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Multimedia Stream Processing by Command Pipeline

Ken-ichi KASAMATSU

Abstract

Progress of data communication technology and multimedia data compression

technology make it possible to transmit not only characters or pictures but also

audio and video on the Internet. Everyone can get access to the Internet even

at homes and street corners as well as in schools and companies. Therefore, the

opportunity of communicating on IP networks is on the increase.

Application programs which realize a telephone system or a real-time broad-
cast system on the Internet have already been developed. Those programs im-
plement various functions, e.g., video capturing, video compression, network
transmission, and so on. However, most of them cannot cooperate with other
programs. In other words, a function of a program can hardly be added to
another program. When a data processing system that is not realized by any
existent application systems is constructed, knowledge of a programming lan-
guage such as C or JAVA is required. A system that easily integrates modules
each of which is implemented for one function may solve these problems.

In this paper, we propose a system which consists of executable stand-alone
programs, each of which is implemented for one function. These programs are
connected by the command pipeline. The reason why we let a module to be
executable is that not only existent programs but also future programs can
be applied as modules without any changes. We compare three inter-process
communication methods used on UNIX; pipe, socket and IPC of systemV. As a,
result of comparing them, we chose pipe, since it easily implements connection
with existent programs.

We clarify which functions should be implemented in the programs, before
structuring the system. We consider required functions in actual systems, video
on demand, real-time broadcast and telephony systems, and implement the
required functions in our system called “EMON” We design each function as
one of programs in the EMON system. In designing functions of synchronized
playback audio and video, we let them to be replayed on different hosts. In

designing functions of forward error correction, we adopt the Reed-Solomon
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code in order to handle packet loss. However, the Reed-Solomon code is not
effective, when only small size of packets are transmitted, in e.g., a telephone
system, where low latency is important. This is because the Reed-Solomon code
requires buffering for error correction. In such a case, a method that transmits
the same packets several times is effective.

We mention the functions of the programs in the EMON system and relation
between the programs, and then describe applications realized by the EMON
system; the three systems mentioned above and a combined system of telephone
system and real-time broadcast system. Then, we show processing examples of
the EMON system that is combined with SSH and tee, which are existent UNIX
programs. Last, we describe a wireless mike on an IP network by using a wireless
LAN.
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ZT. ZhBHDEDDHEEELRTHMOBBOEGEEZEALZLILTS, &
BENERL2VWE D 2BRBOEFEIZBYEBIA NS,

o HABBYH—TIHA

BUERZ R — L FFEA M) —LAOEHEEBREOAL L. ZhiCkoT
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R~ IVF ¥ v X Mokbiegld, EREHaE 21T O #8882 RTP IRFE LW
BICT B8, UDPEAWTIYILFFv A MakT 2888 A MY — L% RTP
TREETHERNCERT IHBBICHT. TRENOAEEITRO T TS L%
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RELREEEBIATRD Z2ICE > TTRA DT, BIEOBIBEFICER X
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EEICOWTRNSG, FUT. EELETOVSLLEBREOTO TS LERW
BZLILESTEHLUEINVFAF A PARN) - LABEO—E 21BN S,

5.1 |EETBHZVATFLDEE

¥9 BELETOTSLO—FVICOWT, 20707 S LAE RS
F£1I. 707 SLOERBRENS IORLE, EEL, BREOTOYS L
*° tepeconnect & DEHREIRIIEF XL TN,

— N TEFNET— X
I —— IPXY NI =7 &2FHENDT— X
j pegcapt »| rtpenc 9 & udpsend
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A
r{ udpr ecv

X 5. 7’055 LhOERRER
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FIERFICHWE T T 7S LDOFEITHRIEIL FreeBSD4.3R Pentium IT 400MHz T
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=1 FELIND VS LOERE
TOU 5 L% | Rk
audioplay | HETF—X *EA
audiocapt | YAV REMLEREFRYRAD
jpegplay BT — X A
jpegcapt ARXAZ R EDLBRERY AL
fecdec FEC(Forward Error Correction

BIABYEIE) 245725

fecenc FEC ADNELT — & &E
rtpdec RTP ANy X —%HBYES
rtpenc RTP N\ & — &8l
udprecv INFFYANROTIZFY X RO
UDP /Ny h &%43
udpsend INFFYANROTIZFY X RO
UDP Ny h &3418
tcpconnect | TCPIC&k B A M) —LDERZAE
ntspcall M UDP v ¥ a > DEL L B
ntspwait MFE UDP £ v ¥ 3 > OREL & 56

