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A study on the characterization and traffic modeling
of MPEG video sources

Yong-Hee Jeon' - Jung-Sook Park!"

ABSTRACT

It is expected that the transport of compressed video will become a significant part of total network traffic because of
the widespread introduction of multimedia services such as VOD(video on demand). Accordingly, VBR(variable bit-rate)
encoded video ,willrbe’ widely used, due to its advantages in statistical multiplexing gain and consistent video quality.
Since the transport of video traffic requires larger bandwidth than that of voice and data, the characterization of video
source and traffic modeling is very important for the design of proper resource allocation scheme in ATM networks.
Suitable statistical source models are also required to analyze performance metrics such as packet loss, delay and jitter.

In this paper, we analyzed and described on the characterization and traffic modeling of MPEG video sources. The
models are broadly classified into two categories: ie., statistical models and deterministic models. In statistical models,
the models are categorized into five groups: AR(autoregressive), Markov, composite Markov and AR, TES, and self-
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similar models. In deterministic models, the models are categorized into (o, o), parameterized model, D-BIND, and

Empirical Envelopes models. Fach model was analyzed for its characteristics along with corresponding advantages and
shortcomings, and we made comparisons on the complexity of each model.
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452 d¥t TES(G-TES) 2 =2AAs AR g9
AZ 24
g3} Star Wars®l DCT H-3stdte] g =g
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(Fig. 9) Generation of Background Processes for I, P and B Frames in relation to the GOP Sequence
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o} Hurste R(n)/S(mel 71dlgkel &3 2ol asy-
mtotic3A He Ag AT
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Pox thojo]a@o A ezt o 7] log(E[R(n)/
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Aol oigt JEAY H gkol £ 69l FAA A

MPEG HICI2 2200 E43 R

a
M
o
A
H
i
o
2
=
rot
e
-
)
[{e)
[®))
[&al
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&< (traffic constraint function)eh &k,

52 (0,0) 2H[2]
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7] Mgty 23y EdE nde AAE AAE
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19 wdel A 4714 7} Heteleiel o
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5.4 D-BIND(Deterministic Bounding Interval Dependent)
Eejzl =@

(0,0) BAR2IH (Xmin, X I Sew) ZBH %
< AAA EER’“ REdES O 4 JIES &
27 BojFE #3A4E X&4E 4 Qo ol FAH
< #1437 94&el D-BIND EE Edo] ==
cH18].

o] RdoMe B9 tAZLo]Fet S (bound-
ing rates)& AH83le] EHS 5Aggc 7 AR
A Edig 29 o) Zo] ¢ HEA} 2248 AT £
& AAse EdqE A% ¥ ()8 @t 74
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H EdY A # b0 Alsst+A<id, Vs, 00
d AL gTFgh
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AZ & 4 Stk

Altt+ 1Y L<R, v0, k=12, P. (31

A G4 Aol 19 od FHAAE 2] dist

Q7= AAE AFerh ogA FgozH 4 A~

MPEG BICIR 2ol S & EQiT DEEI0f 23 04+ 2067

ol M b Mg Frgo Aol +4 Avl2(cum-
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2do] [31]e1A A=) o] B2 p 7HE MY
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5.5 Empirical Envelopes
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Edqge oig AARA AMH|2=E Hste] ME AE
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9 A Fe2 AojdTh3l]
E'()=max ,5Alc,c +1] V=0 (35)
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2968 St=g2AMeiEs =EA Mol M11=(0811)

AT ] BAT BHoR AT 4dtolE ATM
Az Bged Bve 42 o Zagl arise &4
(e fidel SBtel FojA 3 o] AlRze] HE
o] AJZF Qoll A A FHE TR, Al7E 1A 9
FE 7lEsthe 2& 9 AT (36)F Zo] Foidth

‘—7;4 %] r_‘ﬂ

1=k)
Al A= 3 /it (b 1k Dr L 0st=N- T (36)
= T

WAl (36)9 e A 5&% A7
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2 HAste= Aotk oW 4 EHo] §-&3Hvalida-
tion)¥] 71 $jatel et He ol debu e g AHEl
wA oA A ek 2 s & E (distribu-

tion)¢} A7) 4@ (autocorrelation) FE 245 o
gHoz %2l 494 dHolE8lE Log-Normal, 2
Gamma$t 22 AZHY By B3y &

