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A trat

hile therei anincrea ing demand for treaming ideo application on the nternet ariou net or
characteri tic ma e the deplo ment of the e application more challenging than traditional nternet
application li eemail andthe eb heapplication that tran mit data o er the nternet mu t cope
ith the time ar ing band idth and dela characteri tic of the nternet and mu t be re ilient to
pac et lo hi the i e amine the e challenge and pre ent a  tem de ign and implementation
that ameliorate ome of the important problem ith ideo treaming o er the nternet
ideo e uence are t picall compre ed in a format uch a M E to achie e band idth
e cienc ideo compre ion e ploit redundanc bet een frame to achie e higher compre ion
o e er pac et lo can be detrimental to compre ed ideo ith interdependent frame becau e
error potentiall propagate acro man frame hile the need for lo latenc pre ent the
retran mi ion of all lo t data e le erage the characteri tic of M E to retran mit
onl the mo t important data in order to limit the propagation of error e uantif thee ect of
pac etlo onthe ualit of M E ideo de elop an anal tical model to e plain the ee ect and
pre ent an compatible protocol  hich e call to deli er higher ualit
ideo in the face of pac et lo
he nternet ariable band idth and dela ma e it di cult to achie e high utili ation C
friendline and a high wualit con tant pla outrate a ideo treaming tem hould adapt to the e
changing condition and tailor the wualit of the tran mitted bit tream to a ailable band idth
raditional conge tion a oidance cheme uch a C additi e increa e multiplicati edecrea e
MD cau elarge o cillation in tran mi ionrate that degrade the perceptual ualit of the ideo
tream o combat band idth ariation e de ign a cheme for performing ualit adaptation of
la ered ideo for a general famil of conge tion control algorithm called
and ho that a combination of mooth conge tion control and cle er recei er bu ered ualit
adaptation can reduce o cillation increa e interacti it and deli er higher wualit ideo for a gi en
amount of bu ering
e ha e integrated thi electi e reliabilit and wualit adaptation into a publicl a ailable
oft are librar ing thi tem a ate tbed e ho that the ue of electi e reliabilit can
greatl increa e the wualit of recei ed ideo and that the u e of binomial conge tion control and
recei er ualit adaptation allo for increa ed u er interacti it and better ideo ualit

he i Super i or ari ala ri hnan
itle i tant rofe or
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hi thei pre ent a ideo treaming  tem to deli er high ualit ideo acro the nternet to
client he nterneti a bete ort net or characteri edb pac etlo e time ar ing a ail
able band idth and ariable end to end latencie e incorporate and e aluate t o techni ue
electi e reliabilit and band idth adaptation to tac le the e problem e pro ide oft are li
brarie to enable thi functionalit and de cribe an M E ideo er er that u e our frame or

to deli er ideo to nternet client

otivation

he range of application being deplo ed on the nternet toda i con iderabl broader thanit a a
fe ear ago n addition to traditional application uch a interacti e terminal e g telnet bul
le tran fer eg email and the orld 1ide eb the nternet i becoming an attracti e
medium for a broader pectrum of application pplication that rel on the real time deli er of
data uch a ideo conferencingtool nternet telephon and treaming audio and ideo pla er are
gaining prominence in the nternet application pace n particular treaming media application
ha e con iderable potential to change the a people atch ideo  hile mo t people toda thin
of itting in front of a tele i ion to atch a mo ie the abilit to deli er high wualit treaming ideo
ould allo the nternet to compete ith traditional mode of ideo content di tribution
ing the nternet a a medium for tran mi ion of real time interacti e ideo i a challenging
problem picall  ideo ha been broadca t in a continuou fa hion o er the air a e or o er
cable net or media that allo the nchronou deli er of information o e er becau e the
nternet i a be t e ort pac et itched net or data ill not arri e at the recei er nchronou 1
the data i ent from the ender to the recei er it can be lo t or reordered hile traditional
nternet application to the e characteri tic the e anomalie are potentiall detrimental to

