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ABSTRACT

jlknmpo m�knqprnm�snmpmpt�u tnvpo mpqpw u tnx�y9qpo znmp{}|nmpy9qptn|nw�{ ~8|nmprnmp� ~n�
y9~no mWmp� � mpvp{ u rnmWw vpknmpy9mpw}� ~no-qp�n�n� �nu tnx����g�l��rnu |nmp~�vp~n|nu tnx
w { qptn|nqpo |�{ ~�y9mpmp{0{ knm�vpknqp� � mptnxnmpw�� o ~ny�{ knm�mpy9mpo xnu tnx
qp�n�n� u vpqp{ u ~ntnw ����m9�no mpw mptn{JqYo mpqp�

-
{ u y9mY���g�l��rnu |nmp~�vp~n|nu tnx

w �nw { mpy���u { k u tn� ~no y9qp{ u ~nt � ~n~nz
-
qpknmpqp| � ~no*vp~ntnw { qptn{�snu {�o qp{ m

(CBR� qp�n�n� u vpqp{ u ~ntnw ��w �nvpk�qpwR��u |nmp~ -on-� mpy9qptn|
� ��~ ���~nrnmpo*� ���g� �ljlknu wYw vpknmpy9m�mpy9�n� ~n�nwW{ ��~����g�l�
mptnvp~n|nmpo w ��>~n{ k
mptnvp~n|nmpo w�~n�nmpo qp{ m�qp{�{ knm0w qpy9m0�>�>�>��jlknm0w mpvp~ntn|
mptnvp~n|nmpo*knqpwYq�sn�n� � mpo*{ ~ |nmp� qp��{ knm�u tn�n�n{-sn��qpt�qpy9~n�ntn{-~n�
{ u y9m o mp� qp{ u rnm�{ ~�{ knm�� u o w {*mptnvp~n|nmpoY{ ~�vpo mpqp{ m�q�� ~n~nz

-ah
mpqp|

��u tn|n~n����  t�mptnvp~n|nu tnxn��{ knm�� u o w {0mptnvp~n|nmpo�vp~n� � mpvp{ w
{ knm
u tn� ~no y9qp{ u ~nt�~n��w { qp{ u w { u vpw�qptn|0o qp{ m

-¡ �nqp� u { �0vpknqpo qpvp{ mpo u w { u vpw ���t ~nt
-
� u tnm�u tn� ~no y9qp{ u ~nt��no ~nvpmpw w ~no}{ knmpt��nw mpwW{ knm�vp~n� � mpvp{ mp|

u tn� ~no y9qp{ u ~nt.{ ~�|nmpo u rnmR{ knmRsnmpw {�vp~n|nu tnx�w { o qp{ mpxn��� ~no�{ knm
w mpvp~ntn|�mptnvp~n|nmpo�{ ~�mptnvp~n|nm�{ knm�u tnvp~ny9u tnx�� o qpy9mpw�u t�{ knm
look-

qpknmpqp|¢��u tn|n~n����jlknm�w mpvp~ntn|¢mptnvp~n|nmpo
�nw mpw�{ knm
mptnvp~n|nu tnx��nqpo qpy9mp{ mpo w�� o ~ny�{ knm��no ~nvpmpw w ~no,qpw�{ knm�vp~n|nu tnx
xn�nu |nm*{ ~9mp£nmpvp�n{ m*{ knm*vp~n|nu tnx9w { o qp{ mpxn�Yqptn|Yxnmptnmpo qp{ m}{ knm}� u tnqp�
snu { w { o mpqpy9�*�>mpw �n� { w,~ntRqptR  �>�¢���g�l�

-¤ mptnvp~n|nmpo�{ mpw { u tnxw �nw { mpy���u { k q�¥ ¦ � o qpy9m�� ~n~nz
-
qpknmpqp|���u tn|n~n�
knqprnm�w kn~n��t

