mortal body, easing the exchange of
respiratory feasts between apkins and lungs. Their characteristic biconcave shape, thin membrane, and high faceto- volume rate
optimize oxygen prolixity and inflexibility, allowing them to navigate through the microcirculation efficiently. Central to their
function is hemoglobin, a complex protein that binds and carries oxygen from the lungs to supplemental apkins while abetting in
carbon dioxide junking. However, despite their critical part in maintaining homeostasis, erythrocytes are susceptible to inheritable
mutations that can disrupt their structure and function, leading to colorful hematological diseases. Among these, sickle cell anemia
(SCA) stands out as one of the most well- known and current inherited blood diseases encyclopedically.

Sickle cell anemia arises from a single nucleotide negotiation in the gene garbling the B- globin subunit of hemoglobin,
performing in the conformation of abnormal hemoglobin S(HbS). Under conditions of low oxygen pressure, HbS motes polymerize
within the erythrocytes, causing them to borrow a characteristic sickle shape. This altered morphology compromises their capability
to distort and flow easily through the vasculature, leading to vaso- occlusive occurrences and towel ischemia. Erythrocyte shape
abnormalities can be reflective of colorful health conditions, making accurate discovery pivotal for opinion and monitoring. This
review surveys the current state of image processing styles applied to erythrocyte shape discovery. This paper offers a thorough
review of methodologies, emphasizing their significance in understanding colorful health conditions grounded on erythrocyte
morphology.

Among the colorful types of anemia, we punctuate the sickle cell anemia. In sickle cell anemia, the erythrocytes are sickle
shaped, which delicate the blood to pierce blood vessel with lower quality. It's a habitual complaint and cases may have symptoms
like bone pain, fatigue, hostility etc.

Digital image processing and machine literacy ways have an important part in medical and biomedical opinion and exploration.
These two exploration fields are specifically important in the environment of this work because it may be a low cost and effective
volition to the opinion by visual examination on blood smear microscopy images. Visual examination is performed by humans,
which may be a very time consuming and tedious task, susceptible to crimes. For these reasons, the development and study of
styles for automatic segmentation and bracket of blood cells is veritably important. also, image analysis styles are veritably cheaper
than other laboratory tests, and the images perhaps locally collected, participated, and anatomized in colorful places, including
foreign countries.

The ideal of this work is to study styles to member erythrocytes in blood smear microscopy images; excerpt morphological
features from these cells; determinate what subsets of these features is suitable for bracket; and estimate the performance of three
classical supervised classifiers to distinguish among normal erythrocytes, sickle- shaped bones and erythrocytes with other
distortions. Else from former workshop, this study uses simple and computationally effective algorithms to gain results with quality
close to those attained by affiliated workshop and considers a variety of bracket ways. We believe that the success of our results
resides on the combination of the ways addressed. [3]
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I11. EASE OF USE

Erythrocyte shape detection using image processing techniques can vary in ease of use depending on the complexity of the
techniques employed and the quality of the images being analyzed. Generally, simpler techniques such as thresholding and edge
detection may be easier to implement but might lack accuracy in detecting intricate shapes. More advanced techniques like machine
learning-based segmentation could offer higher accuracy but may require more expertise and computational resources. Overall, the
ease of use can be influenced by factors such as the familiarity of the researcher with image processing algorithms, the availability
of suitable software libraries, and the quality of the erythrocyte images being analyzed. A critical aspect of any image processing
technique is its usability. The paper evaluates the ease of use of different erythrocyte shape detection methods, considering factors
such as computational efficiency, user-friendliness, and adaptability to diverse datasets. Assessing these aspects is crucial for the
practical implementation of these techniques in clinical settings. [4]

I1l. RELATED WORK

There have been several approaches to erythrocyte shape detection in the existing literature. Some methods involve image
processing techniques like edge detection, morphological operations, and machine learning algorithms such as deep learning for
classification. Other approaches focus on biomechanical models to understand erythrocyte deformation and shape changes under
different conditions. Research also explores the use of advanced microscopy techniques, such as confocal microscopy and atomic
force microscopy, to capture erythrocyte morphology at high resolution. However, specific advancements and findings would
depend on the latest studies in the field, so it's advisable to search recent academic journals and conference proceedings for the
most up-to-date information.

