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Development of t-Room on Linux:
Design and implementation of device control system

Yuya Ocino!  SuaciMoTO NAOYA? SHIGERU KATAGIRIY MIHO OHSAKI!

Abstract: To alleviate the processing delay of a remote collaboration support system called ”t-Room” on
Windows, we develop a new middleware on the Linux operating system. In previous research, video trans-
mission system and acoustic server are developed on Linux and these work as device servers for video and
sound transmission within the new middleware framework. To control these device servers as t-Room, we
develop a device control system. In this paper, report its design and implementation result, and show its
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validation in various environment, like 3 points connection.
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Fig. 1 Hardware structure of t-Room (left), and relation be-

tween cameras and displays (right).

2 t-Room Di&E{EDHI.

Fig. 2 An example of t-Room communication.
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Fig. 3 Logical structure of t-Room on Linux.
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Fig. 4 Concept of contents tree.
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IZIE, BT EDTARTOD t-Room & IV T VYY) —F
WERZHT LI 2I2L 5T, BEVWDY — Kk & B
WCRBRERERETRTIEB TSI TES. Z0E51(C
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Fig. 5 Process flow chart for connection between servers.
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IS — N, ® ) AGHHY — N, TN AP —N\DHY
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%9, t-Room MY — D3k v & a VHIHEY — 28
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P—NFFRAE UT, #IF, t-Room HlfIY — \h 6 D
xR DOZMIRBIZVWD LIKET 5. t-Room il —
E, Toxy Y a VY — N ICEE2 KA 5. t-Room
FIEY — NP o2 Z N2y ¥ a VHIEY — N
i, Bt U T &7z t-Room Hlfll Y — N OIER%E B 512 &%
5. t-Room ¥ — NIF#HIZIE, UFDO&EK 1 OHEH
EFENB.

% 1 t-Room HilfHlH — VIR,
Table 1 t-Room control server infomation.
HH FEA
IP7 RL2A t-Room HlIfl¥ — D IP 7 K L 2
B AR— &S | BHEAEY 7y MESLICHW S R — M ES
WEMAR— MRS | BEHY T Y MELICHWS K — MRS
t-Room # % t-Room [E45 D4 H{T
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F1DEHEBIZOWTHET 5. IP 7 F L A& t-Room
MY —NDIP 7 NLVATHS. flHAR— MESIL,
v ¥ a Vil — 3 & t-Room il Y — /N[ CTHEN X
NHHBAEY ry ML T HBICHEHAT 2 R— &S5
Thd. BEAKR—FESIL, t-Room flfHlH — NH3Hthd
t-Room Y — N EL@fEZT5-0D@ERY vy b %
Wi g 5B HHATAFR—-—NESTHS. BEHAY Y b
DFEVEIZDOWTIIBOH TR T 5. t-Room %%, £
t-Room (Z[EH 2 O ¥ TH N4 CEEITIFI N,
EFETICHY T AR T, [FkMIZ t-Room £ %2 fH L
THH L 72\ t-Room %5 U, t-Room [H#1(E % ML T
E5L5129 3.

FEAR— RS LEGHR-MESICELTE, &
t-Room TEHEHELZWE S IZky ¥ a VY — A H
IR ET S, vy ¥ a VY —oNRER L T E
t-Room (ZXf U T ID IZHHY T HEHEDEEZE DK TS, il
HMAR—- I B LBEBHR-NFSITED SO
ERRD SNT NS, ZH o DE/MEIZHIZEEEH D YT
ZEEOEZMNAL, THZEND t-Room il — N Dl
HMHA—- BB LEEAR—-INESLT5Z LT t-Room
HIES — AT AR N EHSOEREZRETE 5.
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SET S5 EE /Y AGIHHY —NOEHZAICES.

