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KRISS

= National Measurement Institute (standard) in Korea
" Measurement

= Calibration
* Uncertainty
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“Measurement is the first step that leads to control and
eventually to improvement.

If you can't measure something,

you can't understand it.

If you can't; understand >> control >> improve Iit.

H. James Harrington



Measurement value

Reference value (=CRM)

CRM=Certified Reference Material
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* Promising technologies in many fields:
VR (Since 1990)
» In the medical field, VR have been studied
for various medical application
including anxiety, phobia, chronic pain, etc..
» User immersion is one of the main issues.

= Cybersickness is also an issue in user immersion.



» Cybersickness can cause discomfort to the users with
various symptoms.

» There are a number of factors that contribute to
cybersickness.

» Most previous studies considered insufficient variables.

* [t becomes more important to measure the degree of
cybersickness objectively and quantitatively.



Motion sickness < Sensory mismatch theory

* The information such as vestibular organs, vision, proprioception, etc. are
synchronized. Changes in the external environment due to their body movements
and movements are similarly perceived.




Sensory mismatch theory

» Motion perception is caused only by visual stimulation without involvement of the
vestibular system, resulting in motion sickness due to mismatch between sensory
information (vestibular organ and vision).

Cybersickness Simulator sickness

Gaming sickness Cinema sickness




* Rotational speed

* Speed of movement } Optical flow * Age

* Motion axes * Gender

* Rotation range * Prior experience
 Navigation control  MS susceptibility
* Background complexity  Duration

» VR fidelity

Hardware

Display types
Rendering modes
Head tracking
Field of view(FOV)
* Latency

* Flicker




* Rotational speed

« Speed of movement } Optica] flow
* Motion axes

* Rotation range

* Navigation control

* Background complexity .
VR fidelity * Duration

« Age

* Gender

* Prior experience
* MS susceptibility

Display types
* Rendering modes
* Head tracking

« Field of view(FOV)
* Latency

o Flicker e FEG ® SSQ
 fMRI « FMS
« ECG * Nausea scale
 Postural sway
« EGG
« GSR

Objective Subjective
measurements measurements

6/32



* The purpose of this study is to develop objective measurement method for
cybersickness and to investigate the effect of the potential factors that can cause
cybersickness on the contents (movement, rotation) while measuring EEG.

EEG




Method



* Participants

* 10 healthy male participants (26.4+2.72 years)

* The participants participated in the experiment twice between 1 to 6 days
* Experiment environment

* Monitor —|: 23-inch flat panel monitor (Resolution: 1920x1080 pixels)

49-inch curve monitor (Resolution: 3840x1080 pixels)



= Display types (23-inch flat panel monitor vs 49-inch curve monitor)




= Content (Scene design)




» Content (Motion axes)

©®2007 HowStuffWorks



€ Unity 20183.6f1 Personal - testunity - New - PC, Mac & Linux Standalone <DX11>




» Content (Optical flow)

« Movement direction

(Stop, Forward & Backward, Leftward & Rightward, Upward & Downward)

« Rotation direction (Roll, Pitch, Yaw)

* Speed —|: Movement: 2 m/s ~ 20 m/s
Rotation: 15 °/s ~ 123 °/s

190 S

Start

10 S
Movement: +1 m/s
Rotation: +6 °/s



» Motion sickness susceptibility questionnaire (MSSQ)

1. Your CHILDHOOQOD Experience Only (before 12 years of age)

As a child (before age 12), how often you Felt Sick or Nauseated (tick boxes):

Not Never Rarely Sometimes | Frequently
Applicable | Felt Sick | Felt Sick Felt Sick Felt Sick
- Never
Travelled
Cars
Buses or Coaches
Trains
Aircraft

Small Boats

Ships, e.g. Channel Ferries

Swings 1n playgrounds

Roundabouts 1n playgrounds

Big Dippers, Funfair Rides




» Motion sickness susceptibility questionnaire (MSSQ)

1. Your Experience over the LAST 10 YEARS (approximately)

Over the LAST 10 YEARS, how often you Felt Sick or Nauseated (tick boxes):

Not Never Rarely Sometimes | Frequently
Applicable | Felt Sick | Felt Sick Felt Sick Felt Sick
- Never
Travelled
Cars
Buses or Coaches
Trains
Aircraft

Small Boats

Ships, e.g. Channel Ferries

Swings 1n playgrounds

Roundabouts 1n playgrounds

Big Dippers, Funfair Rides

=]




= Simulator sickness questionnaire (SSQ)
— 4 major motion sickness

- Nausea

- Eyestrain

- Di1zziness
- Headache
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¢ Subjects answered the degree of four major
motion sickness symptoms verbally (0-4 scores)

Fast motion sickness (FMS)

¢ Subjects answered the degree of cybersickness verbally
(0-20 scores)



» Experimental procedure

Answer to 3 min 10 sec
MSSQ (Stimulus)

5 min Answer to SSQ and FMS,
(Baseline) 5 min (Rest)

 Ifyou feel cybersickness in watching the content, press the button immediately.

