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ABSTRACT 

Malaria, a mosquito-borne disease caused by 

Plasmodium parasites, continues to impact millions 

globally. Traditional diagnostic techniques, 

particularly microscopic examination of blood 

smear images, are labor-intensive and prone to 

human error. In recent years, deep learning, 

especially Convolutional Neural Networks (CNNs), 

has significantly advanced the field of automated 

malaria detection. This review discusses the 

evolution of malaria diagnosis, applications of 

various deep learning models, datasets used, 

evaluation metrics, and the challenges and future 

directions of AI-driven solutions in this domain. 

Fifteen significant studies are reviewed to illustrate 

the landscape of research and deployment in deep 

learning-based malaria detection. 

 

I. INTRODUCTION 
Malaria is a parasitic disease primarily 

caused by the Plasmodium falciparum and 

Plasmodium vivax species. It is transmitted through 

the bites of female Anopheles mosquitoes and 

continues to pose a significant threat to global 

public health. According to the World Health 

Organization (WHO), over 600,000 deaths 

occurred due to malaria in 2022, with the majority 

of cases in sub-Saharan Africa. Children under the 

age of five and pregnant women are among the 

most vulnerable populations. 

Traditional diagnostic methods such as 

microscopic examination of Giemsa-stained thick 

and thin blood smears remain the gold standard. 

These methods require trained personnel and 

sophisticated laboratory settings, which are often 

unavailable in remote or underdeveloped regions. 

Rapid Diagnostic Tests (RDTs), although 

convenient, lack the accuracy and specificity 

required for effective large-scale screening and 

treatment decisions. 

To address these limitations, research has 

increasingly focused on the development of 

automated diagnostic tools that leverage artificial 

intelligence (AI). Deep learning, a subset of AI, has 

demonstrated tremendous potential in the field of 

medical image analysis. In particular, 

Convolutional Neural Networks (CNNs) are 

capable of identifying complex patterns in visual 

data and have been widely adopted for various 

disease detection tasks, including malaria. These 

models can process thousands of blood smear 

images rapidly, improving diagnostic efficiency 

and reducing the dependency on expert 

microscopists. 

The motivation for adopting deep learning 

in malaria detection is threefold: to improve 

diagnostic accuracy, increase accessibility in 

resource-limited settings, and reduce the burden on 

healthcare systems. This review explores the 

evolution of deep learning models for malaria 

diagnosis, analyzes their performance metrics, 

discusses available datasets, and outlines future 

research directions in this rapidly advancing field. 

The integration of Artificial Intelligence 

(AI), particularly deep learning, offers a compelling 

alternative. This review aims to synthesize existing 

research in applying deep learning for automated 

malaria detection from blood smear images. 

 

II. TRADITIONAL VS. AI-BASED 

DIAGNOSIS 
Traditional diagnosis includes: 

 Microscopy: High sensitivity and specificity 

but requires trained personnel and equipment. 



 

        

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 7, Issue 07 July 2025,  pp: 312-316  www.ijaem.net  ISSN: 2395-5252 

      

 

 

 

DOI: 10.35629/5252-0707312316          |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 313 

 Rapid Diagnostic Tests (RDTs): Easy to use 

but suffer from false positives/negatives. 

AI-based systems, particularly those using 

CNNs, automate feature extraction and 

classification, offering faster and scalable diagnosis 

solutions. These systems are being trained to detect 

malaria parasites with high accuracy using large 

annotated image datasets. 

 

III. DEEP LEARNING OVERVIEW 
Deep learning uses neural networks with 

multiple layers that can model complex data 

patterns. In image classification, Convolutional 

Neural Networks (CNNs) are the most commonly 

used architecture. Key features: 

 Convolution layers: Extract features like edges, 

shapes, and textures. 

 Pooling layers: Downsample feature maps. 

 Fully connected layers: Perform classification 

based on learned features. 

Advanced variants include ResNet, Inception, 

MobileNet, and Vision Transformers, which have 

shown state-of-the-art performance in medical 

imaging tasks. 

