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General Framework, Mathematical Model, Current Activities and Open Issues
for Media Adaptation in MPEG-21 DIA

HUANG Tian-Yun

(School of Computer Science and Technology , Southwest University for Nationalities, Chengdu 610041)

Abstract A growing variety of terminals and heterogeneous networks with dynamic throughputs
make it a challenge in multimedia contents consumption. Media adaptation has been introduced in
order to maximize user experiences and ensure quality of service (QoS) in universal media access
environment. Based on the relations among entities such as resources, adaptation operators and
utility in MPEG-21 digital items adaptation (DIA), and the general media adaptation framework,
a mixed-variable constrained optimization model is proposed in this paper. The model unifies re-
searches in this field, brings together the problem formulation and solution in a consistent way.
A hierarchical adaptation structure is also constructed, from the viewpoints of image understand-
ing and video analysis, and applied to classify some representative media adaptation applications.
Leading pursuits such as image adaptation, scalable video transcoding, bit rate adaptation, video
objects (VOs) adaptation, multi-modality conversion and fusion of mixed medias, etc. , are illus-
trated by examples. Hotspots such as semantic abstraction of media contents, measurements of

subjective quality, and maximizing of user experiences, etc. , are also addressed.

Keywords universal media access; media adaptation; MPEG-21 DIA; entity; abstract model;

transcoding; bit rate adaptation; modality conversion
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AR b3S BC B R AN AR R N R,
e L AT AR ) B S A A o B D B AR SR
B AR B A 0 AR T8 S X R S Y <R A A
A5G B ot il JBC . R AR S0 900 A A 2 (Video
Abstract) ; 7 H H A i 1E BZ Can T i) 7] LUJE i
o SCA L B T AR E A S A R
FR P AE B JBCRT DLAE A5 5 B vk S A S AT Al ik L T
SCASBR T I J0xr 5 100 MR 2 0 3 SCH k. X AT LA
W | e T L LB MU A B A T AT
LD A e i AR T T A R 3 A T P
s B S AT U B Tz A

5 HEEENATR

PAF 2 BE AL 8 1138 IC )2 IR 45 1 » X I 48 ok 307
IR A3 T £ 32 B 1 T B 9 6 AT 0 B X LB R AT Y 2
BT — 7 1 PR 24 S 2% 44 o 38 2o AH N e HR A L DA
JEEE MR AL L R 25 . BRI S ] DA 4% B 32 P AfE 242
HEAT 88— WAl A 4 BT TSR i
5.1 EfgE/R

JPEG El% 8t MPEG ) 1 i, £ % R Fl 4k B ¥
i MSE) Py A48 b 1) 1) 345 5, — Je 8 28 A [] 1 o5 Ak
P52 B A AN TR (9 UCD 25, ple 5 33 fic 5| 3¢
ADE R Bl S B E{ (EIH 7, 5%, MSE) };
- H 7 35 L 51 % BAE 927 HL AR i 38 e 1o A2

AILLE . BB SEE TR 3 A S BUEME X
By, Rt A 5 R [ 48 A5 1 JPEG BRI id 7
K :(DMin(MSE), s. t. iR, H r JH G
E RIS R R (2) Min(B3 %), s. t. MSE<<m,
oo S SRV R R L. DR UL PR O Aot A e B A
&S R SF 145 38 %R (Free I0Pins) , UCD 2 % 4N
T 3% f1 2 B (Dependent I0Pins) . fE k1 ADE [ %
A PSR A UCD Yy B AL 15 9 DL 24
A BAE, JE17 52 B 10 838 e i e

I AT 4 5 i TPEG2000 E2, 1 []
4945 25 38 . SNR Fil & J&F (Component) ¥ Ji# |2 4,
ADE 5 ZL 1580 AR R 5 RT3 2 2 A8 DA R 4 8
(1 UCD 24 5. % A 9 5% o B0 Cln 4y 98 36 90 4 v]
P )2 $ (Free 10Pins)) . UCD #y3 (405 = 1 2k
H.J# (Dependent I0Pins)) ,ifid ADE g%, LIsR
T e A e 2T R 2 . [RIRE AT PR RR S [R) 119 35 i
FE(DMax (UG HEF) , st BB HER
TN A A PR 5 R < CFF 45 A% i 5 58 R 2 i 4
HERBRET e KACER 43 B %) 5 (2) Min (MSE) ,

soto BB B = I Y /N o B R i R < (FE
FRE M A P R BN R T oME R
HD.

