dD)

NSC94-2219-E-009-007-
94 08 01 95

95

07

31

10

17




m = % 3F £
Off ¢ R IFL

£ MPEG 2 5 S0 A g 8 T 52 1 R¥ (23 $)AID)
MPEG Integrated Multimedia Platform and Applications (I1I)

THRATFEL R eRHEHTTE

RN o BRARYE m FEAR
4 %5 0 NSC 94-2219-E-009 -007
HEHPF: 94#8% 1p 2 95&#77 31p

FEAFA D RE Rd A FTF 188 kg
ERifFA D TEBRFY R AFITFIET O KR
FEm FIRUE~FFRIER RE
g Wiﬁi*%?ﬂlﬁﬁmyﬂﬁﬁ
Fag RW2dAFT3185F BEE
4 s xR ﬁi%,ﬂ;ﬁ,%ﬁi CHERE O AT S FlE R EREe

Feo B E S E W
FEFLHUGEE P AT RTHR)  OF L mr R

A RIEE S REUT BHLL "ﬁ‘fi :
NENCIRGIE Sapah YR

AL XA e R ALY 145!}’?" - i

m ARSI E R ERLEEIF L LAY LB
OR"E & (TP 2R T HRE -

Bl AR R PR RTAFHE AARTELVE I
?%5Tﬂ%/%F’@iP>@ﬁﬁ
o2 HJIS B FEMARE 0- F0- FR8F 2F 43

v =% ¥ 95& 10* 15



FRRATFELRE R E SRS

AW MPEG#H¥2 55 nEe inEFET 22 H B (R34)I)
MPEG Integrated Multimedia Platform and Applications (I1I)
2+ 3 %3l NSC 94-2219-E-009 -007
HEHT 194289 1 p395&7 310
EREC S = ﬁﬁiﬁ*ﬁﬁélﬁgﬁﬁﬁ

ERAIFAIIRF FEH FRE o B g Mid g
VREFEAR D B FRY O FHE O MRF > AT S FlE L e
e MR E  E A l?«iii‘ﬁ”?%‘fi

PR
AT & MPEG R 3 2 7 B i T ¥ (real-time) § 44 @ B RE S L 1

BH P BB ARRE 2 HoEs R o LL/FJFéa:L - A&ﬂ_gﬁ, PRE T s R R o 7,‘“%
llﬁb_l SLPCBE LI é‘kﬂrﬁ?ﬁlﬁﬁ;f]#pfbg;‘}j;,{h— 4ol T A S AR A A R S
PR TR AT F IR G R B o A B RIET 5t % 5] MPEG {4
A é ?ﬁt#&x = % MPEG-21 Part 12: Multimedia Test Bed for Resource Delivery ik ji+
T2 ARE S

v ;it—r—#*"léﬁﬂi?liﬁi A NN O gﬁ_@t‘r@ﬁgjw B LA W] BT fl}—ig-‘-%:’ @
7 (1) ’?’ é] =X }\‘ %ﬁa =T ﬁnl’—%i{i/fﬁf7 aﬂ}?@m ¥ Tb/%@;mi}i/{ﬁrfj’“ (2)%&‘ B A sz%; i
AL S 0 B)MPEG 5 4 B HIE AR R h g X FHT L1 SR
FO@F 2T R SR, W%WW Fr3 oo 112 (5)MPEG 7R § e 3 sk
i%ﬁaﬂ.J/}i ﬁnﬁ9¥7 ‘;/L:;J-u-,taﬁ_;fﬂ ?”Iql}g %Ediﬁi%tm——-& 7]&3{';4;‘_,_*%&%(& By
;_‘;.»J.%:,\._‘; s T“X!"{""kﬂﬂ?f'@ﬁsﬂ/? R T ém%’f@a\% .

g,aag

B 4237 : MPEG-4 ~ MPEG-7 ~ MPEG-21 ~ 8 JRAR3 ~ S4B R T 5 v HFav 3 A =x
Fag Y48



Fe R

The goal of this project is to construct a real-time multimedia streaming test bed and de-
velop related technologies and applications. This test bed can be used to verify multimedia
coding algorithms and MPEG-21 Digital Item processing schemes. In this project, we provide
such a test bed prototype system for the MPEG committee to experiment with various user
scenarios. Because of the value of this test bed, it has bee accepted as the Technical Report of
MPEG-21 Part 12: Multimedia Test Bed Resource Delivery.

Based on this test bed, we develop various types of application technologies and systems,
for example, fine granularity scalability codec, streaming video servers and database, intel-
lectual property rights protection and management, and preprocessing and postprocessing al-
gorithms for scalable video streaming. These technologies are studied in 5 sub-projects: (1)
Preprocessing and Postprocessing Techniques of Scalable Video Streaming, (2) Video
Streaming Server and Video Database Integration, (3) Design and Analysis of MPEG Multi-
media Transport Mechanisms and Protocols for Embedded Mobile Platforms, (4) Advanced
Fine Granularity Scalability, and (5) MPEG IPMP System and Interframe Wavelet Codec De-
sign and Simulation. The entire duration of this project is 3 years. This report contains the re-
search results of the third year. Also, we summarize the integration results of the multimedia
streaming test bed.

Keywords: MPEG-4, MPEG-7, MPEG-21, Video Streaming, Multimedia Test Bed, Fine
Granularity Scalable Coding
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*E O FAE- BRI/ FLALEG ,r_gm 'Qﬁ"‘] ki H K- .@;g&ﬁb on 5N %
B EGIRAT SN BB BB B RS- B IP f gegs g
i '3%1#3?15‘_ TR BN FE R MR %;fm ( content-adaptive ) FEC &3 %+

ﬂ\Fr’F] ;t#u’]1+ﬂ\ ‘L% L——l“'ﬁ J‘_/ﬁ_ﬁ)gL{l"S/u @@1],; f‘tfu';’

i
B fse LanEd PA Chou % A9 Ben ki sioiziB k4G A X2 BhoF A AR P R*
HEHAFRGRBI L E RGN AT 2 E oo BT P E et o B2 %

TR BAARQ ¥Hite w PR RATR R FIr Y He FFALE
RUEAF g LG orF g 4 ] o Tl e R S P A
AiF R A BRI GRS BT R NEA R A A

T 5 B oo @ﬁg‘lﬁ,\ﬁggﬂml ﬁ»;}%%;_@ F /;4 _:IV.EL o

~

RS RS SR F LR SR “hig 3 e B
L7 B ARR A FEC Rt 2 end B o Bhla 2 o 107 chité B4 & ;km% 3 i}“
ApE 10'3 r’v'ﬂFEC ¢ error protection 3% datarate " M ATiE 2 % B oo FER K AT Y
AR % IR LA St e A4p R A A e AR R d o & —\—,ﬁ— gt @%J Exa T
uﬁim&@ﬁ SHA LA B AT IR FOBRE TR KR FIE
#"’%Hﬁﬂimﬁxfi LL MER R - BB F 2 B G R g AT RE A
2 B * 5§ 5 2 4 B 9 Lagrangian cost function & & 3 -] B enf k 5 s ehs gfgagl,éfﬁg*«’f
'ft’&ig E‘m‘.-%ﬁf‘;ﬁ oo A FH I A a0k R g F;,B_*,«fn]’# FEC &5 & «fry_;’_ — B %
Flar 2 e o8 + ) R4ED @ %ehcost function 7 Fo {8 { & a3tk o

FAREAL AR BRFTHET A S ESR @ E g T o
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fEBE D L BT RPGRFTHEOETENE FIP 7 AN ARG L R Ay 4R
= BLN=ar B T’F(adaptation operations) ) ¥t 7 [ & * A 2 F ALV fREG DR w B
1 Bl ek a3t 0 A & £ MPEG-4 FGS er%0 8% (j£.2005 £ 4= » FGS © 57 >
MPEG 4 1@——?‘ - IR ) E T AN BB oL A% - AT AR RN 'F“’?ECFL FGS
i 5] Flt s - E R Y o ﬁ*“ﬁ'*a b g e B F ) /ﬁ»ﬁg%’%ﬂp%@ﬁﬁ/z o

AR Sk iR R AT ] - 4k K(e.g. JPEG 2000 2 3-D ESCOT) &
F1* LB E A DB FAEFTHL RECDAFZ S R T AE BT IEET
B AT B e AP R 0 APRPT - BURE AL L e R
BEFA TR REF RGO A0 2B F o 4 F] 5 AP TR T R F
‘l f;——mj ;L ﬁ,\ﬁ‘— Fﬁ* { 1 ;;‘% » FN R 0y ;}u T ﬂijf_‘g;}g,ng{ I U — 43@@7}”%1’{5%” it

T % = 3 4 3 _,_,ﬁxti 3 I:m;,,x*)’%,n] °

EhZEantE Y A PFEFET - B p BAARAPN FEE S oW A KRk
B FEC it ai B bl - T30 R it 3 R AR TP SRS P IR RE DL 5 B
i}rﬂoﬁ LT erp [P R @ﬁg?]/:‘ 5 Rg;{ 1ayer_2 YT R R RS AR 2R

1ayer—3 AR R Plate #A m&gﬁ% MF S L ARQ 3¢ £ B en 2

#_* Reed-Solomon fu# fie & F 4L 2 45 % £ (data interleaving ) %% | B #- 4 chite
mﬂ R ° '3"'%7'43—417 i i]Ls v @ pF R (round-trip time) §ak st o @ {8 R
FEIAFALEG AR EAFFR DD PIEJIF A AR S _g;pé}m_r)’?f'
B 5o 5 A i””’vﬁ%~%ﬁ#%ﬁ§&@ - BN B o
Bodt @ #4 k3 & Reed-Solomon i3 % B 1 FEC #f ¢ % sl 41 -

