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Abstract:

Diagnosis and subtype classification of kidney cancer,
one of the most lethal illnesses, are critical to improving
the prognosis of individual patients. As a result, there is
an immediate need to create automated technologies that
can correctly classify kidney cancer into its various
subtypes. Scientists in the biomedical sector have
discovered that miRNA dysregulation can result in
cancer. We propose a machine learning strategy for
subtyping kidney cancer from miRNA genome data in
this study. Using a combination of computational and
experimental methods, we identified 35 miRNAs that
help diagnose certain subtypes of kidney cancer. To
categorise a given miRNA sample into kidney cancer
subtypes, the proposed method uses Neighborhood
Component Analysis (NCA) to extract discriminative
features from miRNAs. Only a few kidney subtypes
have been examined for classification in the literature.
The miRNA quantitative read counts data was obtained
from the Cancer Genome Atlas data source and used in
the experimental study (TCGA). Three-score and five of
the most discriminatory microRNAs (miRNASs) were
chosen using the NCA method. The ML system
achieved an average accuracy of 95% when using this
selection of miRNAs to classify miRNAs involved in
kidney cancer into distinct subtypes. In our research, we
compared the performance of the K-Nearest Neighbor
(KNN) method, which is currently in use, with that of
our suggested system, which makes use of Long Short-
Term Memory (LSTM).
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Introduction

Diagnosis and subtype classification of kidney cancer, one of the most lethal illnesses, are critical to
improving the prognosis of individual patients [1]. As a result, there is an immediate need to create
automated technologies that can correctly classify kidney cancer into its various subtypes. Scientists in
the biomedical sector have discovered that miRNA dysregulation can result in cancer [2]. We propose
a machine learning strategy for subtyping kidney cancer from miRNA genome data in this study [3].
Through empirical studies, we determined 35 miRNAs that possess distinct essential properties that
contribute in kidney cancer subtype detection [4-6]. The suggested method employs Neighborhood
Component Analysis (NCA) to extract discriminative features from miRNAs, and then uses ML to
classify the miRNA sample into subtypes of kidney cancer [7]. In the medical literature, classification
of just a small number of kidney subtypes has been attempted [8]. The miRNA quantitative read
counts data was obtained from the Cancer Genome Atlas data source and used in the experimental
study (TCGA) [9-11]. Three-score and five of the most discriminatory microRNAs (miRNASs) were
chosen using the NCA method [12]. The ML system achieved an average accuracy of 95% when using
this selection of mMiRNAs to classify miRNAs involved in kidney cancer into distinct subtypes [13-19].

In our research, we compared the performance of the K-Nearest Neighbor (KNN) method, which is
currently in use, with that of our suggested system, which makes use of Long Short-Term Memory
(LSTM) [20]. Semi-supervised learning has recently gained great attention due to its capacity to
eliminate the demand for massive labelled datasets to efficiently train deep models based on artificial
neural networks [21-24]. In practise, obtaining tagged data may involve large expenditures and/or need
specialised knowledge [25]. For instance, it takes a lot of effort from a team of professional
radiologists or highly educated technologists to correctly classify or segment enormous amounts of
medical imaging data [26-29]. For example, manual segmentation of each brain MRI scan in the
rigorous infant brain MRI segmentation challenge (iSeg2017) takes, on average, one week of a
neuroradiologist’s effort. Contrarily, in many fields, particularly medical imaging, access to vast
amounts of unlabeled data is both simple and inexpensive [30-33]. When compared to other machine
learning algorithms, one of deep learning's primary advantages is the superior modelling capacity that
allows it to deal with complicated, high-dimensional datasets by means of feature representations [34-
39].

Consequently, neural networks have reached state-of-the-art outcomes in computer vision, exhibiting
significant success in making inferences from high-dimensional picture data [40]. However, the vast
majority of deep learning algorithms are supervised, meaning that they learn to make predictions or
classify data based on labels applied to training samples [41-47]. These algorithms have been updated
in many ways, some shown in the next section, to handle semi-supervised or unsupervised learning
tasks. Typically, unsupervised learning techniques are used as a form of pre-training for supervised
learning projects [48]. Clustering techniques, which fall under the umbrella of unsupervised learning,
organise unlabeled data by finding commonalities and differences between records. However, these
algorithms are blind to the existence of categories [49-54]. In addition, the "curse of dimensionality”
generally hinders the performance of clustering algorithms when working with high-dimensional data,
even if these algorithms typically excel when working with low-dimensional data [55].