KL, JPEG BIMR R A A& i 7 L BEF I8 T &
WMAE PR AN UCD 2y (3 R E D . dwal A 7 EM
FE bR A0 230 55 2 80 UED (&3 3 4% B 1 L P T
U4 . AR N Y 3 B 2 B & BAE /Y HL A i
AR A5 200 2 A W) 75 200 i R
5.2 FD/CD #5a%% 55

e L 3 3 S0 WAL ATV 0 A L RS R G
IR el G R e N R LR S R B R A U
2 PG AT DA S8R AT IR 55 45 1) 7 fidd 725 1t OOF LE 22 4
Wiy MDC) 5 4b ¥ A ) 2R AR AL e 5%
i DCT R A RALS AT BE 2 B 22 WY R DS il
TS B4R 2 (Error Drift). 1 XF 223k MB & 5
DCT Z #1434 3 4 % DRSS (Dynamic
Rate Shaping) . ok % J& 3| Wi 5 38 BC , 78 7™ 4% 19 7 98
PR R Al B 25 5 SR TR 22 1Y T

HETO0F A 3 TE S AR OC &R R A AL 4 G A 8
DCT % %% CDM it i % 55 FD'Y, FD-CD
B TG A TR A B A SR A5 B AR R G (BT 9) 5 IR
1R 5E 1) A2k H R-D BB JEATHE T, 4 Y WF 4%
H R-U #£ % (Resource- Utility) 221

DCT#% % 37CD

WU ZFEFD
9 FD/CD 44 i LI % i 7 7 1 =

5% 15 LALAT R 91 /Y GoP 2y B G k47 3d& i . F A1
F/ 25 AU RS e J5 9 iR, 2 X f=F/F
H FDG&ERE I F 525 R A1 R 43 512 iy A0 4% A ik i
JE AR 1 %, 8 X c=1—R'/R Jy CD & it A+,
BIZ4 c FRoR R m DCT REHY Lol i
FLBHE a=(f o). L. B8 o T0E T L5
FE AT T PR 404 5 Cn PSNR) (9 36 i #8 4. 1&
Pic ok A % A GoP 4 [ AR L R 2 & 57 24 i
DCT RECFIG LR £—1 Wi (& 10). d: & 5], K
Bt S H WAL ALV £ 5 B WOF P i R
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CD W_i.t'h c (Vector)00000000022222222 2{/Vector)

¥ \ (/Values)

== yay o o —1

e i (/AdaptationOperator)

—%>-o o f=2 ( AdaptationOperator iOPinRef="P_FRAMES")

(@ ________ SN f—3 (Values xsi:type="IntegerVectorType")
. (Vector)0 0000000000044 444 4(/Vector

Basic Pattern O:CD-Frame X : FD-Frame (/Values)

Bl 10 3 F#EE Y FD-CD 36 it 7 )7

Hy R B L AT LU S R S Gl AR a=(f. o)
) FD-CD g gl =, DU KAk PSNR, sl /ME
REIE. IFH X2 W] - 2ot [] 1 2280 22 5 ML 4
P22 HE T HL CD BRI BLAF ) PSNR™,

FT R-U BEBUFN H b5 A A9 R L o) LUAS 2 AH
BLIE BC AT a= (f o) B B HORAE A5 5 38 2 0F B HiCR:
FE B 70 B R MR A (R AT A S AT S A A R AL
JH BRBOR 28 (1 16 BC 484 2 502 (| 1D N e mT RAAE

WS B AEZR T, J7 (0 % 045 e 5] 3k 47 1
36 : :
34 : :
32 } ‘
<0 L Akl
& 28 L :
79 /=3 B ‘
A 26 PN = (3,027
24 : :
2l fTls 814 kb ;
20 et . bs: |
500 1000 1500
H 555 % /kbps
CRVEC R e S SR
B 1. — AdaptationQoS f§ XML £, 3%

