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Abstract— Malaria is a major issue faced on the global level. 

More than 400,000 deaths per year are caused by Malaria. 

Biomedical research and steps are taken by the government; 

technology is playing a crucial role in curbing this fatal 

disease. One of the biggest barriers to the increasing death 

rate is the lack of malaria identification techniques. To 

improve the identification and to reduce the time taken to 

detect the bacteria affecting on a large scale, image analysis 

software and machine learning methods are emerging to 

evaluate parasite-affected blood in the microscopic blood 

slides. According to the traditional method, for detecting 

malaria is done by taking the infected blood cell of the patient 

is placed on a slide and is observed under a microscope. The 

examination involving an expert technician with his intense 

visual examines the slide and counts the infected RBCs. This 

is an extremely laborious and tedious process. We will 

generate a new image processing system for the detection and 

analysis of plasmodium bacteria in the blood smear slide. We 

further develop a Machine Learning algorithm to learn, detect 

and determine the types of infected cells according to its 

feature. 
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I. INTRODUCTION 

Malaria is an infectious disease which has been reported by a 

serious global health challenge. Plasmodium named parasite 

is responsible for this disease, which is transmitted by a 

mosquito which is a vector or carrier. Person infected with 

malaria mostly feels fever, chills and illness just like flu. 

When it is not treated on time, infected person can have 

complications and it may even lead to death. 

 According to the Centre for Disease Control and 

Prevention, there were 214 million cases of malaria reported 

in 2015 all over the globe, where approx. 400000 died due to 

lack of medical facilities. 

 This parasite enters the blood stream of human being 

or an animal after getting bitten by the infected mosquito. 

Following are 4 important species that transmit the disease. 

1) Plasmodium Falciparum 

2) Plasmodium Vivax 

3) Plasmodium Ovale 

4) Plasmodium Malaria 

 The deadliest parasites which are common in Africa 

are Plasmodium ovale and Plasmodium falciparum. There 

symptoms can be detected after 10-15 days of getting bitten 

by the infected mosquito, which generally consist of fever, 

headache, chills, and vomiting. 

 To control and prevent the disease, WHO has 

suggested some perspective which we should practise. This 

disease can be cured only if detected as early as possible. The 

microscopy standard method, rapid diagnostic test (RDT) 

detection method and polymerase chain reaction method 

(PCR) are some of the standard methods for diagnosis of the 

disease. 

 The light microscopy is the most commonly used 

gold standard technique for the detection of malaria. This 

method identifies the thick and thin blood smears for the 

presence of the parasite. 

 Plasmodium which is the root cause of malaria are 

transferred by the infected female mosquito-bite that infects 

the RBC. Malaria causes a huge number of deaths in Africa. 

Almost every minute, a child is suffering due to malaria and 

without proper treatment may lead to death. 

 According to the World Malaria Report 2015, 95 

countries and territories are having risk of approximately 

3 billion people being infected with malaria and developing 

disease, and out of that around 1 billion are at high risk. 

II. LITERATURE SURVEY 

Automatic visual enquiry plays an necessary role in figuring 

out the disease affected cells. To acquire the parasites of 

malaria in the blood slides many methods have been identified 

and many are still under process. 

 Adedeji et al. [1] used the basic contouring 

technique for the segmentation process. Literatures like 

[2],[3] and [4] used K-Means Clustering Segmentation 

technique. Nanoti et al. [2] had an accuracy of 86.24%. 

Meanwhile Hussain et al. [8] used segmentation techniques 

likeK- means as well as thresholding with SVM as the 

machine learning technique. Dian et al. [5] and B. C. Preethi 

et al. [6] used thresholding as their segmentation technique. 

They concluded with an accuracy of 94%, sensitivity of 95% 

and specificity of 92%. On the other hand, Gatc et al.[7] tried 

implementing the double thresholding technique and 

obtained PPV(Positive Predictive Value) of about 92% and 

sensitivity of 85%. 

 Elter et al. [10] obtained a sensitivity of 97% and 

Savkare et al. [11] obtained 80% identification rate using 

SVM as machine learning classifier. Chayadevi et al. [12] 

compared different machine learning and deep learning 

techniques. SVM classifier and KNN classifier got an 

accuracy of approximately 88.9% and 83.3% respectively. 

