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A Proposal of MotionMedia Contents Sharing via Audio and

its Application to Network Communication Services

Akira Nakayama*!, Tamotsu Machino*?, Ikuo Kitagishi*!,
Satoshi Iwaki*! and Masashi Okudaira*!*3

Active entities such as robots will play an important role in the next generation of communication. In this pa-

per, a physical medium that includes the motion of active entities such as robots or physical end-effectors is called
MotionMedia and the efficient sharing method of the robot motion control data (called MotionMedia content) is

discussed for the realization of robotic communication services. To foster the sharing MotionMedia contents and

minimize the overhead of the sharing, the reuse of conventional media for the sharing MotionMedia is an important
idea. So, the conceptual idea of MotionMedia contents sharing via audio is proposed. This technique embeds robot
control signals in an audio stream with modulation technique. This concept can be explained as the usage of an audio

medium as a carrier to convey control data. To test this concept, the authors have developed two implementations

of the conceptual idea , which use frequency modulation technique and Dual Tone Multi Frequency as modulation

technique respectively and proto-type desktop communication robot systems. These robots have been applied to the
conventional communication media such as World Wide Web, E-mail and cell phone. The authors have showed that

MotionMedia sharing platform via audio can be realized easily and it is a promising concept.
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EERELTLS 57, 0 BDOAIR, BVEAKRED FMES
DHREIRNS DD Lh otz THEEEICRIVIZAS, [HTh
M2 ARE] LoENFELh, RE(FEFOMEER
DUIF TRV EH IR TE /.

4.1.4 CyberPerformer/Hyper D 7= D&FDER - BLE - B

H R T Ty b7+ — LEIROIES

MR EBERR LS TT v b7+ —L&FHIBWT
A - Rt R
(1) %R 18 [kHz] TN FM KA HE(CHIH LERT X

BEENVLETHY, ZOBRGZHATFRE LT, 6
Zi$ 441 [kHz) # > 7 » TR ERIED TV VA =T 41
TSR EVRHITONG,

(2) BRfE : 18 [kHz] EEOBEAMKBT & 0T A% {{RX S BE
PLETHY, #YEFEL L TIECD #ELEVHITH
N5, =71 T EMLEEEIHEERG ORS00 IE
BEN S CHES L. 72 AM 7 VARG (10 [kHz] #2
& ¥ Tlza%), FM 7 ¥4 ik (16[kHz] BE T TE®) &
ELBREGEEOE D H# S

(3) B4 : 18 [kHz] i D& RIS \’E’ OTAECHEETES
BB LETH Y, "M T 7 A4 —T 1 F g, H
YFER=F - BORBEREHOEFS LAY, 7774
> % API % L 15@Y) TH 5.

(4) oK. BREEND A TEST7+—~7y & LTI, Linear
PCM (Pulse Code Modulation) %3 (Microsoft Win-
dows O [.wav] 7% ETOEHEREN) L EVEYTHS.

4.2 CyberPerformer/Audio

4.2.1 CyberPerformer/Audio #7# {1 > a>+7h

CyberPerformer/Hyper & ) ifETHETZ LT, HEPE
FOOT AN L THHELEE, RFERA-—T1FEFTH
BETAE—a s AFATHBOERYE-7-bDTHB. &
5123 R MDD, BEES D7D IFIZ—DDERF v
$W%£ﬁéﬁfﬁm¢5 Lz,

4.2.2 CyberPerformer/Audio MIJEHERAL A7 L

FAE, ATFLVAEEr—TNVEERTAE-—Va Y AT

TRO &
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Audio -\ Lty
souree—— F—<*> channel
Synchronous! output
dAngle DTME process : ’ Righl
e encoder hed channel
S‘etre‘; output
. ., outpul
Transmission side
Left ) Audio
channel =% output
input I
! Servo
R}:Eh‘ - DTMF Motor o
channe
decoder| |Controller(PIC i
input Stere ¢ ) (S)lug[nilt
input Reception side $