FHEET PSNR ) 20 H e B2 s (R 40 0L Sk (6 ]
Annex 2. 1: AdaptationQoSCS).
(DIA)
(DescriptionMetadata)
(ClassificationAlias alias =" AQoS" href =" urn: mpeg:
mpeg21: 2003:01-DIA-AdaptationQoSCS-NS"/»
{/DescriptionMetadata)
(Description xsi:type="AdaptationQoSType">
(Module xsi:type="UtilityFunctionType")
{Constraint iOPinRef="BANDWIDTH")
(Values xsi:type="IntegerVectorType")
(Vector)1510 1359 1200 1071 941 814 1000 952 909
814 712 600 396 359 331 293 255 217(/Vector)
(/Values)
{/Constraint)
(AdaptationOperator iOPinRef="B_FRAMES")
(Values xsi:type="IntegerVectorType")

(/AdaptationOperator)
(AdaptationOperator iOPinRef="COEFF_DROPPING")
(Values xsi:type="FloatVectorType")
(Vector)0.00.10.21 0.30.40.50.00.08 0.15 0. 27
0.380.50.00.10.20.30.4 0.5(/Vector)
(/Values)
(/AdaptationOperator)
(Utility iOPinRef="PSNR")
(Values xsi:type="FloatVectorType")
(Vector)34. 47 33. 56 32.48 31.58 30.27 29.10 27.03
26.49 26.21 26.08 25.87 25.12 21.44 21.36 21.29
21.18 21.02 20. 87(/Vector)
(/Values)
(/Utility)
(/Module)
(IOPin semantics=":AQoS:1. 1. 1" id="BANDWIDTH"
input="true" output="false"/)
": AQoS:2.1" id="PSNR" input =
"false"output="true"/)

: AQoS:3.1. 1" id="B_FRAMES"

(IOPin semantics =

(IOPin semantics ="
input="false" output="true"/)

(IOPin semantics=": AQoS:3.1.2" id="P_FRAMES"

input="false" output="true"/)
(IOPin semantics=";AQo0S:3. 1. 3" id="COEFF_DROP-
PING" input= "false" output="true" /)
(/Description)
(/DIA)
5.3 FA¥ R4%AEMIMNIER
X430 AT 4 R S i i) MPEG #9045 78 3 75 M 2%
BT RIE B 3T T 205, o2&
] e FE AT BR HL3h A5 42 1k 1 W 28 SR B8 T L SR LA 2L
(4 53 J22 25 70 SR W (s 3L 28 B sk SNRO , I £ TE 48 431
17 i ) e A o
Bl 2. BT GoP [y ] 4™ & G A% 4041 407 32 38 .
ADE L GoP i it 52 7T « HR 95 I 2% 7 5 Al ¢

Uit e 11, A P [ GoP F BAL i A TR i Jg )2

WA BAE W B 3 £ 584 7 )2 (L 285 5
SNR) AR A7 3t #E 47 AT ] fi# #7. IOPins H Adapta-
tionQoS & A B, It UCD AR 5 52 He SC Bk 1 2
FM R AT AR RS RS R (S HE 5.
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I8 Bt 5.9 . GoP G 23 it 1 72 06 700 % 18 )7 S 41
Wi, J5 82 GoP WA Bl 7 BER N 55 1 4~ GoP £ %
—%); Free 10Pins: NTEMP (i} 18 )2 %) , NSPA-

TIAL(ZS 3 2 %0 » NSNR (SNR J2 %%) ; Dependent
IOPins: W3R 7 F 000 i 5 L 25 (8] 4 B R 45 36
e E 19 SE 491 = 25 SCEk[ 21 .

MPEG-4 [AF 41 KL n] 97 J& (FGS) L5 A %
FEASE P 1 4 A% 45 A 5 30 5 3 &S A2 A i 1P A%
. RLIE AR 208 FGS g for 58 gt oo

SRR 5 73 fift 1) J2 5l i ) A S e it
G BN BB A 2 BUR 5 A BN 9 S
RF %) B 0 A o 7 A 2 BEE A b X B 9 AT 1
B4 A 522 T0 R BB 2 B 31 244 i 73 B
m A N DGy, r, (o) &5 R/ 70 BLA 5 5 n 3G 08
2 1 i 5 DT DA SE SC A3 Bt A A i SR

N

Q,=Mi 1
in > .