5. BEMHwTARIN P RBEFLAT —— B Rk

PO ERTE R a4 iR AT T T AL ISO/IEC MPEG §r ITU-T & ~+
wHELR €= Fes- B %5 Joint Video Team (JVT)ehf® i & I 2 B 7 34 AR S 7B $L Ak
(SVO)» i+ 8- A AL - PFF -~ RF(SNR)Z A7 F 347 & 0P >
TP R R_MAERE R 27 ML AR B et U] o T I AR S A B A T H.264/AVC fh- fhaE W
Ui A B H264/AVC AR F A R KRG - BR2V AR T kYRR R
S RE BB LTI - B ED A RO R RTETAR -

(1) %9 28 eh

MPEG-4 3 % L £ #1377 087 2RI Sdl i€ FALILE SR 2 B 4 o SmRT AL
;%&Enrﬁ%fﬁécﬁél FECENE N ?E/F‘Jlfl [ Y L B H 2 inae A g “5"1'1%?*"3 T
W e ok A E o F13 4L IR MPEG-4 fniR T 3 AL Fadh 2 4 55 K 4

LAFF e 4 o %r’"ﬁ B L G T
oo A3FRIHR DT AT AL 4o 55 b el IR IIEED IEERNIIEES . IIEER H\PB.

]
FAERIZ Gy > PR iET 47
SRR LR o ipE Y SRt
i F ¢ 0 H264/AVC 7 3 AR 5
FEAEE S, T “&p-gmw:flfi I

— T T TS s TR

=T T T = T
(SD@lSNR,SOIps)‘ ‘PICO ‘ ‘ Pic4 ‘ ‘ Pic2 ‘ ‘ Pic8 ‘ ‘PICS ‘

T | R
(c\F@z,stR}OfPS)‘Pico‘ ‘P|c4 P\cz‘ PicB‘ Pic6‘

(CF@ISNRISIPS) 0 48|
(a) SVC bitstream extraction
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B 8 FIE IV AW B

UK AME T Z BT A Bl
F# RORAE(PIRE ~ B

SR E
e —*Ff'a Vi PR T OBAL S
PR A N I sl o R L
(SD, 704x576 4= CIF, 352x288) ~ = i snrlj
% Ip P FF f247 A& (60, 30, 15 fps)» 4+
HeE-Br2RBTARAX 3 2B F
N E 217 R o B 8(a)BE T & - B
iC A S AN R
Faems-BFEe e i kg
TR RT R o Bl BB AR ol
WA A 4R R R £ F B

MG PEE) o T PEFER

B 8(b)# °
Q) &%

Bl O Bi7— B7 AL E
AR EBHBET 2

(SD@3SNR,60fps)
N _;ﬁ' (Full resolution)

(SD@1.xSNR,60fps) D

(SD@1SNR,30fps)

snrQ

cr@zxsnraops) Cf| [l
snrg

Cif

(CIF@1SNR,15fps)  Cif -
snr

PicO Picl Pic2 Pic3
(b) SVC decoded video
] 8 An example of SVC

-3

B (LS R) - & - §oiibs R E TR G- - SHRRAA) o 2R RS
BAVRES R A T R (S R AR E o (DA e TR

(3) #* 23t

4o Bl 10(@)#77 > § F - X hF @ A PYE pF i 0 H264/AVC v SVC £ 7 1.5 3 2.0

dB =+ % { % ihi o et
#g cpF iz 0 H.264/AVC sz
g UM o IR R
SR R AR L iE > SVC
Pt v H264/AVC { 4 i
i 4 o &@E 10(b)® - &
BAz 420 QCIF & » SVC 4
§2 H.264/AVC & 7' — 3 ek
%o % CIF & >SVC % 0.5dB
I F T % o & 4CIF K o
SVCR| 3 #-311.0 dB e f
TFE o471 SVCF L RT
RIFE T RN 0
FERFBRTR T AN - B
10(c)& 7+ SVC AP jz4s
B erTi 0 B X SVC b
H264/AVC $ 18 dB ¢
PSNR ~ % » fe izt ing

Input Video
r=- .'.'.".'.'TT'.'.".'.'.".'.'.“.‘.‘.“.‘.‘.“.‘.‘.“.‘.'.".'. =TT T SIS STT

L PR texturé/motion/residue [T L L L T

17 ey - e ter-| —
1+ nter-fayer| .7 Interayer scale
:' scale |, - Motion-information - -] 4 - ... 0T
..l === Prediction g

SvC
bitstream

Pred. errar ;‘ .
Codin
Pred. image: 212 75 -

Buffer
texture/motion/residus
Inter-layer] CXUIeTMOIONTESELE | Inter-layer scale
scale Motion information E)
Prediction:

Pred. error r——=—— ;‘ ;‘

Pred. image BEIR) ;‘

Buffer

| i i First Enh-layer
texture/motion/residt

: |nter_|ayer lexture/motion/residue |nter-|ayer scale

i Licale Motion information

i Prediction:

1

1

texturel. | Deblocking
Filter

Bl 9 SVC encoder structure with three spatial/SNR lavers

Frmfme gd ff FHeaR ey 5 § 2R AT 3 b Pk L 45 opr
i o B 10(d)A T # rxic 3= > - 8@ 3 0 SVC 4p#t H264/AVC § 0.5 7] 1.2 dB ¢

PSNR 4 % o
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ge,ﬁéﬁ%%wcmew,m@ﬁuW«eH%chw?*%%%P—%
REF AP A RAEZE FEF SSNRE A - S5 F TR &£ FEHEPFERR
ok A K2 iR SAHERT AL KRS X ﬁ@*ia TR Hras o 4
NR # ;ﬁ’mym& #mm%ﬁﬂuﬁ 20§ MPEG-4 'm ¥ AR Yo h /R 5
o miRFAFaeREE: NS o FHRES T Ao ’SVC%#’}_") EE'HW”@‘E
Fo R AP HEZB FETR ST A -

5]

BN
2

A

38 39
375 CREW CREW_60FPS_Spatial Scalability
. SVC Combine Scalability 8 |
T3 f . ————
AVC SkipPicture .
" ] 7 ' — i
355 36
35 ] —
_ 35
g H— - :
> >
g il ] 3w
& 335 3
a [ a
I 33
55 —e— SVC_4CIF60 —e—SVC_4CIF
—=— SVC_CIF30 32 —=—SVC_CIF
32 —a—SVC_QCIF15 [ —a—SVC_QCIF
315 —s— AVC_4CIF60_Skip 31 / rs % AVC_4CIF [
a1 b —%— AVC_CIF30_Skip 0 4] —*—AVC_CIF ||
305 | —o— AVC_QCIF15_Skip —o— AVC_QCIF
20 . . . . 2 i
0 400 800 1200 1600 2000 2400 2800 3200 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Bitrate (kbps) Bitrate (kbps)

(a) SVC with combined scalability vs. AVC (b) SVC with spatial scalability only
with picture skipping

T
375 L CREW_4CIF60_SNR_Scalability CREW_Combine Scalability

-
3‘5: /

345 —=

. 7 / 365 - I /. /’
335 355 f /
L / 25 / / /'/ —e— SVC_4CIF60

/l/ —e— SVC_SimpleExt_NoMVRefine / / / —=— SVC_CIF30
32 34.5

PSNRY (dB)
@
®
PSNRY (dB)
@
8

@
@

w
~
2

—m— SVC_QualityLayer_NoMVRefine || B —&— SVC_QCIF15
38 _// —a— SVC_SimpleExt_WithMVRefine | | 34 | f / / —*— AVC_4CIF60
31 / ¢ L AVC i a5 / —%— AVC_CIF30
305 |- 1 —o— AVC_QCIF15
. T 1 I, j
0 500 1000 1500 2000 2500 3000 3500 4000 0 400 800 1200 1600 2000 2400 2800 3200

Bitrate (kbps) Bitrate (kbps)

(c) SVC with SNR scalability only (d) SVC with combined scalability
] 10 Performance comparison between H.264/AVC and SVC

u

6. MPEG P4 ¥ &7 (38 5 W2 AR | i 3ok B2 R &2 Ok g g
R
B -

.~\

LR pE T FRAE
&’Aﬁi*%ﬁﬁﬁgm&%owﬁéﬂﬁi ‘
BoE gy E bR RRAT A 0 PREE HmA A M”ﬁﬂf
#1225k (Intellectual Property Management and Protection, IPMP) o 4-i@ B & &
kAL iEA /ﬂ%ﬂ’—?{ egE b enig* IPMP > Rl 5 P o F fRAanE gy 5 ARG

S8 B PAE e S REA RS R R E RS S g
ﬁl—%f p :L‘E“ﬁ o F] o chgiLgR < & ﬁm%ﬁ;» FRF SR T AT AN
[ L ER I = +7f§}f%’# gkt o om F @ M F A (scalability) 5 A oo B VR
VR Wavelet AEMAEY A4 R Wavelet i«tjﬁa%%" mop HAX R Fpt A A4 H A an
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FALIE LS ATE AR - BAY AR
A. MPEG-4 IPMP & MPEG-21 REL
(1) %4 &9 eh