{ knqp{g{ knm�w vpknmpy9m�vpqpt�~nsn{ qpu t�q�§n� ¨�{ ~8¥ � ¨n|n��u y9�no ~nrnmpy9mptn{"u t
� �g© �
~nrnmpo�{ knm8vp~ntnrnmptn{ u ~ntnqp�Yw u tnxn� m8mptnvp~n|nmpo�~nt0���g�l�{ mpw {lrnu |nmp~,w ~n�no vpmpw ����~no mp~nrnmpo ��y9mpqpw �no mp|,sn�,{ knmYjlmpzn{ o ~ntnu £
  tnvp� ª w
�gu vp{ �no m�«��nqp� u { �¬��tnqp� �nw u w�� �g«�� ��� �nw { mpy9��{ knu ww vpknmpy9m�qpvpknu mprnmp|­§n� ®n¯­°5¥ � ±n¦­o mp|n�nvp{ u ~nt²u t²�g«��
y9mpqpw �no mpy9mptn{ �,jlknm�rnu w �nqp� ¡ �nqp� u { ��u y9�no ~nrnmpy9mptn{�u wRqp� w ~rnmpo �Ymprnu |nmptn{ �

1. INTRODUCTION
MPEG-¤ rnu |nmp~
vp~n|nu tnx.w { qptn|nqpo |.knqpw�snmpmpt.w �nvpvpmpw w � �n� � ��nw mp|0{ ~0o mp|n�nvpm8{ knm�{ o qptnw y9u w w u ~ntRsnqptn|n��u |n{ kRqptn|Rw { ~no qpxnm
w �nqpvpm�o m ¡ �nu o mpy9mptn{ w9u t�y9qptn��qp�n�n� u vpqp{ u ~ntnw �lw �nvpk qpwY|nu xnu { qp�w qp{ mp� � u { m�jl�³qptn|¢vpqpsn� m�jl�´sno ~nqp|nvpqpw { w � � � � �
mp{ vp�µ�~n��mprnmpo �¬mpy9mpo xnu tnx$qp�n�n� u vpqp{ u ~ntnw²qptn|$w mpo rnu vpmpw²qpo m
snmpvp~ny9u tnx­y9~no m�|nmpy9qptn|nu tnx­� ~no�� ~n��mpo�{ o qptnw y9u w w u ~nt
snqptn|n��u |n{ k�qptn|�w y9qp� � mpo�w { ~no qpxnmRw �nqpvpmp�Y¶g~no,mp£nqpy9�n� mp�Yu t
Video-on-� mpy9qptn|�� ��~ ��� w mpo rnu vpm�~nrnmpo�� ���g� �l� u rnm�tnmp��wqptn|9w �n~no { w�mprnmptn{ w-tnmpmp|Y{ ~Ysnm}{ o qptnw y9u { { mp|Yu tYo mpqp�

-
{ u y9m}{ ~Y{ knm

w �nsnw vpo u snmpo w*�nw u tnx����g�l�
-¤ rnu |nmp~�vp~n|nu tnx�·f¥ ¸-qp{�qWvp~ntnw { qptn{snu {"o qp{ m*� �>�>� � u tY{ knm}o qptnxnm}~n��§n� ¨Y{ ~ ¤ ��snu { w ¹ w mpvp~ntn|n�»º�w u tnx���g�l���>�>��vp~n|nu tnx�qp{gw �nvpk�snu {go qp{ mp�Du {gu w>rnmpo ��vpknqp� � mptnxnu tnx

� ~no�{ knmRvp~ntnrnmptn{ u ~ntnqp�����g�l�¼mptnvp~n|nmpo w�qprnqpu � qpsn� m�~nt�{ knm
y9qpo znmp{½{ ~¾qpvpknu mprnm¿qpvpvpmp�n{ qpsn� m¿�nu vp{ �no m ¡ �nqp� u { �n��>~ntnrnmptn{ u ~ntnqp�����g�l�
mptnvp~n|nmpo w�mpy9�n� ~n��q w u tnxn� m mptnvp~n|nmpo
w vpknmpy9mYqpw*|nmp�nu vp{ mp|�u t�¶gu xn�no m�¥ �"jlknmpw mWmptnvp~n|nmpo w}o ~n�n{ u tnmp� �
qp|n~n�n{�q�vp~n|nu tnx�w { o qp{ mpxn��{ knqp{0u w�~ntn� ��snqpw mp|�~nt�{ knm
informati

