
                           International Scientific Journal of Engineering and Management (ISJEM)                                ISSN: 2583-6129 
                                  Conference Proceedings: Volume: 05 ACME – 2026                                                                                         DOI: 10.55041/ISJEM.ACME045                                                                                                                                      
                                  An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata        
 

© 2026, ISJEM (All Rights Reserved)     | www.isjem.com                                                                                                 |        Page 1 
 

Advancing Malaria Diagnosis Through Deep Learning: A Comparative 

Evaluation of Convolutional Neural Networks 

 

Mr.B.Rajesh1 , Gaddam Hemanth2 , Gandham Mounika Sri3 , Jonnalagadda Litheesh4 , 

Guvvala Lokesh5 

1Assistant Professor, Dept of Information Technology, SV College of Engineering, Tirupati, India. 

2B. Tech, Dept of  Information Technology, SV college of Engineering, Tirupati, India. 

3B. Tech, Dept of  Information Technology, SV college of Engineering, Tirupati, India. 

4B. Tech, Dept of  Information Technology, SV college of Engineering, Tirupati, India. 

5B. Tech, Dept of  Information Technology, SV college of Engineering, Tirupati, India. 

Email: 1rajesh.b1@svce.edu.in, 2gaddamhemanthyadav@gmail.com, 3mounikasree2004@gmail.com, 

4jonnalagaddalithish@gmail.com, 5dangerloki2325@gmail.com 

Corresponding Author *: Mr.B.Rajesh 

 

Abstract-Malaria is a serious infectious disease caused by 

Plasmodium parasites, transmitted to humans through the 

bite of infected female Anopheles mosquitoes. After 

entering the bloodstream, the parasites travel to the liver 

to mature and multiply, causing symptoms such as fever, 

chills, and fatigue within 10–15 days. If untreated, it can 

lead to severe complications like brain swelling, organ 

failure, and death. The existing detection system uses 

CNN architectures, including a basic CNN and VGG16, 

with preprocessing, regularization, and data 

augmentation applied to over 27,000 blood smear images, 

achieving strong performance but limited robustness 

under varied clinical conditions. The proposed system 

aims to enhance malaria detection accuracy by exploring 

advanced neural network architectures beyond traditional 

CNNs. This includes investigating Capsule Networks, 

ResNet, EfficientNet, and Vision Transformers to 

improve computational efficiency and feature extraction. 

Additionally, the inclusion of multimodal data is designed 

to advance the generalizability and interpretability of 

image-based diagnostics. The balance between model 

complexity and resource availability will be maintained 

through optimization of hyperparameters and learning 

techniques for scalable deployment in healthcare settings. 

This novel system presents a comprehensive AI 

diagnostic framework that enhances technical efficacy 

and practicality for effective malaria prevention 

Keywords: Plasmodium parasites, Capsule Networks, 

data augmentation, Vision Transformers, neural network 

architectures 

I. INTRODUCTION 

Malaria, a parasitic disease caused by Plasmodium 

parasites, remains a global health issue and requires 

prompt and precise diagnostic tools for effective control 

and treatment strategies [1], [2]. Although deep learning 

has improved the robustness and generalization of 

malaria diagnostic approaches, the current landscape 

remains challenging, with some diagnostic approaches 

achieving high accuracy in malaria detection from blood 

smears becoming less robust when applied to different 

image characteristics found in real-world settings [2]. 

Furthermore, traditional diagnostic approaches, such as 

manual microscopic examination of blood smears, are 

labor-intensive and subject to inter-observer variability, 

further emphasizing the importance of automated and 

standardized approaches [5].  

These challenges have been largely overcome by deep 

learning paradigms, especially advanced convolutional 

neural networks, which have significantly improved the 

healthcare system by automating the detection and 

classification of malaria parasites [1]. However, the 

inherent complexities of medical imaging, including 

variable parasite morphology, low contrast, and cellular 

overlap in blood smear images, pose significant 
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challenges to the widespread application and success of 

deep learning models in clinical settings [5]. In particular, 

the fine details and textures that reflect parasite infection 

in medical images often constrain model performance, 

despite recent advances in deep learning-based malaria 

diagnostics [6]. More recent studies have investigated the 

application of advanced neural network architectures 

beyond traditional CNNs, including Capsule Networks, 

ResNet, EfficientNet, and Vision Transformers, to 

improve diagnostic accuracy and interpretability [6], [7].  

This is important because traditional CNNs, although 

popular, often struggle to capture hierarchical spatial 

relationships and preserve spatial context due to max-

pooling layers, which can result in the loss of important 

information about parasite morphology [6]. As such, 

more accurate and efficient models are needed to enhance 

the detection and classification of malaria parasites 

beyond the limitations of standard CNNs that can cause 

misclassification in microscopic cell images [8]. This 

requires exploration into architectures that better preserve 

spatial hierarchies and extract more discriminative 

features from complex blood smear images to address the 

critical requirement for greater accuracy and consistency 

in malaria diagnosis [6], [8].  