FRLAF B EEWHI S SR LR R R FHP PR RE LA AR
AN F TR ARE PN F e BsA S 5 IR 0 QY - BRG] ki i
#r TR A AR Bt A% B 1R U4 i 5 7 (Rights Expression Language, REL) % i

oz ]t\

(2) 4 RE*

Py 3Fs itz s o 2 ¢ d MPEG-21 #7272 L s
ik r el B e MPEG-21 #4737 e & Find - AFF 3 & % MPEG-21
IPMP ~ MPEG-21 REL 4= MPEG-21 Test Bed with MPEG-4 IPMPX z_ L4 &2 1 & % gz
A ek st o MPEG-21 IPMP %_% % & =t 9 Digital Item &£ # 4] - MPEG-21 REL : #3
fo R i * B Tk B aeeniE JIiRE 4§ 4] - 8@ MPEG-21 IPMP £ REL
W E s g o TR 5\ i * MPEG-21 Test Bed ¥ 5 F e 5 o ;ﬁr} [ 35 d
MPEG-4 IPMPX %_& 14 & » #4 i% & Test Bed + 4¢ » IPMPX # it » ¥ 45 12 F ¥ B [PMP
2 REL 1 E (@ 11)-

Encrypted .
(Serven) w» (Client) ‘
content
DES Tool DES DES
1. Send an message Tool DES
for request the right Laver 00l 00
to decrypt. Layer I—= :
3. Send an
message with the

R S T N

3 ) ] ] K r (R r ]
IPMP_Info_Engine | Key : Y || Key* ! mEm) Key |

result of verification Tool [ |} | T Y I { Sen’er o I S

Storewnhoul Encrypt with Decrypt with
i any : | Client's i i Client's
i encryption i i Public Key ;| Private Key |

2. Perform REL verification Layer 2

Bl 11 B Jidetl i3 22 4p B¢ IPMP Tool
Q) BEaH

A :.llﬁﬁ"w “ DRM i sue gobl(- )E 1 P i R T Y T
R FIRRE AN B RN 4 o (2 ) E RAr i P{;Lfm% * license i i¢ * —“‘Ff?ﬁz‘i% i
B oo #B|(Z)RE IR - B v AF feh Super Distribution # &) 0 % 22k eh REL
license # #-& F &7 Jp M eng E (] 12) -

B. #; B 3%
(1) %d g p 0

BOAR R e A S AE T B 3 TE 8 (frequency domain) 2. 18 0 < $R A ey fi_‘fa”‘ﬁ% LSRG
AL JE e G 2R (%% Y gd (entropy coding)ts 0 T LA R S . %‘r& fod 3 R
]VJr (scalability) e g Foax kAx$ ™ > F]t o]k i 4k (wavelet transform) ST Y & AR K ARH

o e FUl R H D BN AT A £ AIEE S FATv AT Z At ol
'H_ crte R A4 2 e gk B (directional filter bank) shd 3% (8] 13) > 4ed &
# 4% (curvelet transform ) fo# & 4% (contourlet transform) o

Q) &%
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AFT % A & A% Minh N. Do hit Brii 3 » fL7 % = 47 % (subband) s 21 i % o

G oiBd PN A FEATRE > P R BEARRA F B 2 B b PR 4
f2 0 ¢ B R3NP E T4 B3 m g F 3512 0 B AT RA 3 (73 B BT 1F o

License .

Bt uivi Dol Oy 0

<John>
<John> <play>
<play> <foreman.m4v>
<foreman.mav> <allConditions>
<allConditions> <exerciseMechanism>

1= e Db s P
Ty =
[T ansoneman.cer com —
Des Taal's Mag: Cuncal
v [ e [
Please eler o REL_Reaultlng bee mese indsemation!

video DACHL Dt CatagenyReseaich (200802 om

imit:
</allConditions> <sx:count>3</sx:count>
</exerciseLimit>
</allConditions>

K Dagder Db Opas By

v [Prionisommngat [T — —

Flase validation
Flease refer ta HEL_Hesullbeg lor mare isbaematian!

hdde: |D\c~\ Diata Catagony\Rassarch (00602 g |Frease close the windowt

a

s

Bl 12 Super Distribution # (|42 5% 2. S R AZL 4 (7 4 &

OETEE

BEIHREET UFR 0 R &P enif i (edge)ir s BATF - RpPARL 5 AF0E S
@i%é?ﬁﬁﬁm%ﬁﬂﬁ@lﬁo

Bl 1343 2 2= o Bhd 4y
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(m,7)

Bl 14 SR N £ 3802 42 o pAE Y S45i2508 5

7. EESFiEMaagg it

AP F 2 S e REF ST L L MPEG-21 #2 Part 12 (12 T #§ i Test

Bed) - ﬁ4QEmm%;ﬁigm¢%%ﬁﬁﬁﬁiﬁt”““ﬁﬁ’M%P#%“f
AAE G FEHAT > BT S PR BL TR > A R EERE o T L eng B AR

2002 £ 12 7 B AR RRET S/ %3 MPEG %4 ¢ > & 5 MPEG-21 Part 12:
Multimedia Test Bed for Resource Delivery =11 i¥% % (Working Draft) - SiE4F 4% 4

TR TR %2003 £ 12 2 N 3 % ¢ ¥ % (Committee Draft/Proposed Draft of Tech-

nical Report) o P #n &2 %k ¢ it ;8 = 5 MPEG #jtv3R 2 Sg#& % < 2. [SO/IEC JTC 1/SC 29,
Inofrmation Technology— Multimedia Framework (MPEG-21) —Part 12 - 2 {& » 27 3 # &
g F e Test Bed 44 $ic k8 b M4 8 7 A7F 0 Gldrét ¥ 3 BF MPEG-21 & 7 ﬂgfmégff"‘
AR EESY  FEEPEE R > i2m 43 TestBed R p # it » 265 - 24 i
> p w2 ¥ B IRLING> MPEG-21 Rights Expression Language (REL) # it » ¥ 8¢ Z 8

X% 5P B R -

T e kak fy it A2 F Test Bed ek 3t 22 1T o BB TestBed e (TR T B A
52 A3 4eB 15 #7T o Server 3 f 5 htg e ‘}fﬁfi’ﬁ%l » #- Client =4 & fep F p
FTALE P Bl 4r ui@,‘; A BT R Client S 3| g s e 28 ~ 2
FENTLE IR AT ARBRERY BT L F 4 m@ﬁg,] 4 3% Test Bed ¢ 7 7 — % Network
Emulator » # 12 4% :¥ 4 Packet Loss ~ Packet Delay ~ Bandwidth % it Ei 4 ﬁg,] SRR o b
BREREBEARR AT e dpy < it AT Y LHE R Y T - BIG
1@‘.1—:!/1:‘/5;1: PR e
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Player 1 (FGS)
Emulator Ethernet Interface
Ethernet Interface 2 1P: 192.168.1.2
IP: 192.168.1.1

FGS Server Network Emulator
IP: 10.0.1.2
Emulator Client machine
Ethernet Interface 1
IP: 10.0.1.1 . Player 2 (single layer)
hub/switch Ethernet Interface
1P: 192.168.1.3

B 15 MPEG-21 Test Bed #4 {7 % 5t

Bl 16 =77 5 Test Bed ehZE Hik 3 o 1T B WP E e hE & A2

Offline

Encoder

P et | [ Pwpriter
(PreDecoder) | | (PostDecoder)
- Network B
pedi Emulator !
Database Network Interface - o Network Interface |
DI, XD, 1
o —r— — | . Media 1
’ DIA ‘ |_,| I;ac;l;et h I 3 Channels [ 1 1 [ packet output | ——
e : 1| ®TPUDP) I ; i’ Buffer Buffer | !
1 i
i d I RTP/ > UDP | ' UDP E<.. RTP/ 0] |
media RTCP I ] 1 ] RTCP L L
i 1< | NISTet > i Bl I i il
1 1 { !
QoS
network |__Decision RTS")th oo 1 i A==
XDI — mux with ——> i i : )
: sop | | fom ‘ NISTnet ! o mux with 4 Packet
@ : ; b oep | terminal& —‘ Qs Loss
RTSP C. Control | s Decision || Monitor
IPMPFilter | terminal  control demux | V1| chamnel |y : control \ /
1 H 1
(PostDlp) | &userxDl Il with [T i\ ®mseToR) i i | RTSP
| terminal& | “------- [EEEEEE | demux Client
Server user XD with SDP Controller
Controller —— | ~ o 0 o e e e ool

@ ___________________________ i Network :
1 Profile |
1

® Server ¥
B Media Database: ¢t /i & * 14 3 BRSO FTA o & Test Bed ¥ > #7 %
PR T 0 F 5 Offline BH5{ - 3§ >
BB A G A PTR RS
B Digital [tem Adaptation (DIA): =% _MPEG-21 ¥ 4p % £ & th— BEL - B o
B p B o T L R B A BTy i 4 U] o 8 AR e L A

i g A 3] At )T BdF & T o Test Bed @ e DIA =~ i % Jp 22 Codec
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$Efe > fsession 2 2 T {45 5 AR A AT DIA ~ 2 0 BF AR F
e i (TestBed ¥ B # § 1% network profile) 3 ﬁ’f%‘ HE R ‘F‘L?— i

<

B Streamer: 2 & ¥ i 5 %7 4 7 4548 bitstream > 8 H 7 & R @ %] £ ?
A5 = Packet o gt~ it s gﬂf"’:}?;%lf\mQOS B3l Zﬁmv raDIAmxi
F‘]‘ /;"“ o