n=1

2 |, (r. () —D, (r. () | ?
i=1

JB(R)le cr,(D+Nyer, (2) 4+
s. t. Nyer.(N)<B,.; (3
1 ro(n) <r‘us n=1,2,,N
H, o, (r. ) RS 50 n BV ¥ ISR, ©..
) ZEYpst n 550 WA BT 845 N, & 4115 \Exﬂ%
n DGR IR L s B 2 53 B 9 )2 g Al v PR 1 5
P 2 3 R 2 SOV Y R R T 26

PRI I & 4 B o D A2 i o s 1) SR A gl J 2 A6 A
R 25 AF T AR 2 1 4 BT S 5 5 R R 5t
A B A5 B OF- 2 5 48 bR L O B 4 B AR
R R N N

B AT DA 3 Bk A8 GT B B RN 3l 28 FL R i
TR (L 12) 45 3 2515 43 Bodg > 3 500 3 0k 2 B
AL %, Go) R P i fi O 9% i ) AL 4R
111 2% W& 3] 7, Go) 3 H HUZE B IR B () dn SCk 44 1Y
400~2000kbps, A A 200kbps) , 7% 5 T 7] F) B #

Pl 12 Y 9 G BOIR 25 AT A T R e R A% i S s

KA R KA IFv]
{18 A3 5T o £

Bl 3. HTF IR MPEG-4 FGS MU {7 & i,

96T % MPEG-4 FGS #1451 3 % 5T % 46
W R RS oh i il M5 FE B n LAE 3 b o o 3 533k L 7
45 4 b B AR5 IF F e fE 66 ADE Rl ol
T T BG4 1 E AN K g D L s A e e A
Y550 0 3 5 2 R Gl % MPEG-4 FGS #0312
J2 FE AR R AT 4 A, PR I i R )2 B die T &
250 . BAE AR 4l 1 oi )2 % 3 phe 5 AR L ) 457 ~F- T $K
(FGS. 25 1 4> FGST % 2 4> FGST) . A XL it # 47
AT i # .

ERCHIG : ¥ 555 Free 10Pins: FGS {4 °F i 4
A 1 AFIES 2 4 FGST W V-4 Dependent
I0Pins : % 5t A~ 8 b 5 i )2 ol R 4
5.4 MM KRIEE

T XM MEPG-4 g fith, {145 7T LA 055 %F
% VO AR JEZ B X 5 384736 fid. 3 5
AN TR VO AR 4 H 8 2R 1 L Bl 7 AS [R) B w0 46
RS GAR L H Bl Gt SRy AS 5] 19 4% i 1 2 K. 76 A% ok
PIRIE M CR N S ERAEENY R)Z . B %A
VO B BT A H T Wi ol 9 R 2 B SR
VO ¥ i )2 F 7 5 W BE U5 B 7 (1) 28 i 38 R o A

Bl 4. LT RUAT R YR 2 A 508 B

i) 2y U AT DL — 25 ) 2R G & VO,
WA 13,3% 07 0 XA AR e g iy VO %}‘%F
FTh S £ 35 DT I S0 00 59 1= 7350 % £ A o ot
UL AT AT A S — S EP%M&FWT%EWE%J&
AR I i 0 S it LA ) 35 454

Background 0,, M1=1, P(0,)=2
Head 1, 0., M>,=3, P(0,)=0 e P(01) 2
Head 2, 05, M5=2, P(0;)=1}

Head 3, 04, M1=2, P(0,)= Layer h

m F@ &

Layer2; Layer2, Layer2;

MR EABIEAR 7 GO

02, P(03)=0,L3,=0,L,,=3,Ls3= ’

S 03, P(03)=1, L;1=1, L32=5
Layer3; I yr?

i

Layer4; Layer4

01, P(0)=2, Li1=2, L,2=6

P13 PN G 2 1 2 AR S o 45 b e st

Bl 14 25 1 bR WS T 51 76 A ) A% i S i 1
PEREFE AR HL 8%, 5 546 7 41 (PSNR: 34. 2dB) i Lt
IP W9 7T R R 554 26. 3dB H A %5 K 4 5 4 i
Bl 138 L AT Y R 2 A e R E 5 T
I35 %] 30. 8dB.
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CmeM i=1

