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Development of t-Room’s Sound Output Control Method
Dynamically Selecting Output-Target Monoliths

OSAMU WADA! SHIGERU KATAGIRI'! MIHO OHSAKI!

Abstract: One of the recent computer-supported cooperative work systems, t-Room, has been vigorously
investigated. t-Room forms a room with multi-media walls called monoliths and aims at creating high realis-
tic sensation for distant cooperative workers by virtually overlaying its distant implementations. To resolve
the drawback of the existing implementation, mismatch between visual and acoustic images, we develop a
new sound control method that dynamically selects a target monolith on which to generate a sound image,
based on a sound source location in the t-Room. In particular, we implement the method, based on our
computation thread design that maximizes the computational efficiency mainly determined by the usage of
multiple (computer) cores. In addition, we implement sound fade-in/out functions in a process that switches
monoliths to avoid harsh clicking noise and unnatural sound pressure changes. Our experimental evaluations
show that our implemented method naturally switches sound locations among monoliths and operates only
with about 20ms of processing delay.
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Fig. 1 Sound/image data transmission in t-Room.
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Fig. 2 Mismatch between visual and sound images.
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Fig. 3 An example of device configuration for t-Room.
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Fig. 4 Hierarchical structure of servers in t-Room.
“ €/ YRALD A €/ URB6M
“‘: 24 5 Bl /Y RICHB “‘: 24 o EED a\‘: /Y RICHD
a—H%A 1—YB 1—4B a—¥%A
\ ~ e
—TL | T
| =1 | ==
= =

e = = = U=

e = = = i

a5 B B B B i i B B B B B
#—sA1 Y—s3A2 H—/3A3 Y —3A4 Y —/3A5 Y —/3A6 H#—/B1 H—/B2 H—/B3 Y—B4 Y —/B5 Y —/3B6
50 0
N o

‘a

‘a ‘a

E/YRAL E/URA2 E/URA3 E€/YRAL E/YRA5 E/YZRA6

8

PEAREFLERE U 59— SRR,

g 8 8 B8 8

E>5

€/YABl ®/UZRB2 ¥£/YZRB3 ¥/YZRB4 E/YZRB5 ¥/YZRB6

8B (8) 8 B8 B B8

Fig. 5 Server configuration of proposed sound transmission method for t-Room.
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Fig. 6 Explanation of icons used to illustrate t-Room’s server

structure/behavior.
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Fig. 7 Inner structure of t-Room’s sound server.
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Fig. 8 An example of sound wave input by monolith B1.
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function.
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Fig. 11 Inner structure of proposed sound input control server.
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Table 1 Input sound sources.
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Fig. 13 Server configuration used in our operation evaluation

experiments.
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ARG RETL, FEANHEY — N A NKEFT 5,

(4) HFHE AT — 8 A THIS A DFGFHE S — D5
ZAG Ly big, HEEE VAR SR
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(5) HFH AL — 8 A 55 FFH HAHIE— 3 B~
HEAry FREET S,

(6) FF Y — B CRE L &G v LR
M B ORTOERY—N~KET 5.
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(8) ZIELHEH N7 v b OGO AR & R D
Rzl %, EEMIELEE L a2 IchdT 5.

(9) ZELLGH A7y L OFFIAE ) Y ZAEHGA
L, OEBRIC T = — FA V7 R RBIRT B I

© 2019 Information Processing Society of Japan

Vo0l.2019-GN-107 No.10
2019/3/19

=2 HEY— O

Table 2 Main specifications of sound server.

OS macOS Sierra 10.12.6

CPU Intel Core i7 @ 3GHz

EiE e 4

P =) 8GB

NTP 7—%€ v chronyd (chrony) version 3.4
A —=F 444 %7 x—A | Loopback Audio

HAEY 7ty 27 iTunes

£ 3 HHEANHIHY —,
J— DL,

Table 3 Main specifications of sound input control server,

BRI — N, 7Y =7 Mk

sound output control server, and object detection

server.
(O CentOS 7.6.1800
CPU Intel Core i7-4790 @ 3.60GHz
AR 2 7 8
XEY 7.6GB
NTP 7—<% | chronyd (chrony) version 3.2

F4 NTP ¥ —"DFHIL,
Table 4 Main specifications of NTP server.