Clustering algorithms need an excessive number of data points to accurately quantify the effect of
factors on data in order to draw conclusions, as data samples move further apart in high dimensional
spaces [56-61]. One of the most common baseline datasets in computer vision is called MNIST, and
the infamous K-Means clustering technique only manages an accuracy score of around 55% on this
dataset [62-71]. To provide a semi-supervised deep learning approach that is reliable, accurate,
adaptable, and computationally efficient, this study makes advantage of the recently established deep
embedded clustering (DEC) algorithm. DEC is a hybrid approach that uses a deep stacked autoencoder
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and a clustering algorithm to iteratively optimise a cost function based on target probability
distributions, hence improving the accuracy with which cluster centroids are predicted [72-79]. To this
end, we introduce a new training strategy for a semi-supervised approach that learns feature
representations from unlabeled data while maintaining the model's consistency with the labelled data
by adding a clustering layer to a deep convolutional neural network (CNN) [80-85].

We use this technique, which we call Semi-Supervised Learning with Deep Embedded Clustering
(SSLDEC), to segment medical images of an extremely difficult infant brain MRI based on the
1Seg2017 challenge, as well as benchmark image classification datasets commonly used to evaluate
and compare semi-supervised learning algorithms [86-91]. We conducted experiments on MNIST,
SVHN, and 1Seg2017, all datasets that need semi-supervised learning due to the fact that only a
fraction of the data is labelled, and the findings show that our suggested strategy achieves competitive
results [92].

In the field of imaging science, analogue and digital image processing are the two mainstays [93-99].
Hard copies, such as printouts and photographs, can benefit from analogue or visual image processing
methods [100-109]. As they perform their work, image analysts draw on a wide range of interpretation
theory and practise to make sense of the images they see [110]. Analysts' expertise in the field of
image processing is limited not just to the subject matter experts study. Visual association is another
useful tool in image processing [111-114]. Therefore, analysts utilise both direct experience and
external information when processing images. Computers and digital processing techniques assist
improve the quality of raw data from imaging sensors on satellite platforms, which otherwise would
have to be manually manipulated [115-119]. It requires multiple stages of processing to overcome
such faults and obtain data authenticity [120]. There are three main steps that must be taken before any
digitally-stored data may be used: pre-processing, augmentation and presentation, and information
extraction [121-129]. This hierarchy of image processing is shown in Fig. 1.

Figure 1: Hierarchy of Image Processing
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Images In MATLAB

Realizing that a digital image is made up of a two- or three-dimensional matrix of pixels is the first
step in MATLAB image processing [130]. Each pixel in a picture stores a number or integers that
denote its hue, saturation, lightness, and other attributes [132]. Depending on the colour representation
technique, a colour image can have up to three times the information of a grayscale image [133-139].
As a result, the amount of computing power needed to process a colour image is triple that of a
monochrome one [140]. All processing will be done on grayscale photos in this tutorial, which will
explain the method for converting colour photographs to grayscale [141-147]. However, we will start
with analysing elementary two-dimensional 8-bit matrices in order to grasp the fundamentals of image
processing [148].

Edge Detectors

An edge detector's value lies in its ability to recognise and localise objects within a picture [149]. The
Sobel edge detector and the Canny edge detector are only two examples of the many available; they
will be the focus of this article. The Sobel edge detector may scan in any two dimensions for sharp
transitions in either the horizontal or vertical planes [150]. With the Canny edge detector, you may
locate weak edges that are connected to strong ones [151-156]. The binary images provided by these
edge detectors have white edges on a black background [157-163]. You can see how these edge
detectors are put to use in the following example. This example demonstrates both the Canny and
Sobel edge detectors [164].

As seen in Example 4.1, the image utilised is the MATLAB file named rice.tif. The Sobel method for
edge detection is demonstrated in two different ways [165-169]. The first technique makes use of two
MATLAB functions—special, for making the filter, and imfilter, for applying it to the image to
accomplish the task. Second, you can use the edge MATLAB function, where you can choose the kind
of edge detection you want to utilise [170-174]. In the beginning, the Sobel method was utilised, and
then the Canny method was used as the next step in edge detection [175-181]. The top image is the
unaltered source material, while the bottom image, labelled "Horizontal Sobel,” was created by
applying an image filter [182]. When applying the edge filter, the image labelled Sobel is the result of
using the Sobel setting, while the image labelled Canny is the result of using the Canny setting [183].