~nt�~nsn{ qpu tnmp|�u t�vp~n|nu tnx�{ knm��no mprnu ~n�nw>rnu |nmp~�� o qpy9mpw
qptn|n¹ ~noJo mp� u mp|9~nt9w ~ny9m*qpw w �ny9mp|9w u xntnqp�"y9~n|nmp� w-{ ~Y�no mp|nu vp{D~no
mpw { u y9qp{ m,{ knm,w u xntnqp�}�no ~n�nmpo { u mpw�~n�W{ knm�vp�no o mptn{>u tn�n�n{>� o qpy9m
qptn|8{ ~8xn�nu |nm,{ knm,mptnvp~n|nu tnx8�no ~nvpmpw w9~n��{ knm�vp�no o mptn{>� o qpy9mp�
µ�~n��mprnmpo �Ytnqp{ �no qp��rnu |nmp~�u w�q�w { qp{ u w { u vpqp� � ��tn~nt

-
w { qp{ u ~ntnqpo �

w u xntnqp��w ~n�no vpmp�"�go mp|nu vp{ u ~nt�qptn|�mpw { u y9qp{ u ~nt�snqpw mp|�~nt�{ knm��nqpw {
w u xntnqp�Y~n� { mpt0vpqptntn~n{Yvp~no o mpvp{ � �R|nmpw vpo u snm�{ knm�vp�no o mptn{Wu tn�n�n{
w u xntnqp��qptn|�{ knmpo m�u w>tn~�zntn~n��t�o ~nsn�nw {gw u xntnqp�gy9~n|nmp�g{ knqp{gvpqpt
|nmpw vpo u snm9{ knm9tnqp{ �no qp�Jrnu |nmp~�w u xntnqp�Jo mp� u qpsn� �n� � �nvpk�mptnvp~n|nmpo w
wi
� �}tn~n{}snm�qpsn� m�{ ~�|nmp{ mpo y9u tnm�qptn|�qp�n�n� ��{ knm�snmpw {>vp~n|nu tnx

w { o qp{ mpxn�,{ ~,mptnvp~n|nm9{ knm9u tnvp~ny9u tnx,rnu |nmp~,� o qpy9mpw�� ~no>� qpvpz�~n�
{ knmWu tn� ~no y9qp{ u ~nt�qpsn~n�n{g{ knm�vp�no o mptn{gqptn|�� �n{ �no m�u tn�n�n{g� o qpy9mpw �
  t�~no |nmpo�{ ~�y9mpmp{Y{ knm8vpknqp� � mptnxnmpw�� o ~ny¼y9~no m8|nmpy9qptn|nu tnx
mpy9mpo xnu tnx.qp�n�n� u vpqp{ u ~ntnw ��y9~no m0w ~n�nknu w { u vpqp{ mp|.w vpknmpy9mpw�� ~no
MPEG-¤ rnu |nmp~�vp~n|nu tnx�qpo m�tnmpmp|nmp|�{ ~�u y9�no ~nrnm�{ knm�nmpo � ~no y9qptnvpm�qptn|�{ ~�mptnw �no m�{ knm ¡ �nqp� u { ��~n�}w mpo rnu vpmpw �J  t,{ knm�nqpw {�o mpw mpqpo vpk�mp� � ~no { wRknqprnm�snmpmpt�y9qp|nm�{ ~
u y9�no ~nrnm�{ knm
rnqpo u qpsn� m�snu {9o qp{ m8� ���>� � ���g�l��rnu |nmp~0vp~n|nu tnx0� ~no � � �qp�n�n� u vpqp{ u ~nt�sn��mpy9�n� ~n�nu tnx�{ ��~