%dd if=/dev/zero bs=‘echo ’720x480%2’|bc’ count=30 |cat >/dev/null
¥EITTH L. Bo2Bhhokz, Zhid. BUREY ABIEEN S NTSC HHY
DBE—5 & EERRICEE UEMEITOTIC—oNA T BT UEDSEZ R
MeEZBADNS, =, FITREICBWTERR Y QLR L FRICTD HEN
HB, €ZT. AN)—LOBMYRAARLEHONHEEE—DT O TS5 LICEE
Uk, MCEBICKY, MEROAELBAEOUESE—DOT DTS LIIERL
=o FhD, BEEICEET 2888813 NOTASIP[5) AR THEEL =, NOTASIP
TR LEBOEDOUENEFEE T, THEA N —LOBRIC K-> THE
LEBERDOUEMTOND, €2 T, BEOERBHHLLEAT I TARNI—LER
FH ke T8I BFEORRBLAT A 7PA N —LERF AR T
DR TN EhIEELE,
FEFPRFICTZHETOTO TS LETHWS A Y 2 — U —FEH
IKRRELE. 20k, BET 7075 L0MGICEK > TAERBREEE
NTWBHEENH S, =720, BELRFRIZTEENS X DICLE, AvE—
UNRONREBELE L DB LUTDEDSICRB,
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o BIARYFTERITOINT Y NOEEDREYY

o MOERD T V—LERYIAEN=FRTHEET /DL

o NATERAWBDT., AvE—YDRYY

ZFZT XAvE—VDERER6DEDICEDE, ¥—H—EV K (BE6DMD

0 78 16 16 23 24 31

o =t et L et L et e +
|[Ver =1 |M| Pad | Payload Length I
o =t et L et L et e +
| Timestamp |
Fomm o et L et L et e +
| Payload |

BI6: NATDRA Y E—IUK

T4 =)V R) IZSFBRYFTEEZITONT Y FOEEDORYY 2RI BICH WS,
ZUT. BiFBRYFTERTONT Y MBICZOAYE—VURHAWSZ 2 L L.
FERYFTIEE4TONT Y ROEEBICEBEON Y NS T Ay -V D
HLEFTDB, FODD, FALALARY TR AvE—VILEENE T UV—LH
BYRAENEZELOBHRT. BHTIAT 4 7A M) —LORTIEUEAIC
BYRAENETV—LICACEEZRETSZ, LT XMfO—-FRREXAvE—
VORYY BRI BICHNS,

5.2 MEUEVATFLDEH

EMON Y A7 LN EB T BB ERETHRICHE LEY AT LIET A
AUFY VAT L, EEIHEY AT L, BEVATLTH-E, £F. 2
NSDYAF L% EMON Y AF L& > TEHLUEFERDRANS, ZUHICE
FAAVTIY RV AT LHERT ZAE BT FEERT. £9. VAT L
AEHE T 5 MUR DR FIE T H 5 A,

% jpegcapt > video10002.jpgs

LEITTBE, HTDEDICUTHASREMND jpegeapt NBUR ZHLY ;A R,
EifE 3 At % sample.jpgs ICRET 5.

RIS, BURDEUS Hik & BN, BEICIEEDO7 7V —Ya> & U inetd
RV, inetd B WA L, TCP/IPIC L BER24FH. MOHRR Mk %
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HRA MA:10.0.0.1
Strage i netd
cat

@ ] pegeapt Videol000L jpgs

AXZ
I P
T —

ARABNB:10.0.0.2

| tcpconnecj[ |-=-=-b>| jpegplay |-=-=-=-> [jl

FL AT A

X7 CTFAAYTIY RVAT L

LCEER R—IMEEEBICHOMUDIBELETOT S LDFEITREIH L.
FOTOTS LOBREE I R2ERUERANMIERFIZZENTES, Zhk
FIALT, AR K A(10.0.0.1) DFE— b 10002 N % LT XE=HRR MK L.
cat video10002.jpgs
BEITUZBROFEEE N EEE T LDICHELERF 2175, ZOEDICLT
Eifg S 2R 2 BA T 5 Ak BN 5,

% tcpeconnect -A 10.0.0.1 -P 10002 | jpegplay
YHRARNBTEITTZE, 9. AN ADKR— K 10002 N TCP/IP Tk
U. ™A KA A videol0002.jpgs DEE &R T 5. €L T, TOBYRZA KD —
L% jpegplay THAET S, ULEDEDICLTETAA YT RVATLESE
BLE,