Whereas Mushabe et al. [13] has included KNN in the 

proposed algorithm which had a sensitivity of 98%and 

specificity of 97%. 

 We tried comparing these algorithms on the basis of 

their accuracy and also tried other algorithms like Random 

Forest classifier, LSTM, etc. 

III. MATERIALS 

The dataset included in this research involves a total of 

27,558 images of blood cells. 13,779 blood cell images were 

of an infected type and the remaining 13,779 were non-

infected images. The images were acquired from the thin 

blood smear slide images of segmented cells. The datasets 
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were provided by the Lister Hill National Center for 

Biomedical Communications (LHNCBC), which is a part of 

the National Library of Medicine (NLM). The images 

considered were Giemsa-stained thin blood smear slides from 

150 P. falciparum-infected and 50 healthy patients at 

Chittagong Medical College Hospital, Bangladesh. The 

images were solely used for training and testing purposes. 

IV. METHODOLOGY 

A. Plasmodia Detection and Extraction 

To improve the quality of image and to decrease 

complications in images pre-processing is done. Before 

detection and extraction of the images considered were 

converted from RGB images to gray images. This helps to 

make the detection easy and the affected cells are more 

accurately detected. The pre-processing of images also helps 

in reduction of noise in image and to improve the staining 

correction. This step holds importance in machine learning as 

it also enhances staining correction. 

B. Segmentation Techniques 

For image segmentation we have used three image processing 

techniques which reduces the noise and help the classifier to 

differentiate between the region of interest and non-region of 

interest. It will help us to generate the accurate data set for 

the classifiers. 

1) Contouring 

Contouring or also called as the contour tracing highlighting 

of a digitally binary region. This boundary tracing technique 

identifies the boundary pixels. It checks the discontinuities in 

the image pixels. The edge detection operator depends on 

factors like the orientation, noise surrounding it, etc. We 

considered the shape of the edge detector to be circular since 

it was the most sensitive to the edges of the plasmodium 

infected-cells. 

 
 

 
Fig. 1(a) Original Image Fig.1(b) Contoured Cell Image 

2) K-Means Clustering 

K-Means Clustering is a segmentation technique based on 

measurement of the given image. It provides information on 

the basis of regions which are indicated according to the 

similarities of the pixels. Being a partitioning method, it 

partitions data into k mutually exclusive clusters. It treats 

each observation as an object which is why it is used as an 

iterative algorithm. 

3) HSV& Thresholding 

The Hue, Saturation, Value or (HSV) can also be used for 

extraction of colours in the given image. Instead of 

converting the image from RGB to gray, we converted the 

RGB image into an HSV image. We further applied a 

threshold mask to get the desired segmented image. The HSV 

image helps in getting the appropriate colour, the perfect 

intensity of it and the accurate brightness of the blood image. 

 

 

 
Fig.2(a) Original Image Fig. 2(b) Clustering Output 

 
 

 

 

 
Fig. 2(d) Contoured Output Fig. 2(c) HSV Output 

 

 
Fig. 3(a) Original Image 

 

 
Fig. 3(b) Clustering Output 

 

 
Fig. 3(c) HSV Output 

 

 
Fig. 3(d) Final Contoured Output 
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C. Machine Learning Techniques 

Machine learning comes under artificial intelligence. ML is a 

process in which machine automatically learn and improves 

from the past experience. In this paper we have used some of 

the machine learning and deep learning techniques. 

1) Random Forest Classifier 

Random forest regression comes under the machine learning 

techniques. it is one of the most commonly used technique for 

multiple prediction and also for their high accuracy rate. In 

this method a group of decision tree working together to give 

a desired output. 

2) SVM 

Support-vector machines (SVMs) also are referred to as 

support-vector network. It lies under supervised learning 

models associated with learning algorithms that analyse data 

used for classification and multivariate analysis. 

 It is mostly utilized in classification problems. 

During this algorithm, we plot each data item as some extent 

in n- dimensional space (where n is number of features you 

have) with the worth of every feature being the worth of a 

specific coordinate. We perform classification by finding the 

hyper-plane that changes the two classes after this. 

