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Abstract- Malaria is a serious disease that can be fatal. An 

infected Anopheles mosquito bite is the most common way to 

contract the disease. Infected mosquitoes carry plasmodium 

parasites. Malaria is transferred when a mosquito bites an 

infected person and then bites a non-affected person. When 

parasites get mature, they travel to the liver and enter the 

blood-stream, where they begin to infect red blood cells after 

a few days. Therefore, there are several benefits of using an 

automated malaria detection process. It provides much higher 

accurate results compared to the manual process. It reduces 

the workload to serve more patients. Deep learning has that 

much potential to provide an accurate and faster result for 

parasites. Then it was tough for an inexperienced human to 

detect the disease correctly. But now researchers have got a 

tremendous result on this. Computer-aided diagnosis is the 

most powerful tool in this area. Hence in our research work 

we have tried to solve all these issues more accurately and 

precisely, hence developed a more accurate model for parasite 

detection as well as classification. The proposed model 

includes image processing and random forest method. 
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I. INTRODUCTION 

 

 Malaria seems to be the most common disease in 

tropical and subtropical regions, where the parasites 

proliferate. According to the most recent World Malaria 

Report, estimated 241 million malaria cases in 2020, slightly 

higher compared to 227 million in 2019. It was estimated that 

Malaria killed 627,000 individuals in 2020. Children under 

age 5 are in the most dangerous position. In 2020, 80% of 

children worldwide died from malaria [1]. Plasmodium 

parasites are the cause of malaria. Humans can be infected by 

five different malaria parasites. These are Plasmodium 

falciparum, P. vivax, P. ovale, P. malariae, and P. knowlesi. 

Malaria signs typically appear 10 to 4 weeks after the 

infection has occurred. It can take several months for 

symptoms to appear in some cases. Some common signs of 

malaria disease include moderate to severe shivering chills, 

high fever, muscle pain, profuse sweating, headache, 

vomiting, bloody feces, abdominal pain, diarrhea, nausea, and 

convulsions [2]. Because of the loss of red blood cells, malaria 

can induce jaundice (yellow skin and eyes) and anemia. If not 

treated promptly, the infection can cause kidney failure, 

mental confusion, coma, convulsions, and death [3]. 

 

 
Figure 1: Some symptoms of Malaria. 

 

Malaria detection framework that replicates the 

conventional gold standard diagnosis of malaria to identify 

malaria parasites in blood smears images. An automated 

diagnostic system can significantly improve the efficiency of 

the pathologists and also reduce the need for dedicated 

pathologists in rural villages [4][5]. In microscopy diagnosis, 

peripheral blood smear images are stained using a popular 

stain called Giemsa to perform efficient visual identification 

of malaria parasites. The staining procedure slightly colors the 

healthy RBCs but highlights parasites, platelets, artifacts and 

white blood cells (WBCs) with a deep purple color. To 

identify malaria infection, it is necessary to divide the purple-

colored blood cell components into two categories using 

visual cues: parasite-infected blood cells and non-parasitic 

blood cell components such as platelets, artifacts and WBCs 

[6]. In undeveloped nations, disease diagnosis is a significant 

problem in rural areas for diagnosing malaria. Additionally, it 

is essential to detect diseases earlier and with greater precision 

because doing so may facilitate the delivery of medication to 

the patient who has been diagnosed[7]. False positives, on the 

other hand, could result in an increase in drug resistance and 
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an unnecessary burden on the economy [8]. As a result, a new 

method of diagnosis must be developed. The K-means 

clustering algorithm is used in this pixel-based method to 

identify segments of malaria parasite tissue. The machine 

learning algorithms received sufficient training data in [9]. 

Images taken with a standard microscope are used to identify 

the parasites in a blood smear. The clustering of the various 

parasite species and life stages was the focus of a few 

additional studies [10]. The motivation behind the work is to 

early diagnosis of malaria is key to successful treatment and 

death prevention, hence leading to reduced malaria 

transmission, and hence reducing the death rate due to malaria. 

