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Abstract: Recently, conference communication systems that are able to connect multiple sites using audio
and video streams are widely used for a variety of purposes. However, it will be more useful conference
communication system, if there is a mechanism which can be configured relay and mixing functions for the
purpose of each communication event. In this paper, we propose a distributed backend system for conference
communications. The system distributes each function of the server side for current video conference systems
over computer networks, and can configure communication functions in response to available terminals on the
backend. In our proposed system, stream relay functions and mixer functions are configured automatically
in the backend system for conference communications. At first, by using multiple conference servers which
implement both of relay and mixing function, the proposed system realizes functional distribution for each
conference communication. Next, by using multiple shared terminals which offer mixing functions to confer-
ence servers, the whole system realizes individual mixing functions per user station. In experiments on our
prototype system that was implemented using a general-purpose PCs, it was confirmed that the functional
distribution method and three types of conference communication (with relay function, with shared mixer
function or with private mixer function) works by using the configurable backend system. Especially, in the
configuration which uses private mixers per user station, by placing shared terminals in the backend, the
prototype system can increase the number of user stations joining a conference communication. The pro-
posed system supports communication events by distributable relay and mixing functions. In this paper, we
describe a high functionality distributed conference communication system, implement the prototype system
and report the results of functional evaluations.
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Fig. 5 State machine diagram of conference owner.
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Fig. 6 State machine diagram of conference member.
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add-source-node 1 X ¥ M &7 b, KEA —F T4 XV b
WAL, BEICIBETA M) =4/ — FOEREIT, £
DFERIET R TORFEA VNNHAIS NG,

IR ICRFMET 2T 3 5P, close-session £ X > k
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ZRTDIZODAN) =L — FEEKT S, S TLE
ERDANY =L/ — FIE, PREREE I ¥ 0 7 HERED
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BREWETH L. LIL, SHEERT - R—2E2NE
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VERH L., INLEERE LTz, XikBabc ET 580
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KB EATOBICIE, HOLOREERT— 5 N—
I SN TV D SR ZE R ST 5. S=EHERIC
i, KBELLBMTRELFIHZ ID AEENTnE, —
i, SEEEEHRICEILL ) A IEHRIIRHEA — FE T .
RIRED AT LTI INESHBGHER WS, SikEas
THHRICIE, BERBREENSINL T AR HESB L OFIH
DUHKIERP, EZEENTVAMGE L HFHEA ) — 4

DISAEDREGEEND.
REWEE & MG T A,

) I\‘u?k‘

I\‘Eﬁij— ﬂ_t&éﬂ)ﬂ% ;E

6. Resource Status
Requests (C to Ss)
and Responses
(Ss to C)

3. Server Status
Requests (P to Cs)
and Responses
(CstoP) 1777 ==-"

Pl ] [

_______________________

2. Room Information
Request (P to DB)
and Response
(DB to P)

1. Room Status
Request (U to P)

4. and Response
(PtoU)

5. Setup Node Request (U to C)
7. and Response (C to U)

8. Register Conference Property
Request (U to C)
9. and Response (C to U)
Conference
Owner

B 7 SEEREHAEO A - 70—

Fig. 7 Message flow for setting up conference communication.

7. Resource Status
Requests (C to Ss)
and Responses
(Ss to C)

3. Suitable Property
Requests (P to Cs)
and Responses
(Cs toP)  17Tooo

6. Setup Node
Request (U to C)

2. Room Information
Request (P to DB)
and Response
(DB to P)

1. Conference
Property Request

(Uto P) ) 8. and Response
4. and Response 5. Join Conference (CtoU)
(PtoU) Request

{Member to Owner)
9. and Response
(Owner to Member)

Conference Conference
Member Owner

8 RHFEZMFEDO Ay £—Y 70—

Fig. 8 Message flow for joining to conference communication.

© 2015 Information Processing Society of Japan

(X 7 12817 % Conference Owner) 13, M2 Room Sta-
tus Request 2 v £ — V% R—F VEHEH —N~NEET 5.
A= VY — L, LEIE U CHRHERBIELAT > 72
%, REREERESHEIERT I RXR—ZANHWEDY S
RIZEED
£3EEH — N\ Server Status Request Avt—V%REEL,
ZORERZT A, ZONREITIEEET — N OETRFHIK
L& LT CPUF Wtﬁmﬁﬁ#ainfw . RK—%
VRET = NFAEMOBENEFHET — N2 R, £OF—N
DIP 7 FL A% & T Room Status Response X v+t —3%
KA —FOFAFEMANEY RS, 22 FTIE, FIAE
IARIZBIT S Closed IRFE (0 5) DILE 725, GlEHE,
KA — F ORI WAL, EIRSNWE®— Y ETa
FHOHFE T IS A 720D D . BAMGT 5 SikEES
PHAIFFEHCLEAL, ST — /3233 LT Setup
Node Request X vt — I %%ET 5. &kt — N EFH
T RE 70 36 H v K O G IRF IR & W& b8 (Resource
Status Requests and Responses), &7 O3 05K
THAIFVZEESELEMEED L. UL, FIFAE
WA IZ BT S Setting Up Shared Mixer JREE (X 5) DAL
WEnsdb, 20k, 5 12B1T % Registering JREE~EF
L 72 FIH & ik 13 Register Conference Property Request
A=V RS- NNEE L, WIBT A SEEERY
B ﬁ@“% Bk, St —F OFMHE R ARIL Opened K
(K5 ~BREL, SMSNERISHETE %«Iﬂ( Rl
5., 22T, FAIFTERACREAE, M7I2B1T5
5~T DA vt —T DF%EZE iﬁbﬂtﬁb\.
mm_uﬁf\%bua“%r‘“ &, R#EA NELRBFIHEREK
(X 8 1281F % Conference Member) %3, i fliZ
Property Request X v & — I % R—F V&g — 3N~k
ET% Sl AR O EAL, LB U TRIAE
RRREDS T, RBEMME WM HRT — 7 X— AH]
WEDbE L. RICHEB D&Y — 73 Suitable Property
Request)l vk —=VEFEEL, FONREETZITLH. 2O
203, FEEY — N THUEEM S T b R E A
aihfwé K= T VREET —NE, KA DB
TEXDLEHMETEEML T DLRHY — N\NOSHE R
1) A MME L Conference Property Response X v & — 2 %
RilkA —FOMMFEwRANEY RS, 22T TIE, FHE
U AR BT % Out of Session KEE (X 6) DI L 7 2
FlEHE, REFEANOFHEBHRKIET, %buj—éxuﬁ:
W2 ER L T bR — el L CadEtr —
Join Conference Request A v £ — Y% %ET 5. 22T
FIRE AR DIRFEIZH 6 @ Joining IRFEEIZER T 5. &k
HWEEICSIT A RHEA VAP ET I T2 FHT 554,
i — F 1% Setting Up Private Mixer fREE (X 5) ~&
fgb B I XY 2R ECEE S 2 MM T ED
% (8 ?D6~8). HHIFIOWEMAIKRT T2 L, Kk

(Room Information Request and Response).

