Lightweight Deep Learning Architecture Dua Tahap pada Resource Constrained Device Raspberry Pi
4B

untuk Deteksi dan Klasifikasi Parasit Plasmodium Multi-Kelas
Rayhan Adi Wicaksono, Prof. Ir. Hanung Adi Nugroho, S.T., M.Eng., Ph.D., IPM., SMIEEE.;Ridwan Wicaksono, S.T.,

UNIVERSITAS Universitas Gadjah Mada, 2025 | Diunduh dari http://etd. reposnoxﬁw .ac.id/

GADJAH MADA DAFTAR PUST

[1] G. Giribaldi, S. D’Alessandro, M. Prato, and N. Basilico, Etiopathogenesis and
Pathophysiology of Malaria. Cham: Springer International Publishing, 2015, pp.
1-18. [Online]. Available: https://doi.org/10.1007/978-3-319-09432-8_1

[2] World Health Organization, World Malaria Report 2024: Addressing Inequity
in the Global Malaria Response. World Health Organization, 2024. [Online].
Available: https://www.who.int/publications/i/item/9789240104440

[3] M. Thellier, A. A. J. Gemegah, and I. Tantaoui, “Global Fight against Malaria:
Goals and Achievements 1900-2022," Journal of Clinical Medicine, vol. 13,
no. 19, 2024. [Online]. Available: https://www.mdpi.com/2077-0383/13/19/5680

[4] K. Sahira and A. K. Al-Abboodi, “Comparative assessment of malaria diagnostic
techniques updates,” Nigerian Journal of Parasitology, vol. 45, no. 1, pp. 164-172,
mar 2024.

[5] T. Rampling, C. J. Sutherland, and C. J. M. Whitty, “Imported malaria:
key messages in an era of elimination,” Clinical Medicine, vol. 19, no. 2,
pp- 153-156, 2019. [Online]. Available: https://www.sciencedirect.com/science/
article/pii/S1470211824012077

[6] R. Varo, N. Balanza, A. Mayor, and Q. Bassat, “Diagnosis of clinical malaria in
endemic settings,” Expert Review of Anti-Infective Therapy, vol. 19, no. 1, pp.
79-92, jan 2021. [Online]. Available: https://pubmed.ncbi.nlm.nih.gov/32772759/

[7] A.Magsood, M. S. Farid, M. H. Khan, and M. Grzegorzek, “Deep Malaria Parasite
Detection in Thin Blood Smear Microscopic Images,” Applied Sciences, vol. 11,
no. 5, p. 2284, mar 2021.

[8] C. Wongsrichanalai, W. H. Wernsdorfer, S. Muth, A. Sutamihardja, and M. J.
Barcus, “A Review of Malaria Diagnostic Tools: Microscopy and Rapid Diagnostic
Test (RDT),” The American Journal of Tropical Medicine and Hygiene, vol. 77, no.
6_Suppl, pp. 119-127, dec 2007.

[9] A. Moody, “Rapid Diagnostic Tests for Malaria Parasites,” Clinical Microbiology
Reviews, vol. 15, no. 1, pp. 6678, jan 2002.

[10] H. A. Nugroho and R. Nurfauzi, “A combination of optimized threshold and
deep learning-based approach to improve malaria detection and segmentation on
PlasmolD dataset,” Facets, vol. 8, pp. 1-12, jan 2023.

[11] K. Chawla, V. Khanna, V. S. Ayer, and R. Khanna, “Comparative evaluation
of traditional and molecular diagnostic methods for malaria: An analysis of
performance,” Tropical Parasitology, vol. 14, no. 1, pp. 30-35, jan 2024. [Online].
Available: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10911188/

[12] A. Alam, “Chapter 3 - Laboratory diagnosis of malaria: an update,” in Falciparum
Malaria, T. Qidwai, Ed. Academic Press, 2024, pp. 41-58. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/B978032395328300012X

54



Lightweight Deep Learning Architecture Dua Tahap pada Resource Constrained Device Raspberry Pi
4B

untuk Deteksi dan Klasifikasi Parasit Plasmodium Multi-Kelas
Rayhan Adi Wicaksono, Prof. Ir. Hanung Adi Nugroho, S.T., M.Eng., Ph.D., IPM., SMIEEE.;Ridwan Wicaksono, S.T.,

UNIVERSITAS Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.reposito%ugm.ac.id

CADAHY3PAR 'E. Barber, T. William, M. J. Grigg, T. W. Yeo, and N. M. Anstey, “Limitations
of microscopy to differentiate Plasmodium species in a region co-endemic for
Plasmodium falciparum, Plasmodium vivax and Plasmodium knowlesi,” Malaria
Journal, vol. 12, no. 1, jan 2013.