the deli er of real time media hich hould be highl interacti e rea onabl reliable and at a



con tant rate

lthough recent e ort ha e made ome progre in treaming media deli er toda olution
are proprietar in e ible and do not pro ide the u er ith a plea ant ie ing e perience 2
n general current treaming ideo application deli er lo wualit picture re uire large amount
of bu ering and thu do not allo for high u er interacti it do not re pond ell to the changing
condition on the nternet and do not cooperate ith other application ith hich the are haring

band idth wucha eb tran fer

e a ert that the lac of an open frame or hamper inno ation particular]l in the area of

adapti e ideo deli er in the face of changing net or condition hile toda treaming appli
cation are clo ed and proprietar the emerging M E tandard i gaining increa ing acceptance
and appear to be a promi ing open tandard for nternet ideo 2 22 e belie e

that M E ha the potential to ma e igni cant inroad a the preferred treaming media format
o er the ne t fe  ear becau e of it uperior compre ion abilit to code indi idual ob ect in a

ideo tream and increa ing intere t from indu tr
o e er before M E ba ed nternet ideo di tribution can be idel deplo ed e eral chal

lenge and problem need tobe ol ed he e include

ac et lo e on the nternet can e erel hamper the wualit of a

compre ed M E bit tream

ailable band idth arie ith time and the treaming
tem hould ad u tit ending rate and the ualit of the tran mitted bit tream in accordance

ith the e change

Dela  on the nternet are ariable hich cau e problem for an

application that ant to pla out recei ed data at a con tant rate

ucce ful treaming media  tem hould thu adapt to changing net or condition and

degrade gracefull in the face of pac et lo e addre the e problem and pre ent a complete
tem that enable the adapti e tran mi ion of treaming M E ideo
a et o

ac et can belo t on the nternet thi i primaril cau ed b conge tion hich cau e pac et to
ueue up and e entuall be dropped at intermediate router edi cu thee ectthi can ha eon

ideo tran mi ion a ell a our propo ed olution



T e ro lem

hile pac etlo generall degrade the performanceof an nternet data tran fer thee ecti much
more detrimental on compre ed data Data compre ion reduce the number of bit re uired to
repre ent a tream of datab remo ingredundanc inherent in data ore ample inter frame ideo
compre ion algorithm wucha M E e ploit temporal correlation bet een frame to achie e high
le el of compre ionb independentl coding reference frame and repre enting the ma orit of the
frame a the di erence from each frame and one or more reference frame Ithough thi reduce
the number of bit that mu t be ent to repre ent a ideo e uence lo ing bit in a compre ed
bit tream can be cata trophic becau e the e lo e cannot be reco ered iaredundanc in the data
ne approach to ma ing a bit tream more re ilient to pac etlo i to add redundanc bac into the
tream eg 1ia error correcting code thi of cour e o et ome of the gain from compre ion
b increa ing the amount of data that mu t be tran mitted
hu compre ion ma e the bit tream le re ilient to pac et lo becau e error due to pac et
lo in a reference frame propagate to all of the dependent di erence frame thi phenomenon i
called herei afundamental tradeo bet eenband idthe cienc obtained
b compre ion and error re ilience obtainedb codingorretran mi ion nter frame compre ion
cheme ucha M E achie e igni cant compre ion of bit in compari on to other cheme
that do not e ploit temporal correlation wuch a motion E but the are al ole re ilient
to pac et lo becau e of the dependencie that e i t bet een data from di erent frame hile
man method ha e been propo ed to add redundanc to the bit tream to allo for more e ecti e
error correction the al o reduce much of the gain garnered from compre ion
raditional C ba ed nternet application wuch a the eb and email empha i e complete
reliabilit o er reduced latenc o e er real time application that tream data at a relati el
con tant rate e peciall tho e that aim to o er a high degree of u er interacti it re uire lo
latenc for pac et deli er a ell a mall latenc ariance uch tran port protocol wuch a
C that guarantee reliable in order deli er of pac et do not addre the re uirement
of real time multimedia application for hich timel deli er of pac et i more important than
complete reliabilit  n aninter frame ideo compre ion cheme not all bit are of e ual importance
Error in reference frame are more detrimental than tho e in deri ed frame due to the propagation
of the error contained in the reference frame and hould therefore be gi en a higher le el of protection
than other data in the bit tream  ne approachi to add redundanc to more important portion of
the bit tream or to code more important portion of the tream at a relati el higher bitrate 2
ho e er thi approach reduce compre ion gain and in man ca e doe not ade uatel
handle the bur t pac et lo pattern ob er ed along man nternet path
dditionall ~ treaming ideo mu t reconcile the con icting con traint of dela and error re