Hr, B, (D) YW ac REm R VO B gmis e M
g5, M. VO [ 4 5% B A 50 0 GO A Tl
ac ZBUMALTE L 38 5 2l MPEG (1) 5 4k 56 [ % ac
BT AL

HET 447 58 BRI R AT L4 AT 7 i 2 B K
SOV AR X 52 -1 VOP [ BFRBS 2R r. VO iERBE
M H R RIEEH RS 8 QT .4 VO Mt
Flls VO, RA R A RE/MY R 7D
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kEx
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Horpok 2 VOP 4« (I9ZR 5] a WA VO 5K
o R R R G 5 % I v RE N A R A
BRI . Qua M ARV KBS 5L, 3 7 L
31. %) AT LL3E f Lagrange 3654 £k 2y JC 24 3 1)
R, A T LA 3t 2 B R R fi

Bl5. TN RS E QP LR
et

K15 A HETE T HE R s B AU 4 VO 1Y Jit
A b S H Q. K KRR A SRR AT AT 1 e 2

B Qi FLER AT LA b A S B AR RS AL, T 2k B AT
LA ADR, Q) =QF —Qiirfil. I F A 15 ik
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BRI R A3 2005 2 B/ R L HEN ) RS VO 1
LS H Qo i BAE ] LIXHEEAS VOP {7 i 47
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(video summarization) Y 3F B 2 4 B, 7] L)L A 2¢
WL SCAS AR P o S R e m] DL TR P B A A
PRI 2R o DRI I AT LB A7 il 2 249 SR PR B A 32 0 BT
it SR T FARRAE — B0 CEMR WURR AR B S 1T R AED
AR 5 T DU ) S o i B, BB e T 4 JBCWIR 4 it ) K
FREICLL A, A A3 Hy 29 o 55 R il 9E L 2% i e ) A TR
SE AEAUIF 51 B4 3 3 0 B (Slide Show) 15 fi 15
8] (Navigation) H1 AJ L4521 i H. $& B 72 0 AT fig
SECE BN RAE BB E R E RN EAR
[ 25 o B0 2 H W TG i ). DR b B Bt R 1 DA 43 B R
SRy o 0 v () AN ) 3 S5 AL B G HEA T 3 B 5 [R5
RH L B R P BB TR D e KA AH 6 T 6 A

SR AT 5] A 1 SCHI BRI AR 1 M AEFE 1 2
A RIS Ok S B o SCAnART P Sy oo B 1 )
IR TC A L A O Y BIF 5 R E A Je R L v A
frzr.

6.2 ARPEMRNE

WA R IS R E L PR AT R R BUR P =W Y
T T SRR A A 0 AR Ak T HL S B R X [R] — B A
WA AN A S50 AT 55 55 T PR 1 P g%z o T
e o8 AN AL SR, BLA B T15 5 B & UL &
o bR an PSNR 4§, TG vk AR 4 3t i 8 1T 7 % SE 44 375 [1)
IOESUNETS

PR I S5 1 CRH L B P o BRASE Y, 53 2 oF
FH P i 8 R T [ S 45 50808 09 43 T B 2 0 5T 4
PrRan PSNR A1 30 5 £ 4 A - 2 R MOS
(Mean Opinion Scale) B i [A] 1 & 45 #E 47 6Bk, X
FE A RBAE — o B2 B2 b 00000 70 8 5 P oo R ) 2%
AT 3 45 R 058 IR o ) e 0 TG SR A LE T
X J7 ) TAE A MIUT 46,

6.3 mARUAPER
AR ZE (human factor) W3RN E AL % H
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LIRS I RS R R T P AT 1) B SR LA
(experience). SR M » B A B A 3E o F 58 £ 24 P 7E
BEMAR QoS M £ QoS 45 % Wik b i i AL 1k » B A7
48— I B Sk iy i P 7 [l o A Y RS2 L A TR
FOR AR 1] ) 1A 35 i LA 43 A RIS

— PRI AT 4 75 AORAE BRI R AR A
205 Hh HC 3 0 (L O P 5| B DAL £ 5 B L 4R
B PSNR, SR A 45 1 2 2% 19 280 e R Ak 1Y
T2 T R W I X AN R 3 2 0 o e A R
ez e B A H L I BT M RLE 4 X
A T B A PRy 2 A ) i {1

I A PR 1 A P A i R P R B v A RO
T A T SR RO B A T SORR TE AR T RATE I X
P AP A EAL A BN . X 07 2 AT
T RIBFFE

o SuSTAPeR L AUV EDRELN iU S VNS N
SE AT LA BCHS 32 0L IR 2R UL 5 S AR AR 2 A A
T F5e KA R 36 458 75 T 1 BF 5 )k e P 4 9 1)
IR WREAR T TC 1) % 2 ) AR, 19 fie R A7 .