 Ifyou experience severe cybersickness, you can stop the experiment in the middle.



* EEG analysis

* We analyzed the last 10 seconds of a scene (3 min
and 10 sec).

- Physiological signals are already reacting before
subjective judgment.

- The most severe part of the experience.



* EEG

« Compared the power value of 11 areas with 128 electrodes.
- Frontal cortex (Left, Middle, Right)
- Parietal cortex (Left, Middle, Right)
- Temporal cortex (Left, Right)
- Occipital cortex (Left, Middle, Right)
- Compared with fMRI studies

- 20 electrodes (black) are not included in the analysis because they contain
more noise, such as muscle movements, than brain waves.



* EEG
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* Brain activation is inversely related to
Alpha Power.

* Delta Power, a statistically significant
difference in many EEG prior studies.



= Receiver operating characteristic (ROC) Curve

: Performance evaluation of Binary classifier system

True Positive Rate

False Positive Rate



» Receiver operating characteristic (ROC) Curve

: Performance evaluation of Binary classifier system

Prediction of model Prediction of model
Total Population is is
Positive Negative

True Positive False Negative

The correct answer

is False Positive True Negative
Negative

Y. The number of True Positive

The y-axis of ROC Curve: True Positive Rate = S The mumber of The correct amea




» Receiver operating characteristic (ROC) Curve

: Performance evaluation of Binary classifier system

Prediction of model Prediction of model
Total Population is is
Positive Negative

The correct answer
1S
Positive

True Positive False Negative

False Positive True Negative

Y. The number of False Positive

The x-axis of ROC Curve: False Positive Rate = _




Results
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Pove. Delta power in the middle frontal lobe; 2
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Porp. Delta power in the right parietal lobe; N
Pomo » Delta power in the middle occipital lobe; =
Parr, Alpha power in left frontal lobe; -
Pavi: Alpha power in the middle frontal lobe; o '
Pare, Alpha power in the right frontal lobe; o o
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1 0.95

0.9

AUC

0.8

0.7
1 2 3 45 6 7 8 91011121314 151617 18 19 20 21 22 23 24

Number of variables

* AUC change according to the number of variables in multiple regression model,
the 11 variables have the highest AUC (AUC = 0.95).



How many variables necessary?

The corresponding variable according to the number of variables and AUC

The
number of Variables AUC
variables
1 Py r 0.79
2 Py s Ppre 0.92
3 Poars Pore. Pao 0.93
4 Poars Poaps Pore, Pano 0.93
O Poars Pores Poios Pares Paro 0.94
6 Pyips Pores Poros Parrs Pager Papo 0.9
/ Pores Poips Pores Poos Patrs 0.95
Pyres Paro
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10 & High

Note: High: 3~4 score (§5Q), 10~20 score (FMS)
* p<.05; #* p<.01; **+ p<.001.
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Comparison of questionnaire score and M, value according to display type
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Mp Nausea Eyestrain Dizziness Headache FMS

7 23 inch LCD monitor 49 inch curve monitor

* p<.03; **x p<.01; *»»+ p<.001.



M values according to the type of movement and rotation

SP, Pitch rotation in stop state;

SR, Roll rotation in stop state;

SY, Yaw rotation in stop state;

XP, Pitch rotation in forward and backward motion;
XR, Roll rotation in forward and backward motion;
XY, Yaw rotation in forward and backward motion;
YP, Pitch rotation in left and right motion;

YR, Roll rotation in left and right motion;

YY, Yaw rotation in left and right motion;

ZP, Pitch rotation in up and down motion;

ZR, Roll rotation in up and down motion;

ZY, Yaw rotation with up and down motion.
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The contents for visual stimulation

* p<.05; ** p<.01; *»»+ p<.001.



Conclusion
&

Homework



= We confirmed an objective response to cybersickness with
high accuracy (95.1%, AUC = 0.95).

* We confirmed that there are specific sites (the frontal lobe,
the parietal lobe, and the middle occipital lobe).

* This method and results will be a good reference for future

research on cybersickness.
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* Do we have standardized contents for the visual
stimulation?

» [s MSSQ enough for the normalization or
consideration?

* What vital signal could be the best tool to measure

the cybersickness objectively?
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