B Packet Buffer: % - ringbuffer - * 2 #73% & & i 41 & Packet ©
B [PMPFilter (PostDIAFilter)' i Test Bed c73k 3+ 7 » Server ¥4 ¥ 3 — i IPMP
Control Point ¥ # a2 4L » # =¥ & DIA £ Streamer 2. ¥ o # & & 5 2"

rA AA

#-3% I e bitstream 0 Bdc¥ R R4 R E X o

B Server Controller: i&%_Server =4 & 4§ fech~ it » 1 & 7 iy ¥4 Server =3 H
it egcds ~F T BP0 A session duE g s £ Bt &

B QoS Decision: ﬂ(% * m@;ﬁg:] R s TR E T M a2 s 1
4 @B & - B oW shik i %R G Network Profile £ Packet Buffer i

Client 4

B Packet Buffer: ¥ Server #} 77 Packet Buffer % 4p I &7 ring buffer %% Jf#’ e P E_i%

¢ FfTd A Jd2 e Packet #773 % o 7 Ie i bitstream € & - B & /o5 Packet
Buffer -

B Stream Buffer: #§ ¥ 735> Stream Buffer Z_#%- Packet % & = bitstream 4% 75 ¥ ©
e 5] 4 Client #3 ¥ 5 73| Packet Loss 335 » #7124 Stream Buffer & %2 &
bitstream F¥ 7 12 ring buffer 1 32> 3% > ¥ Ry ORE 5] 0 AT PR
14 place holder #7p% B~ % o — i Stream Buffer ¥+ &~ # Packet Buffer » 1 =
i{ 2 packet re-transmission °

B Decoder: #-% & {3 ¢ bitstream ﬁ’;’ JRR % < BV N o dr gk R RS ﬁ%lfﬁgii )
error concealment # sy ¥ et & P\ 20T o

B Output Buffer: f3/&% fﬁw AL E BON AT G R 0 B A R B o

B [PMPFilter (PreDecoderFilter): % Client #4 » IPMP Control Point 5 & i i ¥ - i%&
E_% - B Control Point » =% Stream Buffer £? Decoder 2. ¥ » P eh8_ &2 £
F| erbitstreame B 74 5t ¥R > Server 74 e PostDIAFiltere F] ¢t » 4 % PostDIAFilter
? 22 x 4o Tool » P Ja?x » m,T* L &% % Tool °

B [PMPFilter (PostDecoderFilter): % Client # » IPMP Control Point 3 = i i ¥ -
iz %_% = B Control Point » > Decoder ¥# Output Buffer 2. & » p ¥ _gJ2 (%
decode & snFHL 5 Bi4e4e » digital watermark 0 7 0F SER AT Bl p B o

B Client Controller: i&®_Client #54p § 47 £~ & » § § ¥ 72 Client $HH & ~ i
38 1% o F session & ¥ 2 % & FF > Client Controller ¥2 Server Controller 3 4pid
ME2EAAMEN o F @% ﬁsa] 4 32 p% > Client Controller » f % N & & &4
& f Server ¥ & i¥ #F 7_¢1 Packet °

B QoS Decision: Client % 71 QoS & 3+ P eI {345 Je bi ki 47 > £ #- BF S ¥
% Client Controller i {7 &J® - % i p # F] 5 Network Profile % @

PRI S L

-

sk} ’:’TJ~L %’K
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B Packet Loss Monitor: { % 432 Packet Loss ;& 5 » 4r% B o ¥ 2 3% 0 I o
f]i% & Client Controller % ) re-transmission & f o
® Network Emulator
B NISTnet: ¢ NIST ¥ % 7 Linux kernel module 12 % #p & 57 user mode utilities »
ok A R R 2 RO L AR @%];P:/E ¥ K %% 8 44> )4 packet
loss rate ¥ transmission delay % % o
B  Network Profile: 7 - TestBed &~ I Z ERAHEEZ-PBFFEF2

Py

packet loss rate ~ delay ~ bandwidth & & -

fI* Fakent g it > BB Test Bed i i7/n 42 f it 4o o Client #2 T8 4§ 3 cndf
%8 URL {$ > Client Controller £2 Server Controller i% i RTSP 7% = session ; Server #}fg e
PR B8 0 IR 8 RBEAP M ch 3R T4 > B e ds SR ok 2 3% 3E Server
Controller i# T Client % ; Client 13345 3| ek T T #-& ~ iFfad > £ 1 Efdn 47
Server; Server #_Media Database » B~ 1! bitstream’ %53:}7% QoS ¥ 7 ik 7 DIA> *7 &) bitstream
g & @ﬁ%]é’ﬁ"t o I g He 5 Packet ; Packet & i RTP channel & :# ¥| Client =3 ; Client
#-z ¥| e Packet £ & = bitstream > i¥ » Decoder f##% > f#45 % % 2z » Output Buffer &
player #%%< o &i& iviE 427 > Client 3§ ¥ 1345 Packet Loss {i-i% > % i Client Controller
4} re-transmission % &> @ Server 4 Py st % 3 RTP £ i¥ Packete 4o% 3 IPMP 1% &>
Bl e session 2 * ¥ 5 f Server £z & Jf 5 Tool » I i% i RTSP #-IPMP 4p B 3 31
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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of the joint technical committee is to prepare International Standards. Draft International
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as

an International Standard requires approval by at least 75 % of the national bodies casting a vote.

In exceptional circumstances, the joint technical committee may propose the publication of a Technical Report
of one of the following types:

— type 1, when the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts;

— type 2, when the subject is still under technical development or where for any other reason there is the
future but not immediate possibility of an agreement on an International Standard;

— type 3, when the joint technical committee has collected data of a different kind from that which is
normally published as an International Standard (“state of the art”, for example).

Technical Reports of types 1 and 2 are subject to review within three years of publication, to decide whether
they can be transformed into International Standards. Technical Reports of type 3 do not necessarily have to
be reviewed until the data they provide are considered to be no longer valid or useful.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

ISO/IEC TR 21000-12, which is a Technical Report of type [3], was prepared by Joint Technical Committee
ISO/IEC JTC 1, Information technology, Subcommittee SC 29, Coding of audio, picture, multimedia and
hypermedia information.

ISO/IEC TR 21000 consists of the following parts, under the general title Information technology — Multimedia
framework (MPEG-21):

— Part 1: Vision, Technologies and Strategy
— Part 2: Digital Item Declaration

— Part 3: Digital Item Identification

— Part 5: Rights Expression Language

— Part 6: Rights Data Dictionary

— Part 7: Digital Item Adaptation
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— Part 8: Reference Software

— Part 9: File Format

— Part 10: Digital Item Processing

— Part 11: Evaluation Tools for Persistent Association Technologies
— Part 12: Test Bed for MPEG-21 Resource Delivery

— Part 16: Binary Format

The following parts are under preparation:

— Part 4: Intellectual Property Management and Protection

— Part 15: Event Reporting
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Introduction

This document describes the component API of ISO/IEC TR 21000-12: Test Bed for MPEG-21 Resource
Delivery. The test bed is mainly composed of a streaming player, a media server, and an IP network emulator.
This document describes the APl of each components of the test bed to facilitate a component oriented
development process. This platform provides a flexible and fair test environment for evaluating scalable media
streaming technologies for MPEG contents over IP networks.
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TECHNICAL REPORT ISO/IEC TR 21000-12:2005(E)

Information technology — Multimedia framework (MPEG-21) —

Part 12:
Test Bed for MPEG-21 Resource Delivery

1 Scope

This Technical Report specifies a test bed that is designed to assist in performance assessment of MPEG-21,
Scalable Video Codec (SVC) for streaming applications and for the evaluation of resource delivery
technologies over unreliable packet-switched networks. A subset of MPEG-4 IPMP is also included in the test
bed so that encrypted streaming and layered access functionality of a DRM system can be tested for different
SVC designs.

2 Overview of Functionality

2.1 Functionality of Test Bed

This platform provides a flexible and fair test environment for evaluating scalable media streaming
technologies for MPEG contents over IP networks. In particular, the test bed is designed for the evaluation of
MPEG Scalable Video Codec. This test bed has capabilities of simulating different channel
characteristics of various networks, therefore,

- Various scalable codec (audio, video, scene composition) technologies could be evaluated.

- Various packetization methods and file formats can be evaluated.

- Various multimedia streaming rate control and error control mechanisms can be plugged into the test bed
and evaluated.

2.2 Target Use Cases

Currently, the test bed is targeted at scalable audio and video streaming applications with some DRM support.

2.3 Relation with Reference Software

It must be emphasized that the software provided with this TR is not part of the MPEG-21 reference software.
In addition to providing some useful utility software for resource delivery system development, this TR tries to
show a solid example of how MPEG technologies can be integrated together in a working system for scalable
audio/video streaming applications.

2.4 MPEG Technologies within Test Bed
The following MPEG technologies are supported by the test bed:

- MPEG scalable audio and video codecs
- MPEG-4onlIP

- MPEG-4 IPMP (a small subset)

- MPEG-21 DIA Network Adaptation QoS

© ISO/IEC 2005 — All rights reserved PROOF/EPREUVE 1
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The architecture and the API are not tied to any particular media codecs. However, currently only the
MPEG-4 FGS video and MPEG-4 BSAC audio are officially supported by the software.

2.5 API Overview and Language

The API is divided into three parts, namely, server component API, client component API, and common
component APl. The network emulator descried in clause 7 is a standalone application that is not part of the
component-based framework. The programming language used to describe the APl is C++. This is because
the project is mainly implemented using the C++ language, except for the network emulator GUI, which is
done in Java. This will make it easier for the implementers to follow the API and to design different modules
to merge into the test platform.