The photographs' finer details were shown with the use of the Zoom In feature. The filter used to
generate the Horizontal Sobel image, as can be seen, picks up on horizontal edges far more readily
than vertical ones [184]. Sobel images were made with a filter that could identify both horizontal and
vertical edges. This is the cumulative effect of MATLAB separately searching for horizontal and
vertical edges and then adding their results together [185]. The Canny picture is proof that the Canny
technique can pick up on every edge. Similar to the Sobel approach, the Canny method displays both
strong edges and the weak edges that are connected to strong edges [186].

Project Introduction

Unfortunately, early detection of kidney cancer using conventional clinical methods is challenging,
despite the fact that it is one of the deadliest diseases. Kidney cancer is understudied despite its status
as a leading cancer killer. New methods to identify and cure it have lagged behind because it has been
overshadowed by other forms of cancer in the medical world. Patients with kidney cancer have had
few alternatives for treatment other than surgery for decades, and the average survival time is less than
a year. Therefore, early diagnosis is essential. Research into numerous biomarkers complements
conventional clinical methods, bringing us closer to a clearer picture of kidney cancer's start, correct
diagnosis, and definitive treatment. However, despite the advances in genetic knowledge and
technology, many questions remain unanswered and research avenues remain unexplored. The
survival rate of cancer patients might be improved and the number of people who survive the disease
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could be expanded if researchers explored novel methods of detecting the disease and precisely
diagnosing the stage and sub-type.

Recently, a number of methods have been developed to classify kidney cancers into their respective
subtypes. Analyzing the patient's genetic information is one such promising avenue. Especially since
the technological revolution of miRNA information extraction during the past two decades, clinical
diagnosis using miRNA expression has piqued the interest of many academics. The Cancer Genome
Atlas (TCGA), a joint project of the National Cancer Institute (NCI) and the National Human Genome
Research Institute, is a major repository of knowledge on the genetics of different cancers (NHGRI).
Kidney cancer is just one of 33 cancer types for which this platform has produced comprehensive
multi-dimensional maps of the main genetic alterations.

K-Nearest Neighbor (KNN):

The classification of picture details is crucial for extracting the relevant elements from remote sensing
images. Detail extraction from an image often requires first classifying the image. To find the most
effective classifier in hyperspectral pictures, many researchers have turned to active learning
algorithms recently; this work confirms that KNN methods were also tried in this context. The image
classification field makes heavy use of the k-nearest neighbour technique. When applied to high-
resolution remote sensing data, an enhanced KNN allows for maximum margin classification to be
employed in conjunction with the locality. Data reduction for processing is demonstrated using KNN
and a synthetic immunological B-cell network.

In later years, KNN was utilised in conjunction with the maximal margin principle, and its
effectiveness was demonstrated. When applied to hyperspectral pictures, KNN is combined with the
evolutionary algorithm to generate reliable decision thresholds. Using maximum marginal
classification, an artificial immunological B-Cell network, and a genetic algorithm, the aforementioned
research shows that KNN provides good classification results. Support vector machine is the other
technique used for classification. The feature reduction-based strategy was also used to apply KNN to
hyperspectral pictures, and the results were compared to those of the other classifier. The KNN
distance function is less sensitive to the class label ambiguity, making it an ideal choice for high-
efficiency classification of remote sensing images. When classifying remote sensing photos, KNN is
now applied to an object-based representation rather than a pixel-based one.

Proposed System

In deep learning, the recurrent neural network (RNN) architecture known as long short-term memory
(LSTM) is frequently employed. LSTM differs from conventional feed-forward neural networks due
to the use of feedback connections. It is able to process not only individual data points (like photos),
but also complete data sequences (such as speech or video). LSTM can be used for unsegmented,
connected handwriting recognition, speech recognition, and anomaly detection in network traffic or
IDSs (intrusion detection systems). Every LSTM has the same basic building blocks: a cell, an input
gate, an output gate, and a forget gate. The three gates control the influx and egress of data into and
out of the cell, and the cell may recall values for arbitrarily long time periods. Since there might be
gaps of uncertain duration between crucial occurrences in a time series, LSTM networks excel at
classifying, processing, and making predictions based on time series data. The vanishing gradient
difficulty in training conventional RNNSs inspired the creation of LSTMs. LSTM has many advantages
over RNNs, hidden Markov models, and other sequence learning approaches, the most notable of
which being its insensitivity to gap length.