-p
qpw w�qptn|¬o m

-
mptnvp~n|nu tnx

w vpknmpy9mpw9· ¤ -À ¸ �-µ�~n��mprnmpo�{ knmpo m�qpo m�tn~��n�nsn� u w knmp| o mpw mpqpo vpko mpw �n� { w}� ~no-y9�n� { u
-
�nqpw w>�>�>��vp~n|nu tnx�u t�{ knm�� u { mpo qp{ �no mp�D  t�{ knu w

�nqp�nmpo ����m��no mpw mptn{>q�o mpqp�
-
{ u y9m����g�l�Á�>�>�.rnu |nmp~�vp~n|nu tnx

w vpknmpy9m�{ knqp{"u w�qpsn� m*{ ~-ÂÃ~nu tn{ � �9|nmp{ mpo y9u tnm*qptn|9qp�n�n� �9{ knm*snmpw {
vp~n|nu tnx��n� qpt�{ ~�mptnvp~n|nm�u tn�n�n{}rnu |nmp~8� o qpy9mpw�snqpw mp|8~nt8tn~n{
~ntn� ��{ knm�u tn� ~no y9qp{ u ~nt�~n�}{ knm��no mprnu ~n�nwWqptn|�vp�no o mptn{�� o qpy9mpw
sn�n{gqp� w ~�{ knm�u tn� ~no y9qp{ u ~nt�qpsn~n�n{g{ knm�� �n{ �no m�u tn�n�n{g� o qpy9mpw ��  t
{ knm�tnmp£n{*w mpvp{ u ~nt���m���u � �}� u o w {}u tn{ o ~n|n�nvpm,{ knm,vp~ntnvpmp�n{}qptn|
mpw w mptnvpm
~n�.{ knu w�w vpknmpy9mp����m���u � �0{ knmpt�|nmpw vpo u snm�{ knm
qp� xn~no u { kny�qptn|.u y9�n� mpy9mptn{ qp{ u ~nt.u w w �nm0~n� ~n�no w vpknmpy9m0u t
|nmp{ qpu � w8u t � mpvp{ u ~nt�±n�9��mR��u � ���no mpw mptn{�{ knm��nmpo � ~no y9qptnvpmo mpw �n� { w ~n��~n�no�w vpknmpy9m�u t � mpvp{ u ~nt À ��¶gu tnqp� � �0u t0{ knm8� qpw {w mpvp{ u ~ntY��m}w �ny9y9qpo u Äpm}qptn|Yvp~ntnvp� �n|nm}~n�no��nqp�nmpo �
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AHEAD��w���m0knqprnmRy9mptn{ u ~ntnmp|�qpsn~nrnmp�9{ knmRvp~ntnrnmptn{ u ~ntnqp��rnu |nmp~
mptnvp~n|nmpo��nw mpw}qWvp~n|nu tnx�w { o qp{ mpxn����knu vpk�u w}|nmprnu w mp|�snqpw mp|�~nt
{ knm0u tn� ~no y9qp{ u ~nt.o mp{ qpu tnmp|.u t.vp~n|nu tnx�{ knmR�no mprnu ~n�nw8rnu |nmp~
� o qpy9mpwWqptn|�w �nvpk�vp~n|nu tnx,w { o qp{ mpxn�,vp� mpqpo � �,|n~nmpw�tn~n{l� u {l��mp� �
��u { k�{ knm�tn~nt

-
w { qp{ u ~ntnqpo ��tnqp{ �no m�~n�,{ knm�rnu |nmp~�w u xntnqp� �Wjl~

~nrnmpo vp~ny9mã{ knu wäw kn~no { vp~ny9u tnxåqptn|åqpvpknu mprnmãsnmp{ { mpo
�nmpo � ~no y9qptnvpmp����m$qp|n|5qpt5u tn� ~no y9qp{ u ~nt5� ~n~nz