3 Overall Architecture

The overall architecture of the Test Bed is illustrated in Figure 1.
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Figure 1 — Architecture of the resource delivery test bed

Subsequently, the various server and client components that can fit in this test-bed architecture are described
in clause 4.

4 Client Components

4.1 Introduction

This section lists the detail component APIs so that third party component providers can design their own
client modules that can be integrated into this test bed.
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4.2 Decoder Object

This is the base object for all decoders, including real-time and offline decoders. The task of fetching coded
units from the input streams and storing decoded units into the output stream is carried out by this base object.
This is done as follows:

1. Decoder gets some coded bits from the input bitstream by calling StreamBuffer::GetBitstreamData(). A
bitstream can contain multiple layers of sub-bitstreams. If no data in any layers of the sub-bitstream is
available, the Decoder’s thread is suspended till data is available.

2. Decoder calls a private virtual function, Decode(). This function is overloaded by specific decoders and
performs the actual decoding of a coding unit.

3. The output of Decode() is saved in a buffer via the method OutputBuffer::WriteDecodedData(). The GUI
can later calls OutputBuffer::GetDecodedData() to display (video) or play (audio) the decoded content.
A presentation timestamp will be provided in this later API.

Methods
The following methods are implemented by the base class Decoder.

Decoder()

The object constructor (serious initialization is done in Sefup()). No work is done till Start() is called.

int Setup(int track_id, uint8 *config, int32 config_length, int32 codec_type, void* streambuffer_link,
void* outputbuffer_link)

This function initializes the decoder. The video header (or video configuration descriptor is passed in for

parameters like video width & height or audio frame size). config_length is the length in bits of config, and

streambuffer_link and outputbuffer_link are the pointers to StreamBuffer object and OutputBuffer object

respectively. A non-zero error code returns if it fails.

void Start()
Start the Decoder thread, Run(), to perform the decoder task.

void Close()

Must be called before the Decoder object is deleted in order to terminate the Decoder thread.

static void Run(void *)

This method, which runs the Decoder thread, fetches compressed units from the input StreamBuffer object,
calls Decode() to decode them, and saves the decoded presentation units to the output OutputBuffer object
through the OutputBuffer::WriteDecodedData() method. The function terminates when the input stream
returns END_OF_STREAM on a call to GetBitstreamData().

bool Decode()

Decode one coding unit. The function returns TRUE if successful.

uint32 GetAttributes(ATTRIBUTE_CODE code, void *value)

Depending on the value of code, the requested attribute is returned through the pointer parameter value. In
some codecs, this function returns meaningful values after the Setup() function (i.e. after the decoding of the
audio-visual configuration header). A nonzero error code returns if it fails. For some codecs (e.g. ITU-T
H.263), this function only returns meaningful values after decoding of a frame (after calling the function
Decode()).

© ISO/IEC 2005 — All rights reserved PROOF/EPREUVE 3
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When the attribute “SUPPORTED CODEC NAMES” is requested, the function returns a pointer of an array of
UTF-8 strings of codec names. Each string in the array begins with an one byte length field, followed by the
chacters. Strings are concatenated one after another, the whole string arrays ends with a zero byte. For
example, a Decoder object may returns a pointer points to the following string array:

{0x03, ‘A’, 'S, ‘P’, 0x03, ‘F’, ‘G’, ‘S’, 0x00 }.

The default implementation of this function always returns zero.

ATTRIBUTE_CODE is defined as follows:
typedef enum
{
// common attributes
SUPPORTED CODEC NAMES

// for visual

FRAME WIDTH, // the width in pixels of a video frame
FRAME HEIGHT, // the height in pixels of a video frame
FRAME BITS PER PIXEL, // bits per pixel in a video frame
FRAME PIXEL FORMAT, // pixel format in a video frame

// for audio

PITCH, // the pitch of an audio sample
AUDIO_ FREQUENCY, // the frequency of an audio sample
NUM CHANNELS, // number of audio channels
BITS PER SAMPLE, // number of bits per audio sample

AUDIO CU DURATION, // the duration in milliseconds of a sample
} ATTRIBUTE CODE;

As you can see from this definition, codes for different types of decoders are mixed. A decoder is expected to
return value only for attribute codes that are relevant to it. Otherwise it returns zero. The returned attribute is
always type-casted to uint32. The method returns zero if the requested attribute is not recognized or available
by the decoder.

4.3 OutputBuffer Object

This object class is used as an abstraction of the output device (for either audio and video). The decoder,
after decoding, should dump the decoded data into this object. The client GUI would then send the data to the
actual device based on the timestamp.

Methods
OutputBuffer()

This is the object constructor.

int Setup(int32 buffer_size)

buffer_size is the size of one decoded data unit (e.g. an YCbCr video frame or a PCM audio frame) in bytes.

int WriteDecodedData(uint32 timestamp, uint8 *data, int32 data_length)

This method sends a decoded unit to the output buffer. The pointer *data points to the decoded frame and the
size of the decoded data is specified by data length. The timestamp, timestamp, of the decoded frame is in
milliseconds. The function returns zero upon success, otherwise, it returns a non-zero code when it fails.
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int GetDecodedData(uint32 *timestamp, uint8 **data, int32 *data_length)

The client GUI will call this method to render the decoded content (audio or video). The indirect pointer **data
returns a pointer to the decoded data and the size of the decoded data is returned via data_length. The
presentation time is returned via the parameter *timestamp. The client GUI should render the data at time
timestamp (in millisecond). The function returns zero upon success, otherwise, it returns a non-zero code
when it fails.

int ReleaseBuffer(void)

After client player gets decoded data, it will call this method to release the control to the buffer which is
obtained by using GetDecodedData().

4.4 StreamBuffer Object

StreamBuffer is a FIFO buffer that holds raw bitstream data. Even though the data structure is intended for
raw data bits, the actual implementation should record raw bitstream boundary “markers” set by the transport
layers, e.g. IP packet boundaries (see method GetBitstreamData() for more explanations), through some
auxiliary data structure.

Methods

StreamBuffer(int number_of_tracks)
This is the object constructor. number_of tracks is the total number of media tracks (e.g. audio-visual tracks
or multiple levels/layers for scalable codecs).

int Setup(int track_id, int32 buffer_size, void *packetbuffer_link)
buffer_size is the size of the raw bitstream buffer in bytes. Packetbuffer link is the link to PacketBuffer object.

int SetBookmark(int track_id, int32 bookmark_number)

This method records the current position in stream buffer to a bookmark array for track frack id, and the
corresponding index in this array is bookmark_number. This method is always called by Decoder object to do
backward searching preparation. It retruns a non-zero code when it fails.

int GotoBookmark(int track_id, int32 bookmark_number)
This method will move the current position to that recorded in the bookmark array by index bookmark_number
for track track_id. It returns a non-zero code when it fails.

int32 GetBitstreamData(int track_id, int32 nbytes, uint8 *data)

This method retrieves nbytes bytes from the track track_id of a StreamBuffer object, and returns the value to
the caller. The returned data is stored in the pointer data. The function returns zero upon success, otherwise,
returns a non-zero code when it fails.

int32 GetOffsetToNextDataBoundary(int track_id)

In a streaming-over-IP system, bitstream data has a natural boundary set by the transport layer (e.g. for each
frame, slice or video packet, etc.). This function returns the number of bits to the next marker (or packet
boundary) position in track track id. Some decoders can use this information to avoid resync marker
searching. It returns zero if there is no further boundary point.
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int PutBitstreamData(int track_id, int32 nbytes, uint8 *data)
This method adds nbytes bytes into track track_id of the StreamBuffer object. The output data is stored in
the pointer data. The function returns zero upon success, otherwise, returns a non-zero code when it fails.

void SetDataBoundaryPoint(int track_id)

This method set the current bit position as a data boundary point of track track id. This information will be
used by succeeding calls to GetOffsetToNextDataBoundary(). This method is usually called by a
PacketBuffer object.

4.5 PacketLossMonitor Object

This module handles lost packet monitoring and retransmission. The method CheckPacketLoss() will be
triggered occasionally from client-side timer to issue retransmission requests.

Methods
PacketLossMonitor(int32 number_of_track)

This is the object constructor. number_of tracks is the total number of media tracks (e.g. audio-visual tracks
or multiple levels/layers for scalable codecs).

int Setup(void *packetbuffer_link, void *clientcontroller_link)
The parameter packetbuffer link is a pointer to the PacketBuffer object, and clientcontroller_link is a pointer
to the ClientController object.

void EnableRetransmission(int track_id, bool on_off_flag)

This method turns on/off the retransmission mechanism for track track id. The state is controlled by
on_off flag. If on_off flag = 0, the mechanism is turned off, otherwise, it's turned on.

void CheckPacketLoss()

This function checks all the track buffers whose retransmission mechanism has been turned on to see if there
are any packet losses. |If there are packet losses and the condition is valid for retransmission, this method
calls ClientController::RetransmissionRequest() to issue retransmission requests.

4.6 ClientController Object

This object class integrates and controls the components of client (include the component of IPMP). The
design principle of the ClientController APIs tries to follow the “maximum freedom” rule. Even though the
naming of the methods is adopted from the RTSP model (such as, DESCRIBE, PLAY, etc.), there is no
coercing that RTSP has to be used as the control protocol.