[14] M. Poostchi, K. Silamut, R. J. Maude, S. Jaeger, and G. Thoma, “Image analysis
and machine learning for detecting malaria,” Translational Research, vol. 194, pp.

36-55, 2018. [Online]. Available: https://www.sciencedirect.com/science/article/
pii/S193152441730333X

[15] N. Sengar, R. Burget, and M. K. Dutta, “A vision transformer-based approach
for analysis of Plasmodium vivax life cycle for malaria prediction using
thin blood smear microscopic images,” Computer Methods and Programs
in Biomedicine, vol. 224, p. 106996, 2022. [Online]. Available: https:
/Iwww.sciencedirect.com/science/article/pii/S0169260722003789

[16] A. Vijayalakshmi and R. B. Kanna, “Deep learning approach to detect malaria from
microscopic images,” Multimedia Tools and Applications, vol. 79, no. 21, jan 2019.

[17] R. Nakasi, J. N. Nabende, J. F. Tusubira, A. L. Bamundaga, and A. Andama,
“A dataset of blood slide images for Al-based diagnosis of malaria,”
Data in Brief, vol. 58, p. 111190, 2025. [Online]. Available: https:
/Iwww.sciencedirect.com/science/article/pii/S2352340924011521

[18] A. Loddo, C. Di Ruberto, M. Kocher, and G. Prod’Hom, “MP-IDB: The Malaria
Parasite Image Database for Image Processing and Analysis,” in Processing
and Analysis of Biomedical Information, N. Lepore, J. Brieva, E. Romero,
D. Racoceanu, and L. Joskowicz, Eds. Cham: Springer International Publishing,

2019, pp. 57-65.

[19] H. A. Nugroho, R. Nurfauzi, E. E. H. Murhandarwati, and P. Purwono, “PlasmolD:
A dataset for Indonesian malaria parasite detection and segmentation in thin blood
smear,” 2022. [Online]. Available: https://arxiv.org/abs/2211.15105

[20] R. Gu, C. Niu, F. Wu, G. Chen, C. Hu, C. Lyu, and Z. Wu, “From Server-Based
to Client-Based Machine Learning: A Comprehensive Survey,” ACM Computing
Surveys, vol. 54, no. 1, 2021.

[21] S. Kareem, I. Kale, and R. C. S. Morling, “Automated malaria parasite detection
in thin blood films:- A hybrid illumination and color constancy insensitive,
morphological approach,” in 2012 IEEE Asia Pacific Conference on Circuits and
Systems, 2012, pp. 240-243.

[22] A. H. Setianingrum, L. K. Wardhani, A. F. Ridwan, and S. F. Nasution,
“Identification of Plasmodium falciparum Stages Using Support Vector Machine
Method,” in 2019 7th International Conference on Cyber and IT Service
Management (CITSM), vol. 7, 2019, pp. 1-5.

[23] H. A. Nugroho, S. A. Akbar, and E. E. H. Murhandarwati, “Feature extraction
and classification for detection malaria parasites in thin blood smear,” in 2015

2nd International Conference on Information Technology, Computer, and Electrical
Engineering (ICITACEE), 2015, pp. 197-201.

55



Lightweight Deep Learning Architecture Dua Tahap pada Resource Constrained Device Raspberry Pi
4B

untuk Deteksi dan Klasifikasi Parasit Plasmodium Multi-Kelas
Rayhan Adi Wicaksono, Prof. Ir. Hanung Adi Nugroho, S.T., M.Eng., Ph.D., IPM., SMIEEE.;Ridwan Wicaksono, S.T.,

UNIVERSITAS |, > . . : . )
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/ . . .
GADJAHIYAPAA Krizhevsky, L. Sutskever, and G. E. Hinton, “fmageNet Classification with Deep

Convolutional Neural Networks,” in Advances in Neural Information Processing
Systems, F. Pereira, C. J. Burges, L. Bottou, and K. Q. Weinberger, Eds., vol. 25.
Curran Associates, Inc., 2012. [Online]. Available: https://proceedings.neurips.cc/
paper_files/paper/2012/file/c399862d3b9d6b76c8436€924a68c45b-Paper.pdf

[25] H. A. Nugroho, J. B. Abraham, A. H. Azzira, E. L. Frannita, R. Nurfauzi, F. M.
Azif, and E. Elsa Herdiana Murhandarwati, “Performance of Convolutional Neural
Network in Detecting Plasmodium Parasites,” in 2019 IEEE 9th International
Conference on System Engineering and Technology (ICSET), 2019, pp. 331-336.