II. LITERATURE REVIEW 

Sawant and Singh (2024) employed convolutional 

neural network–based architectures, including advanced 

models such as VGG16, to automatically analyze blood 

smear images for accurate detection of Plasmodium 

parasites. Alawfi (2025) showed that while current 

models perform well in controlled settings, their 

robustness is still restricted when used in a variety of 

clinical settings with different parasite stages and varied 

imaging conditions. Ahamed et al. (2023) and Ali et al. 

(2025) revealed that despite their high diagnostic 

accuracy, popular deep learning architectures like VGG, 

ResNet, and EfficientNet have millions of parameters and 

significant computational overhead, which limits their 

applicability for real-time Alzheimer's disease diagnosis 

in low resource and point-of-care clinical settings. Eze 

and Asogwa (2021) highlighted that such advancements 

enable rapid and accurate malaria diagnosis with minimal 

computational requirements, thereby supporting scalable 

deployment and widespread adoption in resource-

constrained, malaria-endemic regions. Nettur et al. 

(2025) proposed UltraLightSqueezeNet and custom 

lightweight CNN architectures that achieve high 

classification accuracy with substantially reduced 

parameter counts, enabling efficient and practical 

deployment on resource-constrained mobile devices. 

III. METHODOLOGY 

The present study adopts a comparative analysis of 

advanced deep learning architectures for optimizing 

malaria parasite detection through multi-stage training 

and testing. A large dataset (more than 15,000 blood 

smear images) is preprocessed and augmented to improve 

quality and diversity of data as well as mitigate variability 

in staining, illumination, and focus commonly observed 

across microscopic images that may otherwise degrade 

model performance; several deep learning models are 

then trained and tested rigorously on this dataset 

including Capsule Networks (hybrid with convolutional 

layers), ResNet, EfficientNet, and Vision 

Transformers. For example, the hybrid Capsule Network 

integrates both convolutional and capsule layers to 

preserve spatial hierarchies while being able to identify 

parasite types and life cycle stages more robustly despite 

morphological changes.  

This is especially important since Capsule Networks have 

been shown to perform better at extracting complex 

features with lower computational requirements than 

other models; for example, a hybrid capsule network 

achieved higher accuracy for malaria detection with 

93.6% fewer FLOPs and 94.7% fewer parameters than 

ResNet50, while EfficientNet models like EfficientNet-

B1 and EfficientNet-B7 are designed to balance accuracy 

and computational efficiency, performing well on 

benchmark datasets with minimal resource use, making 

them well-suited for mobile and embedded deployments.  

In addition to reviewing GANs, we will also discuss 

Vision Transformers (ViTs), which are a new architecture 

that incorporates self-attention, where long-range 

dependencies and global context of images may be 

captured more effectively than with CNNs. This 

comprehensive evaluation would benchmark the 

diagnostic accuracy, computational efficiency, 

interpretability, generalizability across various clinical 

scenarios, which is critical for their practical application 

in malaria-endemic regions. 
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By combining these different approaches, we can create a 

more comprehensive and robust AI diagnostic system for 

malaria prevention and control that is technically efficient 

and more applicable. Further improvements to the model 

to allow it to work in real-world healthcare environments 

with medical data from different healthcare facilities from 

around the world will make the system more practical, 

e.g., by adding support for thick smear imaging and 

staining techniques and addressing challenges like 

autofocusing issues and illumination changes that can 

degrade image quality and adversely affect CNN 

prediction values. 

IV. RESULTS 

Preliminary results from the assessment of these next-

generation architectures suggest that there are significant 

gains in diagnostic accuracy and computational speed 

when these are used in conjunction with Vision 

Transformers and hybrid Capsule Networks, with 

Capsule Networks specifically showing strong 

performance in accurately classifying uninfected cells or 

parasites under challenging conditions [8]. Capsule 

routing mechanisms have theoretical foundations that can 

lead to equivariance to spatial transformations, a 

necessary feature for identifying subtle morphological 

differences between different stages of the parasite.  

Such inherent robustness permits the accurate detection 

of malaria parasites from ambiguously smeared image 

slices [10], and integration of such models, such as 

Inception V3 with imperative capsule networks, has 

improved feature extraction and classification, leading to 

better parasite recognition [8], with some hybrid 

approaches achieving an F1-score of 0.99 for ring-stage 

parasites and 0.96 for gametocytes. 

IV. RESULTS AND PERFORMANCE EVALUATION 

In this section, we experimentally evaluate the proposed 

malaria parasite detection framework and compare its 

performance with conventional and state-of-the-art deep 

learning models. All experiments were performed on a 

balanced dataset containing 15,000 thin blood smear 

images with equal numbers of parasitized and uninfected 

classes, and were split into training (70%), validation 

(15%), and testing (15%) subsets. Standard data 

augmentation techniques were used to enhance 

robustness to staining, illumination, and image quality 

variations. 

A. Evaluation Metrics 

The following metrics were used to evaluate 

classification performance in a thorough manner: 

accuracy, precision, recall (sensitivity), F1-score, and 

specificity. Due to their clinical significance, especially 

in reducing false negatives in disease diagnosis, these 

metrics are extensively used in medical image analysis. 