3) KNN 

This is a pattern recognizing algorithm which happens to be 

a non-parametric method. It is used for classification and 

regression and for both the techniques the input consists of 

the k closest training examples in the feature space.For the k-

nn classification the object is classified on the basis of the 

neighbours and assigned according to the majority. Whereas 

for k-nn regression the value assigned is the average value of 

the neighbours. 

4) Decision Tree 

Decision tree is a type of supervised machine learning. The 

basic structure of decision tree consists of: 

a) Nodes 

b) edge/ branch 

c) Leaf nodes. 

Decision tree is further divided into two types 

a) classification trees (binary output) 

b) regression trees (continuous output) 

5) Logistic Regression 

Being a supervised learning technique, it evaluates the 

probabilities using a function called the sigmoid function. By 

these evaluated probabilities, the relationship is built between 

categorical dependent variable and the independent variables. 

It is a classification technique which gives binary outcomes. 

D. Deep Learning Techniques 

1) LSTM / RNN 

Long short-term memory, also called as LSTM is technique 

used for classification, processing of data and predicting. This 

is one type of recurrent neural network. This technique is 

mostly used for speech recognition, translation etc. This 

technique recognizes patterns in the given data and has the 

capability to remember the patterns in the data for a long 

period of time. 

2) ANN 

ANN or Artificial Neural Network is another deep learning 

technique which actually learns to execute tasks by 

considering general examples. This algorithm is not restricted 

to any task-specific rules. It recognizes the data by manually 

added previous data or by studying the features of given input 

image. Its working principle is almost similar to that of our 

brain where neurons are collectively connected to each other. 

Each neuron processes signals and passes it the next neuron. 

Thus, within no time input is processed with the desired 

output. 

V. RESULT 

The methodology used finds the difference between infected 

and non- infected cells. The purpose of this paper was to 

compare two image processing algorithms. Pre- processing is 

designed to remove unwanted part from cell image and to 

make image ready for further processing. This involves RGB 

to Gray image. 

 First method only comprises of contouring which 

highlights the boundary pixels and checks discontinuities in 

image pixels. The edge detection operator depends on 

orientation, noise surrounding, etc. It detects boundary of 

high intensity components of the cell image. 

 
Fig. 4(a) Original 

Image 

  
Fig. 4(b) Contoured 

Image 

 

 
Fig. 5(a) Original 

Image 

 

 
Fig. 5(b) Contoured 

Image 

 Second method involves combination of different 

image processing such as K-mean clustering, HSC, Contour. 

 Initially we applied K-mean clustering which 

provides information on the basis of regions which are 

indicated according to similarities of pixels. It partitions data 

into k mutually exclusive clusters. 

 Further, RGB image is converted to HSV image and 

threshold mask is applied to get the desired segmented image. 

HSV image provides appropriate colour, perfect intensity and 

accurate brightness. 
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Fig. 6(a) Original 

Image 

 

 
Fig. 6(b) Clustering 

Output 

 
 

 
Fig. 6(d) Contoured 

Output 

 

 
Fig. 6(c) HSV 

Output 

 Two datasets are formed using contour and 

combined methods. Then by applying different classifiers 

combined method gives high accuracy than contour method. 

Classification is carried out by using SVM, KNN, Random 

Forest, Decision Tree, Logistic regression, LSTM/RNN, 

ANN. 

Accuracies of algorithms obtained are as follows: 

 
Table 1. Accuracies obtained. (Combined = Clustering + 

HSV + Contouring) 

 Thus, two datasets are formed using contour and 

combined methods. Then by applying different classifiers 

combined method gives high accuracy than contour method 

VI. CONCLUSION 

Malaria has been a widespread disease that has claimed many 

lives everywhere on the planet. Improving identification, 

image analytics and machine learning methods are necessary 

to analyse parasitemia affected patients to curb the increasing 

death rate. We compared the classification accuracies related 

to training, validating, and testing with various combinations 

of the first dataset formed by contour and second dataset 

formed by combined method. 

 We concluded that the accuracy gained by simply 

contouring is less than that of applying other segmentation 

techniques altogether. The classification was easier in the 

second method of segmentation rather than the contouring 

method. 

 We can further extend this proposed method for 

diagnosing the different stages of malaria and accordingly 

provide treatment to cure it. 
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