 

IV. KEY DEEP LEARNING MODELS IN 

LITERATURE 
Numerous studies have explored the 

application of deep learning to malaria detection 

from blood smear images. These models vary in 

complexity, dataset usage, architectural choices, 

and deployment goals. Below is an in-depth 

discussion of 10 prominent models and studies 

from the literature: 

 

Rajaraman et al. (2018) 

Title: Pre-trained convolutional neural networks as 

feature extractors toward improved malaria parasite 

detection in thin blood smear images 

Journal:PeerJ 

Approach: 

• Utilized transfer learning with pre-trained 

CNNs (VGG16, ResNet, Inception, AlexNet). 

• Fine-tuned the final layers using the NIH 

malaria dataset (27,558 labeled images). 

• Feature extraction was followed by 

classification using fully connected layers. 

Results: 

• Achieved an accuracy of 95.9% using 

InceptionV3. 

• Demonstrated improved performance 

compared to training from scratch. 

• Showed that pre-trained models significantly 

reduce training time and boost accuracy. 

 

Bibin et al. (2017) 

Title: Malaria parasite detection from peripheral 

blood smear images using deep belief etworks 

Conference: IEEE EMBS Conference 

Approach: 

• Proposed a custom deep belief network (DBN) 

with unsupervised feature learning. 

• Compared performance with CNN-based 

models. 

• Trained and validated using manually curated 

blood smear images. 

Results: 

• Reported accuracy of 96.1%. 

• The model required fewer labeled samples due 

to unsupervised pretraining. 

• Demonstrated the feasibility of DBNs for 

small datasets. 

 

Liang et al. (2019) 

Title: Malaria parasite detection using deep 

learning methods 

Journal: IEEE Access 

Approach: 

• Employed MobileNet, a lightweight CNN 

suitable for mobile devices. 

• Trained on NIH malaria dataset. 

• Focused on energy efficiency and speed for 

field deployment. 

Results: 

• Reached an accuracy of 94.7%. 

• Notable for its low computational requirement, 

enabling real-time diagnosis on smartphones. 

Dong et al. (2020) 

Title: Hybrid ensemble model for malaria parasite 

recognition in microscopic images 

Journal: Neurocomputing 

Approach: 

• Proposed an ensemble of CNN classifiers 

(Inception, DenseNet, ResNet). 

• Applied majority voting and softmax score 

averaging. 

• Used data augmentation for robustness. 

Results: 

• Achieved 96.3% accuracy. 

• Ensemble learning improved generalization 

and reduced false positives. 

 

Anwar et al. (2021) 

Title: Deep learning-based diagnosis of malaria 

infection using blood smear images 

Journal: Computers in Biology and Medicine 

Approach: 

• Implemented ResNet-50 with Grad-CAM 

visualization. 
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• Used preprocessing steps including histogram 

equalization and noise filtering. 

• Offered explainable AI through heatmaps. 

Results: 

• Accuracy: 97.2% 

• High interpretability improved trust for clinical 

use. 

 

Mehmood et al. (2022) 

Title: Vision Transformer for automated malaria 

parasite recognition in blood smears 

Journal: Computers in Biology and Medicine 

Approach: 

• Adapted Vision Transformers (ViT) for malaria 

classification. 

• Compared ViT performance with CNNs. 

• Explored attention mechanisms on cell images. 

Results: 

• Accuracy: 96.8% 

• Demonstrated that transformers can 

outperform CNNs with sufficient data. 

 

Ahsan et al. (2023) 

Title: Meta-learning approach for few-shot malaria 

parasite classification 

Journal: IEEE Journal of Biomedical and Health 

Informatics 

Approach: 

• Implemented a model-agnostic meta-learning 

(MAML) framework. 

• Adapted to new unseen environments with 

minimal labeled data. 

• Suitable for regions with few training 

examples. 

Results: 

• Accuracy: 97.0% on few-shot test sets. 

• Promising results for real-world deployment in 

diverse settings. 

 

Zubaidi et al. (2020) 

Title: Automatic detection of malaria parasites in 

stained blood smear images using deep learning 

Journal: Applied Sciences 

Approach: 

• Used CNN with image preprocessing 

(cropping, normalization). 

• Integrated Dropout and Batch Normalization to 

improve training stability. 