-
qpknmpqp|

y9mpvpknqptnu w y�u tY{ knm}mptnvp~n|nmpo �
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��w}w kn~n��t�u t�¶gu xn�no m ¤ �"{ knm�rnu |nmp~�u tn�n�n{gu w>� mp|�u t��nqpo qp� � mp�g{ ~q.sn�n� � mpo�u tÁ� o ~ntn{ ~n��{ knm�mptnvp~n|nmpo�qptn|ÁqptÁu tn� ~no y9qp{ u ~nt
vp~n� � mpvp{ ~no ¹ �no ~nvpmpw w ~no ��jlknm�sn�n� � mpo8|nmp� qp�nwR{ knm�u tn�n�n{,rnu |nmp~
frames

sn�,q9� u £nmp|�qpy9~n�ntn{J~n��{ u y9mYw ~�{ knqp{J{ knmYu tn� ~no y9qp{ u ~nt
vp~n� � mpvp{ ~no ¹ �no ~nvpmpw w ~no>vpqpt�knqprnmY{ knmY~n�nmpo qp{ u ~nt�{ u y9mY{ ~�mp£n{ o qpvp{
�nw mp� �n�"u tn� ~no y9qp{ u ~nt9qpsn~n�n{"{ knm*u tnvp~ny9u tnx9� o qpy9mpw�u tY{ knm}|nmp� qp�
sn�n� � mpo>qptn|,�no ~nvpmpw w�{ knmYu tn� ~no y9qp{ u ~nt�{ ~�|nmp{ mpo y9u tnmYqYvp~n|nu tnx
w { o qp{ mpxn��� ~no9mptnvp~n|nu tnx�{ knmpw m � o qpy9mpw�qptn|��nqpw w�{ knm�vp~n|nu tnx
w { o qp{ mpxn��u t�{ knm�� ~no y�~n��{ knm�vp~n|nu tnx
�nqpo qpy9mp{ mpo w�{ ~
{ knm
mptnvp~n|nmpoW� ~noWmp£nmpvp�n{ u ~ntn��  t8{ knu w�rnu |nmp~8vp~n|nu tnx�w vpknmpy9mp�-{ knm
sn�n� � mpoYmp� � mpvp{ u rnmp� ��vpo mpqp{ mpw�q,� ~n~nz

-
qpknmpqp|8{ u y9m,��u tn|n~n�<� ~no

{ knm�u tn� ~no y9qp{ u ~nt�vp~n� � mpvp{ ~no ¹ �no ~nvpmpw w ~no}{ ~�xnqp{ knmpo}qptn|,�no ~nvpmpw w
{ knm*u tn� ~no y9qp{ u ~ntn�n��u rnmpt9{ knm*u tn� ~no y9qp{ u ~nt9qptn|Y{ knm}�no ~nvpmpw w u tnx
qp� xn~no u { kny9�g{ knmYsnmpw {Jvp~n|nu tnx��n� qpt�vpqpt�snmW|nmp{ mpo y9u tnmp|>ÂÃ~nu tn{ � �
snqpw mp|.~nt.{ knm0u tn� ~no y9qp{ u ~nt.qpsn~n�n{�{ knmR�nqpw { �9vp�no o mptn{ �9qptn|
� �n{ �no m�u tn�n�n{Yrnu |nmp~0� o qpy9mpw ��µ�~n��mprnmpo ��{ ~0u y9�n� mpy9mptn{Y{ knu w
rnu |nmp~Ávp~n|nu tnx�w vpknmpy9m�u t�q�vp~nw {�mp� � mpvp{ u rnm���qp��qptn|�{ ~
qpvpknu mprnm�mp� � u vpu mptn{l�nmpo � ~no y9qptnvpmp��u w w �nmpw�~n�>��knqp{lqp�n�no ~n�no u qp{ m
u tn� ~no y9qp{ u ~nt�{ ~�vp~n� � mpvp{Rqptn|ûkn~n�²{ ~ûvp~n� � mpvp{ �8kn~n�²{ knm
u tn� ~no y9qp{ u ~nt9w kn~n�n� |9snm*�nw mp|9{ ~9|nmprnu w m*{ knm*vp~n|nu tnx9�n� qptY� u � mp� �
{ knm��no ~nvpmpw w u tnx qp� xn~no u { kny � �l��knqp{�u wY{ knm��no ~n�nmpo*sn�n� � mpo*w u Äpm

