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Abstract— Malaria is a deadly, infectious and life-
threatening mosquito-borne blood disease caused by
Plasmodium parasites. The conventional and most standard
way of diagnosing malaria is by visually examining blood
smears via microscope for parasite- infected red blood cells
under the microscope by qualified technicians. This method
is inefficient and time consuming and the diagnosis depends
on the experience and the knowledge of the person doing the
examination. Automatic image recognition technologies
based on image processing have been applied to malaria
blood smears for diagnosis before. However, the practical
performance has not been upto the mark so far. This gives
us all the motivation to make malaria detection and
diagnosis fast, easy and efficient. Our main aim is to build a
model that can detect cells from images of multiple cells in
thin blood smear on standard microscope slides and classify
them as either infected or uninfected with early and
effective testing using image processing. And also perform
classification on the infected cell image using machine
learning.
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I. INTRODUCTION

Malaria is a deadly, infectious disease caused by the
Plasmodium parasite which is transmitted by the bites of
female Anopheles mosquitoes. According to the World
Malaria Report 2019 published by WHO [1], there were
an estimated 405,000 malaria related deaths in the
preceding year. The disease is curable but early detection
holds the key. Existing methods used to detect Malaria
include microscopic detection of infected cells in a
laboratory. The method is both expensive and tedious. An
estimated 93 percent of all Malaria cases in 2018 were
reported in the WHO African region. The region also has
one of the lowest per capita incomes across the world. A
faster, low cost, and reliable alternative to microscopic
detection of Malaria is proposed.

The study proposes an image processing model for
detection of malaria infected cells. We use image
processing
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techniques to detect parasite-infected red blood cells in
thin smears on standard microscope slides The most
widely used present day method is examining thin blood
smears under a microscope, and visually searching for
infected cells. A clinician manually counts the number of
parasitic red blood cells - sometimes up to 5,000 cells
(according to WHO protocol) [2].Malaria could be
forestalled, controlled, and relieved all the more
adequately if an increasingly precise and effective
symptomatic techniques were accessible. We have
utilized image processing procedures to identify the
nearness of malaria contaminated cells.And to classify
the stage of malaria i.e falciparum or non-falciparum we
use machine learning.
Il. RELATED WORK

Malaria being one of the most fatal disease has been
at the focal point of some major studies in the recent past.
Some of them are described briefly here. The paper [3]
uses a CNN model to detect parasite infected red blood
cells in thin smears on standard microscopic slides
prepared using routine methods. It is inspired by
experiments on the underlying physiological mechanisms
in the visual cortex of felines for recognizing objects.
Another study [4] presents that there are many systems
which describe the computerized methods of image
analysis that commonly involves three main phases. In
the first phase of preprocessing, luminance of the image
is corrected and transformed to a constant color space. At
the second step, a histogram-based image segmentation
process is used which helps in avoiding maximum
artifacts and over stained objects. Later, a back
propagation neural network was used for classifying
objects. A more accurate method of counting blood cells
using Python OpenCV is explored in [5]. It uses images of
blood obtained by keeping blood samples under a
microscope to calculate number of cells. of the entire
proceedings, and not as an independent document. Image
processing is a method which involves signal processing
and mathematical procedure. In this study, the images
were processed and a blob detection
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algorithm was used to detect and differentiate RBCs from
WBCs. A cell counting method was also used to provide
an actual count of the RBCs and WBCs detected. The
automation comes with a gui backed up with a database.
The literature [7] proposes a parasite detection technique
which is based on digital image processing. Images of
thin blood smear are used and with the help of image
processing approach the parasite in the cells are
identified.