(O CentOS 7.6.1810

CPU Intel Core i7-8700K @ 3.70GHz
A 7 5 12

XEY 16GB

NTP 7—<% | chronyd (chrony) version 3.2

HROWNE 7 VAUDBEZ IS oIt L TR
T 5.

(10) i B OB EH Y — "D EFREZ 1 F vV R ILE
ELTIA VT 5,

(I)MEPCTETD LI F vV RLEFHEZELDL6T ¥
VEANGEREIA YV ASITRET B,

(12)FFEEH O % B, ikﬁﬁtf7l—b4//
77 FBTA T L DHERT
ﬂ@%ﬁﬁau'DwT,LAN%ﬁKiﬂY(NTP?—

E¥ & LT chrony Z H W7z — A OKRZIFRAZ 177 -

7Bz, 1[ms] DU 0 CREZIFEMZT A 5 2 & 23HER

INTw3 (12, 207, TOY— 3@ NTP

P NERHIFA L T2 D& L, AN &3 —

N} 2 iz, B — " EDjiER 2, K 3,

Fz4, R5ITR-T

5.2 fEER

(1) Zz—RA4Y /7O BTZITVWSD

R1DORY =V 20 ANEFRZAOCIGAOBRETERD
2B 14, B 15 12537, O3, KRl
[s]| 2T, SHOHIE VAU DB ZIFICEFRD 7 = —
FAY/T7 7 RDPMTATHE I EDHRTESL, Ry—v
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Table 5 Main specifications of computer used to record output

sounds.
oS macOS Sierra 10.12.6
CPU Intel Core i7 @ 3GHz
B2 7 4
AEY 8GB
A—F 4 AANA 87 =—A | MOTU 16A
wEY 7b0 27 Sound eXchange

B 14 #EEAHOEIY.

Fig. 14 Examples of recorded sound waveforms.

g

15 X 14 DK,
Fig. 15 Enlarged view of Fig. 16.
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Table 6 Delay observed in switching sound output Monoliths.

BEAS-YS [ms) 3.42128
FEARREHER 2 [ms] | 2.11106
RKRAH [ms] 8

1DEFRZACIEHREER 2L TR, 7V y 74
FRFEELTEST, BHLEYICZ Y v 7 Mol
I L 7z,
(2) BEEOEAE/ VRO EZICHD > EBE
FEOH BT, ) 2D B I hh o BIEEZR 6 15
T, R, BEAREER D O RE L T D B AT A
TwaEtEZOND,
(3) BIENIEEE
TESNPEIEZ R 7 18T, BRROFFAELE % # L T
Bh, OBAEMER® L 1[ms] R TH 5 L5 %E
L CHREIE D F FHBE DT ATV 5 2 E DR TE %,

6. HbHOHIC

AWFZETIE, t-Room IZEWT AL EDFHEIBH %2
P9 FREEE 21T A ICB LT HHR E R ER S 1
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7. ZOLT, BEOHNE VAT HEIRIC ) vy
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Table 7 Delay observed in sound data transmission and pro-

cessing.
BEASEYS [ms] 0.702565
FEAEEHENR 22 [ms] | 0.806515
R KAE [ms) 22

HaiflS 2720 IERB7 = —F4 /77 b
T2 &9 RIELT o, ARRFEZHLT, —ERH
I T 7 ) AR BB I CTEIEERZ 1T, Zhoo
FLAERRBE HSEEHE D 1 IEHED DARIELE (20ms FREE) CE{E
THIERMER L, Lo L, fthifsE [6]) THIFEDNED &
TWw3A 727 MY — D kI, 2—FEDHE
FICX>THHEOHNE 7 ) A2 EET 3 M CHEE 21T
ATwhy, koT, SHBOBEE L TifEost 7Y =
7 MY — N LR L 2 BT, 2 —YREEORE
VAU D B 2D BREE & R TR D, BTN FEER T % 4k
N 5,
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