Conference
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7 —F 1% Opened IREE
Conference Response X v & — 3 % %

(0 5) ~BEL, &k ¥ 73 Join
5. TDk, RiEA
PNMAITCIR, BECIGLTCIF SR RIT A Y v
JAN) =L/ — NEERL, REEESIIREL % 5.
PLE, 38TIE, REV AT 2O ERL, FHZHAE
NOT 75 LADRREY Y v, B X OEHMFHEG L S0
W E B Ay —T 70 —% R L7, Hil 4ETIE,
W% & EFE O RS EEEAT) 72ODA ) — L —FD
WRlconT, BRI LB L CETFVERT.

4. A RMNY—=L/J—ROEHETIV

R LML I EEORERRB L VRTL
7NTHEAI T, AN — L OmY) AL A,
BLah, kR L I XD U VBRI T A 720D A
M) — 2R ZBEHETLE, BRI E12/8% — U fbT 5
CENTEL, BEVAT LTI, ¥ —fLEaNzA b
V= AR A &P U CTHEIRICRER § 5 2 & Taik
WG FEBT 5. LT, Iy = hiz A b
=24/ — FOEGEETNIIDONWTIRNRE,

4.1 BEBRICBETBX M) —L/— RDOESR

cfg-1 (X 2) (THHKILEE D A E LB L TR TH
X9 IEFDAN) =L/ - FOERETNVERLTND
B 9%, KXY — \%2FHLT3HDOFHEY Xﬁfxm
WEEEAT> TV AHITHY, MG T3 EHRT— 7 AED
WBEERD)—AARN) =L/ —F&sre &EFEL, M{EF
TEERT =Y 2 G LCERE I AN E 2D
U AMN) =L —=FEsnk EFRLTWVD

X 9%, FIFEK U OARDHAGF 7 a%?—&%
IAEELTWAREZRLTWS, FIHERK LTy —
AADNY =L —=F2NBINMENS &, KiEY—/NCOFIZ
WEFRfE S — R S, OFIHAERAK (U, & Us) T
EFNEFNT 7 AMN) =0 = FKPEREINDL., V=R
AN =L/ = FDHIRENEHBE, ZOV—AA N —
L= REIBEETDHAN) =L — FOSALEERHHIKR
s,

cfg-2 (X 2) &, Ny 7Ty FIZBWTHAIFHZF]
AT 2HHTHY, K 10(a) Z3ZFDA LYY —L4 ) — KO
%ﬁ%?ib%ftfu% EHI X 2RI 256, 2%
JHEERAMGREICEERA — T I XV 2 L, S v
NIRRT SN S ¥ 0B EE TOX
M)—24/7—=F2H00 LR TB L. FIHEmREIC
BWCY—AA M) =24/ — FISBEIN/HIBESND & £ 3
YUT, BHEF—ANETOHRRER Y — L — FanBsin/
IS s, S —NLoHR#HA MY —2 7 — i, gt
HAIFVDOAN LS.

—75, 410 (b) Xt % FIH T 2 B cfg-2s (4 4)
WBUAARN) =L —FOEREFTVERLTWAS, dt
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C o :
U, (for preview) U, -9 - U, ;-
src i@i snk
i S ) B 7 A

Appendable/Removable Stream Nodes

src: Source Stream Node  snk: Sink Stream Node
9 cfg-l 2B A AN =4 — FOERET I

Fig. 9 Connectivity model of stream nodes in cfg-1.

]
NO)
B
C [
C
r'yj @ rly> @
J
[ ] — =
PR ELRE
src snk src snk
L . A

Prepared Stream Nodes
Appendable/Removable Stream Nodes

(a) (b)
10 cfg-2 BL W cfg-2s IZBITHA M) — L4/ — FOEHGRET IV
Fig. 10 Connectivity models of stream nodes in cfg-2 and cfg-

Prepared Stream Nodes
Appendable/Removable Stream Nodes

2s.
S @g
c 1 I I i I
i C ¥
rly mix mix @ ry @ rly rly
U, U, U, U, U, U,
src snk snk snk src snk snk snk
£ 7 £ i I i

- _R_ - — - K L
T T
Prepared Stream Nodes Prepared Stream Nodes

Appendable/Removable Stream Nodes Appendable/Removable Stream Nodes
(@) (b)
11 cfg-3 B LU cfg-3s (H—ILHImA) |
N O E 7V

Fig. 11 Connectivity models of stream nodes in cfg-3 and cfg-

BIFLZAN) =4/ —

3s (1 shared terminal).

mARZFH L T inipE EEL, I3 58
%m}kif@x%'}~ J—=FNEdorLoEmIns.
FHAZWRRIZBOTY —Z A M — L4 7 — FA5SEM/EIK
ENBIAI VT, ZiFE— e ImKM D kA
M) =247 —=FIZLoTA M) = 2D/ 8ADSBIN/HIF &
nb.

SR ofg-3 (M 2) 13, Ny 7Ty FIZBWTHS
FHEFATLHEHTHY, B 11(a) ITZDA ) — 4

= ROPERETFTNVERLTWAS, KA NS EimES
NBIMT LB REA — T RHTHA I 28K 5.
T7o, KA NI EFHEFESINRICHER I X2 5FH
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[

Prepared Stream Nodes
Appendable/Removable Stream Nodes

B 12 cfg-3s (M ADOHANGE) 2812 A MY — L4/ — FOEH
ETN
Fig. 12 Connectivity models of stream nodes in cfg-3s (M

shared terminals).

ZWMKEEITODAN)—L /) —FEHOLPLOERELTH
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M) =L %ZfGThE, WMARANTHEEDIFH /- F~NA
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FOFERETIVTH A,
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YR EITo TS, FIAFEHRAK ETY—ZAZ ) —24
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J—=RFANARN) =L F— 7 ks b,

CZET, BRERICBIIAA MY -4 — FOERFET
WERLIZ, Ny = fLENTET NV EHVSLZ LT, W
MEFRRE & 3 F ¥ v FRBE R HE DMK L THI S B BED
KMES OB FCE 5. —h, WiEE BT sZ L1
£, Ny sy FEBET2mAERTEZESND X b
V=208 2 5. AN — L F TN & EBREOSHEERE
NBHTAILEERTLE, NI IV FVATAILS
J2BRFRNEICA MY — 2BOERTHDT, RIZ, £
BAZBWTLEE 2D AL A M) — 2 & BT 5.,

4.2 BEREAHDZ M) —LE

®1DODEBY, Ny LY NTRLEELLZLARTTALD
) — AR L ICB A B, 22T, NBOMMEMFE
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RERIZ BT B A N — L4 — FOERRE T IVICHE > TEIR

© 2015 Information Processing Society of Japan

K1 EHRICBITLAMNA M) —L0%

Table 1 Number of I/O streams in each configuration.

