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ABSTRACT

When perceiving motion effects created for 4D content, we cannot per-
ceive the motions exactly as the designer intended due to noises present in our
senses/brains. To provide better 4D motion experiences in consideration of the
perceptual noises, we quantified the human perception of passive self-motions. In
this thesis, we studied three different topics: (1) The smallest intensity of motion
that can be detected (Absolute threshold) for all six degrees of freedom of the
motion chair, (2) The smallest difference in intensity between motions required
for reliable perception (Difference threshold) for several motion frequencies, (3)
How brains combine visual and vestibular information for the scenes similar to
4D Rides. Participants identified the direction of motion in the experiment (1)
and compared the intensities of two motions in experiments (2) and (3).

In both rotation and translation of chair motion, we found that the motions



about an earth-vertical axis (Yaw and Heave) were less sensitive than those of
the other axes. Also, the ability to differentiate motion intensity had a negative
correlation with frequency at 0.2-0.8 Hz. In 4D rides where pitch is mainly used,
participants believed in the vestibular and visual cues at a 7:3 ratio (vestibular
capture), even though there were individual differences. These results can be
useful for designing motion effects while considering human perception to motion

feedback.
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T AT 1AL, £5, Wel . A9 A%E = 0175, ——
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T3] 51, 2 Z=0 o[ A B dolA A IMP6-MI50 Z2o]
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B4

S| mAo] Aa|=Aok. ——: Roll, p = 0.54 + 0.05°/s, s =

0.38°/s, RMSE = 0.02; ——: Pitch, u = 0.60 £ 0.10°/s, s = 0.54°/s,

RMSE = 0.03; —: Yaw, u = 0.77 £ 0.15°/s, s = 0.65°/s, RMSE
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Ao Ao Alg]=ATHe. — —: Surge, u = 6.88 + 0.38cm/s?, s
0.

= 3.82cm/s*, RMSE = 0.02; ——: Sway, x = 5.00 & 0.94cm /s?, |

= 4.09cm/s*, RMSE = 0.04; —: Heave, u = 10.56 + 2.01cm/s?, |
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ZF7F10°/s, 8°/s5 HRITH| . . .o 23
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@5

Ll

5 WA Furer 8 AeSFes. —: 0.2 Hz, p=10.33 + |

0.50°/s, s=1.84°/s; ——: 0.4 Hz, u=10.24 + 0.48°/s, s=1.84°/s; |

—-—: 0.6 Hz, u=10.14 £+ 0.41°/s, s=1.74°/s; --: 0.8 Hz, n=10.12 £+ |
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= 1.27°/s, —8—: Cyy_none—ecqual, 1t = 10.05°/s, s = 1.17°/s, —A—:

vafnonefpos’ n = 9-050/57 s = 0950/S B. —e—: va—mid—neqv H
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0|9 B AHE F71M0R Pgo2n JA & B o ofd|=r} oty
th. ol {8 AAE HF= olsfE VWter 44 W A= 245k A
WA FARE BA ks AR AAIRFO] o] Fzte] whet ohekRt g e
T A2kd 4= Qo AR G2/ Hofl EASHE 1Al 2= &2 Qs AA
Al g AZsks AL 27Fsstt B4 aut o= d i 2 ARgAbe] xZF Ayt
(Percept) 2 o]o]2]7] $IsiA = AF-&AF] A1 2] Zbof| diqt A ZFeHQuantification)
7w asi

AREAE A GIHE WA 4D @& Bokok=tl A1 9] A (Self-motion)
S A7k e ANA Bk A7 A3k AgAjuit A4 B4, 2o
H178 Sofl s WarE EAE 4= o, eF A=A AlZste] A 47| ol2=
e Az FAsteh A Yol 88 BAL AX|she w1 el th(Semicireular

canal) 7} A8 AL 91A]8H= 0] 4 7] #(Otolith organ)o] ZA3tch. T 4L BT

Ko
£
lo
tl
i
a,
o

NTE T E wett ofo] 49 RS h&ER A7tE,

o) mAe g TS RSk nuey 540 g8 A5 xR 27w



, 2

oA Aol A

o

il

Il lro]=7}F A= o] Ogive FEHE 2=t

o3

oy goloz

A==

SH
)=

ol 574

—_—
fe]

+ B3 5 AAE 29
& 2] (Absolute threshold)@} 413 & %] (Difference threshold T+ Just Noticeable

5

A71e] AE, Hol

—_L
—

Difference) =

T, 3-57 oA 719

©

oA B A7E 47

i

el
Hw

ol

]t

ol



B

i
on

__o_l
3

oju

(Supra-

ol

o

ol

threshold) =55, 44 A

B8e
ok
i

N

Jl
—
1|0
ﬂo

o

_z__l

=11
St=

= 242 Surge, Sway, Heave, Al =& 7|02 3|4 o|F

B AL Roll, Pitch, Yaw=2 A 2] =c}.

i
H

o4 AL B

—C:TJ:

AAAE o9

7t

o}, 4D G5}

9

A 5
b g 7t

o)

o ol-&=+&

A

TF=

oF

7

L=
[e)

o
T

Ae B8 nAdv o

5

o des

1 2421 Roll, Pitch®e} 2= 44 2A HeaveZ} o] &5t}

%
il

DR EEBE

=
=

=3

=4,

g

-
—

Blulut0] 4D afol



T4y Kl FeR+ 2B B 1'¢ omSg

A é wm.-:m\

aneaH

ce_n_//u

SIXe-7 SIXe-A sIXe-X

uonejsuel |

uonejoy




0.08-1.27 Hz [11], 0.3

1

7145 mAo] o] 8F 9lrt.

‘|_

S
il

_‘l

g

3

[e)

t}. o]Q} tf 2 7] Constant stimuli H'¥ 02
bl

o] M2 H =t} o]F Aol A]

=
=

A

ol
=

AR 94
530l

9

A
il

2

A
A

_‘l

HaE w7 Aot Yaw 2449] 739 0.05-1.11 Hz W 9]9] FutpE

o @79 A% ARl A& Aol of

2.2
]

o|J

Hz [7, 12], 0.10-2.23 Hz [13] a5 2F

A7} A7k 7] Qe

1

—

i

S

1
Q)

7}

=

=]

bt

JE7| =

9

1
Q)

=

o] 2|7} 7}

o} 4.

H
s

]

A S

it
=

A= AH o= ol A

of 2ol Al

5

T

17}

=

Ej A7} Z0]
S

s

A

ol
100



2.3 AR 9%

FARE S 7H B Bt A2 B2 A0 2 AR A RAC]
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7} 0.5 o]
Skt wl
Praw -
Pcorrec ed — — 4
ted 1 _¢
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o] 24 (°/s) A3 BA (cm/s?)
Pcorrected
Roll Pitch Yaw Surge Sway Heave
0.50 (p) 0.54 0.60 0.77 6.88 5.00 10.56
0.84 (u+s) 092 1.14 142 1069 9.09 17.24
0.98 (u+2s) 1.30 1.67 2.06 14.51 13.18 23.91
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Figure 3.5: A4 A9 Ae]=A3H4. ——: Surge, u = 6.88 & 0.38cm/s?, s =
3.82cm/s?, RMSE = 0.02; ——: Sway, p = 5.00 & 0.94cm/s?, s = 4.09cm/s?,

RMSE = 0.04; —: Heave, u = 10.56 4 2.0lcm/s?, s = 6.68cm/s?, RMSE = 0.05.
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