Data Dictionary

The database wouldn't be complete without its own data dictionary. Metadata is the data about data,
thus a database contains information about both the database itself and the data it stores. The actual
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database descriptions utilised by the adbms can be found in the data dictionary. An operational and
built-in data dictionary is a standard feature of most DBMSs. Any time a database is accessed, a
DBMS will first look at the data dictionary. For this reason, it can be difficult to ensure that all users
are on the same page about the acceptable data types for each field in a database. As such, a data
dictionary is a useful adjunct for maintaining data integrity. There is no universally accepted structure
for a data dictionary. The metadata for each table is unique. An easily searchable data dictionary is the
only need for its use.

System Implementation

The building blocks of any system are its implementation (system breakdown structure). Components
of the system can be created, acquired, or repurposed. Hardware fabrication operations include
shaping, dismantling, assembling, and polishing, while software realisation methods include coding
and testing. A manufacturing system employing conventional techniques and methods of management
may be necessary for some forms of implementation. The purpose of the implementation process is to
produce a system component that meets the specifications specified for that component during the
design phase. This component is built using standard industrial techniques. This phase connects the
steps of defining the system to the phase of integrating it.

System The implementation phase of a project is when the plan drawn out in the planning phase is put
into action. The most important part is finishing the system successfully and convincing the user that
the new system will perform well. Time was a major issue with the previous system. As for the
proposed system, it was built in MATLAB. The current setup resulted in a lengthy transmission time.
However, the final product is a highly intuitive system with a user-friendly graphical interface that is
accessible via a menu system. After the project has been programmed and tested, it must be deployed
to the required infrastructure. The goal is to make an executable file and run it. The code is re-tested in
the production environment.

Module Description

Kidney ultrasound pictures are acquired in real-time and stored in the Image Acquisition section of the
system. Images are cropped to a predetermined dimension after being captured. In picture
preprocessing, the trimmed RGB images are changed to grayscale. A third part is image segmentation.
K-means filtering is used to divide up the grayscale images once they've been transformed. The
background, lighting, and other such issues are then much easier to fix. Feature Extraction is the
process of retrieving and displaying the information from the segmented images that facilitates
categorization. Tensor Flow and Long Short-Term Memory (LSTM) are used in the final module's
classification.

Image Preprocessing

One step in the preparation of photos is to convert the RGB colour mode to the Grayscale mode. When
an image is shown as RGB, all of its original colours are preserved. Images in grayscale are a mix of
black and white. For better use with the current dataset, RGB images are converted to grayscale. If you
want a more precise result, converting the photos to grayscale will assist. Noise is minimised and the
background is rendered neutral in grayscale photos. Furthermore, it aids in increasing the clarity of the
picture by enhancing its contrast. Benefits of data augmentation include the ability to generate more
data from fewer data points and the avoidance of overfitting.

Image Segmentation

Segmenting an image creates more significant divisions within the image. The digital image is cut up
into little squares. The objective is to either streamline or transform the illustration into a more
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instructive visual. It separates the objects of interest from any surrounding clutter or background. It
comprises of segmenting the transformed grayscale images using K means segmentation.

Feature Extraction

To facilitate classification, images are segmented and their features are extracted or shown. So that we
can tell the photographs apart, we must first extract their distinguishing features. The majority of
machine vision algorithms rely on the extraction of features. In order to more accurately describe the
segmented objects, the common goal of feature extraction and representation techniques is to
transform the objects into representations.

Classification

In this case, we employ an LSTM-based categorization strategy. Tensor Flow and other Machine
Learning techniques will be employed in the final module's classification process. Tensor Flow is an
open-source numerical computation toolkit that is compatible with MATLAB that speeds up and
simplifies machine learning. Dataflow graphs are structures that depict the flow of data across a graph
or a set of processing nodes, and they may be created with Tensor Flow. Every 'node' in the graph
stands in for a different mathematical procedure, and every 'edge’ between them is a tensor or
multidimensional data array.