[26] D. A. Ramos-Bricefio, A. Flammia-D’Aleo, G. Fernandez-Lépez, F. S.
Carrion-Nessi, and D. A. Forero-Pefia, “Deep learning-based malaria
parasite detection: convolutional neural networks model for accurate
species identification of Plasmodium falciparum and Plasmodium vivax,’
Scientific Reports, vol. 15, no. 1, p. 3746, 2025. [Online]. Available:
https://doi.org/10.1038/s41598-025-87979-5

[27] L. Oktovianus, J. K. Tikkhaviro, and S. Y. Prasetyo, “Benchmarking CNN Models
for Malaria Cell Detection,” in 2024 International Conference on Computer
Engineering, Network, and Intelligent Multimedia (CENIM), 2024, pp. 1-6.

[28] F. Yang, H. Yu, K. Silamut, R. J. Maude, S. Jaeger, and S. Antani, “Parasite
Detection in Thick Blood Smears Based on Customized Faster-RCNN on

Smartphones,” in 2019 IEEE Applied Imagery Pattern Recognition Workshop
(AIPR), oct 2019, pp. 1-4.

[29] D. Sukumarran, E. Sam Loh, A. Salwa Mohd Khairuddin, R. Ngui, W. Yusoff
Wan Sulaiman, I. Vythilingam, P. Cliff Simon Divis, and K. Hasikin, “Automated
Identification of Malaria-Infected Cells and Classification of Human Malaria
Parasites Using a Two-Stage Deep Learning Technique,” IEEE Access, vol. 12, pp.
135746135763, 2024.

[30] K. Ohdar and A. Nigam, “A Robust Approach for Malaria Parasite Identification
with CNN Based Feature Extraction and Classification using SVM,” in 2023

14th International Conference on Computing Communication and Networking
Technologies (ICCCNT), 2023, pp. 1-6.

[311 H. A. H. Chaudhry, M. S. Farid, A. Fiandrotti, and M. Grangetto, “A
lightweight deep learning architecture for malaria parasite-type classification
and life cycle stage detection,” Neural Computing and Applications, vol. 36,
no. 31, pp. 19795-19805, 2024. [Online]. Available: https://doi.org/10.1007/
s00521-024-10219-w

[32] Z. A. Khan, M. Wagar, M. J. A. A. Raja, N. [. Chaudhary, A. T.
M. A. Khan, and M. A. Z. Raja, “Generalized fractional optimization-based
explainable lightweight CNN model for malaria disease classification,” Computers
in Biology and Medicine, vol. 185, p. 109593, 2025. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S0010482524016780

56



Lightweight Deep Learning Architecture Dua Tahap pada Resource Constrained Device Raspberry Pi
4B

untuk Deteksi dan Klasifikasi Parasit Plasmodium Multi-Kelas
Rayhan Adi Wicaksono, Prof. Ir. Hanung Adi Nugroho, S.T., M.Eng., Ph.D., IPM., SMIEEE.;Ridwan Wicaksono, S.T.,

GLj\I\]IDl\//\E[RSITAS;\ Uniyersitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/ . . .
JARBIAPAY. Zhang and B. Chen, “Research on Malaria Parasite Detection in Thick Blood

Smears Based on YOLO-VE,” in 2023 5th International Academic Exchange
Conference on Science and Technology Innovation (IAECST), 2023, pp. 1486—1490.

[34] S. B. Nettur, S. Karpurapu, U. Nettur, L. S. Gajja, S. Myneni, A. Dusi,
and L. Posham, “UltraLightSqueezeNet: A Deep Learning Architecture for
Malaria Classification With Up to 54x Fewer Trainable Parameters for Resource
Constrained Devices,” IEEE Access, vol. 13, pp. 89 428-89 440, 2025.

[351 F. Yang, H. Yu, K. Silamut, R. J. Maude, S. Jaeger, and S. Antani,
“Smartphone-Supported Malaria Diagnosis Based on Deep Learning,” in Machine
Learning in Medical Imaging, H.-1. Suk, M. Liu, P. Yan, and C. Lian, Eds. Cham:
Springer International Publishing, 2019, pp. 73-80.

[36] A. B. Chowdhury, J. Roberson, A. Hukkoo, S. Bodapati, and D. J. Cappelleri,
“Automated Complete Blood Cell Count and Malaria Pathogen Detection Using
Convolution Neural Network,” IEEE Robotics and Automation Letters, vol. 5, no. 2,
pp- 1047-1054, 2020.