£ AW gl sl BEAL Pow QQ

Hr J
i

iV

2ol Utk A7l 4 B4E Fyshe AL oS
oz e doltt A7) A EJTL FAH %3 e

AA (A dEAREL gusle Aoirh

B oeRdME ATMPA ) Tgs_l g ax
7h @ MPEG Hviee) 2d% 23 s £
B I S P
2 ulE pAsgon, $ede $ASAY AR 2
o AW WAYE B e asd wEES 4T
3 AAsA A £ A dh 3y, AR L2
Mz Bde FYrd sae] Bggor st 3

g 4 fE AR "tk o Bd AEH oM
Abgel o sttt ARMA ZRAZE dEden
ARMA(p, @)= 71£4H, ¢714 p¥ AR F#29 25
(orden)el®] ¢ MAR&S Agolty A o & 4
2AcET o BiEn B4Ae
a4d vlEr 2ddlAE ¢
Fes 2R dstd, ZzAA A
o dee] %.01% aQ]' g, AAdd W, 4t
(variance) 2 A7) FEA @47 4R dolHY A
FHmatch) gt} =, O]% Eﬂ o]E] & o]&3l49 birth-death
Markov Ed9| stete|ElE Fajof g}

AR 2He BaA aie di7] 2 9(Queueing Mo-
deDdl a2 24 2 dpole Jgsia vt w
ghA ol#d AR Rdlel whES sdsly] st d9
o) Bzol 274 AFEFE S ThEelE AR
H2E BANI|= TES Z2Ax7t A=k
TES ZRAMAE A83 dolee] 7ty —‘:E(mar*
ginal distribution)9} 27| 4% &5E FAl} #37]
98 dA=CE Marginal 3o g F3a A
3t g 7\}7\ A g 2AEE £ 9= TES
EDRE &
°] 5]+ ‘4

o x
-4 ox 12 }‘U

MPLG

HICe &2

o thavh el el
g,

qe so s @ 2PAge 1
wu Hohsofob ki
seteeel £7h Z7b8 W wdel 4
A7l Aol Qe ofm ool deE &

RSP T

@4 deojez
S g7k

!
S48 7
)
=

Eig=o
A% VBR Edig zdo dAS $3te A|71H
= EAE g 2 Zlo] U
1. VBR A@A27 433 49 was Ifetan 9l
=71
2. ZHlel el Algs dEHE H261 52 MPEG
A7

3 AA27 B TS £EsteETN?

4. 299 de ¥¥7} Lognormal, Gamma &7 #
e )& BExo) wevl?

5 o= iﬂ"“ ) 4 AQI7t? Zaq), &efola
GOB, £& ATM 4

CAE|

ole) gl

of tE dgel Zd AEAE sheld

:a%" o A4 433 VBR R9& W*é}itﬂ =
&ol & Holth & ZH ¢ FeNUIPB)E 2T st
ArE 7 ZYS) HaE 1gete d4xd Eiéﬂli :
At

= 2do] B3t AolH, oA FaF 1
Aol s sfof & HE % o
<] 7?’“431 'rio]‘:} 71
Hol JlE
T YA, 1"%—?11 ‘3%% 73-?— FREL 493 3
13 919 inversion $HE AMEE YA ojok
th obdel ® 8o zAME me] o] fofFo] gl
H14].
VBR vt 2E & 223 2do A4 BHPL o}
glob go] aokd 5 Qlr},
DB Zadg 7k 94A =
A wstzt Ao gAY A
7t gle Bde B =RdA viestA &
DAR(Discrete Autoregressive)[11] &
(Markov Renewal Process)(21] Zd-& H9g

3 24 o] L}

2) %}‘ei @5}7} 2o rdF e nizE vdoh z
7] A REE AMEE gtk Zze] FdE
o 7z 1 9k 2] §AF 2Ele g@A] shte



2070 St=dEMeIEy] =EX HGH M1132(98.11)

getrlg(H)7F Basithes 43RS 7wk, |t
a8 Age Be FevE (] 488 Uaw
gt a3y, A7l fAF Ede EE—%% A4
sed THE At EFEit o Ere
@do] 9t} FFGN 29 of FA48 i 3
Agtel FARH A W ZR2AAE FAG A
o2 RE dojAd Are yvF H#HE A optimistic)
AE AAGEGE Rl dE At