ilience n order to maintain a high le el of u er interacti it dela mu t remain relati el mall



2 m i thee timated perceptual tolerance of the u er o e er hort dela mean thatlo t
pac et often cannot be retran mitted thu re ulting in a di pla ed picture of igni cantl lo er

ualit than in the lo freeca e

T e Sol tion

ur approach to ol ing thi problem hile pre er ing the bene t of aggre i e compre ion i
toue Some re earcher in the pa t ha e argued that retran mi ion ba ed er
ror re ilience i infea ible for nternet treaming becau e retran mi ion of lo t data ta e at lea t
one additional round trip time hich ma be too much latenc to allo for ade uate interacti
it 0 e er in a treaming tem that tran port ideo bit tream ith inter dependent
frame retran mi ion of certain lo t pac et can pro ide igni cant bene t b alle iating

the propagation of error

o adapt to pac et lo e our tem u e the concept of application le el framing
ecau e dealing ith datalo i application dependent the application rather than the tran port
la er i be t capable of handling the e lo e appropriatel he principle articulate that

data mu t be pre ented to the application in unit that are both meaningful to that application

and independentl proce ible he e unit called application data unit D are al o the unit
of error reco er e ha e u ed thi philo oph in our de ign of a bac ard compatible electi e
retran mi ion e ten ion to 2 hich pro ide emantic for re ue ting the retran mi ion

of independentl proce ible portion of the bit tream and a mean for rea embling fragmented
portion of independentl proce ible unit hi idea i u eful in mitigating the propagation of

error

and idt Variation

he band idth bet eenan t opoint onthe nternet u uall arie o ertime becau e the connect
ing lin are hared ith man competing o  the ma orit of hich are C ba ed application
that are bur t in nature e di cu the e ect band idth ariation can ha e on treaming ideo

and pre ent a olution that allo  the recei er to

ar the moothl in a manner that hare band idth ell ith C o

and

dapt the to corre pond to the a erage a ailable band idth



T e ro lem

n addition to pro iding a mean for reco ering appropriatel from pac et lo a ideo treaming

tem for the nternet hould adapt it ending rate and the wualit of the ideo tream it end
in accordance ith a ailable band idth t i idel belie ed that the tabilit of the modern
nternet i in large part due to the cooperati e beha ior of the end ho t implementing the indo
increa e decrea e algorithm de cribed in 2 ideo treaming  tem that adapt to ar ing
net or condition i preferable to one that i not becau e it can deli er ideo at the highe t
po ible wualit at the a ailable band idth and hare band idth fairl ith other nternet o
treaming  tem hould tailor the wualit of tran mitted ideo according to a ailable band idth
and ad u t it rate in a fa hion that minimi e the change in ualit een b the end uer hile
imultaneou 1 deli ering a high ualit tream

ecau e band idth and dela on the nternet ar ith time an application hould tailor it

rate of deli er to pre ent condition u ing and ad u t the wualit of the tran
mitted ideo according to a ailable band idth a proce called 0 accompli h
thi our ideo er eru e informationin C recei er report to di co erlo t pac et and round
trip time ariation and adapt it ending rate according to a certain conge tion control algorithm
u ing the Conge tion Manager CM frame or he ender can u e the CM to adu t it
tran mi ion rate according to a ariet of conge tion control algorithm including the additi e
increa e multiplicati e decrea e MD algorithmuedb C o e er rapid o cilla
tion in the in tantaneou ending rate uch a tho e cau ed b MD can degrade the wualit of

the recei ed ideo b increa ing the re uired bu ering and inducing la er o cillation

