FEATURE-BASED EYE TRACKING FOR HANDHELD DEVICES USING MOBILE-OPTIMIZED
CONVOLUTIONAL NEURAL NETWORK
Albert Cristianto Halim, Arif Nurwidyantoro, S.Kom., M.Cs., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

REFERENCE

[1].Bazarevsky, V., Kartynnik, Y., Vakunov, A., Tkachenka, A., & Grundmann, M. (2019).
BlazeFace: Sub-millisecond neural face detection on mobile GPUs. arXiv.

https://doi.org/10.48550/arXiv.1907.05047

[2].Bishop, C. M. (2006). Pattern recognition and machine learning. Springer.

[3].Chang, Y., Xu, T., He, Y., & Hu, X. (2021). A high-frame-rate eye-tracking framework
for mobile devices. In ICASSP 2021 - 2021 IEEE International Conference on Acoustics,
Speech and Signal Processing (ICASSP) (pp. 1445—-1449). IEEE.
https://doi.org/10.1109/ICASSP39728.2021.9414624

[4].Cheng, S., Sun, Z., Sun, L., Wang, K., Liu, Y., & Dong, L. (2022). EasyGaze: Hybrid eye
tracking approach for handheld mobile devices. Virtual Reality & Intelligent Hardware,
4(2), 173—188. https://doi.org/10.1016/j.vrih.2021.10.003

[5].Fan, H., & Ling, H. (2017). Parallel tracking and verifying: A framework for real-time
and high accuracy visual tracking. arXiv. https://doi.org/10.48550/arXiv.1708.00153

[6].Hansen, D. W., & Ji, Q. (2010). In the eye of the beholder: A survey of models for eyes
and gaze. IEEE Transactions on Pattern Analysis and Machine Intelligence, 32(3),
478-500. https://doi.org/10.1109/TPAMI.2009.30

[7].Hart, N. J., Sui, X., Collins, L., & Wang, H. (2021). openEyeTrack: A high-speed
multi-threaded eye tracker for head-fixed applications. Journal of Neuroscience Methods,

357, 109134. https://doi.org/10.1016/j.jneumeth.2021.109134
[8].Hinton, G. (2012). Lecture 6e — RMSProp: Divide the gradient by a running average of

its recent magnitude [Lecture slides]. University of Toronto.

http://www.cs.toronto.edu/~tijmen/csc321/slides/lecture_slides lec6.pdf

107



FEATURE-BASED EYE TRACKING FOR HANDHELD DEVICES USING MOBILE-OPTIMIZED
CONVOLUTIONAL NEURAL NETWORK
Albert Cristianto Halim, Arif Nurwidyantoro, S.Kom., M.Cs., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

[9].Howard, A., Sandler, M., Chen, B., Wang, W., Chen, L.-C., Tan, M., Chu, G., Vasudevan,
V., Zhu, Y., Pang, R., Adam, H., & Le, Q. (2019). Searching for MobileNetV3. arXiv.
https://doi.org/10.48550/arXiv.1905.02244

[10]. Huber, P. J. (1964). Robust estimation of a location parameter. The Annals of
Mathematical Statistics, 35(1), 73—101. https://doi.org/10.1214/aoms/1177703732

[11]. Kingma, D. P., & Ba, J. (2015). Adam: A method for stochastic optimization. In
Proceedings of the 3rd International Conference on Learning Representations (ICLR

2015). https://arxiv.org/abs/1412.6980

[12]. Krafka, K., Khosla, A., Kellnhofer, P., Kannan, H., Bhandarkar, S., Matusik, W., &
Torralba, A. (2016). Eye tracking for everyone. In Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition (CVPR) (pp. 2176-2184). IEEE.
https://doi.org/10.1109/CVPR.2016.239.

Dataset available at https://gazecapture.csail.mit.edu/

[13]. Ngiam, J., Khosla, A., Kim, M., Nam, J., Lee, H., & Ng, A. Y. (2011). Multimodal
deep learning. In Proceedings of the 28th International Conference on Machine Learning

(ICML 2011) (pp. 689-696). PMLR.

[14]. Novak, J. S., Masner, J., Benda, P., Simek, P., & Merunka, V. (2024). Eye tracking,
usability, and user experience: A systematic review. International Journal of
Human—Computer Interaction, 40(17), 4484—4500.
https://doi.org/10.1080/10447318.2023.2221600

[15]. Qin, D., Leichner, C., Delakis, M., Fornoni, M., Luo, S., Yang, F., Wang, W.,

Banbury, C., Ye, C., Akin, B., Agber, V., Zhu, Y., Yu, J.,, Lu, Y., Yan, C., & Howard, A.
(2024). MobileNetV4: Universal models for the mobile ecosystem. arXiv.

108


https://doi.org/10.1109/CVPR.2016.239
https://gazecapture.csail.mit.edu/

FEATURE-BASED EYE TRACKING FOR HANDHELD DEVICES USING MOBILE-OPTIMIZED

CONVOLUTIONAL NEURAL NETWORK
Albert Cristianto Halim, Arif Nurwidyantoro, S.Kom., M.Cs., Ph.D.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

https://doi.org/10.48550/arXiv.2404.10518

[16]. Szeliski, R. (2022). Computer vision: Algorithms and applications (2nd ed.).

