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Abstract: Various audio-visual service based on Internet are deployed these days widely. Among these,
object-based audio-visual services are getting more critical. We started Software Defined Media (SDM) con-
sortium to investigate object-based audio-visual services and Internet-based audio-visual since 2014. The
placement of microphone and camera limits the audience to watch at the free viewpoint of the contents of
the package media such as DVD. In the study, we designed and implemented the system of interactive 3D
audio-visual service with a free-view-listen point, named LiVRation. 211 persons experienced LiVRation and
answered the questionnaire in subjective evaluation. We also demonstrated the system in “Billboard LIVE
MUSIC HACKASONG 2017” hosted by Billboard Japan. We received the first prize based on the vote of
the judges and the audience.
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Fig. 8 Audio-object manipulation.
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% 1 LiVRation F4T5#s

Table 1 Implemented environments of LiVRation.

CPU : Intel®Core-i7-8700K
Sriw s AE 32.0GB
777427 A | GeoForce®GTX 1080 Ti
SSD © 480 GB
HMD Samsung HMD Odyssey
7747 ¥ NEFE - FEATERBE | Unity 2017.2.0£3 (64-bit)
[ RV Wowza Streaming Engine 4.7.5
F—r R NodeRED v0.17.5
SPARQL Endpoint graphdb-free-8.3.0
RERFNT— 8 R— A Elasticsearch v5.6.2

H—E2 T7Vr—var

Qv

LyHYyyES AL Qunitv

SDM 4 57—
e OEmIFSPROL)

GraphDB

e

o
)

elastic

X 9 LiVRation FZHHE%
Fig. 9 Implementation of LiVRation.

aVFUYBREOHMA L LTIE, BEFT—NTHAL
Wowza *512 mp4 (2= > I — N L7-UERENHE, 55 % Bl
THILETEHRLTWE, ZNEFNORMEI Y7 V12
URL 2 HE A S- &, MPEG-DASH 7% & CRAST %
ZENTEL, B, Wowza |l MPEG4-ALS 12 b % L
TWh,

INBGDAMN) =3Iy 7T —4%% Unity "0 CTHEZ L 72
LiVRation 7 74 7 ¥ M ZET AR E o TwD. 1
FIREEL LTI, 4 MOFEETIE Wowza (dT—H L4 v
FI—ZRICEEL, 22067747 Y MBA M) =3
YUBE RS AR E Lz, BRI f vy — % b
LS DOEEDTRETIEH - 7228, SRIFESA ML —
YarvEToRIA TEE R ETE—ENEORERED
FEDHE L Do/l — ANty NI — 7 OREK L L
72, Fh2, AV F =2y N EPSEETAESE, 3TV
VIED T2 DG E DM AREEIGREIC R b LEZ
LRABN, RETIIASHOREE L.

LiVRation 7 9A 7 Y b DB A M) =3 757 —4% L
L& RS A4 — ¥ 21, NodeRED*"#fi- T, HTTP
D —ERAE LTHEELLE, BEEKNICIE, NodeRED @
Twitter API Zffio CTEMED > 7 ¥V IR T % Tweet %
WESTLEV2— Ve, 7547~ FORYLEIZ SDM

*5  https://www.wowza.com/products
*6 https://unity.com/ja
*7 https://nodered.org/
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v b Y e %# LT\ 5 GraphDB 123§ L T SPARQL

7 10) B, FOREH%E LiVRation 7 74 7 >~ MZEE

TAEREZ D, i IZonTIE, 728 21X a5

Vo leFdF—T—-R2Ho0LORELTBLE, ZNUC

e L7z A v — U websocket CTHEFAIIZZ T4 7 > b

ICREEESNSE. #BEF—FIZonTE, BRMF— & ~N—

A (Elasticsearch) [ZfRAF &3, WHAMLERIC% S N 5 928

Lo TWn5hb,

LiVRation 7 94 7 ¥ MZIE, T ¥ F vV DZE0M:
B-FFEOLya—F, LYF) Uy ITLEVa—EmR
FAE — C ADER % 2V CHE PN, FoRT 5 HERE
EVa— VEREL TS, BRI, DFoEY 2—
VEHT 5.