M. METHODOLOGY

At present, the recognition of Malaria parasite in
single cell slide is totally manual. This procedure could
be rearranged by capturing an image of the blood smear
and afterward utilizing the proposed model to arrange
whether the cells are contaminated or not. The proposed
model uses the utilization of image processing systems to
improve existing techniques and abbreviate the time
taken for recognition of malaria parasite in blood
tests.The dataset is manually collected from the CDC’s
Division of parasitic infection and Malaria [6]. Our
concentration here is to make a mechanized capacity to
distinguish the nearness of Malaria parasite in slight
blood spread and measure the segment of RBC in the
example that are tainted, primary assignment is to
fragment the contaminations, for which segmentation of
the cells is the earlier undertaking. Segmentation
techniques involve methodologies based on Edge
Detection[8], Watershed  Segmentation[9,11] and
Morphological segmentation[10]. Once the cells are
segmented, the infections are segmented. This is done
via, using a threshold intensity pixel value for the
infection, i.e. if the pixel value is in the range of the
threshold the infections are identified.

A. Segmentation of cells

When we "segment™ an image, we distinguish the regions
of interest (ROIs) from the non-ROI portion, generally
creating a binary mask of what we want to qualify,
quantify, track, etc. Segmentation is a critical part of
many image processing problems, and is worth
considering in some depth. Here also we will segment
our cell images. One of the major issues in segmenting
human blood cells is the contiguity of the cells, one may
find a lot of overlapping of cells. Segmenting touching
object is one of the most difficult task in image
processing. We use different approaches like Edge
Detection, Watershed Segmentation, Morphological
Segmentation.

1) Edge Detection(Gradient Based Techniques): The
gradient based edge detections look for the first
derivative of an image where the maxima and minima are
occur. These techniques used sobel, prewitt and robert’s
cross operator for finding the edges..

2) Edge Detection(Gaussian Based Techniques): The
main purpose of this technique is to detect the zero
crossings in the second order derivative of an image to
find edges. The Gaussian based techniques are Laplacian
of Gaussian (LOG) and Canny edge detection.

The LOG operator is the best in all of the edge detection
techniques.

Laplace of Gaussian Canny Prewitt

Roberts . Sobel

Zero Cross

Fig 1. Comparison between edge detection techniques

3) Watershed Segmentation: Watershed segmentation
algorithm is applied on the images in the dataset, it
segments or divides the different cells present in the
image. These divisions help in simplifying the detection
and classification of malaria parasite in the blood
samples.

Pf_troph_thinA Classic "Oversegmentation”

Original Grayscale  Grayscale with Suppressed Minima Better...

Fig 2. Watershed Segmentation
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4) Morphological ~ Segmentation: The  term
morphology refer to the shape and size of the objects
within the image. In our study we have used the shapes of
the cells, as most of the cells where circular in shape and
of a particular radii range. Thus a circle detection
algorithm was designed which could detect the cells
based on the shape of the cells.hlight all author and

affiliation lines.
20 Cells Detected
P d

Fig 3. Morphological Segmentation

B. Segmentation of infection

After successful detection of the cells the next task is
to spot the infections inside the cells. So, for this we
would be using the pixel intensity values, and observe the
range of intensities where ever the infections.But the
problem with it is that the illumination and color scale of
one image may differ to other. For this we would use
histogram matching[12] to have a uniform color scale.

L

Difference i color scale

target

Image 16;Image 16, HistMatched

Fig 4. Histogram Matching

C. Classification of infected cells

The approach uses machine learning to classify the
cells if infected.Support Vector Machine(SVM) is a
supervised machine learning algorithm that can be
employed for both classification and regression purposes.
SVMs are based on the idea of finding a hyperplane that
best divides a dataset into two classes. An SVM classifies
data by finding the best hyperplane that separates data
points of one class from those of the other class. The best
hyperplane for an SVM means the one with the largest
margin between the two classes. Margin means the
maximal width of the slab parallel to the hyperplane that
has no interior data points[4].

Here cubic SVM type classifier is employed where

the kernel function of the classifier is cubic given as
k(xi,xj)[12].

k(xx) = (xFx;)°

[12]
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IV. MODEL EVALUATION

Take a image as
input

Apply a auto-generated
segmenter(Otsu's
threshhold)

l

Remove small objects in
the image

l

Segment the cells in the
image

}

approaches:

1. Edge detection

2 Watershed
Segmentation

3 Morphological
segmentation

Training the Image Classifier|
Detect the circles Model

i

if the intesity
pixel values are within
the threshold?