  

II. RELATED WORK 

 

In Ref. [11], the author proposed a conventional 

image processing method. Red blood cells are segmented 

using the Otsu binarization technique. He extracted statistical 

features manually from the images. To cluster image values, 

K-means clustering is applied. Support vector machine (SVM) 

is used as a classifier to classify the disease.  

 

In Ref. [12], the author showed a variety of 

approaches for malaria diagnosis. Image processing, cell 

segmentation, feature extraction, and classification can all be 

done by a variety of techniques. Preprocessing methods he 

mentioned mean filter, Laplacian filter, wiener filter, median 

filter, adaptive histogram equalization, contrast enhancement, 

etc. Segmentation techniques are morphological operation, 

Hough transformation, k-means clustering, Fuzzy 

segmentation, etc. Features that are mentioned in his paper are 

a color feature, texture feature, and morphologic feature. 

Nowadays, the most often used approach is the convolutional 

neural network (CNN). It has the potential to extract features 

from images automatically.  

 

In Ref. [13], the author proposed a fast Convolutional 

Neural Network of six convolutional layers, one fully 

connected layer, and one classification layer. He also 

evaluated different transfer learning techniques such as Alex 

Net, VGG16, ResNet50, DenseNet121. Finally, he provided 

an overall accuracy of 96.7% for all models using the test 

dataset. Transfer learning is a way of using pre-trained 

networks. He found an accuracy of 95.9% using the transfer 

learning model. 

 

In Ref. [14], the author developed a shallow CNN 

model that performs similarly to the VGG16 and ResNet50. In 

deep learning, high computational complexity and high 

computational cost is a big issue. His proposed custom CNN 

has lower computational complexity and lower computational 

run time. Evaluation metrics used in his research are accuracy, 

sensitivity, specificity, F1 score, and MCC (Mathew’s 

Correlation coefficient). He found an accuracy of 95.32% in 

his research.  

 

In Ref. [15], the author proposed a three-stage 

pipeline that is segmentation, crop & musk, and classification. 

In the segmentation stage, a segmentation neural network 

(SNN) has been built for red blood cell (RBC) segmentation. 

He got an overall 93.72% accuracy from his custom CNN 

architecture.  

 

In Ref. [16], the author introduced a new approach to 

classify malaria disease that is CNN-SVM and CNN–KNN. In 

this approach, CNN is employed as a feature extractor and 

SVM/KNN is applied as a classifier. In addition, he 

demonstrated a new autoencoder technique. Autoencoder is a 

form of neural network that is trained to regenerate output 

from its input.  

 

In Ref. [17], the author proposed a custom CNN 

architecture. Bilateral filter & data augmentation techniques 

were applied as data preprocessing steps. The preprocessed 

input images were then fed into a custom-built CNN model. 

He found an accuracy of 96.82%. In Ref. [18], the author 

introduced a unique CNN architecture called Attentive Dense 

Circular Net (ADCN) in their research. ADCN was inspired 

by ResNet and DenseNet. There are three parts to the ADCN 

architecture. In the first part, there is a custom CNN model 

with two dense blocks and one attention module. The dense 

block has six dense conv blocks that consists of two 

convolutional layers. Every dense conv block is connected 

with another dense conv block. Finally, an attention module is 

split into two parts. One is a 1x1 convolutional layer, while the 

other is an attention branch for extracting the attention feature 

map. To ensure that the branch's output size is consistent, the 

attention branch uses downsampling and upsampling 

techniques.  

 

In Ref. [19], the author proposed three different 

techniques that are custom CNN network, transfer learning as 

VGG16, and CNN-SVM[20]. Then he used the ensemble 

learning method to reduce prediction variance and 

generalization error. The results from each of the three 

networks are combined, and the final prediction is calculated 

using a weighted average ensemble. 