L&) TFD 2= Wowza PS5 DA RN =3I 07
F— %1% Unity D75 74 2 & o TUF SN THR
EN5. WL AVPro Video 77 7' 4 Y IZ &k » TER
I T2 bDTF 7 AFXIZT Y EY T EN, 360
EEjMm - L CHAESNS., O, 360 A AT TIL
FRL 72 D R ICHUS T & 5727, MPEG4-ALS @
AM) =3IV TF=3%MHTHEZDIZIa—FL
Twh, F7E UniversalMediaPlayer 77 714 » %
lioTHELT 7YV MIvy Errah, Bk
FOHFRIZL > TEATAZ T =7 " MA6N5.
UniversalMediaPlayer (£ VLC & FFmpeg ZX— 2 &
L7974 ThHbh, MPEG4-ALS O HAE & T HE
THb. 77 MID2WTIE Rhythm Visualizator
Pro 77 74 Y& AWTHEHL TW5E, [iffi Tih~<7z
PEEEIC X A5 3 v 7 A1E, Unity 12 & > THEEHE
BN, BAOINAHEFIEANY K74 YRR 751
A [30] THAT LI ENTES. B, Bl - FH%
NENITH LT, BURCTIREEFZE ORI Z 1T 5> T
v, BEEREI YT IR T I TA YANTTART
AT 2o R THASNS, HFFIEEHF A
7Yz 7 N AMEBNC AT RE &R S AR T
EHBIEAE SRS, BEOS A IV 7IZDnTUE,
UniversalMediaPlayer 77 74 > O3y 7 7 IZHT 5
INTG A—=F Ko TEHPIIET AT EDMETH S
7, Wowza b DEMEY A 3 ¥ ZIHAFT DT, Wl
%L OS5 FEIWNE Unity 7207 TIEFEZEDEHE L W», &
NS DOEERFPLIEIZCOWTRABROBRETDH D
A5, O—ANVEETOREIZBWTE, ry hY—72
HEDPTHTHL70, BEDALPZII %5 L) 7%
ZEIRIFEAE R,
FEICmMZ T, HMD ot ¥ a >y ha— 35 DO
WIB T, MEEETH AR 7Y =7 b o EjE
| -BEILZD, BEF 7Y 27 bAOEEIZL T
HTRAANTARETET L.

SDM E22—JIL:SDM A7V 27 bDORAYTFT—% (&



P, EEE, MEERE L) &, 777 FEICHEES R
SPARQL endpoint T& % GraphDB 705, ¥ — Y X
J& %4 L C LiVRation 7 94 7~ MZEEEN S, 7
FAT ¥ NOMEALERIZ Unity 226, F—EATTI v
74— LTHITP T7 272 A$2E, 5
L ®OHE &N/ SPARQL 7 =1 ¢ GraphDB (2}
BEETV, ZOMRSB I TAT Y MIELNL, #
CCHUGEL7ZA S F—= 9 %LU T ) v 'Y 2=V
ElETFEEE o> TWE, 452 L 72 LiVRation
DIzDOIEFK LA ba Yok 1 v A8 v A
B (X 10) #LITIRT.

@prefix sdmo: <http://sdm.hongo.wide.ad.jp/
sdmo/> .
@prefix sdm: <http://sdm.hongo.wide.ad.jp/

resource/> .

