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Introduction

Background Issues
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Motivation and Methodolo

Motivation

My interest
VR Sickness

Visual Search

At Micheletto Lab

Methodology -, (R Eye-gaze tracking system

fye Tech
rientation Pesition Left Gaze Vector Fight Gaze Vector e
2 [0153%0 x[aaiasn X 200200 «[ aioanca e
¥ | 03872 ¥ 0TI ¥ 0.000000 ¥ | Q000000
Shewleg
T oA I 0To08 Z| 1000000 21000000
W B false B false

N y =




Searching target on test pattern
Clustered by K-Means and Elbow method
Classify using Probability Ellipse and Reaction time



Searching target on test pattern

Eye-gaze tracking data Clustering
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Clustered by K-Means and Elbow method

K-Means method Elbow method
Clustered data using given number of clusters Optimization of number of clusters
using calculation of distortion
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Probability Ellipse

Clarify parameters on “Probability Ellipse” to characterize clusters

Reaction time to find the target

Major axis = 20,
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Minor axis
= 20,
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Gaze-search Result

Characterization of Gaze-search

Gaze Densities on each Examiners
Stare on Target
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Reaction Time

Relationship between Searching and Reaction Time

Histogram of Reaction F distribution
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Transient Analysis by Fourier Transformation
Neural Network Analysis of Fourier Transformed Data



VR Sickness Test

Transient Analysis on Game Style Test

Stage-1
w/o Shake

Stage-2
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Fourier Transform
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Transient Analysis

Transient Analysis by Fourier Transformation
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Neural Network(1)

Neuron

Active function 1 Sigmoid function

Neuron with synapse
o'(x|=o[x](1-o0[x]

Neurons connect and disconnect synapses
(strengthening and weakening weighting)

Weighting parameter ( Synapse )

QD . (v o(x)




Neural Network(2)

Neural Network Analysis of Fourier Transformed Data
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Analysis Result

Neural Network Analysis and VR sickness

Examinee T, O, Fand M Correction rate
Stg-1 [[ 555. 1022. 680. 1743.]1 13.9%
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Stg-2 [ 506:1428.7:1071. 995.]1 35.79%
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Stg-4 [ 437. 1388. 770. 1405.]1] 35.1%
accuracy: 30.9%

Response of Examinees (Feeling of VR Sickness by Level 0-5)

Examinee H T O F M Ave.
Stg-1 O 0 0 0 0 0.0
Stg-2 3 1 2 2 2 2.0
Stg-3 2 2 3 2 1 2.0
Stg-4 1 2 1 2 1 1.4

— The Neural Network System detected essential eye movements
related VR sickness without individual difference



Discussion(1)

Clustered by K-Means and Elbow method
Classify using Probability Ellipse and Reaction time

v" We achieved Auto-Clustering using K-Means and Elbow method

v" We also achieved to classify “Stare” and “Searching” by Gaze
Density and Reaction Time

v" These analysis methods are first proposed by us

v" We need other approaches for Transient Analysis



Discussion(2)

Neural Network Analysis and VR sickness

v" Background View and Shaking induces VR sickness

v" Neural Network Analysis of eye-gaze moving can detect essential factors of
VR sickness

v" Eye-gaze movement have relationship to VR sickness

v Further Verification is necessary to determine which Factors cause VR

sickness
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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 Fourier Transformation and Neural Network technique
for Transient gaze-moving analysis

 We obtained positive correlation on results of Neural Network analysis
for VR sickness

| had an oral presentation at VISION 2021 winter conference



Comparison of the Fourier spectrum
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Test ( Feedforward

; W, h W, 0

Wj”//@\@

Active Function : Sigmoid Function

1
1+e

olx)=

X

o'(x)]=o0(x](1-o0l(x)



Train ( Backpropagation )

Error function

Teaching Vector
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Sample Problem(1)
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Sample Problem(2)

Label: 4 Label 6 Label:& Label:5 Label:3

L

Label:1 Label: 7 Label:5 Label:6 Label:3

Irepm vy, B

There IS no correlation

Accuracy is 30
to 50%




Introduction (2)

Motivation
 Analyze map of eye-gaze moving and obtain

key parameters to characterize human visual search

 Propose our original mathematical analysis
methodologies

+ How to get hints of VR Sickness ?
Methodology

 Obtain and analysis eye-gaze tracking data on
FOVE 0 VR system using original software

+ Clustered by K-Means method and Elbow method
- Classify using Gaze Density and Reaction Time

 Fourier Translation and Neural Network Technique
for transient analysis

FOVE O VR

\ ’
g & FoVE

Eye-gaze tracking system
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