31 B P ZHYE T3 MPEG HULE §
e o8 7pA zEArEte] Aok 4 =ZH
Pl dxo TN~ 293 o7y, o
Ztd GOP sjgdel wabd 7 228 AA4H
o7 AuRitts M-S frEdit olA2 Al
298] 7]ZHEF GOP #H®o] iAo vk A
A 7)elste Holrt

asy, ¢ege MPEG ¢& 4xdE
ol wizbd =z e AldAde] Wa
g Aotk old 4%, GOP Hdel g 2AHA 7}
HE FaskA A Eli Zq] Fe Me) Tz A
& ggHold 9dh o]AL VBR MPEG Egg 249
Yol N2 A7 FL dA & Ao},

KeR
i
L
s

(H 8) VBR Z&l MZlo] Qo
(Table 8> Summary of VBR Model Attributes

=g 94 | wwaw | gaws | BT sa00
ARMA[10] sub-Z# Y A | rHES 1003
AR/MC(26] Zgq) EX] 1d%E 8
MC[25] zaQ/eatels| ne@g | ndEE | 51~102
ARMCI32] EL D) nH%s | ndde 9
AR[15} £ nelge | nddsg 20
TES{23] GOB pAgs | ZHYE | 2K+3+H
GTES[19] |zZdd/&#telx ke nHRE 5+ H
¢-TES([27] Zag) TS ne 9 + 3H
F-ARIMA(9] B D) 28 nHRE 4
FFGN{4] ES D) k| o7 9"
FfA%mfm} =44 = e 43
LLD[3] zyq nAEE it 6

* K #7140 GOB ZaA2E 4@selr] A7 T Afe &,
H 483 $I5 Astr) st TES ZaA 20l 93t 875 3~
€1 Ae 5

.3 B

A4 gy 2dSo| AAE sty 289 d
7 Hleg utle Edge disjA AMujx 2
sHA EdgE s29 IFA(dynamics)E ¥ 3}
AH3 29 BNV} ojyded e BAH
292 opaH 2d AR B9 TES, @ 7] $AHself
-similar) 53 Z& 29E A83E FAH AR
93ted VBR Hltle E#EE EAgsled o Esdo
g ol¥|g EAH e ~ro BEAY EAE o
SHo2ZHN w2 I o|FES dV] Yo AHEE 7
Ae FHol A 5HAM sledt v} FE FaF
SAE /M3 gtk

EAA AMuzo vzt AAH Auliae FoEH
3l A4 gek Mu| A& %ﬂ*vlv}” AojM o F& A
A FdS AT o)A AA tFsE uiA
sk g g3 7IYgs 3%}21}5 Yoo 24
A MU 2E AFEr] Hstde FE Huxg wE
BE 220 didte AHZ 3 FAAE "9 g
o] P& Lxe Ed At APE 4 glvkes B
71 o] do] Uth

old HelA HEF EAH =l MY} AAA
EfE mdg o[&3t Aade Ay Hu A7 F
T gasirta s

e o rlo

o gd

[1] J. Beran, R. Sherman, M. S. Tagqu, and W.
Willinger, "Long-range dependence in variable-
bit-rate video traffic,” IEEE Trans. on Comm.
Vol.43, pp.1566-1579, Feb./Mar./Apr. 1995.

[2]1 R. Cruz, "A calculus for network delay, Part I:
Network elements in isolation,” IEEE Trans.
Information Theory. Vol.37, No.l, pp.114-131, Jan.
1991.

31 J. Enssle, "Modeling and Statistical Multiplexing
of VBR MPEG Compressed Video in ATM
Networks,” Proc. of 4th Workshop on High
Speed Networks, pp.59-67, Sep. 1994.

[4] J. Enssle, "Modeling of Short and Long Term
Properties of VBR MPEG Compressed Video in
ATM Networks,” In Proc. of the 1995 Silicon



Valley Networking Conf. & Expo. San Jose, Ca.,
pp.95-107, April 199,

(5} D. Ferrari and D. Verma, "A scheme for real-
time channel establishment in wide-area networks,”
IEEE JSAC, 8(3), pp.368-379, April 1990.

