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A Two-by-Two Mixed Reality System That Merges Real and Virtual Worlds
in Both Audio and Visual Senses

Kyota Higa"', Takanobu Nishiura ',
Asako Kimura™, Fumihisa Shibata”', and Hideyuki Tamura'’

Abstract — In virtual reality, there have been many implementations using both audio and
visual senses. However, mixed reality (MR), which merges the real and virtual worlds in real
time, has thus far dealt with these implementations using only the visual sense. In this study, we
developed an MR system that merged the real and virtual worlds in both the audio and visual
senses, and in which the geometric consistencies of the audio and visual senses were
coordinated. We also tried two approaches for merging real and virtual worlds in the audio
sense, one using open-air headphones, and the other using closed-air headphones. The former
corresponded to an optical see-through method and the latter, in the case of the visual sense, to
a video see-through method.

Keywords: Mixed Reality, Audio and Visual Senses, Geometric Consistency, Open-Air
Headphones, Closed-Air Headphones
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Fig. 5 Reception of real and artificial sound in Ex. 1
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Fig. 6 Results of physical mixing method in Ex. 1

(with audio and visual sensations)
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Fig. 7 Results of electronic mixing method in Ex. 1

(with audio and visual sensations)
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Fig. 8 Results of physical mixing method in Ex. 1

(only with auditory sensation)

FOFE104THS.

32 X8 1: BEFRICK D ESETMEER

3.2.1 REEAE

FEBR 1 CIXEEFIRE O CRAR X, e
FRONFT AR O AL D MR 221258 LTy
LONFHET 5. BhR L=k 91, BB SRILHE
Th~A 7 T%ETHED, NLEOTH LERN
HEUD. BT RIT~y KR & BEOROBRE D
DEENHEZZADLN, ~y RRVDBHEEEST-DHE
TR AR OAVEIEA Y O F TOfRER N EE
T5H. £IT, EB1TEHES, ALEELICEE
FIRE L, 2 b 2 %A 5 (HRTF 9 /72 L),
BAAR G DE N CRIFICHER L7 & & O ENL
FESCEEZTMI 5. 72, BERAY MR OfERD
7o, WEREROAOERGITH . HEMITHER
Flz k5 5 BfE (1:bad ~ 5:excellent) @ FH LM
ET5.

B 5 ICEREMERT. EEFEAOAE =X

Perceived Angle [deg]
210

180 | @ ©) @@@@ ©)
150 4
3

5

120

@
@
90 e
60 7767@
@
@

30 3

0 4 4H 6 5 9
-30 3)(5 3) (4 @

-60 58 )8 )64 (Q—
-90 )76 8 20—Q

-120 @ @ @ @ @

-150 o> @ (3

-180
-180 -150 -120 -90 -60 -30 O 30 60 90 120 150 180 210
Presented Angle [deg]

Perceived Angle [deg]

210
180 @ 9
150

5
120 8)(7)(8 @
90 P 11 A 104 11 9\ 14
60 —@ 6
30 @

0
-30
-60
-90

-120
-150

-180
-180 -150 -120 -90 -60 -30 O 30 60 90 120 150 180 21
Presented Angle [deg]

(b) ATH
B 9 5Bk 1 - mPAMGKORR R OZ)
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(only with auditory sensation)
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