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Abstract: In master-slave system, time delay between the human motion and display output is a large obstacle
that induces postural sway of moving subjects. In this study, we investigated the relation between the threshold that
subjects can recognize time delay and the threshold that subjects are influenced by time delay. We evaluated postural
sway of moving subjects based on the center of gravity and head position. At the same time, the objective rating by
the questionnaire to the subjects. The results suggest that the area of the delay with the influence on postural sway
exists though the delay cannot be recognized for non-expert subjects.
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Fig. 1 Seeking scope of delay
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Fig. 2 Experiment environment
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Table 1 Questionnaire result
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Delay50ms § 1 | 1 | 8

SubjectB JO | @ | ®
Delay Oms 6 | 2| 2
Delay25ms | 3 | 4 | 3
Delay50ms § 1 | 1 | 8

SubjectC JO | @ | ®
DelayOms J10| 0 | O
Delay25ms | 9 | 0 | 1
Delay50ms § 3 | 0 | 7

Table 2 Chi-square test
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Fig. 3 Standard deviation of head position
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Fig. 4 Standard deviation of position of the center of gravity

I Subject A | Subject B | Subject C
Between delay Oms and 25ms I 13.40 1.87 1.05
Between delay 25ms and 50ms I 1.29 5.07 7.50
Between delay Oms and 50ms I 14.40 7.50 10.77

WIZHHE & BOLOMBEBOFHNT — 2 %0 Lo b D %X 3
~10 IR T, #EERE Z &L O[ms] & 25[ms]. O[ms] &
50[ms] DRI T t MEZEITV, AEKENEFGEREN DD L
L T#k] &, AEKE 106N HLELT [x) 2777
\ZRtak L7,

X 3, 41 ZENENIEONLE & FLONED x $hI7 1 OFE
WRELZ R LIZZ 77 ThD, kL LTEMT 2L K
LT D L EREFEENPKEL 2o TV AEAMA R TENS,
7272, MEHZAEEEND D LTS VIR,

X 5. 61X NEHEEES & EOO x 7B OE 2R L=
777 ThDH, BEE THDIHBHE A ICBWCTEEM Dz
DIEEAERLNRWD, FERBE Th 2P B, CITITAE
ez & RO N R 5D,

X 7, 8 IXENENEEES & B x BT A0/ T — 27 |
NOMERLIZTZ 7 Thsb, RENREmILZNETER
BRThH b,

X 9, 10 X ZNZENEEE & TELO x BT O/NNT — 2y
MV D E R RSy DT — T A EEER LTS T T T
BB, TNETEE W, BIEHTOEITIZEALERLLZN,

FEIHE TH DHHRE B OIRIE % R T & 5 BEIX 25[ms]
BETHDI L TPHEIND, FHIT —Z DN O ITIEBITE
73 0[ms] & 25,50 [(ms] DRICIZENRH S L O ICBbihvs, Zh
DD, HERE B AIZITBIESEFR TE oy, BEMIEEE
52 DBIEDO#EPEN S D EEZOND, Tz, #WEBRE CIlTo

B Delay Oms

9 Delay S5ma
:E 8 : u Delay E0ms
£ 7 e
=] 6
i 5
g 4
g 3
g 9
& 1

0

subject A subject B subject C
Fig. 5 Trajectory length of head position
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Fig. 6 Trajectory length of position of the center of gravity
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