Springer.

[17]. Wood, E., Baltrusaitis, T., Zhang, X., Sugano, Y., Robinson, P., & Bulling, A. (2016).

Learning an appearance-based gaze estimator from one million synthesised images. In
Proceedings of the Ninth Biennial ACM Symposium on Eye Tracking Research &
Applications (pp. 131-138). ACM. https://doi.org/10.1145/2857491.2857492

109



	THESIS 
	COMPUTER SCIENCE STUDY PROGRAM 
	DEPARTMENT OF COMPUTER SCIENCE AND ELECTRONICS 
	FACULTY OF MATHEMATICS AND NATURAL SCIENCES 
	UNIVERSITAS GADJAH MADA 
	2025 
	ABSTRACT 
	PLAGIARISM STATEMENT 
	 
	TABLE OF CONTENTS 
	LIST OF TABLES 
	TABLE OF FIGURES 
	CHAPTER I  
	INTRODUCTION 
	1.1.​ Research Background 
	1.2.​ Problem Formulation 
	1.3.​ Research Objectives 
	1.4.​ Research Scope 
	1.5.​ Research Significance 
	1.6.​ Systematic Writing Structure 

	CHAPTER II  
	LITERATURE REVIEW 
	CHAPTER III  
	THEORETICAL FRAMEWORK 
	3.1.​ Eye Tracking 
	3.2.​ Computer Vision 
	3.3.​ Feature-Based Tracking 
	3.4.​ MobileNet V3 - Mobile Optimized Convolutional Neural Network (CNN) 
	3.5.​ Facial Landmark Detection 
	3.6.​ EyeNet Architecture 
	3.7.​ Huber Loss Function 
	3.8.​ Adam Optimizer 
	3.9.​ Polynomial Calibration 
	3.10.​ Evaluation Metric 

	CHAPTER IV  
	RESEARCH METHODOLOGY 
	4.1.​ General Description of the Research 
	4.2.​ Data Collection 
	4.2.1.​Dataset Description 
	4.2.2.​Data Quantity 

	4.3.​ Dataset Preprocessing 
	4.3.1.​Facial Landmark Detection 
	4.3.2.​Geometric Feature Extraction 
	4.3.3.​Eye Crop Extraction 
	4.3.4.​Coordinate Normalization 

	4.4.​ Multi-Branch Neural Network Fusion 
	  
	4.5.​Gaze Point Detection 
	4.4.1.​Input Processing 
	4.4.2.​Multi-Branch Feature Extraction 
	4.4.3.​Feature Fusion and Gaze Prediction 

	4.6.​ Evaluation 
	4.5.1.​Evaluation Metric 
	4.5.2.​Validation Dataset 
	4.5.3.​Calibration Evaluation 
	4.5.4.​Testing Scenarios 
	4.5.5.​Testing Configuration 


	CHAPTER V  
	IMPLEMENTATION 
	5.1.​ Implementation Overview 
	5.2.​ Research Environment 
	5.3.​ Library Imports 
	5.4.​ Eye Crop Extraction 
	5.4.1.​Landmark Configuration 
	5.4.2.​Extraction Process 

	5.5.​ Dataset Loader Implementation 
	5.5.1.​Data Partitioning Strategy 
	5.5.2.​Coordinate Space Normalization 
	5.5.3.​Chunk Management 
	5.5.4.​Adaptive Shuffle Buffer 

	 
	5.6.​ Model Training Implementation 
	5.6.1.​Loss Function and Optimizer 
	5.6.2.​Data Augmentation 
	5.6.3.​Training Loop and Checkpointing 


	CHAPTER VI  
	RESULT AND DISCUSSION 
	6.1.​ System Evaluation 
	6.1.1.​Model Accuracy Results 

	6.2.​ Error Distribution Analysis 
	6.2.1.​Bias Diagnosis 
	6.2.2.​X-Coordinate Error Distribution 
	6.2.3.​Y-Coordinate Error Distribution 
	6.2.4.​Euclidean Error Distribution 
	6.2.5.​Cumulative Distribution Function Analysis 

	6.3.​ Spatial Error Analysis 
	6.3.1.​Error Heatmap Analysis 
	6.3.2.​Regional Performance 

	6.4.​ Per-User Calibration Effectiveness 
	6.4.1.​Uncalibrated Error Characteristics 
	6.4.2.​Calibrated Error Characteristics 
	6.4.3.​Analysis of Improvement Variability 

	6.5.​ Analysis & Comparison with Prior Research 
	6.5.1.​Summary of Key Findings 
	6.5.2.​Comparison with Prior Research 
	1.​Comparison with The iTracker system 
	2.​Comparison with GazeHFR 
	3.​Comparison with EasyGaze  