 

In the paper [21], author’s compare the machine 

learning algorithms namely KNN, Decision Tree, Logistic 

regression and Random forest and implementing transfer 

learning with deep learning models VGG19, modified 

Resnet50 to improve the accuracy achieved with machine 

learning models thus proposing the best model for predicting 
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malaria only by observing by blood cell image rather than 

doing any staining of blood, thus reducing any expert 

requirement. 

 

In study [22] utilizes a color-based segmentation to 

detect the parasite in three color spaces, i.e. RGB, YCbCr, and 

Lab. Furthermore, image-based object counting is introduced 

to count the number of parasites. The best results are achieved 

by color-based segmentation in RGB color space. In total, 

there are 27,558 images consisting of infected (13,779) and 

uninfected (13,779) blood smears. The threshold values are set 

to 105–240, 10–80, and 75–175 for R, G, and B channels. 

Overall the accuracy, sensitivity, and specificity achieved 

using this scheme is 94.75%, 96.02%, and 93.47%. 

 

III. PROPOSED SYSTEM 

 

Malaria is a severe infectious disease transferred 

through the bite of an infected mosquito caused by a blood 

parasite of the genus Plasmodium. In the proposed work, our 

approach primarily focuses on image processing techniques to 

process and performing feature extraction, as well as machine 

learning techniques for the final classification of feature space. 

The proposed system have computed color features using a 

novel Bins Approach  and further, these images are classified 

into parasitized and uninfected cells by applying machine 

learning classifiers such as Linear SVM & Random Forest 

Algorithm (RF). The performance of the algorithms is 

evaluated and compared using different parameters like 

accuracy, precision, recall, and F1-score. 

 

 
Fig 1: Proposed architecture 

 

Following are important consideration of the proposed system: 

 

• The proposed system uses the dataset provided by 

‘National Institutes of Health’ consisting of 27558 

RGB cell images in .png format.  

• The input RGB cell image is first processed to 

remove noise from the image.  

• The pre-processed image is then segmented to extract 

the Region of interest(ROI) and we get the 

segmented image.  

• Input to the feature extraction stage is the segmented 

image and output will be the feature vectors.  

 

Next stage is classification stage where the input will 

be the feature vectors and output is the classified label as 

parasitic and non-parasitic. 

 

IV. RESULT 

 

The dataset used in our study contains Giemsastained

 imageof thin blood smears obtained from a malaria screening 

campaign in 50 healthy patients and 150 Plasmodium parasites 

infected patients. It is taken from the National Institute of 

Health (NIH). Images in a dataset are manually annotated by 

slide reader experts of Mahidol Oxford Tropical Medicine 

Research Unit Bangkok, Thailand, and collected at the 

National Library of Medicine (NLM). The dataset contains 

27558 images with the equal occurrence of infected and 

uninfected red blood cell images as shown below: 

 
Fig 2: Sample dataset image 

 

Now we are going to compare the results of all the 

classifiers in the tables below. Table 6.1 below represents the 

comparisons of accuracy for base classifiers and proposed 

classifiers. From the results it is clear that the proposed 
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Random forest classifiers performed well as compared to 

SVM and Neural Network for malaria parasite classification. 

 

Table 1 Comparison of Existing and Proposed Model. 

Algorithm Implemented Accuracy in (%) 

Support Vector Machine 93.1 

CNN 94.0 

Proposed Classifier  96.3 

 

Graphical chart is shown below: 

 

 
Fig 3: Comparison on accuracy 

 

V. CONCLUSION 

 

This thesis proposed a model that will plays a major 

role in assisting the individuals as well as doctors to make a 

decision on the best treatment to be grown on their hospitals 

located depending on their location and environment. This 

system considers various parameters and factors, to predict 

accurate disease based on symptoms and images. The 

proposed model provides an advantage by using the accuracies 

of proposed Random Forest algorithms and gives a resulting 

accuracy which is higher than the accuracy of the existing 

techniques. 
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