[6] Victor S. Frost and Benjamin Melamed, "Traffic
Modeling For Telecommunications Networks,”
IEEE Comm. Magazine, pp.70-81, March 1994.

{71 ftp://mm-ftp.cs.berkeley.edu/pub/mpeg/movies/

[8] D. Le Gall, "MPEG: a video compression stand-
ard for multimedia applications,” Commun. ACM,
Vol.34, No.4, pp.46-58, April 1991.

[9] M. W. Garrett and W. Willinger, "Analysis, mode-
ling and generation of self-similar VBR video
traffic,” In Proceedings of the ACM SIGCOMM
‘94 Conference, pp.269-280, 1994.

[10] Rito Grunenfelder, John P. Cosmas, Sam Manth~
rope and Augustine Odinma-Okafor, "Character-
ization of Video Codecs as Autoregressive Moving
Average processes and Related Queueing Sys-
tem Performance,” IEEE JSAC, Vol9 No.3, pp.
284-293, April 1991.

(11] D. Heyman, A. Tabatabai, and T. V. Lakshman,
"Statistical Analysis and Simulation Study of
Video Teleconference Traffic in ATM Net-
works,” IEEE JSAC, Vol2, No.l, pp.49-59, March
1992,

[12] C. Huang, M. Devetsikiotis, I. Lambadaris and
R. Kaye, "Modeling and Simulation of Self-
Similar Variable bit-rate Compressed Video: A
Unified Approach,” ACM SIGCOMM, pp.114-
125, 1995,

[13] Shan -S. Huang, "Source Modeling For Packet
Video,” Conf. Proc. of ICC, pp.1262-1267, 1988.

[14} Michael R. Izquierdo and Douglas S. Reeves, "A
Survey of Statistical Models for Variable Bit-
Rate Compressed Video,” Technical Report
TR97-10, North Carolina State University, Ral-
eigh, US.A. 1997.

[15] B. Jabbari, F. Yegenogluy, Y. Kuo, S. Zafar, and
Y. Q. Zhang, "Statistical Characterization and
Block-Based Modeling of Motion-Adaptive Coded

MPEG BICI2 A0 E43t & Ecidl DEIZI0 23t o442 2971

Video,” IEEE Trans. on Circuits and Systemns
for Video Tech., Vol3, No.3, pp.199-207, June
1993.

[16] Souhwan Jung and Heung Gyoon Ryu, "Traffic
Characteristics and Effective Bandwidth Esti-
mation for MPEG Sources,” Telecommunications
Review, Vol.6, No.2, pp.185-195, 1996.

[17] E. Knightly and H. Zhang, "Traffic characteri-
zation and switch utilization using deterministic
bounding interval dependent traffic models,”
[EEE INFOCOM'95, pp.1137-1145, April 1995.

{18] Edward W. Knightly and Paola Rossaro, "Smoo-
thing and Multiplexing Tradeoffs for Determinis-
tic Performance Guarantees to VBR Video,”
EECS Dept. U. C. Berkeley, TR-9-033.

[191 A. Lazar, G. Pacifini and D. E. Pendarakis,
"Modeling Video Sources for Real-Time Sche-
duling,” IEEE Globecom, Vol.2, pp.835-839, 1993

[20] W. E. Leland, M. S. Tagqu, W. Willinger, and
D. V. Wilson, "On the Self-Similar Nature of
Ethernet Traffic,” SIGCOMM, pp.183-193, 1993.

[21] David M. Lucatoni, Marcel F. Neuts and Amy
Reibman, "Methods for Performance Evaluation
of VBR Video Traffic Models,” IEEE/ACM
Trans. on Networking, Vol.2, No.2, pp.176-180,
April 19%4.

{22] B. Maglaris, D. Anastassion, P. Sen, G. Karl-
sson, and J. D. Robins, "Performance models of
statistical multiplexing in packet video com-
munications,” IEEE Trans. on Comm. Vol.36,
pp.834-844, July 1988

[23] B. Melamed, D. Raychaudhuri, B. Sengupta, and
J. Zdepski, "TES-Based Video Source Modeling
for Performance Evaluation of Integrated Net-
works,” IEEE Trans. on Comm., Vol42, No.10,
pp.120-126, 1994.

