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Introduction (1)

Background

The VR market is expected to grow significantly in the future

Issues

What’s the relationship between

eye-gaze moving and perception ?

What’s the mechanism of 

VR sickness ?



Introduction (2)

Motivation
・ Analyze map of eye-gaze moving and obtain 

key parameters to characterize human visual search

・ Propose our original mathematical analysis 

methodologies

Methodology

・ Obtain and analysis eye-gaze tracking data on 

FOVE 0 VR system using original software

FOVE 0 VR

Eye-gaze tracking system

・ Clustered by K-Means method and Elbow method

・ Classify search or stare using Gaze Density

and Reaction time



Experiment and Results (1)

Experiment to search target on test pattern

Eye-gaze tracking data Clustering 

SearchingStare
Fig.2. Clustered by K-Means and Elbow methodFig. 1. Test pattern

Target

Fig.3. Clustered result

Elbow point



Experiment and Results (2)

K-Means method Elbow method
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The objective function

Clustered data using given number of clusters Optimization of number of clusters

using calculation of distortion

Elbow point



Experiment and Results (3)

Searching

Stare

Clarify parameters on “Probability Ellipse” to characterize clusters

Major axis＝2σA

Minor axis
＝2σB

Center of ellipse

中心座標 2σA 2σB

Reaction time to find the target τR= 16.1 sec.

(-2.43, -4.65)

( 3.59, -3.56)

1.78 1.15

7.01 4.26



Experiment and Results (4)

Characterization of Gaze-search

Stare on Target

Stare on Selected Pattern

Searching

Characterization of “Stare” 
and “Search” by key-parameter ρ.

Gaze Density 

ρ＝
πσAσB

Gaze Points 



Experiment and Results (5)

Relationship between Searching and Reaction Time
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F distribution

F test：P value

0.0235 < 0.05



Experiment and Results (6)

Auto transient analysis

by original program

Auto clustering

Generation of Probability ellipse

Generation of Gaze-trajectory between clusters



Future Works

Experiments to obtain precursor of VR sickness as next step 

Considering to decide time constant and frequency 

as transient key parameters on eye-gaze tracking data

Obtain precursors of VR sickness ?



Summary

・ We obtained eye-gaze vector and coordinates data on 
FOVE 0 gaze-tracking platform

・ We characterized behavior of the eye-gaze vector and 
obtained characteristic movements of “Stare” and “Search”

・ We proposed key-parameters to characterize gaze-moving 

・ We also proposed our original mathematic analysis methodologies