T/ Y Y — N, B2 AHRRED t-Room Hilf#ly —
SN LTS E1TS. t-Room HlHY—NE vy v a v
A Y — N O HE L & FARK7ZR R NIEF U T, t-Room
B — N3 LT E 2 /) AR — A OISR % H
g T 5. €/ U ARV = KEHRICIE, BAFOXK 2
DHEHEPEGENS.

x 2 £/ AGIEY -
Table 2 Monolith control server infomation.
HH el
IP7RLZA £/ Y AHEY =D IP 7 F LA
AR — &S | BHEAEY 7y MELICAW S R — M ES
WBEMAR— MRS | BERY T Y MELIZHW S R— MES
T/ UAK #E /U REE DA

£ 2 OXTHH OFEMIE t-Room HilfHI Y — NIEHR & FEARHY
IZFABERD 7= OFE L WEIIAIZERE S 5. t-Room il ¥ — N
IZE D 4T 57z ID I t-Room HllfHIY — iz ko TE
) AHEY =iz b E n, TOMEEREHAR- NEE
LEEHAFR— NESOR/MEIZINEL TED t-Room AT
Di/IMEE T 5. t-Room PIZ IXIEARNIZEBAEDE ) Y
ADVGFIET B0, EHLUTCE-IEREZ2DBLTEEZD
JIEZE % S51F & D t-Room WD R — b F5 D /MBI INE
5228 T, TRTOE/VALOMTHR—- FESOHEESE
| 5. €D AGIEIY— N, t-Room fllf#lIH — /N~
DERRT T DL TNA AT =05 DERZ B,
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Bt e AN ZRNZE T, ') ARIEY — 13
UCETNA A —NOE#HEHFICERT D, 71
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xR 3 TN AT =R

Table 3 Device server infomation.
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IP 7 VA TN AT =D IP 7 RV A

HIEHR - b &S HIAEHE Y 7y MESLIZH WS R — MRS

WER— MRS | GBEMR Y 7y MRS NS R — b

BEIEPER R — b ES BIEHERHIZ M 2 R — b &S

FNA ADFEMH WGt — N or HEEY — N

7 3 T, t-Room Hfilf#l ¥ — NIFHX € /U AHHY — N
IHHREBEEUTCWBHEDOFEL WHHIAIZEKT 5. EIEH
EFAR— FESIZEALT, BTMEOMBEZET AT LE
HEY — N TIZT R TOERATF & ORI O@EERIE % flE
TERENDH D, BIEAEHR— MRS, BIEHIE DR
WEBIERIER Y 77y N E2HEL T A 7-DIZffH T 5. t-Room
HIEY — B 0 ST o7z ID T/ ) ARIEY — %
HUTTNS A =Nz @HIEI NS, FR— MERI,
T/ U A = NIZEELRNE S IR - MRS EED
LTHDLHAKDTHENT, IRTOTNA AV — N THE
Lk S i@ nzZID 2H0TEH L LTSNS,
TONA ADFESEIX, RS —NROPGFEY - N0 E
W 27-0DEHTH S, €/ Y AGEY—NE, B
P—NEFEY —NEREUTNA AT —NE LTEZITFT
TWa7zd, TN ZADFBEDOEHE 2L TET /N1 A
Y= N DEEEPMR Y — NI DD FE Y — N D h & W
T5.

UED &SIz, &BEEICEET 2V — NHLA R E MR
BxETE T L, TNENOY = NNNIZE FOY — NDOFEHRDH
BikI b ETHY —ANMEROBNTH S, Z DR
T, t-Room %Mk d % t-Room HlHIY — N, € U Al
Y =N, TS ZH = TN TR ICER TN T
DD t-Room ELTEEE-TED, vy a Vil —
NIFZENS D t-Room DIEHRZE t-Room Hilf#Y — V&R &
UTREFLTWBIREETH 5.

5.2 AVTVYY) —IEROERE RKH.

Y —NETOEGENET T 5L, t-Room HlfHY —N&
/) AHHHY —NF T YY) —EHROERICES.
AT YY) —IEROERIEE /U ARIEY — N0 547
bihvd, BV REEY —AAHIZIZEELEREINTVS
TRTDOTNA AT —NEFERPFEFEINT VD, ZOHER
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<Monolith
address>192.168.1.18</address
<mainPort>10000</mainPort>
<Image

address>192.168.1.18</address
mainPort>10000</mainPort
<delayPort>30000</delayPort
Image
ound
<address>192.168.1.15</address
mainPort>10001</mainPort
delayPort>30001</delayPort
Sound>
Monolith

6 XML ERTEINAEZE/VZADIVT YY) —IHHR.

Fig. 6 Contents tree infomation for monolith in XML format.
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7 t-Room M TDa v F WY — i,

Fig. 7 Exchange of contents tree infomation between t-Rooms.