T e Sol tion

ate o cillation degrade the ualit of recei ed ideo becau e the re uire more bu ering to u tain
a mooth pla out and often re ult in ariable ualit  hichi i uall unappealing to the recei er
ercoming the o cillator nature of MD conge tion control to moothen bit tream can be done

int o a
lternati e to MD conge tion control 2
e a combination of ualit adaptation and recei er bu ering

ne a of reducing the magnitude of rate o cillation i to u e conge tion control algorithm

that re ult in maller o cillation than MD wucha e uation ba ed conge tion control 2 E
C Emulation at ecei er or binomial conge tion control n addition a treaming
tem can achie elong term moothing of ideo wualit in the face of tran ient change in band idth

b u ing the rule of and recei er bu ering de eloped in



Time
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igure ariable Dela e uire ecei er u ering he ender tream pac et at a con tant
rate but the net or introduce or dela ariation o combat thi the recei erue abu er

to mooth the pla out of pac et

ecei erbu eringnot onl reduce itter but if enough data are bu ered al oenable therecei er
to u tain momentar drop inthe endingrateb pla ing out of it bu er at a higher rate than the
er eri currentl ending hi bu er accumulate hen the enderi tran mitting fa ter than the
recei er i pla ing out b not aggre i el adding la er hene er an pare band idth become
a ailable e aie et al ob er e that recei er bu ering in con unction ith wualit adaptation can
reduce the e ect of o cillation that re ult from MD e e pand upon the propo ed cheme
o that it can be u ed in con unction ith binomial conge tion control a famil of C
friendl conge tion control algorithm that can reduce rate o cillation and thu re uired bu ering
at the recei er ing a combination of binomial conge tion control and wualit adaptation our
tem achie e a moother pla out rate and the abilit to pla out at a higher o erall rate ith le

bu ering at the recei er

Delay Variation

Dela on the nternet are ariable thati the time it ta e for a pac et to tra el from one point to
another can ar tremendou ! and be unpredictable o er hort period of time hi phenomenon
called i primaril due to ueueing of pac et at intermediate router but can al o
happen if pac et are ta ing multiple path to the de tination

Such an e ect can be detrimental to a treaming ideo tem hich ouldli e pac et to arri e
at arelati el con tant rate o combat uch dela ariation pla out bu ering can be u ed at the
recei er  hen pac et arri e fa ter than e pected the can be placed in the bu er for pla out at
a lightl later time

Smooth wualit ofarecei ed ideo ignal depend on appropriatebu ering n particular recei er

bu ering mu t be large enough to
account for net or itter

2 allo time for retran mi ion of lo t pac et and
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igure 2 S tem architecture eedbac i1 ent to the treaming application ia C hich i

u ed to appropriatel ad u t the tran mi ion rate Selecti e reliabilit i enabled u ing S in
combination iththe C feedbac channel ing S our bac ard compatible e ten ion
to 2 the client can optionall re ue t that certain lo t pac et be retran mitted

enable ualit adaptation

e ill argue that in man reali tic ituation the bu ering re uired at the recei er to combat
net or itteri mallin compari on tothe bu ering thati needed to u tain change in band idth

ariation for ualit adaptation

Sy tem Ar ite t re

eno de cribe our architecture for unica t treamingof M E ideo that implement techni ue
for electi e reliabilit and band idth adaptation hi architecture ha been de eloped a the ba i

for ne t generation treaming tem uch a the Di et or platform

vervie

igure 2 ho the component of our tem he er erliten forre uet onan S
port e tabli he e ion parameter iaSD 2 and tream re ue ted data to the client ia
oer D 2 that ha been e tended to upport application le el framing and electi e
reliabilit ~ eedbac i pro ided to the er er ia  C recei er report andi u ed to ad u t the
conge tion indo 1 e at the er er u ing the Conge tion Manager CM he CM implement
a C friendl conge tion control algorithm for the M E tream and pro ide an b hich
the er er adapt to pre ailing net or condition
ur tem upport bac ard compatible e ten ion to C hich e call

that allo for the application le el framing of the data ith pplication Data nit D