[24] 1. Norros, "On the use of fractional Brownian
motion in the theory of connectionless net-
works,” IEEE JSAC, Voll3, pp.953-962, Aug.
1995.

[25] Pramod Pancha and Magda El Zarki, "Band-
width-Allocation Schemes for Variable-Bit-Rate



297 SHEEEXRITY =EX MOSH M11=(9811)

MPEG Sources in ATM Networks,” IEEE

Trans. on Circuits and Systems™ for Video
Technology, Vol.3, No.3, pp.190-198, Junc 1993.

[26] G. Ramamurthy and B. Sengupta, "Modeling
and Analysis of a Variable Bit Rate Mul-
tiplexer,” IEEE INFOCOM, Vol2, pp.8l7-827,
May 1992.

[27] D. Reininger, B. Melamed and D. Raychaudhuri,
"Variable bit-rate MPEG Video: Characteristics,
Modeling and Multiplexing,” Proc. of the 14th
Int. Teletraffic Congress-1TC14, pp.295-306, June
1994.

[28] O. Rose, "Statistical properties of MPEG video
traffic and their impact on traffic modeling in
ATM systems,” In Proc. of the 20th Annual
Conf. on Local Computer Networks, pp.397-406,
Oct. 1995.

[29] O. Rose, "Discrete-time Analysis of a Finite
Buffer with VBR MPEG Video Traffic Input,”
Proceedings of ITC 15, pp.413-422. 1997.

[30] P. Sen, B. Maglaris, N. E. Rikli, and D. Ana-
stassiou, "Models for packet switching of va-
riable bit-rate video sources,” IEEE JSAC, Vol
7, pp.865-869, June 1989.

[31] Dallas E. Wrege, Edward W. Knightly, Hui
Zhang, and Joerg Liebeherr, "Deterministic Delay
Bounds for VBR Video in Packet-Switching
Networks: Fundamental Limits and Practical
Trade-Offs,” IEEE/ACM Trans. on Networking,
Vol4, No.3, pp.352-362, June 199%.

[32] F. Yegenoglu, B. Jabbari, Y. Q. Zhang, "Motion
—Classified Autoregressive Modeling of Variable
bit-rate Video,” IEEE Trans. on Circuits and
Systems for Video Tech., Vol.3, No.l, pp.42-53,
Feb. 1993.

(33 014, A, =713, #A%, A
2%, "MPEG ¥Z3% VBR vds 9 o
A& g v1Y”, JCCI'97, pp.628-632, 1997.

[34] o179, "ATMZell X 2] nlrje Efg 29

v AREAATE FAVEEE, 97-18, ppl-

16. 1997.

i)

(35] 7471, A, AT, AAFE, V5, "ATM

oA MPEG A9 AEE QoS seful e B

g FI3HRAI] B IR, 4 24 1,
1%, pp.313-316, 1997.
g 3
yhjeon@cuth.cataegu.ac kr
19783 2¢ nega A28
HF A

1989

1992
1978+
1978+
19899

1989

1992

i

198541 849 ~1987d 8Y vl 2
2y dgd A
Bl &gt 3

84 = =27 S0l Elec. and Comp.

Eng. AAHMS)

129 v=x =2AEo|YFHdl Elec. and

Comp. Eng. ¥AHPh.D)

19~19783 11¥ AAFTHAF) 25

1149 ~19854d 7€ A8 =(F) &F

19~1989d 69 vz wxdEetoluF Py

Elec. and Comp. Eng. TA.

7€~1992d 9€ AT A EEOUSHd

%4 CCSP(Center For Comm. & Signal Pro-

cessing), RA.

108 ~1994d 2€9 S AATAAT & FAA

2dd7g Add+4

du o

1994 34 ~gA dTadtEE gt AR 3
¥, 2ug
#y Rl WEuto] FA, BAY ¥, 7H
HEHT
ET
jungsp@cuth.cataegu.ac kr

A B-of

1994 29 FAGANEE AR}
A2k eka(o] &AL

19963 89 W7 EAAIIE R
A2Hg A st (o] A1 A}

1996 9¥ ~&A dTEY7ES
et A AR Ay
%4 A

CdElnYe] BA FAY AEEA, HFEY

VES A