Gonzalez-Hidalgo et al. [9] proposed a method to segment clustered erythrocytes in blood smear microscopy images. The
proposed method is based in ellipsoidal adjustments and an algorithm for detecting notable points. Differently from our work, there
is no cell classification, and the segmentation of clustered cells is the only method contemplated. Additionally, each image contains
only one centered cell (the interest cell) and part of the neighboring cells, but no clusters are studied in the present work. Gual-
Arnau et al. [10] proposed a method to automatically classify erythrocytes into normal, sickle cells and other deformations using
the K-NN classifier. It tested 6 different sets of features. [2]

IV. RESEARCH METHOD

The method pipeline for automatic blood cell detection involves converting the original image to grayscale, applying a
threshold, complementing the image, filling in any gaps, cropping it, and finally extracting features to classify normal and abnormal
cells.
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Figure 1. Method Pipeline [6]

IV.1  Image Acquisition
To conduct a study on red blood cells using the Kaggle dataset, blood smear images containing both regular and
irregular blood cells were downloaded from the Kaggle dataset. These images serve as the foundation for studying red blood
cells in individuals, allowing for comparisons with the data in the dataset.
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Figure 2. (a) Normal Image & (b) Abnormal Image [2]

IV.2  Pre-Processing

The original photos are converted into grayscale images for easier processing. Then, a particular image, surviving the
preprocessing stage, is used to identify the dividing line. To enable the system to calculate the gradient magnitude of the image
accurately, a 2D filter is constructed during the preprocessing stage. Initially, the system employs a 3-by-3 horizontal edge-
finding mask and a y-derivative approximation mask for computation.
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Next, the x-derivative is computed using the transposed G'G to detect vertical edges. This computation, along with its transposed
value, helps in determining the gradient magnitude. This process enhances the visibility of red blood cells (RBCs) in the images
by highlighting the internal boundaries of each cell while blurring out less relevant details.

IV.3  Segmentation

Image segmentation involves dividing an image into distinct, non-overlapping regions. In the context of red blood cell
(RBC) detection, segmentation is crucial for separating the RBCs from the background and other unwanted elements. Thresholding
is a common technique used for this purpose, where a grayscale image is converted into a binary image containing only black and
white pixels. This binary image simplifies the task of tracing boundaries by clearly distinguishing between foreground (RBCs) and
background. Otsu thresholding is a specific method within thresholding techniques. It's a global thresholding method, meaning it
uses a single threshold value to separate foreground and background pixels throughout the entire image. This approach is highly
effective for segmenting RBCs in blood smear images without sacrificing important details. By applying Otsu thresholding, the
boundaries of RBCs can be accurately delineated, facilitating further analysis and detection tasks.

IV.4  Image Complementing

The goal is to enhance processing results by isolating red blood cells (RBCs) against a dark background. To achieve this,
the image is supplemented, providing additional information for easier processing. This supplemented image offers more clarity
and detail compared to the original image without supplementation. By ensuring the RBCs stand out against a darker backdrop,
subsequent processing steps can be more accurate and effective.

IV.5  Noise Removal

The blood smear images contain unwanted details like small spots, noise, and additional cells such as blood pearls.
This noise can lead to inaccurate white blood cell counting. Blood pearls can be quite large, up to 2500 pixels in size. Hence, any
pixel groups smaller than 2500 pixels are considered noise and need to be eliminated. After removing this noise, the difference
between the original and cleaned-up images is noticeable. This cleaned-up representation is superior as the research focuses on
distinguishing normal and abnormal cells based on their form rather than color.

IV.6  Cropped Images

To train the Support Vector Machine (SVM) model to recognize different blood cell images, the blood smear images are
clipped to create a dataset containing both normal and abnormal cells. This dataset comprises a total of 65 images of typical blood
cells and 100 images of atypical blood cells after cropping. These clipped images serve as the training data for the SVM model,
allowing it to learn and distinguish between different types of blood cells, aiding in the classification of normal and abnormal cells
in subsequent analyses.

V.7 Feature Extraction

Dividing RBCs in this investigation, three features were identified to distinguish normal and pathological cell types. The
reason behind this method is that having few features helps improve accuracy and reduce estimation effort! The specifics of each
feature are elaborated below:
Boundary Length: This refers to the total number of pixels that make up the perimeter surrounding the red blood cell (RBC). It
represents the length of the boundary enclosing the cell.
Space: Space indicates the number of pixels contained within the boundary of the RBC. It quantifies the area occupied by the cell
within its perimeter.
Shape Size: Shape size is a measure calculated for the identified cell based on both its space (area) and boundary length. It's
computed using the formula:
Shape size = (4 x & x space) / (perimeter?). [6]
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Figure 3. Classification of Erythrocytes (RBC)

Figure 4. (a) Contrast stretching & (b) Canny edge detection

V.8 Postprocessing of segmentation

Morphological operators were used to eliminate WBC appearance and smooths the contours on the RBCs once Canny
detector was applied. For assure that there was no overlap between the sections, the borders were first dilated to emphasis lines of
high contrasts in image. Then, open processes were used to isolate each segmented cell's whole shape. The open method can utilize
a line of pixels to establish a separation between related items and can be used to separate overlapping elements in a image. At this
point, we improved the ROI by masking it with the original image to randomly fill in the background hole and fill in the spaces
between the lines within red blood cells. [12]
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