D  enable fragmentation and rea embl of independentl proce ible unit of data and al o
ma e electi e reco er of application peci ¢ data unit po ible at the recei er or M E
one frame of the compre ed ideo bit tream eparated b tart code corre pond to one

D he e frame are pac eti ed b the ender and then hen the arerecei ed b the recei er

are rea embled and pa ed to the application la er for decoding once the complete frame ha been



receied n D ma in ol emultiple pac et or D fragment eachi independentl named

in order to e cientl re ue t and perform electi e retran mi ion

o -re ilien e

e ha e e tended to pro ide electi e reliabilit Each ideo frame i an D e pecif

information uch a the e uence number of that D in the header dditionall hould an D

not t ithin one pac et for high bitrate tream e pro ide a mechani m for pecif ing the b te
o et ithinan D he length of the D i al o contained ithin the e ten ion header
he er er pac eti e the ideo in the caeof M E the bit tream i pac eti ed onre n

chroni ation mar er boundarie label the pac et ith D e uence number and o et and
end the S pacet oer D he e emantic allo the client to rea emble the pac et
and to determine if an datai mi ing n recei ing a pac et the client end bac an C to
the recei er ac no ledging the ucce ful receipt of an D  or portion thereof lternati el

the client can end a retran mi ion re ue t re ue ting retran mi ion of a peci ¢ portion of the

bit tream

and idt Adaptation

nternet condition change ith time and a ideo treaming tem hould adapt to the e change
accordingl nli etraditional nternet application  hich ee to tran mit at the highe t attainable
rate ideo application prefer to end data at a relati el con tant bitrate ariou re earcher ha e
argued that conge tion control algorithm wucha C  additi e increa e multiplicati e decrea e
MD algorithm are not amenable to ideo due to their large rate o cillation
ocombatthi e r tu ethe Conge tion Manager CM architecture to gi e the application
rather than the tran port la er control of conge tion a oidance ing thi frame or an applica
tion i free to u e conge tion control algorithm wuch a binomial conge tion control e uation
ba ed conge tion control uch a C2 o E hich allo for a much moother rate
of tran mi ion e ha e implemented and e perimented ith binomial conge tion control
n addition to performing conge tion control that interact ell ith other o on the nter
net our treaming media er er adapt the wualit of it tran mi ion ba ed on pre ailing net or
condition e de ne a mechanimi no n a hich can be performed in a
number of a ne option called encode the bit tream at ariou target bitrate and
itche bet een the pre ioul encoded la er a the a ailable band idth change n alternati e
ualit adaptation chemeu e 2 herethe ideo treami encoded
at a ba e la er and one or more enhancement la er  hich hen combined render the tream at a

higher ualit the a ailable band idth arie the number of enhancement la er i ad u ted b



the er er ur tem pro ide mechani m for uitable conge tion control algorithm and ualit

adaptation trategie

ontri tion

hi thei demon trate the importance of electi e reliabilit for coping ith pac et lo and
pre ent an implementation to enable uch a frame or Speci call e ma e the follo ing contri

bution

nanal i of the e ect of pac et lo on the o erall ualit ofan M E bit tream and
the e ect of propagation of error due to pac et lo and an anal tical model that e plain

the e e ect and wuanti e the importance of electi e reliabilit

Mechani m for moother pla out of la ered ideo u ing a combination of mooth conge tion