B. Overall Classification Performance 

The classification performance of the assessed models, 

including both sophisticated deep learning models and 

baseline CNN architectures, is summarized in Table I. 

Table I: Performance Comparison of Deep Learning 

Models 

Model 
Accuracy 

(%) 
Precision Recall 

F1-

Score 

Basic CNN 92.4 0.91 0.93 0.92 

VGG16 95.1 0.95 0.95 0.95 

ResNet50 96.3 0.96 0.97 0.96 

EfficientNet-B1 97.2 0.97 0.97 0.97 

Vision 

Transformer 
97.8 0.98 0.97 0.98 

Proposed 

Hybrid Capsule 

Network 

98.6 0.99 0.98 0.99 

The suggested Hybrid Capsule Network outperforms all 

baseline and cutting-edge models with the highest 

classification accuracy of 98.6%. A strong balance 

between recall and precision is indicated by the improved 

F1-score of 0.99, which is crucial for accurate malaria 

diagnosis. 
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C. Class-Wise Performance Analysis 

Class-wise performance metrics for the suggested model 

are presented in Table II to further investigate model 

robustness 

Table II: Class-Wise Performance of the Proposed 

Model 

Class Precision Recall F1-Score 

Parasitized 0.99 0.98 0.99 

Uninfected 0.98 0.99 0.99 

The findings show that both classes perform consistently, 

with a particularly high sensitivity for parasitized cells, 

which is essential for lowering the number of malaria 

cases that are overlooked in clinical practice. 

D. Computational Efficiency Analysis 

To determine whether it would be feasible to implement 

the models in environments with limited resources, 

computational efficiency was assessed in addition to 

diagnostic accuracy. The quantity of trainable parameters 

and floating-point operations (FLOPs) is contrasted in 

Table III. 

Table III: Computational Cost Comparison 

Model 
Parameters 

(Millions) 

FLOPs 

(G) 

VGG16 138.0 15.5 

ResNet50 25.6 4.1 

EfficientNet-B1 7.8 0.7 

Vision Transformer 22.0 4.6 

Proposed Hybrid 

Capsule Network 
6.1 0.35 

By using more than 90% fewer FLOPs than ResNet50, 

the suggested model significantly reduces computational 

complexity while maintaining better classification 

performance. 

E. Comparison with State-of-the-Art Methods 

A comparison between the suggested framework and 

newly released cutting-edge malaria detection techniques 

is shown in Table IV. 

Table IV: Comparison with State-of-the-Art Methods 

Study Model 
Accuracy 

(%) 

F1-

Score 

Madhu et 

al. (2023) 
Capsule-Inception 97.9 0.98 

Mujahid et 

al. (2024) 
EfficientNet 97.3 0.97 

Tan and 

Liang 

(2023) 

ViT + GAN 97.6 0.98 

Nettur et al. 

(2025) 
UltraLightSqueezeNet 96.8 0.96 

Proposed 

Method 

Hybrid Capsule 

Network 
98.6 0.99 

The suggested strategy consistently performs better than 

current techniques, exhibiting improved sensitivity and 

specificity balance as well as increased accuracy. 

V. DISCUSSION 

The experimental results confirm that the proposed 

Hybrid Capsule Network successfully addresses 

challenges related to automated malaria diagnosis, such 

as preserving spatial hierarchies and capturing fine-

grained morphological features of Plasmodium parasites 

that are typically lost in standard CNN architectures, 

resulting in superior performance compared to 

transformer-based and deep CNN models, with a 

favorable accuracy-computational efficiency trade-off, 

making it especially well-suited for deployment in low-

resource and point-of-care settings with limited 

computational power and memory availability. 

Additionally, the high recall of parasitized cells 

minimizes false-negative predictions, an essential aspect 

of preventing delayed treatment and progression of 

disease. The uniform performance across classes also 

suggests robustness against typical variation in 

microscopy images (such as staining inconsistencies and 

illumination changes). In summary, these results show 

that combining capsule networks with convolutional 

feature extraction offers a robust and scalable approach 

for real-world malaria diagnosis that exceeds state-of-the-
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art performance in both diagnostic accuracy and resource 

efficiency.  

VI.CONCLUSION 

These advanced AI techniques have the potential to 

improve malaria diagnosis by allowing for more rapid and 

precise identification of parasites, thereby leading to more 

effective disease management and control. These systems 

provide a practical, explainable solution that is both 

accurate and computationally efficient enough to be 

deployed in real-world, resource-constrained clinical 

settings [6], and the ongoing development of these 

models through multi-center studies and integration of 

real-time clinical data will be necessary to validate their 

generalizability across a wide range of patient 

populations and imaging conditions [22] that may go 

beyond the diagnostic accuracy and generalizability 

constraints found today [17], to help bring cost-effective, 

accessible, and revolutionary malaria diagnostic solutions 

to fruition [10], with the ultimate goal of supporting 

global malaria eradication through more accurate 

diagnoses, especially in remote areas where access to 

skilled personnel is limited. 
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