WIS, EEERIH0E Y AT LHERT A 547D HEERT, =EL. 8B
A MY = LDFREEEERIIEE LU ah o =D T, BEBROBIET B HiEkER
T, Tl MEEHRET 5 HERBNS,

% jpegcapt | fecenc | rtpenc | udpsend -A 225.0.0.1 -P 10002

YHRANATEITTZE, HSODEIICUTHASREDD jpegcapt NS %
B YAR, EMEEITRS =8, fecene HE T L — LICFEC O&/DOTF — X EAH
33, FLT. RTP 2FHWTnE % 3541 fecenc DH % rtpenc AN v

NMBICHR L. RTP DAY X — &AM U=, udpsend BENETIVF F v A
MrET %, L. FEC 2| LaWHEIIHEE “fecenc |” ZERWTETT
B, ZOXDICUTHREL WA R ZFT 2 Hk e 3,
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HR"ABMA 10.0.0.1

@—’hpegcapt +——->| fecenc 1--9' rtpenc 1-—9]‘ udpsend |

AR
I P
NetwoD

AAML |

vz ]

HRABB:10.0.0.2

@ ‘—| j pegpl ay |4—-| fecdec |<-—=|- rtpdec Io—m} udpr ecv

FL AT A

B 8: SEHFRIMEE Y AT L

% udprecv -A 225.0.0.1 -P 10002 | rtpdec | fecdec | jpegplay
ERARNBTEITTB L, IINFHFvy A RNTEESINTWAEER % udprecy
Zf5 L. rtpdec HMRTP ANy A —EWYERL, ZULT. fecdec T & YRTHERYET
IE®ZATVN, jpegplay M2 Fm T 5, L. FEC 2FHLARWEDITHEL
TWiERSIK, “ecdec |7 ZBRWTEITT B, ZDEDICUTERBRIBEY X
FTLEEBLE,

BBIC, EBHEYATLNERT ZAMEITO AEERT. 7. HBEEED
1T B FHEERND,
% ntspwait 10.0.0.1 10000 “rtpdec | audioplay” “audiocapt|rtpenc”
EIRA N A(10.0.0.1) TFEITT B L. ntspwait H UDP/IP FR— b 10000 ~NDFAZ
DEHZITEEBT S, THRITFHICHR KA D UDP/IP R— K 10000 ~NFfE
NHdL., BFEEERT S, BERHRITE 9 D &S ICU T audiocapt|rtpenc
TIYA Y REDNDET UETHA % RTP & AW THFUANRET 5 L HERIC,
FNEFBITEHIEHRA M) —LEZF L. rtpdec| audioplay THAET S, KIC,
R 217D Hk&dN\25,
% ntspcall 10.0.0.1 10000 “rtpdec | audioplay” “audiocapt|rtpenc”
EHRARBTEITTDE, BANANELICRERITV, EFHEFHT D, B
B ONBEIIBRU L AL TH B, ZOXDIKUTEER Y AT LEESLE,
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HRA MA:10.0.0.1

4--‘| rtpenc |4-—|= audi ocapt F—_\ﬁ

nt spcazl 4
N| rtpdec audi opl ay —
| = —

——
I P >
Network | |
AR RB:10.0.0.2
4-=-| rtpenc |4--+ audi ocapt F——\ﬁ

nt spwaEI A7

| .
»ort pdec +--b+ audi opl ayl——»

AE—Hh—

AE—Hh—

X9: BEEY AT L

5.3 MELEVATLAEMAEDLEEY AT A

B L EREHE R HARDBER 10 DE SRV AFLEEH LE, 20OV
AT LE RARNADPRA SBABHEEMIER. FANMAREETEZERR
R)—LEFRARNBABETIZVATLTH S, Bifsx T2 HETBRCREN
=o FZTC. BADNBMTOUHEE RS,

% ntspwait -A 10.0.0.2 -P10000 “udpsend -A 225.0.0.1 -P 10002” “ udprecv
~A225.0.0.1 -P 10002”

YIRA DB THEITTS L. ntspwait IC & YRBEO/FERZITAE 217>, BFEEILA
%1z, FARBARZETSEA MY —AL% udpsend IZ & Y 225.0.0.1 R — ~ 10002
ANV F XY A RNTEFT S, T, udprecv ICE YHRESNTWEB AR —
LEZEL., FRERANANZEET B,
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AABMA10.0.0.1
¢-=-=-| rtpenc |4--|= audi ocapt F—_\ﬁ
nt spcazl NAT
[ :
» rtpdec H audi opl ayl——>

I P A —H—
Gl | P ’