Methods
ClientController()

This is the object constructor.

int Setup(const void *client_info)

This method set up the ClientController object. The input parameter client_info is intentionally left as a free-
form parameter. In the current implemtation, this parameter is a pointer to a structure that contains
information about session ID, media info (for SDP [5]), terminal capabilities, etc. The structure is highly
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dependent on the control protocols used. The function returns zero upon success, otherwise, it returns a non-
zero code when it fails.

void Start()

Start the ClientController thread, Run(), to perform the control event processing loop.

void Close()

Must be called before the ClientController object is deleted in order to terminate the ClientController thread.

static void Run(void *)

This method, which runs the ClientController thread, sits in a loop waiting for the GUI user inputs and
processing these inputs. If failure or exception occurred, this thread should set an event to acknowledge the
Ul. The event handler can be fetched via GetAfttributes() method.

int GetAttributes(const char *attribute_name, void *value)

This method returns a server or client attribute (specified by attribute_name). The requested attribute is
returned through the pointer parameter value. If the returned value is NULL, then attribute_name is an invalid
(or unsupported) attribute. If it is a server attribute, the client could use the GET_PARAMETER method of
RTSP to get it. The function returns zero upon success, otherwise, it returns a non-zero code when it fails.

int SetAttributes(const char *attribute_name, void *value)

This method sets the value of client or server attributes. If it is a server attribute, the client could use the
SET_PARAMETER method of RTSP to set it. The attribute is specified by attribute_name, and its value is
pointed to by value. The function returns zero upon success, otherwise, it returns a non-zero code when it
fails.

int RetransmissionRequest(uint32 *packet_numbers, int nPackets, int track_id)

A PacketLossMonitor object calls RetransmissionRequest() to issue a retransmission with specified packet
numbers in packet number list (packet_numbers). The number of packets in the list is given by the parameter
nPackets. The requested missing packets belong to the media track track_id. The function returns zero upon
success, otherwise, it returns a non-zero code when it fails.

void OnStartPresentation(void *parameters)

This call-back method will be called upon the receiving of a “start media presentation” request from the GUI.
The input parameter input is intentionally left as a free-form parameter. When the user issues a PLAY request
through the client GUI, this methods will be called. Three types of (RTSP) control requests will be processed
here, namely DESCRIBE, SETUP, and PLAY.

void OnStopPresentation(void *parameters)

This call-back method will be called upon the receiving of a “end media presentation” request from the GUI.
The input parameter input is intentionally left as a free-form parameter. The control requests TEARDOWN wiill
be processed in this method.

5 Server Components

5.1 Introduction

This section lists the detail component APIs so that third party component providers can design their own
server modules that can be integrated into this test bed.
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5.2 MediaDatabase Object

This object class currently uses a simple directory tree structure for content storage. The server configuration
file must sit in the root directory of the content database.

Methods
MediaDatabase()

This is the object constructor.

int OpenMediaFile(int track_id, char *filename)

This method opens file filename for track track_id. This method is usually called by the Streamer object.

int CloseMediaFile(int track_id)

This method closes media file for track track id. This method is usually called by the Streamer object.

int GetNextResourceUnit(int track_id, uint8 *buffer, int32 *buffer_length, uint32 *timestamp)

This method retrieves one resource unit (can be a video frame, video packet, or an audio frame) from track
frack_id along with its timestamp. This function is usually called by the DIA object and the data will be stored
in the buffer pointed to by buffer. The parameter buffer _length is an input/output parameter that stores
maximum buffer length (in bytes) as an input parameter and returns the actual data size. Timestamp of the
data will be returned via timestamp. The function returns a user-defined status code that controls the
transmission behavior of the streamer.

int GetMediaConfigHeader(int track_id, uint8 *buffer, int32 *buffer_length)

This method retrieves the media configuration header (for example, the MPEG-4 VOL header) from track
track_id for SDP composition. This function is usually called by the ServerController object and the data will
be stored in the buffer pointed to by buffer. The parameter buffer_length is an input/output parameter that
stores maximum buffer length (in bytes) as an input parameter and returns the actual data size. The function
returns zero upon success, otherwise, it returns a non-zero code when it fails (for example, if the buffer is too
small to store the next decoding unit).

5.3 ServerController Object

The design principle of the ServerController APlIs, just like the ClientController APIs, tries to follow the
“maximum freedom” rule. Even though the naming of the methods is adopted from the RTSP model (such as,
DESCRIBE, PLAY, etc.), there is no coercing that RTSP has to be used for the implememtation. To create a
multicast ServerController, for example, most of these APIs will be NULL APIs that does not do anything.

For a unicast system, an individual server controller will be created for each connecting client.

Methods
ServerController()

This is the object constructor.

int Setup(const void *server_info)

This method set up the ServerController object for a connecting client. The input parameter server_info is
intentionally left as a free-form parameter. In existing implementation, this parameter is a pointer to a
structure that contains information about session ID, media info (for SDP [5]), etc. The structure is highly
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dependent on the control protocols used. The function returns zero upon success, otherwise, it returns a non-
zero code when it fails.

void Start()

This method starts the ServerController thread, Run(), to perform the control event processing loop.

void Close()

This method must be called before the ServerController object is deleted in order to terminate the
ServerController thread properly.

static void Run(void *)

This method, which runs the ServerController thread, sits in a loop waiting for the control message inputs
from the control channel and processing these inputs by calling the callback function. To adapt the framework
to different propocols, only the callback function needs to be changed.

void Callback(int32 message_id, void *parameters)

This callback function is called by control protocol module when a message is received. The pointer
parameters specifies the input parameters from the message. The callback method shall configure the server
state, process the requests, and send ACK back to the client.

int GetAttributes(const char *attribute_name, void *value)

This method returns a server or client attribute (specified by attribute_name). The requested attribute is
returned through the pointer parameter value. If the returned value is NULL, then attribute_name is an invalid
(or unsupported) attribute. If it is a client attribute, the server could use the GET_PARAMETER method of
RTSP to get it. The function returns zero upon success, otherwise, it returns a non-zero code when it fails.

int SetAttributes(const char *attribute_name, void *value)

This method sets the value of client or server attributes. If it is a client attribute, the server could use the
SET_PARAMETER method of RTSP to set it. The attribute is specified by attribute_name, and its value is
pointed to by value. The function returns zero upon success, otherwise, it returns a non-zero code when it
fails.

5.4 Streamer Object

The Streamer object performs several tasks: packing bitstreams into RTP payload and stores them into
packet buffer. This object also performs rate adaptation and packet scheduling.

Methods
Streamer(char *ip_addr, void *DIA, void *QoS, int number_of_tracks)

This is the object constructor. The parameter ip_addr is the IP of the remote host, DIA is a pointer to the
associated DIA object, QoS is a pointer to the QoSDecision object, and number_of tracks is the total number
of media tracks (e.g. audio-visual tracks or multiple levels/layers for scalable codecs).

void Setup(int track_id, int32 client_port, void *rtp_info)

This method commands the the streamer to create a session for a client and retrieve the related RTP
information such as SSRC, time base, sequence number offset, and local port. These are necessary
information for the sending controller to communicate with receiveing controller via SDP. The data type of
rtp_info can be a user-defined data structure that contains variables for storing necessary information.
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void Start()

Start the streamer thread, Run(), to perform the streaming task.

void Close()

Must be called before the Streamer object is deleted in order to terminate the streamer thread.

static void Run(void *)

This method runs the streamer thread. It call DIA::GetNextResourceUnit() to read some data for
packetization. It performs rate adaptation by discarding some data from enhancement layers. The Run()
thread is created as soon as a client connects. However, it will not start sending data until an RTSP “PLAY”
request from the client is received. Upon receving a PLAY request, the ServerController object calls
Streamer::StartSending() to start sending the RTP packets. The Run() thread also calls the method
QoSDecision::CalculateCurrentBandwidth() to retrieve available network bandwidth in order to perform
rate adaptation.

void StartSending(int track_id)

This method sets the sending flag for the corresponding client so that the Run() thread starts pumping out
RTP packets. The parameter track_id informs the streamer which media track to send.

void RetransmissionRequest(int track_id, uint32 seq_no)

This method sets retransmission flag for packet seq_no of track track_id. ServerController calls this method
to notify the Streamer object to resend the missing packet.

void SetAdaptationParameters(void *parameters)

The ServerController object uses this function to pass the client terminal capability information (such as
maximal width, height, and video frame rate or audio sampling rate it can support) into the Streamer. The
pointer parameter is left as a free form pointer so that different implementation of ServerController and
Streamer can design their own data type.

5.5 File Format

Currently, the file format for a content maintained by MediaDatabase object is just a set of raw bitstreams
(ASP, FGS, and BSAC) and XML files (CDI, XDI) located in a directory under the name of the content. The
design simplify the system and the authoring tools. However, for a large scale system, this type of content
management is not very efficient. Eventually, ISO file format should be used in this reference platform.

5.6 DIA Object

The DIA object performs media resource adaptation by DIA engine processing. At first, the DIA engine will get
the CDI and static XDI information from ServerController object for initial setup. Besides, the dynamic XDI
will be set in the adapting process. The adapted resource will be generated with CDI and these two XDls
information. After adaptation, Streamer object willl get adapted resource by GetNextResourceUnit in DIA
object.