User | Conference | Shared
Station Server Terminal
in N-1 N
cfg-1
out 1 N-(N-1)
in
cfg-2 N
out
in N+1 N
cfg-2s
out 2N 1
in
cfg-3 1 N
out
cfg-3s in
(1 shared terminal) out 2N N
cfg_3s in 2N N
(M shared terminals) | out N-(M+1) 1

FIThfkE I ¥ v VB A>T L D ET 5,

FITRTEBY, cfg-1 12BITBFIHBHER L ST — N
DA A M) = DRI AB R KO HBIT 5205, Rk
F—=NOWMPA MY — LSRG RO I T
5. cfg-2 DIEOFIHZEMAIZBIT A ARBA MY — 2%
X, AT EBIZLAERTHBD, 2045, Ny 7LV R
VAFLAMDOA MY — LA BUIHE R B, KEFEE R T 5
MAETEDA M) —ADORBOAEERT DL, NHEOF
MBI L RO AZ Ny 7 20 FICEE L 5E
cfg-3s (M shared terminals: M = N) 2B} 5 &#E —
OHPA N =B HRLEL 5.

cfg-1 12BWT, SHHBRHRADPZET 5% - E55 A
) — 208, FOFIHERALDIOF) &SGR 5 %
EENTVELHE - FFA M) =208 EFLETHLH, B
G- EROIFY TN EINY T R TR NDT,
IF T TNEDLTEE T B 2 (cfe-2, cfg-2s) BLU
RERG 3 (cfg-3, cfg-3s) I2HANRB ENy 7 0 FOEMII
V. — BT, FIAEGR CIIEBEARONYE - FHA MY —
LEZEL, BEFRRTLILENH L DT, FICEREE
DG 2 V234618, FIHERKORMDE % S
Wz b,

A IF VLT R 2 (cfg-2, cfg-2s) TlX, Vv
JIYRYATFANTIFY Y TUBEAT) 720, Ny r
IV FOEMIIHER 1 12N TEL 2505, FIAERKED
BRI 1 ISR TIRC 2 .

ZLC, HEHIXT AT M3 (cfg-3, cgf-3s) T
X, BROIXF D VB ELELTHDOT/NY J U K
AT ANTIIERK 2 X0 A0 5705, FIHEmRED
BRFIIRER 2 L [EREE 2 5.

Mg F72IFEFARN) -2 UEETLEY PL— |
&, ERSIN DG L FHEOMWE R AHEE E T 5%
ROVERE, T LCHIHT A4y b — 2 BRI 5.
F1RARDNAN) —20EDOAERLTWSLDS, FIAT
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SEROURERIRET 2D DTIE R WS, IREV AT A%
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N AT YAT LDEEIZONTIERD,

5. J7OMNZA TR F LDOER

HHRILER & 3 % o 2 TR ORI BT B ke
DEBUIE L T, FEEZ 725 E’Jf‘TﬁauE%ﬁ’) 728
Windows 7 # #5# L 72U PC Lic7a v 47 /XTA
wFEHL. 13 I FFIHEm A, ST — "B LU
UK ECEMET AV 7 by 2 T OBEMELARL TV
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F7—=VEBWTHEE L, By LeEEoA Ny b e
BoALy FETRI S5, RRYICEY] L -0
FUBELETEA Y-V ORAEIIHE—DAL Y P&
WTWh, F72, Avbe—VHEAN) -3V IHOEK
DTCP A7y a vy &FHL, WKMORX Y - I %%
4%%@%1?5 72 @ Inter-System Message Handler % 5
L M7 ERS TRLEAY L=V DDDINT
FEZEIXZ TN AS. SIP AT FA PR—2D
Ayt—T 70 ba)VEEEL.

RUHEE R FENET AT OICWE L kR4 — T L &k
A Y NOREREIX, FIHEH R TOAREIVES S Conference
Components & L CHEEL/Z, N6V 7 273y
A=A b (Conference Owner B & ¥ Conference Mem-

| Conference Application (for User Station) |

System i Stream Conference Components
Components Components (for User Station)
| System API | | Stream API | | Conference API |
System ; Stream : Conference || Conference
Agent E Node | Owner Member

Internal Common Components

| System Event Handler |

| Inter-System Message Handler |

K13 7HMNIATIATLIBITAY 7 NI TIAVR—F
Fig. 13 Software components of prototype system.
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F (UUID) ## YT, AN —2HOaA7 T a
R E ORI T 2R FIEAMEA AT EICEY, A —
LAy aEAM) =L = FEEHEHLTWS
CTHICEY, AR =LA = FHURRE F0%) LEGE A
L72B81S, 2B TIREMAKNIZERGE Y ) — 2l L, Wik
R EBTE D AMATFEEL TV 5D

it,%@%lUii‘#%%iﬁpm BIF5HIFY
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rly: Relay Stream Node
Packet Receiver HWMV

Appendable/Removable
; Stream Nodes
Depacketizer Decoder
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- Tiled View, Box View
- Layout Switch

AUdIO V|deo WMV Packetizer _< Packet
Mixer Encoder
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mix: Mixer Stream Node
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14 THBIXUIFHFAPN)—L—F

Fig. 14 Relay stream nodes and mixer stream node.
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L. BZEIFToOREEE LCE, HEBROANYEE ¥
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P NOWMKHNTEESEL L LTETHLDT, Kb
REE LTRHEY— N1 BTONY VLY RV AT LB HE
Be2pZenT&%., FHMEERICBVWTYH, SEd—F
TER =7 VEFHY — /3O EK T Open LDAP % EifE &
HCEBREITo72.

$72, 7MY ATV AT LTI, FBEZHRESE—S

WEEY — NN A = VHlEHO TCP 247 v a vk
AL L 72 MMP%mwtﬂﬁ%mﬁ%ﬁofwé
—75, FIHBE AP RHEMEE 2 FEMT 53R —
NN Ay —=VHEHOTCP 247 a & d 5
DT, ZOBEH LDAP 2 W7 FIHEZRE 247> T 5.
FHEBWEKEDI Ny 7 0 NV A7 L %2FHT 57201213,
K= VERT —NNE 3SR — N NOERPLETH
5 DT, ZOWMFNOHARE R HERIEEZ 7> T 5.