System Testing

During testing, flaws should be found and fixed. What testing is all about is unearthing every single
flaw and weak point in a product. It's a method for verifying the proper operation of individual parts,
assemblies, and even final goods. Software testing is the practise of putting a programme through its
paces to make sure it won't crash in an unacceptable way and will perform as expected by users. There
are many distinct kinds of examinations. Various kinds of tests exist to satisfy various needs. Testing
the system as a whole verifies that the integrated software is up to par. It performs a set of tests on a
configuration to guarantee that the outcomes will always be the same. A system integration test that
focuses on configuration is an example of a system test. The foundation of system testing is made up
of detailed descriptions and flows of processes, with an emphasis on the deterministic connections and
integration nodes between them.

Types of Tests Unit Testing

The goal of unit testing is to ensure that the internal programme logic is working as intended and that
valid inputs will result in expected outputs. It is important to verify the logic behind every branch of
code and every path taken by a program's internal logic. To put it simply, it's the process of verifying
the functionality of the application's constituent parts. It's done after each component is finished but
before they're integrated. Such intrusive structural testing requires specific information about the
structure being tested. Unit tests are simple tests that are run at the component level to examine one
particular aspect of a business process, application, or system. A business process's unit tests should
have well-defined inputs and outputs, ensuring that every possible branch of the process is tested and
works as intended. Typically, the software development life cycle's unit testing is done within the
same time as the development of the actual code. On the other hand, splitting off the development
process and the unit testing process is rather popular.

Integration Testing

The purpose of an integration test is to ensure that all parts of an application work together seamlessly.
Event-driven testing focuses on the most fundamental results of screens and fields. Successful unit
testing of each component does not guarantee that the whole will work together correctly and reliably;
instead, integration tests prove that the whole is correct and consistent. The goal of integration testing
is to reveal issues that manifest as a result of putting different parts together. To simulate failures
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brought on by interface faults, software integration testing incrementally integrates two or more
software components on a single platform. The goal of an integration test is to ensure that two or more
software components (such as those making up a software system or, more generally, the software
applications used by a business) work together without causing any problems.

Black Box Testing

Black Box Testing is the process of evaluating software without being privy to its internals,
architecture, or programming language. Such most types of tests, black box tests require a definitive
source document, like a specification or requirements document, from which to derive their content.
This type of testing assumes no knowledge of how the software being tested works. No one can "see"
inside. Without taking into account how the software actually operates, the test merely offers inputs
and reacts to outputs.

White Box Testing

The software tester in White Box Testing is familiar with the software's internals, structure, and
language, or at least the software's intended function. That's the point. In other words, it probes
inaccessible depths at the black box level.

MATLAB

Right-side Command Window. This window displays MATLAB commands and their outcomes. The
Command History window displays recently entered commands. On the left side of the screen, a
window can hold three tabbed windows. The Current Directory window lists active M-files. The
Workspace pane displays presently utilised variables and their sizes. The Launch Pad window
provides simple access to toolboxes, including Image Processing. If these three windows don't appear
as tabs, go to View and choose them. Example 2.1 introduces the Command Window. Press return
after the >> prompt to get a new prompt. If you don't want code to reappear in MATLAB, put a
semicolon after it. Without a semicolon, the code prints in the command window.

Example 2.1 X = 1; percent Click enter to proceed to next line
Z = X +Y percent, press enter

Under the last line of code, MATLAB answered Z = 2. A semicolon after the last statement would
have prevented printing. Notice how your variables are listed in the Workspace Pane and your
commands in the Command History window. Press the or arrows to retype a command.

Images

Digital images are built of a two- or three-dimensional matrix of pixels. Individual pixels are allocated
a grayscale or colour value. Depending on the colour scheme, colour photographs carry three times as
much info as grayscale. Color images require three times more processing power. All processing will
be done on grayscale photos in this course. We'll start by analysing two-dimensional 8-bit matrices to
understand image processing.

Image Loading You may want to test a filter on an arbitrary matrix or a specific image. MATLAB
requires loading the image before processing. If the image's colour isn't important for the application,
convert it to grayscale. Only a third of the pixel values are in the new image, simplifying processing.
When looking for a contrasting object in an image, colour may not matter. Below is Example 4.1 for
loading images.

