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Abstract

This study is an experiment on the use of RDW(Redirected Walking) technology, which helps users to hardly feel the difference
of user movement in the limited physical space and the extended virtual space when the user moves while wearing the HMD in
the real world. The RDW function installed in 3D space realization software such as Unity3D is used to induce the user’s
redirection by slightly distorting the virtual space according to the user's point of view. However, if the RDW distortion rate is
used excessively, dissonance is highly likely to occur. In particular, it is easy to make errors that cause cybersickness of users. It
is important to obtain the RDW data value in the virtual environment so that the user does not feel fatigue and cybersickness
even after wearing the HMD for a long time. In this experiment, it was tested whether the user's RDW was safely implemented,
and item and obstacle arrangement data were obtained through this experiment. The RDW data obtained as a result of the
experiment were used for item placement and obstacle placement in the virtual space.
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Fig. 1. Path control of users by RDW algorithm
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Table 1. Group classification of SS and 16 symptoms of SSQ

rating .
No group symtoms 5 3 4 note (overlapping symptoms)
1 General Discomfort
2 Nausea
3 Stomach Awareness
4 Nausea Increased Salivation
5 Difficulty Concentrating
6 Sweating
7 Burping
8 Fatigue General Discomfort
9 Headache Difficulty Concentrating
10 Oculomotor Eye Strain
11 Difficulty Focusing
12 Blurred Vision
13 Dizzy (Eyes Open) Difficulty Focusing
14 L . Dizzy (Eyes Closed) Nausea
Disorientation - —
15 Vertigo Blurred Vision
16 Fullness of Head
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12! 2. Unity3DZ 7845 Al (nightmare) 27+ M#|et 7|7} CIE 3742 27t
Fig. 2. The entire game (nightmare) space created using Unity3D and 3 spaces of different sizes
T2l 3. Unity3DOIMe| RDW =& st Mg
Fig. 3. Experiment with RDW distortion rate change in Unity3D
center
(a) Real Room (b) Virtual environment
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Fig. 4. User walks along a straight line in the VE while a rotation gain is applied
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MAX_ROT_GAIN

GAIN

(a) real space

(b) virture space

(c) turn item in VE

T2 5. AE 1: VEOIM ZM U5 0|52 I8 MIN_ROT_GAINZF MAX_ROT_GAINS| &%
Fig. 5. Experiment 1: Effect of MIN_ROT_GAIN and MAX_ROT_GAIN for linear movement in VE

(a) real space
T2l 6, AlE 2: VEOIM ZMIF XTI 0|52 s MAX_ROT_GAINZF MIN_ROT_GAIN, CUR_GAINS| d&t
Fig. 6. Experiment 2: Effect of MAX_ROT_GAIN, MIN_ROT_GAIN, and CUR_GAIN for moving curves and zigzag in VE
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RDW Toolkit A|AEIO] HSak= 2|0 ASE 2N H=E

Table 2. Experiment 1's 1st: Maximum and minimum distortion rates provided by the RDW Toolkit system

Level 0 1 2 3 4 5 6 7 8 9
MIN_ROT_GAIN -0.1 -0.2 -0.3 -0.4 -0.5 -0.6 -0.7 -0. 8 -0.9 -0.99
MAX_ROT_GAIN 0.5 1 1.5 2.0 25 3.0 35 4.0 4.5 5.0

I 3. A™ 12| 2&} : RDW Toolkit A|[AEI0| HZok= z|of H=EL 2M AHZE
Table 3. Experiment 2nd: Maximum and minimum distortion rates provided by the RDW Toolkit system

Level 0 1 2 3 4 5 6 7 8 9
MIN_ROT_GAIN -0.1 -0.14 | -0.18 | -0.22 | -0.26 -0.3 -0.34 | 038 | 042 | -0.46
MAX_ROT_GAIN 0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3

F 4. AE 19 2xF M| W 00ilA 47tX|2] 2t
Table 4. Values from level 0 to 4 of the second experiment of experi-
ment 1

Level 0 1 2 3 4
MIN_ROT_GAIN -0.1 -0.14 -0.18 -0.22 -0.26
MAX_ROT_GAIN 0.5 0.7 0.9 1.1 1.3

I 5. ME 19 ZMEA 30H0|| ChE! Path 220l £HEI S| Wzt
SSQ

Table 5. The average number of collisions hit the outer path of the
30 subjects and the SSQ in experiment 1

Level 0 1 2 3 4
10x10 4.67 5.33 4.67 5.33 5
15x15 9.67 9 9 9 8.67
20x20 12 12 11.33 11.67 10.67
SSQ 0 249 3.74 11.22 18.7
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Table 6. Experiment 2: Maximum & minimum rotation and curvature radius distortion rates provided by the RDW

Toolkit system

Level 0 1 2 3 4 5 6 7 8 9
MIN_ROT_GAIN 0 -0.05 -0.1 -0.15 -0.2 -0.25 -0.3 -0.35 -0.4 -0.45
MAX_ROT_GAIN 0 0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0 2.3

Cur_ radius 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0 5.5
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4_?7 A3 2(zigzag)2| TAE A} 30H0|| CHEH Path /0] 25151 5149 2. Alsl2 Anof = RDW GH[O|E] M 7|Ht
B 850 RIMT Y pare 23
Table 7. Experiment 2(Zigzag): The average value of the number of colli-
sions on the outer edge of the path, and the SSQ for 30 test subjects
A3 2014 AL JFERDW Hlo|E)S B&ato] 23]
Level 0 1 2 3 4
;(_j_;(_j_uﬂygl-o H{]_}]L 7 0].o ‘(:5:]_30:1 71
MIX, MAN,CUR 004 114 224|334 | 444 ]O i 7] \ o 71 ARS s
o 7 70 Aw o 3
average number of collisions | 6 | 438 | 432 | 429 | 4.25 72 3 791 #d 3(Average Number of Collisions 4.29)#
ssQ 15.43 | 21.51 | 26.78 | 33.52 | 37.87 4(Average Number of Collisions 4.25)9] gh& 28k &

?:. 2(Curvature radius): Z|AISIX} 30%0] CHst
T4 SSQ
Table 8. Experiment 2(Curvature radius): The average value of the

number of collisions on the outer edge of the path, and the SSQ for
30t est subjects
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Fig. 7. By applying the data derived from Experiment 2, a zigzag map-based scaffold-

ing game was implemented
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Table 9. Cross the stepping object using levels 3 and 4 of experiment 2 (zigzag)

number of object 2 3 4 5 6
Level 3 number of collisions / 8/15.1 6/14.16 3/9.12 1/8.44 1/8.51
Level 4 S8Q 8/14.82 7/14.82 2/9.23 1/ 851 1/9.12
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