6. FHm=ER & ERES

TN ATVAT L EFEE LA PC VT, £
BEHONY 70 R AT L ERESEL, SHMEREZITo 72
FIRAEREICBITAMMGEESFOX v 7F ¥ I121E, &F
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HAEHREICHEHEINTVDIET I I AT EIA 707 F
vaefwis, ¥y 7Ty BRI, 720p (K7 VR
JE 11280 x 720 pixel, 7L — 24 L —F : 30fps) BL U PCM
(Fx2VE 1, 7Y v TR 44.1kHz, &1L
Yy M 16bit, ¥ v 7 F ¥ [ 1/25sec.) O T+ —
<y FEHWTWS, BHEOEHIZIE WMV (Windows
Media Video) ® CBR (Constant Bit Rate) 8 Mbps D&%
ERFH L. HFFEIE* Y 75 ¥ L2 PCM 7 — % % HEHi
HFFICFEDT T 705.6Kbps DEFTF— 7 2FIH L TW5
HH PC ZHWTWADT, WLBNHE R MLE & 75 D,
BRI L T2 KOMREICKGET 5. L L, A5
FAZ X 2 HEBEDIRDS e CTH D Z L AR T A 72012
X, 7O I A TIATLATHAL T AIERIZBIT AL
HEENO LRZIER L CBALEDX D L. FHEBRTHY
7= WMV Tid 720p DWL% % 2 Mbps #2 F TIE#ET 5 2
& ASUTRETEAS, Nv71yFK£Hékmﬁxw—7vb
D RS FERRT 572012, FHIZEETiL CBR 8 Mbps @
mER W, —H, \mm$t£wf$m3#%@ﬁﬁ
*x&:ﬁ‘é%ﬁ%u 145 EERIZB W T, %U)ﬂTZﬁﬁ—vv Mz
BERROENEFER T S 72012 360p (¥ 7 L ILIFE
%F 640 x 360 pixel, 7L —2A L — b :30fps) DFx 7
F ¥ % & WMV CBR 2Mbps DFRE b H O THW .
X 15 |ZRHERRERE LR, R— ¥ Vg — "% Ff)
M U728k — i ;5&%%ﬁ%%®ﬁp& #HE
WOSHERE 15 /K\E%:*?L*/\’C%)JL" L 72356 12 a3kl
R A B AR RS 5720 I1M)®%ﬁ
MM Lz, 72, HHY X%?‘Fl}ﬂbf_\#*ﬂﬁ SREZER
DEFHM AT 9 729121%, K 15 (b) OERBREZFIH L 7.
F70, NIV REMET AmEL LTHWZPLH PC
DARy 7L L TCPU & NICO—E%FK 2 I1IR7. &
g%‘:ﬂ"‘/\"01 Cy &Y 51581“84 [ZE L3 EE’C})%Z'P
B 15 (a) &1 15(b) DEBRBRELZ N TN TREZLHEL
TEBRZITo 72, FIfEmREE LCid, bk L7zmg e
FLEL XTI T & B HRE, o, ¥TF A xT <A1
T YV EBEHLTWAYLE PC W,
VT, HiHiiEE & F0RERICOVWTIHRR S,

@???? TiiTt

Gigabit Switch Gigabit Switch

15 FHIFEERER S

Fig. 15 Experimental environments.
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2 Ny sV FEEKTAHERDO ANy

Table 2 Specifications of backend terminals.

CPU NIC

Realtek PCle
GBE Family Controller

P,DB | Intel Core i7 2640M 2.80GHz

Intel Ethernet Connection

C,DB | Intel Core i7 4770 3.40GHz 1217-LM

Intel Core i7 3770 3.40GHz

Intel 82579LM

S5 - Sg | Intel Core i7 2960XM 2.70GHz Gigabit Network Connection

S; - Sg | Intel Core i7 3940XM 3.00GHz

oC! =C2 mC3 mC4

CPU Usage [%]
o
o

LU

1 [ 23 [4][5[6]7]8Joft10]
c1] 0.0 0.00.0]143][37.3]38.1]36.7[35.8]36.8[64.8]63.0[64.3
2] 0.0 [ 0.0 [15.8]15.1]15.6]15.4]15.5|38.0(37.6|37.2|37.1]65.3
3[15.8(15.1[15.0]14.9|14.732.0[31.8|32.1]59. 3| 57.3]58.4]58.0
C4] 0.0 [15.5[15.1]15.7]15.815.6]36.8|37.3|37.4]37.1]64.9]63.3

Number of Conference Communications

M 16 £V —/N4 50 CPU FIH®R

Fig. 16 CPU usages of 4 conference servers.

6.1 R—AILEFEY—NLBZ3EBEZTOHE

9, R VEFEV -\ DPEEBEOSHET — NI F
DUTMBERY G ONDE L R ERT 5.

FERIE 15 (a) OBREEZ VT, %@sz—AK
i cfg-2 DILH I FH %, HFA M) — L4121 cfg-3 DE
AIFHE2EH L K- &w%%%—ni,ﬂ?ﬁ;
U8 IZ/RTEBY 1HEL, KFET—NIZEMOmE
FABHWS. 22T, 1 o08#EFICoE 450 H
BIADPZMT 52 L2 fEd 5L, MBI cfg-2 DILH
\#%%ﬁmttﬁu,k“" b EET =N 1 BN

g (E19) 75 1 >o&kMlEE I LT 32% D CPU &
ﬁ#%%t&é L7ehoT, 1 BOREY — /N T

Be e REBEUII T VWV 3 DL DT, 4 B5OREY — N

I LT 12 GoFIHBEm A E vz, £72, K 15(a) @
FERRBIE BT AR — 2 V&R — N, KEEHRT— 4
N—=ZA%ZHNELTWV5

B 15 (a) DEEEIZBWT, 12 BOFIHEREKD UL 205
Uy DIEF CTZNENEERE 2 G L 72560, 4B0R
T — N0 CPU AR 2w L7z, £ oF] H &b
KA, #30M, 1B I L I12E L7z CPU
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FHROTFYEE 75 712 L7200 16 TH 5. X 16
Dftdl B L 77 7 DT RIZZEZHEY — /YD CPU FIH =R
ZARLTEY, HMMISHEFERE Rl Twh, K—F
KRR — DR B AT O BRICFIH T 5 CPU FI M= D
fiie LClE, &S —NCBIT58E30% 7 (30
) @ CPU FIH=ZOBEFHHE % H 7.