� ~noJ{ knm}� ~n~nz
-
qpknmpqp|Y��u tn|n~n�Rw u Äpm � tnmpmp|Y{ ~Ysnm}|nmp{ mpo y9u tnmp|n�»  t{ knm}tnmp£n{Dw mpvp{ u ~ntn�»��m}��u � �Dqp|n|no mpw w-{ knmpw m}vpo �nvpu qp�Du w w �nmpw �

ünÔ Þ�Ñ>à�á -Û>Õ ß�Ñýß�þlÑ>ÙÿÏ�Õ Ö�Ñ>×ÿÇ�×9Ö�Õ Ø�Ù$Ú�Õ Û>Ü
Õ Ø�Ýl×9Þ�ß�à�Û>Õ ×9Ø5á>×9×9â -AHEà�Ö���Û>Ü9Ñ ����� Û>Ñ>ß
Õ ß�þlá>Ñ>ß�Ñ>Ø�Û>à�Û>Õ ×9ØRà�Ø�ÖRà LGORITHMjlknm
w �nw { mpy­|nu qpxno qpy­~n�R~n�noRrnu |nmp~<vp~n|nu tnx<w vpknmpy9m.u w
|nmp�nu vp{ mp|�u t�¶gu xn�no mR±n����snrnu ~n�nw � ��{ knmpo mRqpo m�w mprnmpo qp��znmp�
u w w �nmpw { knqp{���u � ��knqprnm w u xntnu � u vpqptn{�u y9�nqpvp{ w ~nt�{ knm
�nmpo � ~no y9qptnvpm�qptn|�{ knm9vp~nw {l~n�>{ knm9w �nw { mpy9��jlknmpw m9u w w �nmpw�qpo m
��knqp{�qptn|<kn~n� { knm�� ~n~nz

-
qpknmpqp|Áu tn� ~no y9qp{ u ~ntÁw kn~n�n� |Ásnm

vp~n� � mpvp{ mp|n�-kn~n�Á{ knm�u tn� ~no y9qp{ u ~nt w kn~n�n� | ~no*vpqpt snm��nw mp| { ~
|nmprnu w m�{ knm�snmpw { vp~n|nu tnxÁw { o qp{ mpxn�n��qptn|�kn~n��{ knm�vp~n|nu tnx
w { o qp{ mpxn��vpqpt�snm�vpqpo o u mp| ~n�n{ �l  t { knm�� ~n� � ~n��u tnx w �nsnw mpvp{ u ~ntnw
��m}|nu w vp�nw w-{ knmpw m}u w w �nmpw-u tY|nmp{ qpu � w �
ünÔ �nÔ á>ÈnÈ	� -à�
gÆpÍnÐ�Õ É�� ÈnÅ
��ÍnË Ì ÈnÉ�Ç�ÈnÎ Î ÆpÒpË Ì ÈnÉ�>� mpqpo � ��{ knm�y9~nw {}�nw mp� �n�}u tn� ~no y9qp{ u ~nt8� ~noW|nmp{ mpo y9u tnu tnx8{ knm
snmpw {"vp~n|nu tnx9w { o qp{ mpxn�9� ~noJ{ knm*u tnvp~ny9u tnx9rnu |nmp~Y� o qpy9mpw-qpo m}{ knm
w u xntnqp�Yw { qp{ u w { u vpw�qptn|0vpknqpo qpvp{ mpo u w { u v8rnqpo u qpsn� mpw �*o qp{ m
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ÝlÌ �	2gÅpÆ 4 þ � Ø�ÞRþlÎ ÈnË�ÈnÉ�Ç�
gÆpÆpÅ}á>ÆpÍnÐgÆpÅ
Z�ÍnË Ó ß[6gÌ Ë � \ � ÆpÒ Ô

ÝlÌ �	2gÅpÆ X þ � Ø�Þ þlÎ ÈnË ÈnÉ ß�È	6gÌ Î Æ�Ç�ÍnÎ ÆpÉgÐgÍnÅ
Z�ÍnË
2Mbits/sec.
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