[37]1 A. C. Frery and T. Perciano, Image Data Formats and Color Representation.
London: Springer London, 2013, pp. 21-29. [Online]. Available: https:
//doi.org/10.1007/978-1-4471-4950-7_2

[38] C. Tomasi and R. Manduchi, “Bilateral filtering for gray and color images,” in Sixth
International Conference on Computer Vision (IEEE Cat. No.98CH36271), 1998,
pp- 839-846.

[39] S. Albawi, T. A. Mohammed, and S. Al-Zawi, “Understanding of a convolutional
neural network,” in 2017 International Conference on Engineering and Technology
(ICET), 2017, pp. 1-6.

[40] 1. Shadoul, R. Al-Hmouz, A. Hossen, M. Mesbah, and M. Deveci, “The
effect of pooling parameters on the performance of convolution neural network,”
Artificial Intelligence Review, vol. 58, no. 9, p. 271, 2025. [Online]. Available:
https://doi.org/10.1007/s10462-025-11273-z

[41] Z. Tong, K. Aihara, and G. Tanaka, “A Hybrid Pooling Method for Convolutional
Neural Networks,” in Neural Information Processing, A. Hirose, S. Ozawa,
K. Doya, K. Ikeda, M. Lee, and D. Liu, Eds. Cham: Springer International
Publishing, 2016, pp. 454—461.

[42] N. Bjorck, C. P. Gomes, B. Selman, and K. Q. Weinberger, “Understanding
Batch Normalization,” in Advances in Neural Information Processing Systems,
S. Bengio, H. Wallach, H. Larochelle, K. Grauman, N. Cesa-Bianchi,
and R. Garnett, Eds., vol. 3I. Curran Associates, Inc., 2018.
[Online]. Available:  https://proceedings.neurips.cc/paper_files/paper/2018/file/
36072923bfc3cf47745d704febd89480-Paper.pdf

[43] S. R. Dubey, S. K. Singh, and B. B. Chaudhuri, “Activation functions in deep
learning: A comprehensive survey and benchmark,” Neurocomputing, vol. 503, pp.
92-108, 2022. [Online]. Available: https://www.sciencedirect.com/science/article/
pii/S0925231222008426

57



Lightweight Deep Learning Architecture Dua Tahap pada Resource Constrained Device Raspberry Pi
4B

untuk Deteksi dan Klasifikasi Parasit Plasmodium Multi-Kelas
Rayhan Adi Wicaksono, Prof. Ir. Hanung Adi Nugroho, S.T., M.Eng., Ph.D., IPM., SMIEEE.;Ridwan Wicaksono, S.T.,

GLj\I\]IDl\//\E[RSITAS Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/ . . . v
JAHMAPAP. Ramachandran, B. Zoph, and Q. V. Le, “Searching for Activation Functions,

2017. [Online]. Available: https://arxiv.org/abs/1710.05941

[45] S. Elfwing, E. Uchibe, and K. Doya, “Sigmoid-Weighted Linear Units for Neural
Network Function Approximation in Reinforcement Learning,” 2017. [Online].
Available: https://arxiv.org/abs/1702.03118

[46] G. Jocher and J. Qiu, “Ultralytics YOLOI11,” 2024. [Online]. Available:
https://github.com/ultralytics/ultralytics

[47] M. Tan and Q. Le, “Efficientnet: Rethinking model scaling for convolutional neural
networks,” in International conference on machine learning. PMLR, 2019, pp.
6105-6114.

[48] M. Tariq and K. Choi, “YOLO11-Driven Deep Learning Approach for Enhanced
Detection and Visualization of Wrist Fractures in X-Ray Images,” Mathematics,
vol. 13, no. 9, 2025. [Online]. Available: https://www.mdpi.com/2227-7390/13/9/
1419

[49] N. Kasamsumran, P. Ittichaiwong, C. Chinudomporn, K. Veerakanjana,
E. Karoopongse, and W. Pora, “Al-Assisted Web Application for Leukocyte
Abnormality Counting With YOLOvI11 and Smartphone Microscopy,” IEEE
Access, vol. 13, pp. 89079-89 107, 2025.