control algorithm and recei er bu ering

tem to enable the tran mi ion of M E ideo in the face of pac et lo band idth

ariation and dela ariation

e ha e de igned and implemented a frame or that adapt for ariation in band idth and
dela and u e electi e reliabilit to reco er limit the propagation of error that can re ult from
tran mitting compre ed ideo o er a lo  channel wurthermore e ha e de eloped real orld

application to u e thi frame or and allo ed other application de eloper to ma e u e of the e

functionalitie he alpha relea e of the oft are librar upporting electi e reliabilit in
S i a ailable from a of earl  pril
the librarie had been do nloaded b nearl de eloper he oft arei al o featured on the

ro ectMa o eb ite at
hi or thu notonl pre ent ne a todeal ith the traditional problem of the nternet
for treaming ideo but it al o pre ent a iable et of techni ue that can potentiall ma e the

nternet a di tribution channel for high ualit treaming ideo
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hi chapter o er ie prior or in treaming ideo deli er and di cu e ho it relate to our
tem e rtgieanoerie of the M E ideo encoding tandard e di cu media
tran port protocol related error control and concealment cheme conge tion control for treaming

media and approache to ideo wualit adaptation

- a gro nd

he Motion icture E pert roup M E tarted the M E pro ect in ith the goal
of producing lo bitrate tream but the tandard ha ince been e panded to include a broader
range of bitrate and application he mo t notable addition to M E ince M E 2 the
tandard u ed to compre ideofor D D and D i the capabilit to repre ent ideo e uence
a a compo ition of independent audio i ual ob ect o e er both tandard u e imilar
techni ue to e ploit patial and temporal redundanc
M E i the late t tandard for inter frame compre ion and torage of digital ideo from the
Mo ing icture E pert roup 2 22 he tandardi e pected to be the predominant
encoding for nternet ideo and o er igni cant ad antage o er current format due to it abilit
to code ideo e uence on an ob ect b ob ect ba i and it capabilit to code at a ide range of
bitrate Companie uch a Di et or ha erecentl pa nede ort toma ethe M E
compliant Di  codec the default encoding format for nternet ideo b open ourcing their codec
and pon oring application built on top of thi underl ing format urthermore M E
ha ome error re ilience capabilitie uch a  ideo pac eti ation mar er  hich are u eful for the
tran port of a ideo tream acro alo prone net or
igure2 ho a  tem bloc diagram of an M E encoder  hile can
be e ploited impl b coding each frame eparatel uta iti e ploited in till image man

ideo e uence e hibit here t o con ecuti e frame are often er imilar



Raw Video Frames
error

signal ‘ ‘ ‘ ‘ ‘ ‘ 011101
G ‘ DCT ‘ ‘Quanlize‘ ‘ vLC ‘ Bitstream
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Predicted Frame |Compensation

Previous Frame

Motion Vectors

Motion
Estimation

igure2 M E encoder bloc diagram

igure 2 2 rame dependencie in an M E bit tream

nM E bit tream ta e ad antage of thi b u ing three t pe of frame

igure2 2 ho thedependencie thate it ithinanM E bit tream or frame
are image coded independent] of other frame in a manner imilar toa E image
he e are thu and do not e ploit temporal redundanc M E ue t ot pe
of dependent frame predicti el coded frame or frame and bi directionall
coded frame or frame frame are coded predicti el from the clo e t pre iou
reference frame either an frame or a preceding frame and are coded bi directionall

from the preceding and ucceeding reference frame

Dependent frame are coded b performing hich include a proce called
and loc matching i the proce b  hich pi el
bloc of the dependent image called are matched again t macrobloc in the reference

frame to nd the clo e t po ible match for that bloc he amount b  hich each bloc ha emo ed
in relation to the reference frame i encoded in a he combination of the macrobloc
from the reference frame and the motion ector can produce a rough e timate of the temporall
dependent frame hich i ho motion compen ation i done the di erence bet een thi e timate
and the actual frame i the error ignal hich i coded into the bit tream along ith the motion