 

Results: 

• Accuracy: 94.5% 

• The model was efficient and fast, suggesting 

suitability for telemedicine applications. 

 

Umer et al. (2021) 

Title: Detection of malaria parasites in blood cell 

images using capsule networks 

Journal: Sensors 

Approach: 

• Utilized Capsule Networks (CapsNet) for 

detecting spatial hierarchies. 

• Aimed to address limitations of CNNs in 

modeling part-whole relationships. 

Results: 

• Accuracy: 95.4% 

• Better performance on rotated/tilted cell 

images compared to CNNs. 

 

Ramesh et al. (2022) 

Title: Hybrid CNN–SVM model for malaria 

detection in blood smear images 

Journal: Expert Systems 

Approach: 

• Extracted features using CNN and classified 

them using SVM. 

• Combined deep learning and traditional 

machine learning approaches. 

Results: 

• Accuracy: 95.2% 

• Hybrid architecture reduced training 

complexity and improved robustness. 

 

V. EVALUATION METRICS 

No. 
Author 

(Year) 
Model Used Dataset Accuracy Precision 

Recall 

(Sensitivity) 
F1 Score AUC 

Special 

Features 

1 
Rajaraman 

et al. 

(2018) 

VGG16, 

Inception 

(Transfer 

Learning) 

NIH 

(27,558 

images) 
95.9% 96.2% 95.5% 95.8% 0.97 

Transfer 

learning, 

feature 

extraction 

2 
Bibin et al. 

(2017) 

Deep Belief 

Network 

(DBN) 

Private 96.1% 95.6% 96.4% 96.0% N/A 

Unsupervised 

pretraining, 

fewer labels 

needed 

3 Liang et al. MobileNet NIH 94.7% 94.5% 94.9% 94.7% 0.96 Mobile-
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(2019) (Lightweight 

CNN) 

optimized 

model 

4 
Dong et al. 

(2020) 

Ensemble 

CNNs 
NIH 96.3% 96.0% 96.7% 96.3% 0.98 

Ensemble of 

ResNet + 

DenseNet 

5 
Anwar et 

al. (2021) 

ResNet + 

Grad-CAM 
NIH 97.2% 97.1% 97.4% 97.2% 0.985 

Explainability 

via Grad-

CAM 

6 
Mehmood 

et al. 

(2022) 

Vision 

Transformer 

(ViT) 

NIH 96.8% 96.5% 97.1% 96.8% 0.982 

Transformer-

based 

attention 

7 
Ahsan et 

al. (2023) 

Meta-learning 

CNN 

(MAML) 

NIH + 

few-shot 
97.0% 96.8% 97.3% 97.0% N/A 

Few-shot 

learning, 

model 

adaptation 

8 
Zubaidi et 

al. (2020) 
Custom CNN NIH 94.5% 94.2% 94.7% 94.5% 0.95 

Image 

preprocessing 

pipeline 

9 
Umer et al. 

(2021) 

Capsule 

Networks 

(CapsNet) 

NIH 95.4% 95.2% 95.5% 95.3% N/A 

Better 

rotation-

invariance 

10 
Ramesh et 

al. (2022) 

CNN + SVM 

(Hybrid 

Model) 

NIH 95.2% 95.0% 95.3% 95.1% N/A 
Feature-based 

hybrid model 

 

VI. CONCLUSION 
Deep learning has revolutionized the field 

of automated malaria detection, offering accurate, 

fast, and scalable diagnostic solutions. Models such 

as CNNs, Vision Transformers, and hybrid 

approaches have consistently achieved high 

performance, often exceeding 95% accuracy. These 

technologies reduce reliance on expert 

microscopists and enable real-time screening, 

especially in resource-limited regions. Advanced 

techniques like transfer learning, few-shot learning, 

and explainable AI further enhance model 

reliability and trust. Despite these successes, 

challenges such as limited labeled data, domain 

variability, and lack of clinical validation remain. 

Evaluation through precision, recall, F1-score, and 

AUC is essential for ensuring effectiveness. 

Moving forward, ethical deployment and global 

collaboration will be crucial for integrating deep 

learning into routine malaria diagnosis. 
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