M 16 DBy, &Y —/30 CPUFHFMIZIL L TE
OB NEFET — "\ DUERIRE NS 2 &HEE T 7. 15
IZBWT, SEEEOBD6 006 TICH /L EDA, Cy
(15.4%) £ b CPUFIHZEDEW Cy (15.6%) 758N S
NTWa, K16 D77 7 FEHITRLTWAfEIE Rl L7
LBV S THEOFHMTHY, R—FVEET —N\D %
LT — NN CPU M= & W& b a7z o CPU FlH
I, Cy 2515.88%, Cyu 13 1547% 72 o7, 2F VG
D72 T CPU FIHEOE, - 72 Cy 2NEIRE 1, FIH
BWRICEI DB TONLZ LI hbD, FRREREBLT,

MG M) — 2413 10(a), HFEA MY =LK 11 (a) D
EBYIZA MY = 2D mATHONA M) — 3 v ZRLEEAS
ThN7-Z & ZMER LT,

TU NI AT VAT LA THNTWAEHEY —/N T, 720p
DWHE I 5% 1 DEIES L T L2 15~16%D CPU &
BelBedn. MUK, KdEEESINE 0 xé“t”
E0% o CPUBREFLEL R L. CPUAMDSHUC
vy ROy EHWLFER, 3%7/3/%1%%%
BIRTDFEENDH LD, IF 7L D CPU
BRELEE T HEEEHEONY 7 20 RV AT MBI
LERRE S EOTEE LTIE, CPUNMRIZEBEN 5T H
EVRIHRET 20D EZ LN,

6.2 SEY—/N1BICHIIZEBROSHERE
GlEfn s, Kt —/N1 BICBT 5 HERERHISEER O R
*F LD, cfg-1, cfg-2 BL cfg-3 ZNENDOWE TR
MRS T NG L 72 A S, SN A R B bR O R e B
SETERET — ORI 24T - 72,

EBTIE, 1H0FHEmK TREEFZHGL, €0
IR NSINT 5. Dk, R OFIHE A IZIE
T\ RRBEENBMNT 5. SFHER KT REEE SN
L7zt MG EERAN) — L% 1 ARTO%RET L. B
%7 — %134 8 Mbps, HH 7 — %1% 705.6 Kbps TH 5.
Mgl L O 7 — 7 OREDBIZIZZE N2 1,200 byte
& 1,000 byte (27— ¥ & 43E] L 721% 12byte D~ v ¥ & ff
L7287y b&, TCP #HWTEZELTYS. HlIEL
AT AN =Ty ML, 2D 12byte DNy OIS
NIZREDTF—F AP —20bDTHY, TCP LLTFD
FfﬁWéﬂ%“/&T FITPWEMIZE TN, 22
c, WS T — 7 OJEAEICIE CBR &2 VT 2 28 A JJ L%
V;offﬁﬁmavbv~bi%$%@¢%®? #%
BIICHE 1T AREEF 1 ARKZEDET2ARGDA M) — A4
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110
100

Incoming Throughput [Mbit/s]
3

1 2 3 4 5 6 7 8 9 10 | 11 12

18.3/27.535.6|45.3|53.6|62.7|71.2/80.3|84.4|87.886.2
18.2/26.936.3|44.7(52.7|62.9|71.1/80.1|88.1/95.8/101.8
17.1125.7

Number of Members per Conference Communication

o
Y
%
b
®|w©| 0o
o=~

17 AJJANV=Tv b+ (& —N1H)

Fig. 17 Incoming throughput (1 conference server).

1,000
900
800
700
600
500
400
300
200 g

100 7 e —a— kKA
8

0 T 2 3 4 5 6 7 9 10 | 11 ] 12
cfg-1] 0.0 | 18.3|54.9 [106.9(181. 3/268. 4/376. 1/498. 0|641. 3|758. 6/878. 8/904. 5
cfg-2| 9.1 17.7|24.5/33.4/41.953.6/63.5/73.6|71.6/84.2|71.346.7
cfg-3| 8.7 |18.9|18.5

Number of Members per Conference Communication

X 18 MHAV—=Tv b+ (ZiEH—/N1H)
Fig. 18 Outgoing throughput (1 conference server).

—e—cfg-1 —a& -cfg-2 --m-cfg-3

Outgoing Thought [Mbit/s]

PEEENEE Y FL— MIFIMbps THAH. L7z25-
T, R1LICFLEDEEMHRIIBITEAHTA N — 251
9Mbps % #HF 72filiAS, A — 7w b OFHIMEICH T 5
WOBHZERD.

ZITE 1 &Y, KEEERIC
(N) 2511 DLET, cfg-1 & cfg-3s (M shared terminals:
M=N) CBILE#FES—1NOTT) 75— a3 LX)V
Hhey bL—MI1Gbps LELEE D, THMF A
TIVATLADEWmEDONIC BLOFAY VT =27 A4 v F
121, &ML Twb 1000Base-T Z FHHWT WL DT, &k
JEEE 2SN RE 2 A F i AR D ERRIZEE S 2012 11 A
Téé.btﬁof,ﬂmﬁliuﬁf%méhfw
M 15 (a) OBRETH L 1 BOEHET — /N I2B T B 1kfE
FR%ZE R TEHDT, _w%%f%I1M@@%ﬁ
i AAYAS

/ﬁ‘%%ww:ﬁci%)\&ﬁxﬂwf‘y k& CPU FIFR
OWERER R 17, 18, M 19 D77 7125 Lwb,
:h%@ﬂ®ﬁ%iéﬁkﬁ ZI L T F & AR
ERLTWA., fifliie 79 7 FHORGIAH DAL —T >
N (17, X 18) F 721X CPU AAE (M 19) DHlEE

SN % A i R O %
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CPU Usage [%]
ol
o

8
cfg-1/1.4(2.4|3.1/45|57|7.2/9.0/10.6/14.3/15.8/19.2|19.6
cfg-2{15.6(20.626.632.4|37.5|43.6|52.1/60.5|72.4|82.8/98.9(100.0
cfg-3|15.4147.3|99.6

Number of Members per Conference Communication

19 CPU M= (Z#Y -V 1 1H)
Fig. 19 CPU usage (1 conference server).

ThH5b.

cfg-1 DR EFIH 2 KiflafCld, £1IORTEB
O, EFEF—NDODATANV—Ty MIFIHEREEN IZH
BIL, HAOANV=T> NIEN-(N—1) /BT 5. B
T, FIHEmEKIBEICR TSR ARAL—Fy a8
oz, FIHEmRE 10 BEDEEE, 17 BLUX 18
CBWTEM TR LG MEIIG LT HFo R AV—Ty b
MELNTWiaw, —J, FIHERE 10 OB O CPU
FIFZIEX 19 205 15.8%TH D, CPU EFIZIEIRHN D
L0, Ay bT—=2DARTIMEYRT 7)) r—3 a3 L