Fig.4 CyberPerformer/Audio general process flow

TEBRATLEBEL. Fig.412, 202 A7 LMK
EARY. AHATE, ATVLAEFEDOI L, EF v £ VILEE
FEER, TLTAFY AT ERy MHEES 25 &
IR ENTWE, EF v AVOFEREESIIZFOT FHEES
NAE—=I 0L E NG, AF ¥ rvoaRy NliEES
LT, 73— 2%l Th 225 DTMF (Dual Tone
Multi Frequency) 55 %\ /:. DTMF 2537 v > ok
B lCHWON TV A O @M - Zfli 73— ¥ AT E
5 Tébh. DTMF (16 ) EHxFhFhuky boE—%
O AEfRSE (Fig.5 288) LxffiiyTws

ERMITIE, ADINT-AETFT—5% 8 I VBT LI
T 7L, FOMEICIE L DTMF £5 %48+ 5. DTMF
8513, Fig.5 DL 912 DTMF 72— ¥ DO#% [35] Ziffid L
ROEEL— M@ A L9102, 40 3 ) BHEEL, m:u
BHRECRET 5. DTMF E50IRIEIE, £F v 2Lk
ﬁﬁ&mm7/x,DTMFr:—&«@@EAﬁEFmﬁ%,
RS O RIRIEH SO OB 2 Z58 L, FEBRAYIZ 12,000 &
o

FEHBTIX, %I -7 DTMF 5% DTMF 72— %' IC
TTI— N34, Z0OfEH13 Peripheral Interface Controller
(PIC) H#EBT, RCH—R~Oflffg7 % sh s, PICH
%?u%wﬁﬁmrn—b#%t%@ﬁmmDTMFﬁvmr
I— FREREZ AV, 80 I VMIT & OISl 2 MM LT
;bm#wQO:Uﬂ_&wﬁFﬁAﬁ%iat Z D AR
AEIZFHDWT RC #— fmﬂﬁhvéiﬁf% Zhizk
e B Bl £ 7 R 2 S o

Angle[degree] -30 |-26 (-22 |-18 |-14 |-10 [-6 |-2

DTMF code D |1 2 3 4 5 6 7

[1: 11 Servo control
signal

nipgininiminin
20msec/div

Fig.5 Correspondence of DTMF code to angle/ Timing chart
of DTMF tones and servo control signal

| 9(~¢:-6degree)f A(+22degree)

\6 lnlerpolated\_ i
Sssi 20 43 1 (00 #0430 o6 B0 HT ks

ninninininnnnon n nSeve

""" control
signal

20msec/div
Fig. 6 Interpolated servo control signal generation from the in-

termittent angle data

Fig.7 A prototype communication robot built-in CyberPer-
former/Audio
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'ing
Built-in decoder

Fig.9 CyberPerfomer/Hyper dancing robot performance and
its robot systems

MZIGH L. COARIGSEBICY —FRE— S PHNE SN TH
D, AEShiz~vA 78k r%2MoT, 520U CD ISHEE
BHLEDICHEESNTVA FMESE2RNT A LT, BEY
HFICHE > TEHDOMNBEEIRALZ ENTES, 2 LTHRIEE
EFRBILZZORY bOF U RAEBLLGIENTES, B by

ICRIET 5720 TR, ZEZFOBHICAbE BT ¢
5 [BhoaFRy b #EBLTVS. E5Il2—HFERE—%
DEFEOFETICOR Y P HBEICES ZEANTEL, FET—
FEEBDIIE—Va v AT4 Ty oy 0d 3 Lva
Faof=art—=ECRA0=FTHb.

5.2 CyberPerformer/Audio O Gl

5.2.1 A= VEEHKRT T ANDH AIAK

CyberPerformer/Audio (&, &H GBI~ 2~ Flute [36]
37 EMABEDENA— VAT YR 4 (NTT £HAD ISDN
REREF v o R—~vRA2y baKRy b) (RS —
FANOZ—FICRMAEN, oFy v2FALAZHFLVI I 2=
F—2aryFRELTERMBSNL. TOX—LEERT T ADE:
B M BRI, 7B A — VO EERFEA LA TlEs
{, A=ADTFAMFET 2 ERFEETBAYA ) —
(@°0'@®), (T_T) &) ML, ZOREEFIIALASHLWDO
Ry POBEOEE - AREFARBAT LI L THD. ZOEIC
0, A-NVOEEEL, A - NVEATTAZHELTIN T F
A MEBROAL ST, T—2a b b ENTEL, A7A
=2 L7 H5 1 & 35 Ak ﬁ(H&x:M(%)Hﬂwf
W] (BRI [Rofe—] (BE) [&13iz) GBB) [H—] (%
HMF%O%J (as) Thzhz] IFU2T) [TAFEh—]

