A Robust Object Selection Technique in Gaze Gesture Application using Exponential Moving

Average and

Hidden Markov Model

SUATMI MURNANI, Dr.Eng. Ir. Sunu Wibirama, S.T., M.Eng., IPM.; Ir. Noor Akhmad Setiawan, S.T., M.T., Ph.D., IP!I

Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

CONTENTS
STATEMENT] . . . . . o il
PREFACE] . . . . . . . v
NOMENCLATURE AND ABBREVIATIONI vi
ABSTRACT. . . . . o vii
INTISARI . . . . .o X
CONTENTSI. . . . o o X
LISTOFFIGURES| . . . . . . . . . xii
LISTOEFTABLES! . . . . . . . e Xiv
CHAPTER I INTRODUCTION| . . . . . ... ... .. .. 1
(1. Background| . . . .. .. ... ... ... .. ... .. .. ..., 1
(L2 _Research Problem| . . . . ... ... ................. 3
(1.3 Research Novelty| . . . . ... ... ... ... .. ... ... ... 4
(1.4 Research Objective| . . . . .. ... ... ... ... ........ 6
6
6
8
8
[2.1.1  Fixation or Dwell-Based Object Selection| . . . . . . .. .. 8
[2.1.2  Gaze Gesture-Based Object Selection] . . . . . .. ... .. 9
[2.1.3  Smooth Pursuit-Based Object Selection| . . . . . ... ... 11
(2.1.4° The Current Study| . . . . . .. ... ... .. ... .... 12
22 Theoretical Basisl . . . . . ... ... ... ... .. ... 13
[2.2.1 The Basic Principle of Eye and Gaze Tracking|. . . . . . . . 13
[2.2.1.1  Tobun EyeX Controllef . . . . .. ... ... ... 15
[2.2.2  Object Selection Methods|. . . . . . ... ... ... .... 16
2.2.2.1 Mathematical Modell . . . .. ... ... ..... 16
2222 Fuclidean Distancef. . . . . ... ... ... ... 18
2.2.2.3 Mahalanobis Distancel . . . . . .. ... ... .. 18
2.2.2.4 Pearson Pr Momen fictentf . . .. ... 19
[2.2.3  Signal Denoising Methods| . . . . .. ... .. ... .... 20
2231 FIRLowPassHlted . ... ............ 21
[2.2.3.2 Moving Average Filter . . . . . . ... ... ... 23
[2.2.3.3  First Order IIR Single Pole|. . . . . .. ... ... 24

X



A Robust Object Selection Technique in Gaze Gesture Application using Exponential Moving

Average and

Hidden Markov Model

SUATMI MURNANI, Dr.Eng. Ir. Sunu Wibirama, S.T., M.Eng., IPM.; Ir. Noor Akhmad Setiawan, S.T., M.T., Ph.D., IP!I

Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

[2.2.3.4  Exponential Moving Average Filter] . . . . . . .. 26

[2.2.3.5 Naive Segmented Linear Regression|. . . . . . .. 28

2236 Kalmanhlted. . . .. ... ... ... ...... 30

2.2.4 Event Detection Method . . . . ... ... ... .. .... 32
2.2.4.1 Hidden Markov Modell . . . . . .. ... .. ... 33

[2.2.5 Exponential Regression| . . . . . . ... ... ... ... 38

2.2 istical Testl. . . . o o oo 39
22.6.1 Statisical z-testl . . . . .. ... ... ... 39

[2.2.6.2  Analysis of Vartance (ANOVA)[ . . . . ... ... 41

2.3 Hypothesis|. . . . . .. .. ... ... . 41
43

43

44

3.3 System Design|. . . . . ... ... ... .. o 45
(3.3.1 Experimental Design| . . . ... ... ... ... ...... 45
[3.3.1.1  Experimental Setup| . ... ... ... ... ... 47

[3.3.1.2  Stimulus of The Experiment| . . . . . . ... ... 48

[3.3.1.3  Experimental Procedure| . . . . .. ... ... .. 49

2 Inform nsentForml . .. ... ... .......... 49

[3.3.3  Methods Implementation| . . . . . . ... ... ....... 50
B34 Performance Metricd . . . . . ... ... ... ... ... 52

[3.4  System Evaluation|. . . . . .. ... ... ... ... ........ 53
[3.4.1  Evaluation of Object Selection Methods| . . . . . . ... .. 53
[3.4.2  Evaluation of Signal Denoising Methods|. . . . . . . .. .. 54
3.4.3 Evaluation of Event Detection Method| . . . . . .. ... .. 54
[3.4.4  Comparison with Previous Researchl . . . . . .. ... ... 55
CHAPTER IV_RESULTS AND DISCUSSION 58
58

[4.1.1 Result of Object Selection Methods Evaluation| . . . . . .. 65
4.1.2  Signal Denoising Methods Evaluation Result) . . . . . . .. 66
“4.1.3 Event Detection Method Evaluation Resultl . . . . . .. .. 68
[4.1.4  Comparison with Previous Research| . . . . . .. ... ... 69

M2 Discussionl . . . . . . . v i e e 70
[4.2.1 FError Analysis|. . . . . ... ... .. ... L. 70
M22 Timitations . . . . .. .. ... ... 71

{4.2.2.1  Exponential Moving Average for Signal Denoising| 71
4.2.2.2 Hidden Markov Model for Event Detection Method 74

4.2.2.3  The Experimental Design| . . . . ... ... ... 75

{4.2.3  The Compatibility of The Proposed Methods to be Imple- |
L mentedinReal-time Mannen . . . .. ... ......... 75
4.2.4  The Effect of Stimulus’s Speed 1n terms of Eye Movement |

| Classification and Object Selection Accuracy| . . . . . . .. 76




A Robust Object Selection Technique in Gaze Gesture Application using Exponential Moving

Average and

Hidden Markov Model

NIVERSITAS SUATMI MURNANI, Dr.Eng. Ir. Sunu Wibirama, S.T., M.Eng., IPM.; Ir. Noor Akhmad Setiawan, S.T., M.T., Ph.D., IP!I

GADJAH MADA Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/

CHAPTER V. CONCLUSIONS AND FUTURE WORKS 79
79
80
R RENCES| . . . . . oo 82

X1