VO ERFEIGEL2EEZ NS, fEREELT, 70 b
AT YAT LNIBT B cfg-1 OEFEBEE SN FE 2 F
MAEMAD FRIZOB LR S.

cfg-2 (FH L cfg-3) OREKZ H V- SEEEICBIT 5
BT = NOAMP AN =T v ML, FHFA M) =220
BERDAN—Ty MIIRTHYEA M) — LZIZLEE R
Z)Z}l/—‘f‘y FSHBEIIE L, K1 Dcfg-2 1 IRTEB

D, | B 5. FEEBIZBWT, ANAV—=T
b iﬂﬂﬂ%‘m}@ BECTHoIcEEs N cfg-1 & EERIC
FIREmE 10 BHBEE, K17 2BV TEBTRLE
HESEICH LT AN —Ty MR TV, F
72, 18 X1, u%jjzn/—7~y MIFIHBERA 8 HE T
oo nz2s, 95T S TR L2 ERMEICH) L

TTH Tk, f*%c‘: L CTlE, cfg-2 (FH L cfg-3) O
Bz R 2 SFEEE~O ST R % A & AT o B
E8EBETHAH. —F, M19 kv, FIAERKIGOREM
TO CPU FHFEIL 72.4% & I E WEZFHII L TWw 5
W, FEEMBDHL. Lo T, IFTUTMBBLIY
Z DM % FRIHEMKNEE T 5 WIS RORMD H
LEzZHLND.

cfg-3 DREK T V72 230EEHE, FIABEmA S L IZEA
IFYERFHTL2OTHBEY - NOBAMLEC RS, K19

LY, FIHEREREA 3 B2 - 28T CPU AL %I
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99.6%CTH Y, M 18 DT AN =T b, FIHBZmALKL
W2HEDE IENEMT L, WnLaw, Yaby (47
VAT AIZB B cfg-3 ~NOBI e % FIH B I AR KO -
fRi%, 720p OWGE 2G5 26 4% 5.

ZZFET, EEERETLEICTOUNIA T VAT LIS
VT2 X3 — N 1 A Tk v BE 7 F) B i oK % AR
L7z, ke LT e 2RI &K ORI, cfg-1 T
X975, cfe-2 TIE8 A, cfg-3 TIE2HTHA. cfg-1 &
cfg-2 DIER % v 2341%, BEFEO HD xF ol ¥ 74 &
RE A T V256 & R O# S BT 5 ikl
0%, WWHPC EHW Ny 72y FU AT LA THLHEBT
EDLTERMER L. —H, BFEVATLTIE, =%
BT = NICE WEBOSET — N RS Z LSRR
DT, LEIL L CEREY - N2 EEERETML, [
ZFERE T RE e SAEER A R T 2 L REL 2 D,

6.3 HEHOHBERICLIFRI XY OHEEESE

gl s, MR ZHVAZEHE I oS0z
Bt e 295, cfg-3s (M shared terminal) OFEREL %
FIHT 5 E3EETIE, Ny 72y FICEET 5 AR
DEEIRT T LI L o TEINRE %A & KB O <
FTIENEEL b, KET— N1 BIIBIT 5 cfg-2 (%
L cfg-3) DEBRKERENS, 720p DIH I FHEH
By, KBRS ICSNTREEFHEmAKILISATHEL S
EDG o TWG, L2 oT, S — L EEOMRE
O AEE SEMET LI LITLD, cfg-3s DEFEER
NZINTELHHEREOED 8 B TR T I LATE
HEHIRFTE A, COBRBIREMRET H720, X 15(b)
DEBFESE T cfg-3s (M shared terminal) DR % I3
bRmWEERL, ST 2FHEmRKOKREY 1~8 &
AN S B EEREIT 5720 [0 15 (b) OERRBEEY, S
T — & R—= AL R— 7 V&R —NOKEEZNET S
Kkt — N1, MWK EFIHERESENZEN AT
I hTwa,

T2, AT A 74+ =< MCXDBEHRIROEN T
BT B 72012 360p (K7 vIVIRIZEE 1 1,280 x 720 pixel,
JL—2LL—F 130fps) OF v 7 F v WL WMV CBR
2Mbps DA MY — AL B2 FEREBIT-72. ZOEBRTIIF]
MEmA 8 G LT Az 2 G, FIHZmEAD
EOHHIFHH, 2HDOIMmETEHET S L 2/RT.

EHIZ, gL EFEOT Y FEEEDWE L. BEo
I RRRER, FAIAERRICBOYTET T A X TH5
FxTF X LT F I L —2DF ¥ FF v LGN LT,
ZOETF 7L — APERmE LTIF T U IRICFAE
MATERENS T TORMZFHIT A Z & TRz, &
FOIY FEEER, FIAEREO~ A 7075 v DOFIE
T 1kHz O % 50ms [IFSE S, WHmAKERHTRE- T
EFELED, FIHBREDAE=I008E6Nn5FT
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OB EEM L7, ICLI—FE2HWT 2 00F % 5%
L, &7 =425 1kHz 50ms DEFEFEEL, Z0
FERIRREZ O E L RD 72, FIHEm RO MmME 5
7oONT, MR L0 LA EHIE 10 [l4T o 7.

R —NIIBIF L2 AN ANV =T v b EHARED
CPU FIHEDORF, BLXUOFHEmRERICBITS2 Y NH
FEHED M EREHE 720p & 360p THIFTFREFNE 20,
21, ¥ 22 LX 23, X 24, X 25 |2RT. KO
FABEICSM LA B R AR TH 5. M 22 LK 25
WRT Y FEEE, FHlEo S %2%Es 7 7 CRL, £
Dl RMEER/MED 777 7 I1ZFR#k L 72,

COMETIE, ELIRTEBY, &FEY—1NDATA
V=T MI2NIZHBIL, ALV =Ty MEIN-(M+1)
B9 5. EED S, T20p & 360p DFNENIZBWT
T AR ANV =Ty bR TW 2 L 2R L,

1,000
900
800
700
600
500
400
300
200
100 -

0 1 2 3 4 5 6 7 8

[incoming| 18.2 | 36.4 | 54.6 | 74.4 | 93.9 | 110.9 | 128.6 | 145.7
[outgoing 18.2 | 54.4 | 107.9 | 185.1 | 285.1 | 391.3 | 514.7 | 655.4

Number of Members per Conference Communication

—e—incoming —&—outgoing

Throughput [Mbit/s]

X 20 @i#ET—/"OAMANLV—Tv b (720p)
Fig. 20 Incoming and outgoing throughput of conference
server (720p).