7% #

X 3 FEY A A 5 1) R0 S8 3 T 194 4 48 0 A 445 T
LA 7 HOdE FEHE S 42 Hh 48— (9 A iR O T — 2
(305 HEAT SR AR

X I AR T TRC A 56 15T A 20 M 2 W BRI Ao
HC ) F2 BT T R LAV 25 B AE AL, IR G L AR ST BF S
Gi— T Z A B AR I 5 22 A0 B G e F 5
AEER —ERNZSHIE.
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Background

In order to meet the requirements of different users and
all kinds of terminals, to access media contents widely dis-
tributed over networks, the concept of universal media access
(UMA) was introduced in recent years, which had greatly
enhanced research activities in this field, and accelerated
standardization progresses such as MPEG-7 and MPEG-21.
However, in heterogeneous network environment, how to
maximize user experiences on media consumption and guaran-
tee quality of service (QoS) based on user preferences and
terminal capacities? There still exist many challenges.

Meanwhile, media formats and contents are continuous-
ly increasing and becoming more abundant, media adaptation
has become necessary. Digital items adaptation (DIA) has
been proposed in MPEG-21 in order to satisfy the require-
ments of UMA, and has attracted more attentions in recent
years.

People have devoted in this field for years, such as JPEG
images or MPEG 1 frames adaptation in size and color space,
MPEG video transcoding to different formats (e. g. » MPEG-2
to MPEG-4, Real media to AVID) or into smaller size (e. g. ,
DCT coefficient requantization or dropping, frame drop-
ping) , etc. Probably the most salient work is bit rate adapta-
tion for adaptive delivery of media content according to the
network conditions, especially streaming of MPEG-4 finer
granularity scalability (FGS), MPEG-4 video objects (VOs)
over Internet and wireless, etc. But notice that almost all re-
searchers are concentrated on constructing their own mathe-
matical models and try to find the optimal solutions in differ-
ent ways, e. g. ,» by dynamic programming or some elaborate
heuristics. These researches only partly solved media adapta-
tion problem under different constraints, there is yet no con-

sistent way to describe, analysis and solve the problem in the

media adaptation framework.

Aimed at a unified solution for media adaptation, the au-
thor proposes a mixed-variable constrained optimization mod-
el in this paper, based on analysis of the relations among en-
tities in MPEG-21 DIA. The model unified current resear-
ches in media adaptation, and can be solved by the direct
searches. The author also proposes a hierarchical media ad-
aptation structure, from the viewpoints of image understand-
ing and video analysis. Leading research activities such as
FD/CD transcoding, full scalable and object encoding video
adaptation, multi-modality conversion and fusion, etc., are
illustrated by examples. Hotspots in media adaptation such
as semantic abstraction of media contents, measurements on
subjective quality, etc. , are also addressed in this paper. A
thorough analysis of algorithms to solve the model had been
conducted in related paper.

The author became interested in video traffic analysis,
optimal video transmission and quality of streaming video
since he was pursuing his Ph. D. degree in UESTC in 1999.
He had published one book (Video traffic analysis and QoS
management) and more than ten papers in journals and con-
ferences. He holds a digital media lab in SWUN, and made
some contributions to media adaptation with his students in
recent years, such as rate control of FGS video, prioritized
discarding of EL layers in video objects over the Diffserv, en-
ergy-aware FGS video streaming over wireless, etc. Now, he
is dedicated in the assessment and measurement on subjective
quality of scalable videos, and tries to apply it to wireless
video streaming. This work is partly supported by the re-
search fund for the State Ethnic Affairs Commission of China
(05XN09) — "Research on the Key Issues of Video Streaming

over Wireless".