### Define SDMEvent
sdm: hackasong rdf:type sdmo:SDMEvent
s:contentLocation sdm: billboard
s:name ” Billboard LIVE HACKASONG
20177 @Qja
s:startDate 72018/1/30 17:30”

sdmo: has sdm:songl

)

)

5
sdmo:recording sdm:bass_mic ,

sdm:drum_mic |,

sdm: far_left_mic ,

sdm: far_right_mic

sdm: keyboard_mic ,

sdm: near_left_mic
sdm: near_right_mic

sdm: vocal_mic

### Define Context
sdm:songl rdf:type sdmo:Song ;
s:name ” Colorful World”

sdmo: performed_by sdm:bass |,

sdm:drum ,
sdm: keyboard
sdm: vocal ;
sdmo: program_number 717 ;

sdmo:recorded_by sdm:bass_mix |,
sdm:drum_mix ,

sdm: far_left_mix
sdm: far_right _mix
sdm: keyboard_mix
sdm: near_left_mix ,

sdm: near_right_mix

)

sdm: vocal_mix

### Define Target

sdm: vocal rdf:type sdmo:Musician
s iname HAEEWVL”” @ja
sdmo: attend_to sdm:hackasong
sdmo:localX 70.0”""xsd: float
sdmo:localY 70.5”7" "xsd: float
sdmo:localZ 74.5”7 " "xsd:float

’

s

sdmo: perform sdm:songl

© 2019 Information Processing Society of Japan
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vocal

song1
drum
mantestmge
bass.
manostmpe grum_mix
.......
raneste bass_mix
mandestio ayoard_ms.
iy < SRR,
hackasong
manostmos. et
monestngo, e st
manestngo [ B

10 LiVRation O ¥ A % ¥ Ak
Fig. 10 Description about the contents of LiVRation.

SDMEvent T& % sdm:hackasong % Context T& %
sdm:songl % H1.(+ 2 performed by TV >~ 7 S5 #
Z2¥ (Musican 7 7 A), recorded by T ¥ 7 &
%5 (AudioRecorder 7 5 A) 2% 5. HEELETH
% sdm:vocal 1213 EF R % 5%E T 5 Z NN KRN E
(sdm:localX~7Z) ARl STV 5. RFRICEIRISH
LT, 274 7EEHD URL 28t E 5.

BDEREEY 12—V Twitter ZEDY =T ¥ VAT 1T
POERSE LTI TICET L5 axy Ny, 3D O
T FICERTAIZODEY 2 — VT, Twitter »
LOYITAEIRA IR TOT 4 = VA A=T R E
AT - BRTAZLDTEL, SDMEYV 2 — )L &
FkC, 7707 = 3 > omLiEicy—Eex 7
T N7 A —L2DEEDURIICT 7 AXA$ 5T ET,
websocket 12 & o THEBIYIZ T = S%E SN TL BE
HLhoTwad, HENEDEY 2743 fbaini:
Twitter X v =%, [E) RAELRLEFRIND
e o TWwa, b, HROFIREar to—7
Tl (FR/IEFR) THZLPRETH 5.

6. =¥

LiVRation I22oWTa v F VY EREEGDIFy T —7
Sl & G Z 4T > 72, iz T, Billboard LIVE MUSIC
HACKASONG I2BIJAFEV A ML —Y 3 YORETIZD
Wik %,

6.1 %y k7 — 7 EEERT

ARlOa YT YT, 8O0 360 BB & 7 ODEE
EENETNADM) —LEEFELTBY, a7 yATHE
BAELTYL, Bl & HFHEOFEAERMIE25 148T, 77—
yEEITZNEN, 160M /N1 b, 5M /NS MEETH -
7. AT UVRBEENPS XY STy Lk hT— 2D
REERX 11 12k,

O—A Nty h7—27 TCOREBRETIE, BB AR
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11 EBEED NS 7 1 v 25

Fig. 11 Traffic measurement at startup.