) [1dw=2] (8 [BAE] (Bx) [RARA] (K&

Hi~Ai—AH%LAHk%ﬂ%ﬂ@%ﬁnmttéﬁ
DREEDTHA > (RO 12X, SREOELB KA
7o, BEARTLEOMIELIIEEH O LOEN ZATS
é,%@ﬂﬂhv%ab%%ﬁ H (AT VAES) imia b

Fig. 10 Motion portal services web page, boxing game, an ex-
ample of game contents

The editor gives quasi
‘ direct teachin
environment.

:. = |

Fig.11 Smiley customize motion editor for general users

INTHBY, #FNFhoarFr Y LEFHL T ADE A
MALLoTWE, 2—HFRERKDY 2T R—ITDOFFA b -
AA= Bl - FIr7Fr2I2MR, E—YayAF47a
YT IIRELG LN TES,

ERDA 2T I EF LAnT—=g & 29 P T ID
DS, BT e A > 79 A 52 F v (HTTP -2\
(Apache), Real =73, FTP #—/3, 2y b7 —%) #Hwn
5 ETCEBTETVS

=S gl ) W :/T//%Wﬁféfbm (AR EY/ND)
WY — V2 R—=F L4 A TR L. 2—FFR+L0E—
YaVAFATAI 2y~ a VRERERL T, Fig. 113
[A=A4 ) =] I b LzE—Ya v T Y DfITHSE, 1—
FRAFLLARA ) % BHTE, TLEFNLELEY 1
ETAHILNTES, Fig8ImLLITF4 Y B VTHED
BRI OFRIZL > TIToTWBD, K571 4T, &
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ZHBRDPITR BAEMA LR LTS
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Fig.12 An example of a video message with MotionMedia con-
tents

Table 4 Correspondence of DTMF eight basic frequencies to
pitch names

(Hz|

1209
(Pitch Name, (D64, | (E6, | (F6f,

Actual Frequency) | 1245) | 1319) | 1480)
697 (F5, 698) 1 2 3
770 (G5, 784) 4 '
852 (A5, 880) 7 8 9
941 (A5t 932) %

1336 | 1477 | 1633
(Get,

1661)

<)
o
gQw»>

[HER - BME - B4 - b)) OFD75 9 b7+ —24&E LT MIDI
HEH T EETd 5. Table 4 12 DTMF O 8 fHOHAF 1 &,
BB X UFOFEMEOWIEE/RY. DTMF 73— 5#{ED
fbmw52uh&ﬁrg$uﬁu#b1 5% + 2 [Hz]J [35] #2

DEETEXHERT AN THDLI DTN D. T2
nﬁm T/THOTmmﬁ:Q“*ﬁ&wmhuFﬁ (62.5
1Y) 2SO DTMF 2— FIZHIed 5 2 54EET L~
v ARERENT 5 I L ASHREE B, Fea DEERIC LA,
BEHDOHEATT A, A—LFEHATF4I2L 208y b DR
LR TH- 7.

6. 8 b 1) (C

KL TIE, TFEESHFNTITRELCELE—Va
AFLTASTIHBT Ty VT —LDEENEEZz %
B, FOTT Yy b T A — LT HEREGEIRR L. £
LT IE] 2 [F—Ya v AF4 7307y )iRmoFE]
LT TETENLDERSES Y TNz 2 &0
BETHLHILE, ZOWAWRA) v MZoWTEA L. K
2, BNDE—Ya A4 735 vEBEARLELT, B
W EROTOOERFELREL, TAELOFRXITEOV
TarT R, BfE, BEARRPEEFIIOWTERR L.
F0#%, FE A v bxAEH L7 E-mail, Web, #iii&E AT
FA e EDHFEIsS 2= a v —EREEAL, 4
e EBE— 8 AT T AT Pl g g9 g F—AD
EREERLE.

Aol [ % | ERO—AMDORE - H—HHEICDWTDOH
WO MATELN, 4B0FEE LT, WM TOEEFEHRD
RN ENEREDIREMNEEHEE—a v AT4AT7IAYT >
VREHROER, FE—2a AT, THREDER, £—
SAVATATAYTYDEME EBEITOENS.
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