ARA MB: 10.0.0.2

s udpr ecv "
nt spwail

» udpsend |/

/

\

B 10: EBaE L ERHMEEHASOEEY AT L

HAABNA10.0.0.1 ARANB:10.0.0.2
o)

audioplay

. Wé¢ﬁ@
A= <47

X 11: SSH % FHV /=408

54 BEOTOVSLEOEE

RANORIAEL F— R OBEFLICE Y, ZDDOHRA MNEICRL2BERE 2
BT ESSH WO T OIS LAEETSZ, ZhEFIALT. RAMADNTA
ISR YRAAVEEEARN) —LEHRARNBARB{LLTEL, BET DY
AFLEMELE, TR, ZOYATFLDOEBRFERRRS,
% ssh 10.0.0.2 audiocapt | audioplay

YIRANATETTEE, HIIOEDICHKARNALHRARNBODORTSSH &5
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THEBILSNELEMTRZAD EDICUEHE, FA DN B T audiocapt HERE.
FEMi24T0, ZhE SSHABRA M ANMREL, WA K A T audioplay BNEFH
*HEETS, ¥ FRARMAT

% audiocapt | ssh 10.0.0.2 “audioplay | audiocapt” | audioplay

LEITTHE, RAMA LKA BORTRAHER A R —LDIRENEE S
fELTiThbh, BEOIORVATLERSEN TREOBEIIRENSE,
Zhid. SSH WEBEE 21757075 LTRRVWATH S,

ARARA10.0.0.1 Strage AR M

e b izt | [

@7‘3}5 [ oo f==l udpsend | E
Cretvore x|

12: tee & FHV V=413

TS LORIETOT S LT 7 A WANEHERICH T 2082175
tee LWD T DTS LDWFEET S, 22 Ttee BFHL. AXSREMNSEYRA
AWEBERE 7 7 A VITRELRNDIIVF ¥ X MuE T 5 HEERNRS ,

% jpegcapt | tee save.jpgs | rtpenc | udpsend -A 225.0.0.1 -P 10002
ERAPMATEITTBZE, M12DEDITHEA N AICEWT jpegcapt WA X S
REDSEYRAAENE R, tee A save.jpgs ICERFE L 22MD rtpenc ICH /133,
% LT, udpsend DR M) —LEIIVFFv X MaET 2B,

55 IP Xy MI—2 2FHLUEERTA Y

MIRLAN 2 W3 &, EIRRXEEE0RIP XY NI~V 2/ET 2N T
X5, FLUT, BWLAN EORANIA Y 22D L E R A7 L U THIAH
TREZENTES, 2T, NNV AVERWTIP XY NI — 210 & BERH
AV EERLUE, 22T, BRIV PRYVIAAESE R ERE AW TESE
TBHEEBRNS,
% audiocapt | rtpenc | udpsend -A10.0.0.1 -P10002

LEITTDHE, M13 A 7 TRYRAAEERE % RTP 2 H\WT 10.0.0.1 DR—
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A

PV A Y ARAB:10.0.0.1

v

audi opl ay
\/%47 A—H—

B0 13: MEHR LAN & fiVW =R~ £ &

N 10002 Mt T B,

HW6E BbYIC

AREX T, BUROE Y ABERECEMERE. xRy MU — 7 {mEBgn & S
ASBERICE OB R R OBATETRRAR TN IS LEEEL, VATLD
FIFE AT NI A E SR o il R -2 TN /S L2 ElET 2 2
LICESTINFRAFTA TARN) —LAEREITO VAT LERELE, LT,
ZDYATFLDRFTERERITV, ATV KNS TSA V&> THREDT O
TS LEMBRPEZZE T, IPRY M=V 2FHLERL RIIVF AT 4
7ARN) — DAL EEB U=,

SEOFTET. BHA N —LOEHBELEORG BT =0, EEEULARM-
=, ZhEREL. AHEHEEMIAZHEOIDNERIETEZLTHS, %
o, Xy MU —JERICED BB E DRI L EERITo =N, X574
75— R BRI THAEEITD TO TS LEEMT S Z 8 Tk Y SRR
BIFOVAFLILTBEZ L TH S,
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AFRDOBREEATTFSY, BAOBELHYE 2HOY F UEFRERE
DOREFB BB O L VEHEL T, AHREEDDICHE Y EOREE
BETS-oERIERELE., AMREZRDLZS5MTE2EXTTE o 2l
BB LICRBEHBLE S, TE BIESRICBWTEHATT S o L [HHH
MEEDOER L. FRRTERLRER 2 U TIHWERERRE OERICERSE
LET,
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