300 Mbsp F2EDSZZHETH - 72, TNEND Unity 7
FTA ORI EEZ SNDDS, BIEIZ DWW TR
ATV ETRTY 7 u—FLTBY, Fyruo—
FH&bDLE, HFEANY —L0DHD 15Mbps F25E & 7
H., GEAN)—=LIZOWVWTI, a7 ryo&kbh F
THRRIIC T — 7 2 ZE LTV LIONFERTEL. B,
4% =%y M EOBREY —NERELLLE, KT
100 Mbps 2 E O METdH b, Bl o FAE I 30 #5522
Modz. HEL O 31 12X 5L, REF TO 4K BE
Ay NI—=ZBRETAYE, ¥y L — Mt 100 Mbps
DFICERETAULESHLEDHY, N—Fr2T7R7 L —
YDAy ZIMAFT 5 SO0, FHEEHITIE 50 Mbps T
HITHIEE I F IR TEDL L5, TFRMIZ, BH
1ZoWTh, Fy v adFIZ)TVIALEIETESL S
LEREZDLE, HEEAMN)—AD15Mbps TH Y, 25D

75 Mbps R RB)H ICHATH I ENTELEVR L7720
FocENWE Ry Ty ERETE AT RESH L. L
PLGDES, REIZBWTIE, IR A M7 35—}
BoOBETHE I EITMZ, YHlbZnwiEZbNL720
O—H)l Aty hT—=ZERENICEF Yy v P2 HOH— 3% 3
RV 2 THRLEEEZ LIS,

6.2 FHEIFH
6.2.1 74— M&E

2018 £ 5 H 13 H ~15 H 1217 b #1172 Interop Tokyo
2018 *¥DE/R 7 — A2 BT, LiVRation DIKERH % 1f R
W27 2 — N R o - EBEHG 2 S L 72 RIS B VT
13, FHETICRERE 12 LiVRation DWW Z/R L, HHIC
KB % L Cn72720nW/z ) 2T, RERIZICT v 7 — MICRLE
Wz7ZnTna, RERE ORENL 211 4T, WERE LTI
Gk 181 44, Mk 23 % TH o 72, HFHIOPFRIE, 1018
124, 2018 74 44, 301 50 44, 401X 48 44, 501X 24 %4, 60
R24THsH, T/, WESBEOEMEIL 21 4, FEHMEK
3163 % Th o7z (27 %413 A%, %5, Interop Tokyo
2018 DEMWHEIZL B L, A XY FOBINF I 143,806 4T
b, FEGHEEIER AT L, Ay bT— 7 BES
oy =7t —VZ, WEETHA.

*8  https://www.interop.jp/
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AT U3 SR, A12AT < UT EEERA & v ) B E R
L7z,

Q2 DA FEFHMEOEI AL, 1FTTRTOHEH 2D
T, 6 72037 V) &R & 7 o 72, ZRZT TR
BRZZRWI20, MWHB L OCEBIOFEM S it L7z, %
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XSEATRIZE [6] L [—Cd b, #HE LTI, Pl7fEms
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Q1) BUKRDILEFRBIIE L SN E LD ? (n=211) |
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Q) 1 Y9597 1 TRERREROBIEISHRIC |
TEELEN? (n=211)

Q6) FETRIICKZ2EFA TV hoAML - E3Hib |
FEBHTLED? (n=210)

Q7)BEFEATV U b EBEME - EWETZZETRERD | |
RBOBEEMIENTEELEN? (n=209)

T
; ||
' T 2
1 3
1
' T .
5
! - 6
T u—
1
T
1
1
T
1
1
T
T - T T T T T T T
-18 -3 12 27 42 57 72 87 102
HE (%)

12 TR OB

Fig. 12 Questionnaire results with likert scales.
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Fig. 13 Results of the generation-wise data extraction based on high scores (6 or 7).
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Fig. 14 Results of the generation-wise data extraction based on low scores (1 or 2).
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40% A
20% A
0% -
- R FOMI-THELIMONE | STLYNEOVRI-SL "
O . BB BEOBEEL i Wgheriri i o miEE st
2K | 211 56.9 32.2 18.0 13.7 4.7 125.6]
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Fig. 15 Results of the requests for improvement.
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Table 2 Comments in free description column.
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