Total CPU Usage [%]

1 2 3 4 5 6 7 8
N 0.0 0.0 0.0 0.0 0.0 0.0 0.0 61.8

S8 0.0 0.0 0.0 0.0 0.0 0.0 53.9 | 63.8
S6 0.0 0.0 0.0 0.0 0.0 57.7 | 7.1 86.8
S5 0.0 0.0 0.0 0.0 47.3 | 58.3 | 70.2 | 85.4
S2 0.0 0.0 0.0 32.1 37.9 | 44.4 | 52.8 | 62.4
S3 0.0 0.0 26.1 32.9 | 39.5 | 46.1 53.5 | 61.6
S4 0.0 19.5 | 26.1 32.8 | 39.9 | 44.7 | 52.7 | 60.8
S7 16.8 | 19.9 | 23.6 | 33.0 | 43.9 | 52.7 | 61.4 | 70.8
Total| 16.8 | 39.3 | 75.7 | 130.7 | 208.5 | 303.9 | 415.6 | 553.4

Number of Members per Conference Communication

H 21 JLAsEK 8 o CPU FIiRDRE (720p)
Fig. 21 Total CPU usage of 8 shared terminals (720p).
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200 +- BVideo DAudio

End-to-End Delay [msec]

‘Video 165.7 | 171.5 | 165.3 | 165.9 | 160.3 | 155.9 | 168.2 | 167.1
|Audio| 133.7 | 140.4 | 148.6 | 154.2 | 164.9 | 167.7 172 176.1

Number of Members per Conference Communication

22 T FHEIE (720p)
Fig. 22 End-to-End delay (720p).

—e—incoming —&—outgoing

Throughput [Mbit/s]
ol
o

1 2 3 4 5 6 7 8
‘ incoming| 5.8 10.6 16.1 22.0 21.2 32.9 38.0 43.6
‘outgoing 5.8 16.0 23.9 32.8 40.2 48.5 56.8 64.5

Number of Members per Conference Communication

23 SV —NOAHH AN =T v+ (360p)
Fig. 23 Incoming and outgoing throughput of conference
server (360p).

©zz73 57
180 - gy
160 +- —M—=Total oo
= 140
& 120
©
3
> 100
o
— 80
<
S
2 60
40
20
0 1 2 3 4 5 6 7 8
S2 0.0 4.9 9.1 11.9 14.9 28.9 36. 6 72.4
St 4.7 5.0 5.6 11.9 | 23.7 | 32.4 | 60.9 | 73.5
Total | 4.7 9.8 14.6 23.8 38.6 61.2 97.5 | 145.8

Number of Members per Conference Communication

24 K 2 5O CPU AR RE (360p)
Fig. 24 Total CPU usage of 2 shared terminals (360p).

FI A FE WA PRFEEE ST 5 B8 T CPU A RO
VIt K AR A BE AN ) B THNZ LB ERT
&7-.

L% I ¥ ClE, 72— Fanh7z8E 7L —24 (RGB
T —%) O A AEWRIEE 7V T 7 7L v R
ATV, W I FTFOW IO X E ) FIHALI S 7
RGB7—4%%3¥—L, Z0O% WMV IZ X % EAH0LHE %
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200 + @Video DAudio -~ i R

[msec]
=
o

o
o

End-to-End Delay
8

I

[SIXS
e
RN

o
I
B

‘Video 116.2 | 119.2 | 128.4 | 121.2 | 131.7 | 124.1 | 134.8 | 139.8
[Audio| 138.8 | 145.9 | 150.6 | 152.9 | 160.8 165 197.1 | 197.9

Number of Members per Conference Communication

25 T FRHEME (360p)
Fig. 25 End-to-End delay (360p).

LTwa, SROFERTIX, TNEFNROHEHIFHICE
WT, 120 ANMHS % &KIZFRR S, 2o
Picture-in-Picture & L T T &R~ 72, 21 &
X 24 1%, M ARD CPUFIHFEORG#RT L &I,
R CSINT ARG AR 2 2 A ICENRER
EOPIRNTE D B THENRZPLRLTVWE, 22T
CPU BFEDL L FEMUEIEAF L TVEDOT, IFT
Y TAREROWEN T L — AN E 2137 L — A0S
BWHETH LA, CPUBRBOHEIIL RS, L
7235 T, IFTFOMBANFICL o T I FHLHEAHED
BCONLIHm RO LEL LRSI H L. BEO 7O b
AT AT LTI, HHIZ CPU RO 3 i K
WXL CIF B AE ) B TTBY, IF2 v 70 RE
DWAENE % 8 L 7 AR OFL TIZE L TiE, 4%
TNT) AL OB H L EFEZ TV,

F7, TV FEBEOTERE LY, MELEFE D
(2200 ms LT OJRIE [22] TEIEL 72 L722 & DAfRE L 7.
22 BLUH25 ICBWT, BEoLy FRLEBEIXEHSD
I FRHTRIE AR TR KAE & R/AMED DR E W8, 2
MIZHLE AT 30fps TELENTE Y, =¥ FRBIEOER
b 1/30sec AL CTITo 72720 CTH B, F72, K25 I2BW
T, FIHBWMABD T & 8 DEDEF DI FRELE
Vs, Thid 2 ROAmRE NN, FIFERE 4
BOOERIF T 2EFESEAMOBVIREIC -2 8
WEFORILISEE L TwbEEzbb, —F, Vv T
Ty 7IZonTE, ITU-R i BT.1359-1 [24] IZRL# S 1L
TWAFAHE (F2ME L D EoSE 90ms, FHWYE
L DENDYA 185ms) 2z 3 2 L QRERRTE . &S
W% & D EN D ERRNIL, & &GO RIEEOED S,
720p DEERIZB VT —31.1ms (FIHEmALL 2) ~11.8 ms
(FIHB WAL 6) THY, 360p DEETIE, 22.2ms (F
MEmER 3) ~62.3ms (FIHEWEE T Thore.

FEER% 8 L, cfg-3s (M shared terminals) DR % Fl
T HRRMEEIZB VT, ZFAIAEmK TIEENL TN OE
MAIFHEFATEL I EDPMRTE. 720p DEERT
&, 1 BOEEY — /N F W 72E SN k72 F) & i
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KB 2HBTH-o720H L, RO GREHLT L
T, 2O 4GOFHEREIC B % S#EEEEAEE &
ol F7z, 360p DG EHW-EERTIE, 2 /DM
MAT8ETOEMNIFHEFHTE LI LR TE .

6.4 EEDBEANL MIHZEHEM

AKTFO N AT ATLI2EY, ZNFET2RHOMEA
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Fig. 26 Network configurations at communication events.