Image Properties

Histograms display data distribution as bar graphs. Histograms in image processing display the
number of pixel values. Histograms help determine which image pixels are essential. You can alter an
image using this data. Histogram data helps improve contrast and thresholding. Use imhist to produce
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an image histogram. Histeq enhances contrast, while graythresh and im2bw threshold. Imhist,
imadjust, graythresh, and im2bw are demonstrated in Example 5.1. To observe the contrast-enhanced
image's histogram, run imhist on the histeq image. Negative implies the output image is the input
image reversed. In an 8-bit picture, 0 pixels become 255 and 255 pixels become 0. All between-pixel
values are reversed. The new image is flipped. Imadjust does this. See Example 5.1 to make a negative
image with imadjust. Complement is another way to create a negative image.

Frequency Domain

To comprehend image processing filters, you must first understand frequency. Image signals are two-
dimensional. Frequencies define signals. Low-frequency material has little grayscale fluctuation when
scanned. A high-frequency picture features wildly varying grayscale values. Let's simplify. Sine waves
with various frequencies, magnitudes, and phases represent every signal. A signal is transformed via
Fourier. This collection of sine waves can be endless if the signal is difficult to depict, but it's
generally cut when adding more signals doesn't improve signal resolution. Digital systems input
discrete data, select a sampling rate, and output discrete values via a Fourier Transform. The DFT
(DFT) MATLAB's DFT command is FFT. fft2 is MATLAB's 2-D FFT. Image processing determines
a picture's frequency content. Uncertain? Two-dimensional image matrix. If you plotted one row per
pixel's grayscale value, you'd obtain a fluctuating bar graph. These pixels may not match. Fourier
transform calculates signal frequencies. Absolute Fourier Transform magnitude shows frequency
content.

Median Filters

Noise in photos is often very difficult to get rid of, however Median Filters can help. In certain
respects, a median filter can be thought of as an average filter. The average filter takes into account the
values of both the target pixel and its neighbours, and then outputs a single value that represents the
average of the two sets of values. The median filter performs the same analysis on this group of pixels
and then calculates the average. The median filter is more adept at accepting wide disparities in pixel
values, allowing for the removal of noise while preserving sharper edges.

Erosion and Dilation

Both erosion and dilation are neighbourhood operations, much like the median filter. During an
erosion procedure, the input and neighbouring pixels' values are compared, and the minimum of the
two is used to determine the final output. On the other hand, dilation takes a look at the identical pixels
and returns their greatest value. The imerode and instantaneous functions, as well as the steel function,
allow for efficient erosion and dilation in MATLAB (figures 2 and 3).
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Finding things in pictures is a lot easier with the help of a tool called an edge detector. The Sobel edge
detector and the Canny edge detector are only two examples of the many available; they will be the
focus of this article. The Sobel edge detector may scan in any two dimensions for sharp transitions in
either the horizontal or vertical planes. With the Canny edge detector, you may locate weak edges that
are connected to strong ones. The binary images provided by these edge detectors have white edges on
a black background. To segment an image is to divide it into its constituent parts. There are a number
of MATLAB tools that can help you do this. Segmenting touching objects in an image can be done in
a number of ways, one of which is through the use of a mixture of morphological processes. Dilation
plus erosion is another technique for object segmentation. For this purpose, binary pictures can be
processed with the bwperim MATLAB function.

Conclusion

Kidney cancer is modelled in this study as a classification job, and the ML method for determining
whether a tumour is benign or malignant is described. The accuracy of the ML findings was evaluated
in comparison to the current system. The classification method used in this study, which is based on
the ML methodology, has been found to be more effective than previously used algorithms. In
conclusion, the ML algorithm outperforms the state-of-the-art alternatives for detecting kidney cancer.
Early detection is key for lowering the mortality rate associated with kidney cancer. This study makes
use of CT Kidney images from the mini-MIAS collection. There are 322 photos in this collection; 270
are considered healthy and 52 are considered malignant. A total of ten GLCM texture features were
determined along 0°. Using the rank features technique, we can further narrow the features space down
to a manageable six features. Using the proposed strategy, we find that the accuracy increases from 92
percent on validation and test data to 94.4 percent overall. Many real-world applications can be found
for the proposed method. Some illnesses of the brain can be analysed with little modification. The
proposed method can be utilised to locate tumor-ridden tissue sections because it can handle relatively
small clusters.
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