[50] Z. Liu, L. Wei, and T. Song, “Optimized YOLOvll model for lung
nodule detection,” Biomedical Signal Processing and Control, vol. 107, p.
107830, 2025. [Online]. Available: https://www.sciencedirect.com/science/article/
pii/S1746809425003416

[51] Y. Liao, L. Li, H. Xiao, F. Xu, B. Shan, and H. Yin, “YOLO-MECD: Citrus
Detection Algorithm Based on YOLOvl11,” Agronomy, vol. 15, no. 3, 2025.
[Online]. Available: https://www.mdpi.com/2073-4395/15/3/687

[52] L.-h. He, Y.-z. Zhou, L. Liu, W. Cao, and J.-h. Ma, “Research on object
detection and recognition in remote sensing images based on YOLOv1l1,”
Scientific Reports, vol. 15, no. 1, p. 14032, 2025. [Online]. Available:
https://doi.org/10.1038/s41598-025-96314-x

[53] M. A. Talukder, M. A. Layek, M. Kazi, M. A. Uddin, and S. Aryal, “Empowering
COVID-19 detection: Optimizing performance through fine-tuned EfficientNet
deep learning architecture,” Computers in Biology and Medicine, vol. 168, p.
107789, 2024. [Online]. Available: https://www.sciencedirect.com/science/article/
pii/S0010482523012544

[54] G. Marques, A. Ferreras, and I. de la Torre-Diez, “An ensemble-based approach
for automated medical diagnosis of malaria using EfficientNet,” Multimedia Tools
and Applications, vol. 81, no. 19, pp. 28061-28 078, 2022. [Online]. Available:
https://doi.org/10.1007/s11042-022-12624-6

[55] D. Agarwal, M. A. Berbis, A. Luna, V. Lipari, J. B. Ballester, and I. de 1a Torre-Diez,
“Automated Medical Diagnosis of Alzheimer s Disease Using an Efficient Net

Convolutional Neural Network,” Journal of Medical Systems, vol. 47, no. 1, p. 57,
2023. [Online]. Available: https://doi.org/10.1007/s10916-023-01941-4

58



Lightweight Deep Learning Architecture Dua Tahap pada Resource Constrained Device Raspberry Pi
4B

untuk Deteksi dan Klasifikasi Parasit Plasmodium Multi-Kelas
Rayhan Adi Wicaksono, Prof. Ir. Hanung Adi Nugroho, S.T., M.Eng., Ph.D., IPM., SMIEEE.;Ridwan Wicaksono, S.T.,

UNIVERSITAS Universitas Gadjah Mada, 2025 | Diunduh dari httAm//etd.repositgry.ugm.ac.id/

CADIAHBGPAM. Sandler, A. Howard, M. Zhu, A. Zhmoginov, and L.-C. Chen, “MobileNetV2:
Inverted Residuals and Linear Bottlenecks,” in 2018 IEEE/CVF Conference on
Computer Vision and Pattern Recognition, 2018, pp. 4510—4520.

[57] J. Shang, K. Zhang, Z. Zhang, C. Li, and H. Liu, “A high-performance convolution
block oriented accelerator for MBConv-Based CNNs,” Integration, vol. 88,

pp.- 298-312, 2023. [Online]. Available: https://www.sciencedirect.com/science/
article/pii/S0167926022001432

[58] G. Jocher, “Ultralytics YOLOvVS,” 2020. [Online]. Available: https://github.com/
ultralytics/yolov5

[59] G. Jocher, A. Chaurasia, and J. Qiu, “Ultralytics YOLOvS,” 2023. [Online].
Available: https://github.com/ultralytics/ultralytics

[60] X. Zhang, X. Zhou, M. Lin, and J. Sun, “ShuffleNet: An Extremely Efficient
Convolutional Neural Network for Mobile Devices,” CoRR, vol. abs/1707.01083,
2017. [Online]. Available: http://arxiv.org/abs/1707.01083

[61] F. N. Iandola, M. W. Moskewicz, K. Ashraf, S. Han, W. J. Dally, and
K. Keutzer, “SqueezeNet: AlexNet-level accuracy with 50x fewer parameters
and <1MB model size,” CoRR, vol. abs/1602.07360, 2016. [Online]. Available:
http://arxiv.org/abs/1602.07360

[62] S. Ren, K. He, R. Girshick, and J. Sun, “Faster R-CNN: Towards Real-Time Object
Detection with Region Proposal Networks,” IEEE Transactions on Pattern Analysis
and Machine Intelligence, vol. 39, no. 6, pp. 1137-1149, 2017.

[63] A.-A. Alonso-Ramirez, A.-I. Barranco-Gutiérrez, I.-I. Méndez-Gurrola,
M. Gutiérrez-Lopez, J. Prado-Olivarez, F.-J. Pérez-Pinal, J. J. Villegas-Saucillo,
J.-A. Garcia-Mufioz, and C.-H. Garcia-Capulin, “Malaria Cell Image
Classification Using Compact Deep Learning Architectures on Jetson
TX2,”  Technologies, vol. 12, no. 12, 2024. [Online]. Available:
https://www.mdpi.com/2227-7080/12/12/247

59