© 2015 Information Processing Society of Japan

BUEDH 27205, FLFHOWMEIZEY, Hoty b
Ty TIANRY MaTH &M HICATb I, EFR R
IZBITAHH (201443 H 6 H) OBEfRFIE 1K THRT
L, ¥H (201443 H 7H), $X%GEOBET A FT
L&Y EEE 3 HEH 50 4 & A7 4 FH 30 D[, ¥ A
FLAERESEDL ENTE.

—7%, 201445 A 28 HIZFEMm S N7z [TICT 7 = 7
2014 in L] [30] TI&, MIBED X A > X3 & &M TR
BLOEFEIKRZO 3%, JGN-X 2 LhE T 50y
NI =7 TO%WE, —FR NNy 7Y N AT L35
OFHEGIFEL:, GFEVRFICHE L., K —31
BEHAWT, BRI cfg-2 DR E, FHI2IE cfg-3 D
RERC 2 @A L7z, W2IE 720p 2 VS, A4 U EED
FALRWATA T T =27 2BV TS Z A 5 LD
»HY, W%I21E 3Mbps (WMV CBR4Mbps) O A b1 —
LEFHLE., TFEOFY 7FyBILUA MY — L1235
MEBEFMLDDEH V., ZOBEANRNY T, F4
Bk LI LA & L LizA N2 N HoO@ERE
BT HLERH 7205, KoflEFkk, £ty hT v T
EANY METHE B HIZITbNI/Z, /i H (2014 4E 5 H 27
H), 8FERIKFEMIBITAENY 22y RV AT LADHE
fifid 40 0 CRT L7z, BTHIE, A4 Y &BICBIT LAy
N — 7 OGS Ao 72 hS, Ay P =T L
NV DT LTS5, K AT 4 %AW TEHFD
HbEDbEEITH) e TE, T2, MH (201445 A
28 H) OS2 R, A% 3 K¢ 50 7O/, ¥ A7 A4
AR EEDL I ENTE,

INSDEEFEA RS N OWENGEARFICB VT, SFREEE
N RS HWE N T TNVEL Lo L2 L, FE
DB ARIZ BT HWGFIR EEFHADFEM (V7
) WRETEBLRALNEL L EEH o7, FED
FIHEWRICBIFA2EFELEEY2—VT, Ly F) v 7
Ny T T ICERT =8 A LI OERINDL Z LR
Thb. WEARy MERKKEICIE, ZOFHERREICBY
TR OMESIABNZL v 70 7Ny 7 7 NOEH
T % T T aThIl LDy T I DAL E
E#Ed 52 eATE. — 0, BEOTO M A T AT
LI, WY & E R ORI ER SN TEL T,
BIERR 2R X512 v Y vy & L bR FEREIR S
BOFELEZ T D,

INL2DODBEANY M2HELT, K70 54T
AT L HWT—RlENYy 7V NV AT L2 ARV B
Aoty b7 —7 FICHEL, #EANY P EIETH S
EDURETH H T L kA L 72,

6.5 HERERYLERR

WEA N IO ZHE L, REEFFMZES L EH O
HBRESERT, EVAT L LA MCU ZHEL, #

1413



BRIEF=EHEE Vol.56 No.5 1398-1416 (May 2015)

RERI R ZEE 2 DTICE L0 5.

(1) HD SEBEOZHAEERE

B, BBOXRY I POLOETHRHEEM T AT 4
PIRES T2 [31], [32], [33], [34]. E T A KikIEN
HI O MCU O£ {13 4 Himi~9 i omfE 2 £ LT
BY, 10 HEH 5] 2 #HEHRETE L2NEEO MCU b5 5
—77, ¥=HEMCU 2FH$ A&, £OY AT LB
WS 2% OEE S TREL 2 5. FEFE LT
N ATIAT AT I HEDOEETT NN HVT, cfg-2 D
RERL T 8 i, cfe-1 OREET 9 # SR OBENTRETDH
B BEBMRN SR LI, T2, LEE % B HIEIEF)
HAT5a—7v 712 IKGET 505, 70 b5 A4 TV AT L
Tl 720p DWLE % 2 Mbps FEEECTHILEWFETH ), HE
AR IOAy T =7 BB CHET L2 LA TE
L. SHET— N1 BB A HD shE o &bk
LClE, P2 MNER MCU & F%o itz JLH PC
TEH L.

(2) Ny T7I2RICHTBHEENEL

WEANRY FOERICH2Y, BEOSHMEE O FRESE
fi%e, HT T EICHEM I FHEREEFIH LW a0 5.
EHERE 22— NI MCU ICIE RSN CTW 2 HkETH 5
75, —HFICED R T VIEM A V5 2 L 2Rt T4 &,
EHERE 22— B MCU OFIHIZREETH 5 2 & 255\,
—77, WHPC ZFMHTHEVIBETIE, BEDOY 7 b
77 MCUOHEMbEZSNAE., V7 F7 =7 MCU b
B Oy 79 L1 [35], [36], [37] SN TWEAS, b
DV 7 b7 MCU L, HEMNZ YT FSHEOFH %6
RELTBY, Ny 7Ty NTEEY— N2 HIKRE) <&
LIERMELTWS, FOT Iy M7+ —241213, Intel
Xeon ¥ 1) — RE FIZH — YA FTHWOL NS &k
% CPU DR SN TH Y, HHEE L ToY— "8I MCU
[k, —BRRICHERTADEH LW EAEE SN 5.
BEY AT LTI, WHPCZEZHVESHY AT LI2X
D BB OFERISHTIDT 5 & & b2, HEEROLME
KeHWT0HBE o I F R b EH L2, IF iR
AREBBOImHAKTHET 2EMAICED, FIFTS 3
FHOKIIL U CTHREEXIIRTE ANy VY FY AT A
HRELEMRE L 22 5. = NEIMCU Z2FIH LA TH, L
HPCEZHWTING ORRER B TRE L L722 & 14,
WEA N NEREEO BN RNy 7 T KU AT A4
EINFTLINVEDIITALDEEZ TV,

(3) #ZETORINADIIE

MFEOYFF &y AT 2B 2EN I 7 1
FIVIE H.323 & SIP TH Y, BEREH T — 5 DS
IZIZ RTP ® HITP 2% L HHWwH R Twb, KT AT LD
Ta Ny ATYAT A, BHECI NS ORERE T b a)ui
HEPLTBSTMAO T baLvEHWTWA, L2d5o
T, MEOETFAERH I AT LETA NI A TV AT LD

© 2015 Information Processing Society of Japan

£ 3 REI AT L L MCU OFREILEL
Table 3 Comparison of proposed system and MCU systems.
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