Methods
DIA()

This is the object constructor.
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int Setup(int track_id, int engine_id, string *CDI, string *XDI, MediaDatabase *MDB)

The ServerController object uses this function to initialize the DIA. The engine_id indicates what kind of
adaptation engine to be used. CDI provides the properties (ex: location, type, frame rate) of media resource.
XDl is specified for the adaptation guide settings of media resource. MDB is a pointer of MediaDatabase. So
that DIA can access original media resource.

int SetXDlInfo(int track_id, string *XDI)

This method is used to set the dynamic XDI information. For example, the Streamer object can use this
method to pass the dynamic network information into the DIA object for setting adaptation parameters.

int GetCDIlInfo(int track_id, string *CDI)

This method retrieves the adapted CDI information from the DIA object.

int GetNextResourceUnit(int track_id, uint8 *buffer, int32 *buffer_length, uint32 *timestamp)

This method retrieves one adapted resource unit (e.g., a video frame, video packet, or an audio frame) from
track track_id along with its timestamp. This function is usually called by the Streamer object and the data will
be stored in the buffer pointed to by buffer. The parameter buffer_length is an input/output parameter that
stores maximum buffer length (in bytes) as an input parameter and returns the actual data size. Timestamp of
the data will be returned via timestamp. The function returns a user-defined status code that controls the
transmission behavior of the streamer.

6 Common Components

6.1 Introduction

This section lists the APIs of the components that are common to both the client module and the server
module. Even though these components function differently when they are used in the client and in the server,
they are listed under common components since both the client side and the server side requires matching
pairs of these components.

6.2 PacketBuffer Object

Real-time Transport Protocol/Real-time Control Protocol (RTP/RTCP, RFC-1889) is used as the media
transport mechanism. This object class implements an RTP packet buffer data structure. This class is RTP
payload independent and calls jRTPLib ([1]) for standard RTP/RTCP composition and transporting. The main
method, Run(), of this object class should run in its own thread.

A data structure, rtp_header, used in this object is defined as follows,

typedef struct rtp header
{

uint32 seq no; // extended sequence number
uint32 rtptime; // rtp timestamp

uint8 PT; // payload number

uint8 marker; // marker bit (s)

} rtp header;
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Both client and server uses the same PacketBuffer object with different initializations. The reason is to
force this module to be updated simultaneously and consistently for both the client and the server.

Methods
PacketBuffer(bool for_server, int32 number_of_tracks)

This is the object constructor (serious initialization is done in Setup()). The parameter for_server is set to true
if this object is intended for server, false if it is intended for a client. The parameter number_of tracks
specifies the total number of media tracks in the streaming session.

This class has two different overloading Setup() methods, one for the client and the other for the server.
These methods are defined as follows.

int Setup(int track_id, int32 number_of_packets, int32 max_packet_size)

On the client side, this function initializes the packet buffer object for media track track id. The parameter
number_of packets is the total (maximum) number of packet allowed in the packet buffer. max packet size
is the permissible maximal size of a single packet. The function returns zero upon success, otherwise, returns
a non-zero code when it fails.

int Setup(int track_id, int32 number_of_packets, int32 max_packet_size, void* extra_parameter)

On the server side, this method initializes the packet buffer object for media track track id. The parameter
number_of packets is the total (maximum) number of packet allowed in the packet buffer for retransmission.
max_packet_size is the permissible maximal size of a single packet. The function returns zero upon success, otherwise,
returns a non-zero code when it fails.

The parameter extran_parameter is the pointer of RTP related information (Ex: SSRC) for sever setup.

void Start()
Start the packet buffer thread, Run(), to perform the packet buffer task.

void Close()

Must be called before the PacketBuffer object is deleted in order to terminate the packet buffer thread.

static void Run(void *)

This method runs the packet buffer thread. On the client side, it fetches RTP packets from the input sockets,
stores them in the packet ring buffer, and waits for StreamBuffer object to retrieve bitstream data. On the
server side, this method is not used.

int ReadCodedUnit(int track_id, uint8 *buffer, int32 *buffer_length, uint32 *timestamp)

This method retrieves enough packets from the packet buffer to compose one decoding unit (can be a video
frame, video packet, or an audio frame) from track track id along with its timestamp. This function is usually
called by the StreamBuffer object and the data will be stored in the buffer pointed to by buffer. The
parameter buffer_length is an input/output parameter that stores maximum buffer length (in bytes) as an input
parameter and returns the actual data size. Timestamp of the data will be returned via timestamp. The
function returns zero upon success, otherwise, it returns a non-zero code when it fails (for example, if the
buffer is too small to store the next decoding unit).

int32 WritePacketData(int track_id, rtp_header *header, uint8 *data, uint32 length, uint32
time_schedule)

This method composes some RTP payloads and the corresponding RTP information for track frack id. The
parameter data points to the input bitstream data with size length bytes. time_schedule is the scheduled time
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(in milliseconds) for this packet to go out. The function returns zero upon success, otherwise, it returns a non-
zero code when it fails.

int GetLostPacketSequenceNumber(int track_id, int32 **seq_no_list)

This method returns channel condition to the caller(s), namely the QoSDecision object and/or the
PacketLossMonitor object. The parameter track id specifies the media track in interest. The function
returns the total number of lost packet since last call. A pointer to an array of lost sequence number is
returned via the output parameter seq_no_list.

int SendRetransmissionPacket(int track_id, uint32 seq_no, int32* payload_length)

This function is usually called by Streamer object for sending retransmission packet (extended sequence
number seq_no) for track track id. The parameter payload length is the pointer of payload length of the
retransmission packet. This method returns a non-zero code when it fails.

void GetChannelCondition(int track_id, int32 *FPL, int32 *CPL, int32 *xSeqNum, int32 *jitter, int32 *RTT,
void *app_specific_parameters)

This method returns the current channel condition of track track id to the caller, namely the QoSDecision
object class. On ther server side, these information mainly comes from the RTCP feedbacks. On the client
side, these information comes directly from the receiving statistics of RTP packets. All the parameters are
output parameters; and the meanings of parameters are listed as follows [3]:

1. FPL: Fraction of packet loss.

CPL: Culmulative number of packet loss.
xSeqNum: the highest extended sequence number.
Jitter. packet inter-arrival jitter.

RTT: estimated round-trip time.

o g A~ 0w DN

app_specific_parameters: user-defined channel parameters. All the above parameters are standard
channel condition parameters defined in RTP specification [3]. The pointer app_specific_parameters is a
free-form parameter for user to define extended rate adaptation mechanisms. The information may pass
back from the clients to the server via the RTCP APP packets.

int GetCurrentBufferDepth(int track_id)

This method returns the current depth (in milliseconds) of media data in the track track_id buffer. The method
returns zero upon success, and a non-zero error code upon failure.

int GetNetworkAttribute(int track_id, uint8 *attributes, void* value)

This method returns the network information (such as UDP ports) via the parameter aftribute, and the
requested attribute is returned through the pointer parameter value. This method is usually called by the
ClientController object to retrieve network related information maintained by the PacketBuffer object. This
parameter is intentionally left as a free form parameter. The method returns zero upon success, and a non-
zero error code upon failure.

int SetNetworkAttribute(int track_id, uint8 *attributes, void* value)

This method sets the network information specified by the parameter attribute, and the requested attribute is
set through the pointer parameter value. This parameter is intentionally left as a free form parameter. A
typical use of this function is for ClientController to set network related information (such as IP address).
The method returns zero upon success, and a non-zero error code upon failure.
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6.3 QoSDecision Object

This object class estimates the channel condition and provides some QoS information for rate adaptation.

Methods
QoSDecision()

This is the object constructor.

int Setup(bool for_server, void *extra_parameter, void *PB)

This function initializes the QoSDecision object. The parameter for server is set to true if this object is
intended for server, false if it is intended for a client. extra_parameter is a free form pointer that can be used
to pass some extra info to setup the object. Finally, PB is a pointer to the associated PacketBuffer object.
In the existing implementation, this parameter passes in the file name of the simulating network profile. The
function returns zero upon success, otherwise, returns a non-zero code when it fails.

int CalculateCurrentBandwidth(void *QoS_parameter)

This method returns the current bandwidth to the caller. For a system with true dynamic streaming rate
control, the method calls the method PacketBuffer::GetChannelCondition() to obtain statistics about the
channel and calculates the bandwidth accordingly. The parameter QoS _parameter is a free form pointer that
can be used to provide implementation specific parameters. The returned value is the available channel rate
(in bps) associated with the input QoS_parameter of a specific media.

6.4 IPMP Objects

The MPEG-4 IPMP system is mainly composed of three parts, namely Terminal, Message Router, and Tool
Manager. The Terminal is the consumer of IPMP protected contents. The functions of a Terminal in IM1 are
mapped to the functions of the client of the test bed, with some modifications.

All the messages come from an IPMP Tool to another IPMP Tool or the Terminal to an IPMP Tool are routed
by Message Router. IPMP Message Router could just be a conceptual entity that implements the Terminal-
side interface between the Terminal and an IPMP Tool.

The function of the Tool Manager is to create instances of IPMP Tools, and to connect the IPMP Tool to the
corresponding position to perform IPMP functions.
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Figure 2 — IPMP architecture

The detailed component behaviors and data structure definitions could be found in [6]. Based on the original
MPEG-4 IPMPX architecture, we define the IPMP APIs of the Testbed in the following sections.

6.4.1 MessageRouter Object

All IPMP messages are routed by MessageRouter. It also handles IPMPToolDescriptors and ESDs. On
receiving an IPMPDescriptorPointer, it asks ToolManager to instantiate tool at given control point.