ector




edia Tran port

he eal time ran port rotocol 2 i a protocol that pro ide end to end net or func
tion to enable the tran port of real time data wuch a ideo audio and imulation data  he

eal ime Streaming rotocol S i an application le el protocol that i t picall u ed
to control the deli er of data ith real time propertie ur  tem implementation u e S
and and it companion feedbac control protocol C to tran port ideo data e pro ide
bac ard compatible e ten ion to upport electi e retran mi ion of pac et or

and call thi protocol e ten ion

C de ne an pa load format for M E for the purpo e of directl mapping

M E udio and i ual bit tream onto pac et ithout u ing the M E S tem tan
dard hi peci cation or in concert ith S a it impl de ne the manner in
hich an M E bit tream can be mapped into pac et re iou C de ne pa load format

forM E 2 ideo and bundled M E 2 ideo and audio la er
Concurrent or propo e one mechani m for performing multiple electi e retran mi ion of
generic media data hi or ha adi erent empha i fromour a itfocu e on determining
hether multiple electi e retran mi ion can be performed in the e ent of lo of a retran mitted
pac et andi le e ible ith regard to prioriti ing retran mi ion thi cheme u e onl a binar
indicator for retran mi ion e ho prioriti ation of retran mi ion can bee peciall aluable
to reduce the ad er e e ect of error propagation in cheme li e M E ther concurrent or
de cribe a mechani m for ma ing retran mi ionre uet oflot pac et uing C hile
thi pro ide imilar functionalit to our S C recei er report thi de ign doe not pro ide
integrated conge tion management information nor allo the recei ing application to pecif lo t
region of data and prioriti e ender retran mi ion
aman et al propo e a mechani m for impro ing the rendering of image tran mitted o er the
nternet hi or argue that the in order emantic of C cau e image to be rendered
in bur t rather than moothl and thu propo e a ne tran port protocol the mage ran port
rotocol hich allo image including compre ed E and E 2 image to be
rendered in a moother fa hion b di iding the compre ed image into independentl proce ible
unit that can be proce ed out of order a the arri e at the application  ur protocol for electi e
retran mi ion S i ba ed on certain a pect of the or uch a the u e of application

le el framing and recei er dri en retran mi ionre ue t

rror Re ilien e

Some prior or ha been done ith re pect to de eloping error reco er and concealment cheme

for real time ideo Man of the ee ort rel on a mean of pecif ing prioritie for di erent piece



of the bit tream o er other  hile other gi e higher priorit to lo erla er of the bit tream
ah et al pro ide a ur e of error concealment cheme for real time audio and ideo tran
mi ion he claim that an cheme for error concealment that relie on retran mi ioni not
iable due to the dela impo ed b retran mi ionre ue t o e er inthecaeof M E here
frame can occur a infre uentl a once per half econd e argue and ho that the bene t of
retran mi ion are clear if the lo of an frame implie the lo of half a econd orth of ideo
then retran mi ion can help ameliorate itter that ould other i e re ult from pac et lo eal o
note that other re earcher ho that retran mi ion can be a fea ible option for error reco er in

ome Ca €

oding Te ni e

ringeri et al anal ed M E built in error re ilience capabilitie uch a ideo pac eti ation
and error correcting code and e amined propagation of error on an inter frame ideo bit tream
hen bit error occur 2 ac eti ation of the M E bit tream igni cantl impro e the de
coded ideo wualit igni cantl b locali ing error n contrat ee amine propagation of error
due to and de elop a model to de cribe the e ect of the e error
n ualit urance a ering high priorit datai protected ith EC techni ue and
the lo of lo priorit pac et do not propagate becau e each frame i temporall dependent onl
on the high priorit data from the reference frame o e er the utilit of uch a cheme i
limited becau e the i e of the redundant information due to EC re uired for reliable receipt of
the high priorit la er counteract the gain from compre ion e cienc
nother approach to error concealment i multiple de cription coding MDC a oint ender
recei er approach for de igning tran form hi cheme allo for the di iion of the bit tream
into multiple e uall important de cription uch that each additional de cription i u eful in
enhancing the ualit of the recei ed ideo
ne approach i to u e the prioritie a ociated ith a bit tream to pro ide error protection
at the time of encoding 2 hi ource coding approach allocate more bit to more important
information uch a header and motion information hile allocating fe er bit to te ture informa
tion ithin a particular ideo pac et hile thi i a potentiall appropriate cheme for irele