BRAAARE )V AR TO AT YY) — 8% R
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6 H1®D Monolith (&€ / V) AHflfHIH— N\, Image (LML
B —N, Sound IFFEY —NERLTHY, address I& IP
7 RV A, mainPort IZIBFED A A > &R b@EHR— b
delayPort [ &BIEHEH AR — b THE. Z0avF7ToIYY
) —EHREGAAL LT, /Y ADBR FIZEFELET ST
NA AY —NOEFHE, BEIZBEZRIP 7 L APKR—
FEEREDE RV DOND LD IZR->T VS,

TV AR —NZayF oY) —EROERHE
T9Be, TNEIBR L XML 7 7 1 )L% t-Room il ffl

Y —NZH U THEETS. t-Room Hlfll—NTIX, BE

CEREINTVWATARTODE/ VARSIV TF YY) —
HHEZEL, ThEHEGT S5 I L T t-Room HALD I v
TV ) —DIERELTD.

t-Room i TH IV T VYWY —EROIERIZET L
72HE DUHEOFHENZEX TIZRT. ZDHE, t-Room iHilfHl
Y= N TOEGITONEDRZDDOIZET, Ly va
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Fig. 8 Connection establishment for every server layer .
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Fig. 9 Experimental environment for evaluating servers.
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Fig. 10 2-point connection
(tRoom0).
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Fig. 11 2-point connection
(tRooml).
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Fig. 12 3-point connection.
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Fig. 13 3-point connection (tRoom0).
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Fig. 14 3-point connection
(tRooml).

Fig. 15 3-point connection
(tRoom?2).

QMRS DIFHRAFI SIS, X 12 D & 512 t-Room il
Y —NE LB L -0 & ERkz, '/ ) ZAFHIEY—N,
FNAAY—=NEZTNETNE BB IZET 2 — N2 24
MADES TS, 3HARBETOBEOMT %X 13,
X 14, X 151279, X 13 1 tRoom0 DT 1+ A7 LA D
FrThHsd. T4 AT L1 EIZIE tRooml, tRoom?2 & &
BEINENZBOMGEDIM > TWBZ AR TE S, Zh
I, tRoom0 DBRERY — NAUD 2 Mg DBRERY — /N &3
ExETV, fiHifHD t-Room OB EFR R L TWAE I &I
A 14 ¥ tRooml DT 4« A 7L A1 OfEF T, tRoom0
& FRRIZ M ST D t-Room OWUEHBRRIhTWB. K15
X tRoom2 O F 4 A 7L A DREFT, TH 5 Rk
D t-Room DMUEMRFRINT WS, Zhizkb, 3
MTHETNA A= NALDO@EEF TEFIZIThbhTna
Z L WHERTE, t-Room HEEEN S F{frbhhT\3 Z
EDbNnD.

6.4 2MRMEBEREL 3 MABBETDER

3P EOSMAREFE T 5E, VT NVXA LT
M EALT 2R HHE X 505, Linux b t-Room T
i, TOII3RRNBBEEL TERED XA I v I THi
MBEEFETHZENTES., TOmd HEMAHE LT,
2 M (S & 3 ML RS T DER &2 5 RIZHEIEMER %
To7z. 16 13ZDE EDHF2RTHDT, 2 HifiE
06 3MAFLEGENER L, TOHEE 2 afhEEIc
BB LTLoBEMTIIETORTEZRLTVS.
16 OffEE A v b7 — 7 BE R THRAIE byte, kIR
THALIMTH S, BEED O LD L ZiZiLEFIxfTh
NTEST, 2 HLAMEE L 3 HSMEEICBR T S

2014 Information Processing Society of Japan

Vol.2014-GN-90 No.13
Vol.2014-CDS-9 No.13
Vol.2014-DCC-6 No.13

2014/1/24

2 B E L AMBIETOER

| E— ; .
b [3AME(E | 20t AMEE

24 RRELE

el i B Ny =0 T
]
§

CTTTE2OCARNRAARETSSSRETIBRARAREBIISEE8ERRE,

B ()

16 2 Hiff@EfE e 3 HShEE T oER.
Fig. 16 Transition between 2-point connection and 3-point

connection.
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