Methods

int ProcessIPMPToolDescriptor(IPMPToolDescriptorD* IPMPtooldescriptor)

This APl is called by the Terminal to process the IPMP Tool Descriptor. When the Terminal receives the 10D
from the server, it calls this function to pass IPMPtooldescriptor contained in 10D to MessageRouter. The
function returns zero when succeed.

int ProcessESD(ESD* esd)

This API is called by the Terminal and processes the ES Descriptor. When the Terminal receives the |0D
from the server, it calls this function to pass all ESDs contained in IOD to MessageRouter. The function
returns zero when succeed.

int ProcessIPMPDescritorPoniterD (uint32 contextID, IPMPDescriptorPointerD* ptr)

This API is called when processing an ES Descriptor. MessageRouter instructs ToolManager to instantiate
an IPMPTool at the given control point of the given ES. The context/D specifies the context where the pointer
resides. The pir contains the information of which IPMPToolDescriptor is to be used. The function returns zero
when succeed.

int ReceiveMessage(IPMPToolMessageBase* msg)

This APl is called by an IPMPTool or the Terminal. On receiving a message (the parameter msg),
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MessageRouter determines and sends it to the corresponding recipient. The function returns zero when
succeed.

IPMPContext* GetContext()

This API provides means to access the corresponding context. All IPMP objects can refer to each other by
navigating through the context tree.

6.4.2 ToolManager Object

ToolManager is responsible to parse the IPMPToolListDescriptor and to resolve the IPMPTools on the list.
It is also responsible to instantiate and destroy the IPMPTools.

Methods

int ReceiveToolListDescriptor(ToolListDescriptorD* tool_list)

This API is called by the Terminal and processes the IPMP tool list. When Terminal receives the Tool List
Descriptor in the 10D, the function is called to pass tool list to ToolManager. Then, the ToolManager
resolves the tool IDs for later instantiation. Note that the server-side and client-side resolving process may be
quite different. The function returns zero when succeed.

IPMPTool* ConnectTool(uint32 context_id, IPMPToolDescriptorD* descr)

Instantiate and connect a tool. When this method is invoked, the tool is instantiated by the parameters
specified in descr. Then, the ToolManager connects it to the specified location (context_id specifies the ES to
apply, and the control point is specified in descr).

int DisconnectTool(IPMPTool* tool_ptr)

Disconnect the given tool pointed by tool ptr from the IPMPFilter. The function returns zero when succeed.

IPMPContext* GetContext()

This API provides means to access the corresponding context. All IPMP objects can refer to each other by
navigating through the context tree.

6.4.3 IPMPTool Object
IPMPTool perform the function of IPMP, such as en/decryption, or watermarking.

Methods

int ReceiveMessage(IPMPToolMessageBase* msg)

This APl is called by the MessageRouter to pass a message to the IPMPTool object. The parameter msg is
the IPMP message to be handled by this tool. The function returns zero when succeed.

int ProcessData(uint32 timestamp, uint8* in_data, uint32 in_size, uint8** out_data, uint32* out_size)

This API is called by the IPMPFilter to process the given content data. The parameter in_data, is the input
buffer of length in_size. The indirect pointer **out data returns a pointer to the processed data, and the size
returned as out_size. The output buffer should be created during the invocation of the method, and should be
released somewhere else. The IPMPFilter should take care of the release operations, except the last output
buffer of the IPMP tool chain. The function returns zero when succeed.
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void Initialize(IPMPToolDescriptorD* init)

Initialize the IPMPTool by the given init object. This method is called by the ToolManager after this tool object
is instantiated.

IPMPContext* GetContext()

This API provides means to access the corresponding context. All IPMP objects can refer to each other by
navigating through the context tree.

6.4.4 |IPMPFilter Object

An IPMPFilter object serves as a ControlPoint in IPMP. We can add and/or remove an IPMPTool into/from
the IPMPFilter. On the Testbed, there are three IPMPFilters for each ES. To distinguish them in the following
notations, we call them PreDecoderFilter, PostDecoderFilter, and PostDIAFilter. The PreDecoderFilter
and PostDecoderFilter are in the client side. However, PostDIAFilter is in server side. On Testbed, an
IPMPFilter is implemented more like a co-processor than a filter. For example, the Decoder get data from the
StreamBuffer, and call the ProcessData() of the PreDecoderFilter to produce the “real” encoded data. After
decoding, the Decoder passes the decoded data to the PostDecoderFilter, then puts the processed data to
the OutputBuffer.

Methods

int AddTool(IPMPTool* tool, uint8 sequence_code)

Add the given IPMPTool into the filter. The fool object is an initialized IPMPTool, and the sequence_code
specifies the priority of the tool. Higher value of sequence_code denotes higher priority when processing data.
This method returns zero when succeed.

int RemoveTool(IPMPTool* tool)

Remove the specified IPMPTool from the filter. The parameter tool specifies the IPMPTool to be removed.
This method returns zero when succeed.

int ProcessData(uint32 timestamp, uint8* in_data, uint32 in_size, uint8** out_data_ptr, uint32*
out_size_ptr)

This method iterates through each contained IPMPTool and chained all data process operations to produce
the final result. The in_data is the input data buffer of length in_size. The created output buffer is returned in
out_data_ptr with length out_size ptr. The method returns zero when succeed.

1. GetNextResourceUnit()
DIA ¢ Streamer

PostDIAFilter 2. ProcessData()

Figure 3 — Call-steps from a Streamer to IPMPFilter
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2. Decode()

1.1. GetBitstreamData()
StreamBuffer [ Decoder

1.2. ProcessData()
PreDecoderFilter 2.|WriteDecodedData()
3.1. ProcesSData()
A 4
PostDecoderFilter OutputBuffer

Figure 4 — Call-steps from a Decoder to IPMPFilters

6.4.5 Terminal

The Terminal object is an abstraction of the Testbed without IPMP. The object is provided as the interface to
interact with non-IPMP part of the system.

Methods

int ReceiveMessage(IPMPToolMessageBase* msg)

This method is called by the MessageRouter to pass terminal specific IPMP messages. The msg object is the
message to be processed. The method returns zero when succeed.

int SendMessageToBitstream(IPMPToolMessageBase* msg)

This method is called by the MessageRouter to pass remote-terminal specific IPMP messages. The msg
object is the message to be sent to the other side. The method returns zero when succeed.

IPMPContext* GetContext()

This API provides means to access the corresponding context. All IPMP objects can refer to each other by
navigating through the context tree.

7 Network Emulator and Network Profile Format

7.1 Introduction

In the test bed, an IP network emulator, NIST Net [2], is used to provide repeatable network environments that
are close to practical wide-area heterogeneous network environments. NIST Net is a public domain Linux-
based IP network emulator developed by the National Institute of Standard Technology. It is a raw IP packet
filter with many controllable channel parameters such as packet loss ratio, jitter, bandwidth variation, delay,
and network buffer size. To simulate different network environments, a GUI that controls the NIST Net kernel
module is required. Current reference test bed includes a GUI module (nctu_simunet) that parses a network
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profile text file and controls the time-varying network conditions via NIST Net. A typical test bed setup is
shown in Figure 5.

Player 1
Ethernet Interface \
1P: 192.168.1.2

—e

client machines

Network Simulator
Ethernet Interface 2
1P: 192.168.1.1

Network

Server
1P: 10.0.1.2 Emulator r—
Network Simulator hub/switch \ Player 2
Ethernet Interface 1 Ethernet Interface
1P: 10.0.1.1 1P: 192.168.1.3

Figure 5 — A typical test bed setup

In addition to controlling the NIST Net module to emulate the pre-specified network profile, the GUI module
also displays real time channel usage plots and statistics of both the uplink and downlink connections. A snap
shot of the GUI is shown in Figure 6. The green curves in the figure are the pre-defined network bandwidth.
The red curves are the actual real-time traffic data rate.

X4 HCTU Simunet — .
Profile Zoom Help
NCTU SimuNet 1.0 Powarad by b
Channel Nodes: Start
| source [140.113.208.2 | Destination [140.112.218.3
Channel Profile: Symmetric
| uptink [profie_256kops PLR10xt | Downlink  [file_25 5kips_PLR10.14t
Link BW: 7 Khps Time(zec) 34 Link BW: 1 Klps Timeizec) 34
500 500
400 400
200 200
200 200
100 100
Rate (Kbps) 192 PLR(%): 10 Rate (Kbps) 192 PLR(E): 10
Drelay {ms).0 SDD{ms): 0 Delay {ms).0 SDD{ms): 0

Figure 6 — The network emulator GUI

7.2 Network profile file format

The network profile is an ASCII text file that composed of two types of text lines. The first is a free-form
comment line that begins with “#”. The second type of text line is a time-parameter description line. Each
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time-parameter line includes six numbers: time (in second), packet loss ratio (%), channel bandwidth (in bps),
packet mean delay (in msec), packet delay standard deviation (in msec), and network buffer size (specified by
the number of maximum packets in the FIFO buffer). The first number “time” is the starting time when the
network parameters (on the same line) take effective.

An example of a network profile is given in Figure 7.

# You can have as many lines of comments as you wish.

#
# Time (sec) PLR(%) Bandwith (bps) Delay(ms) SDD Network Buffer Size
0 0 100000 20 0 80
5 2 70000 10 0 80
10 1 90000 10 0 80
15 3 110000 10 0 80
20 2 100000 30 0 80
25 5 60000 10 0 80

Figure 7 — A sample file of network profile

7.3 Synchronization between network profiles and streaming sessions

The GUI starts the network condition control as soon as the first packet arrives in the controlled channel. This
time instant is reference time zero of the network profile. When a server uses the network profile as a hint for
network conditions (instead of probing the network by itself), it should know that the network emulator channel
clock starts ticking when the simulator machine sees the first arrival packets in the channel. There can be
more than one channel in a simulator box, each one with its own clock.
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