Yes

Histogram matching Display percent infection

Test the image on the trained
classifier

Display no infection

Fig 5. Flowchart
A. Data Source
The imageset used archived blood smear images
acquired from the CDC’s Division of parasitic
infection and Malaria
[6] as input. Our data set contains images of different
malaria parasites like Plasmodium
falciparum,Plasmodium  Knowles,  Plasmodium
malariae, Plasmodium ovale, Plasmodium vivax.
B. Steps used in image processing
1. The paper applies an auto-generated segmenter
that performs five steps: (1)Convert to
grayscale. (2)Initialize segmentation with Otsu’s
threshold.  (3)Filter components by area.
(4)Form  masked from input image and

segmented image.

2. Detecting edges-We have used various edge
detection techniques like Canny, Laplacian of
Gaussian, Prewitt, Roberts, Sobel and Zerocross
operator.LOG gives us the best result.

3. Combining the edges(logically) with the
segmented regions.

4. Improve edge mask by  performing
morphological operations like imclose, skeleton,
etc.

5. Cleaning of the mask and refine the mask.

6. Use different segmentation techniques like
watershed, thresholding, k-means clustering
based segmentation. Of which we select
watershed segmentation since the other
techniques have tiny pores and do not give good
results for further segmentation.

7. To improve the result and flatten the pools from
the results of watershed we use imhmin
function.

8. We use another segmentation technique i.e.
Morphological segmentation to overcome the
shortcomings in watershed segmentation. This
technique detects the circles by setting a specific
range of radius.

9. Histogram matching is done since all the images
have different intensities and for classification
we require all the images to be standard with the
same intensity.

10. Finally, if the intensity values are within the
threshold we display the percentage of cells
infected.

C. Classification Stage

The Study uses Classification Learner to automatically
train a selection of different machine
learning(classification) models on our data if infected.
We use automated training to quickly try a selection of
model types, then explore promising models
interactively. Here, the two classes are falciparum and
non- falciparum.If the cell is infected in the image
processing stage, then we undergo a test for classifying
whether the malaria parasite is falciparum or some other
malaria parasite(non- falciparum).

Machine learning algorithms like  Cubic
SVM,Linear SVM and cosine KNN are used and out of
which the best algorithm with the highest accuracy score
is selected for classification purpose.

D. Outputs

All the images are read in MATLAB and an
objective/target image is chosen on which all the tasks
are performed and afterward on all the images. After
performing all the steps of image processing, the images
of blood cells are displayed whether infected or not
infected, and if infected the number of cells infected and
their percentage is shown and then we train the model for
classification of the infected cell.
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Fig 6. Input images

22 Cells Detected

Fig 7. Detection of cells

7 of 22 (31.8%) Infected

Fig 8. Output(Percentage of infected cells)

E. Result
Table 1 presents the accuracy of detecting the cell
whether infected or not infected.

TABLEI. ACCURACY OUTCOME OF INFECTION DETECTION
Actual data System’s detection(ip) | Accuracy
Infected 113 102 90.2%
Normal 11 11 100%

Table Il. presents the overall accuracy of the machine
learning algorithms. The performance of the model
was evaluated using the performance measures that
include: Accuracy, Precision, Recall and F-Score.

TABLE II. OVERALL ACCURACY
Algorithm Accuracy Precision Recall F-Score
Cubic SVM 86.1 71.2 86.3 77.9
Linear SVM 79.2 51.2 84.3 63.87
Cosine KNN 74.4 70.2 64.7 67.33

V. CONCLUSION

Considering our above methodology, we come to the
conclusion that the newly designed system of image
processing technologies is suitable for parasite detection.
The morphological segmentation techniques proves to be
the best in detection of the cells and segmenting them
from the non- region of interest portion.To characterize
the sort of plasmodium parasite for which we utilized
machine learning technologies and cubic SVM proves to
be the best by having the highest accuracy score.

The system has been tested with around 110 thin film
blood smear images and the results are satisfactory. The
inconsistencies among the images was a challenge but
we have tried to make our system robust.
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