	6.6.​ Limitations 

	CHAPTER VII  
	CONCLUSION 
	7.1.​ Summary of Findings 
	7.1.1.​Development of Multi-Branch Neural Network Architecture 
	7.1.2.​Evaluation of Gaze Estimation Accuracy 
	7.1.3.​Effectiveness of Per-User Polynomial Calibration 
	7.1.4.​Comparison with Prior Work 

	7.2.​ Future Work 

	REFERENCE 
	THESIS 
	COMPUTER SCIENCE STUDY PROGRAM 
	DEPARTMENT OF COMPUTER SCIENCE AND ELECTRONICS 
	FACULTY OF MATHEMATICS AND NATURAL SCIENCES 
	UNIVERSITAS GADJAH MADA 
	2025 
	ABSTRACT 
	PLAGIARISM STATEMENT 
	 
	TABLE OF CONTENTS 
	LIST OF TABLES 
	TABLE OF FIGURES 
	CHAPTER I  
	INTRODUCTION 
	1.1.​ Research Background 
	1.2.​ Problem Formulation 
	1.3.​ Research Objectives 
	1.4.​ Research Scope 
	1.5.​ Research Significance 
	1.6.​ Systematic Writing Structure 

	CHAPTER II  
	LITERATURE REVIEW 
	CHAPTER III  
	THEORETICAL FRAMEWORK 
	3.1.​ Eye Tracking 
	3.2.​ Computer Vision 
	3.3.​ Feature-Based Tracking 
	3.4.​ MobileNet V3 - Mobile Optimized Convolutional Neural Network (CNN) 
	3.5.​ Facial Landmark Detection 
	3.6.​ EyeNet Architecture 
	3.7.​ Huber Loss Function 
	3.8.​ Adam Optimizer 
	3.9.​ Polynomial Calibration 
	3.10.​ Evaluation Metric 

	CHAPTER IV  
	RESEARCH METHODOLOGY 
	4.1.​ General Description of the Research 
	4.2.​ Data Collection 
	4.2.1.​Dataset Description 
	4.2.2.​Data Quantity 

	4.3.​ Dataset Preprocessing 
	4.3.1.​Facial Landmark Detection 
	4.3.2.​Geometric Feature Extraction 
	4.3.3.​Eye Crop Extraction 
	4.3.4.​Coordinate Normalization 

	4.4.​ Multi-Branch Neural Network Fusion 
	  
	4.5.​Gaze Point Detection 
	4.4.1.​Input Processing 
	4.4.2.​Multi-Branch Feature Extraction 
	4.4.3.​Feature Fusion and Gaze Prediction 

	4.6.​ Evaluation 
	4.5.1.​Evaluation Metric 
	4.5.2.​Validation Dataset 
	4.5.3.​Calibration Evaluation 
	4.5.4.​Testing Scenarios 
	4.5.5.​Testing Configuration 


	CHAPTER V  
	IMPLEMENTATION 
	5.1.​ Implementation Overview 
	5.2.​ Research Environment 
	5.3.​ Library Imports 
	5.4.​ Eye Crop Extraction 
	5.4.1.​Landmark Configuration 
	5.4.2.​Extraction Process 

	5.5.​ Dataset Loader Implementation 
	5.5.1.​Data Partitioning Strategy 
	5.5.2.​Coordinate Space Normalization 
	5.5.3.​Chunk Management 
	5.5.4.​Adaptive Shuffle Buffer 

	 
	5.6.​ Model Training Implementation 
	5.6.1.​Loss Function and Optimizer 
	5.6.2.​Data Augmentation 
	5.6.3.​Training Loop and Checkpointing 


	CHAPTER VI  
	RESULT AND DISCUSSION 
	6.1.​ System Evaluation 
	6.1.1.​Model Accuracy Results 

	6.2.​ Error Distribution Analysis 
	6.2.1.​Bias Diagnosis 
	6.2.2.​X-Coordinate Error Distribution 
	6.2.3.​Y-Coordinate Error Distribution 
	6.2.4.​Euclidean Error Distribution 
	6.2.5.​Cumulative Distribution Function Analysis 

	6.3.​ Spatial Error Analysis 
	6.3.1.​Error Heatmap Analysis 
	6.3.2.​Regional Performance 

	6.4.​ Per-User Calibration Effectiveness 
	6.4.1.​Uncalibrated Error Characteristics 
	6.4.2.​Calibrated Error Characteristics 
	6.4.3.​Analysis of Improvement Variability 

	6.5.​ Analysis & Comparison with Prior Research 
	6.5.1.​Summary of Key Findings 
	6.5.2.​Comparison with Prior Research 
	1.​Comparison with The iTracker system 
	2.​Comparison with GazeHFR 
	3.​Comparison with EasyGaze  


	6.6.​ Limitations 

	CHAPTER VII  
	CONCLUSION 
	7.1.​ Summary of Findings 
	7.1.1.​Development of Multi-Branch Neural Network Architecture 
	7.1.2.​Evaluation of Gaze Estimation Accuracy 
	7.1.3.​Effectiveness of Per-User Polynomial Calibration 
	7.1.4.​Comparison with Prior Work 

	7.2.​ Future Work 

	REFERENCE 