net or iti not applicable to an en ironment herelo e are on a per pac et ba i

annel Te ni e

olot and urletti propo e for ard error correction EC in e eral pro ect a amean for pro id
ing error reco er and pac et recon truction o e er thi cheme relie on the fact that the
EC information contained in one pac et it elf i notlot EC ba ed cheme impl add redun

dant information hich can potentiall increa e net or tra c and potentiall aggra ate e i ting



pac et lo if conge tion alread e it urthermore the e t pe of cheme reduce compre ion
e cienc and pro ide little bene tin thee ent of bur t pac et lo he al o pro ide a mechani m
for performing rate control u ing data pro idedin  C recei er report o e er thi tem
relie on the application it elf to implement it o n conge tion control mechani m  herea eue
an application independent conge tion manager for conge tion control

riorit Encoding ran mi ion E i an application independent approach for ending
me age oeralo net or baedona peci ed prioriti ation cheme n thi cheme the ource
a ign di erent prioritie to ariou egment of the bit tream informationi then di tributed o er
all of the pac et ent per me age uch that each pac et contain relati el more information about
high priorit data e pand on thi or to pro ide a mechani m for u ing E to create a
hierarchical encoding of M E ideo bit tream

n pa load format for pac et le el for ard error correction ha been de ned to achie e
une en error protection of encap ulated data o e er thi cheme al orelie on pro iding

redundant information for error reco er thu creating unnece ar net or tra c

Retran mi ion- aed Te ni e

apadopoulo and arul ar de cribe a prior retran mi ion ba ed error control  tem at the ernel
le el u ing pla out bu ering conditional retran mi ion re ue t and other techni ue to alle iate
the e ect of pac et lo n particular thi tem emplo conditional retran mi ion re ue t
to a oid triggering late unnece ar tran mi ion b abandoning retran mi ion if the di pla time
i le than the e timated round trip time
hee propo e a retran mi ion ba ed error control techni ue hich doe not incur additional
latenc in pla out time b rearranging the temporal dependenc of frame o that a reference frame
i referenced b it dependent frame much later than it di pla time thereb ma ing the dela
in reco ering lo t pac et Speci call the cheme u e late arri al pac et to recon truct the

reference frame in order to limit propagation of error in dependent frame

rror on ealment o tpro e ing

hi the i primaril focu e onreco eringfor error u ing mechani m that do not rel on alteration
of the encoded bit tream or proce ing of the decoded image at the recei er  lternati el error
concealment can be performed at the decoder u ing po t proce ing techni ue uch a temporal
prediction interpolation or energ minimi ation techni ue ur e paper b ang al o

gi e an in depth o er ie of man of the e techni ue
imple approach e ploit temporal correlation bet een frame b replacing a damaged mac

robloc ith a patiall corre ponding macrobloc from a pre iou frame fthemi ing macrobloc



are in tead replaced ith the motion compen ated bloc that hichi peci ed b the motion ec
tor of the damaged bloc igni cant reco er can be achie ed 2 ne ad antage of performing
po t proce ing in thi fa hion i it implicit o e er thi method re uire that the motion
information for the mi ing macrobloc i recei ed undamaged alternati el the damaged motion
information can be e timated from the motion information for the urrounding macrobloc hi
approach i imilar to the po tproce ing techni ue di cu ed in Section 0 e er in our
method eare peci call intere ted in reco ering frame data to limit error propagation frame
ne er ha e motion information a ociated ith them o e mu t ma e u e of other techni ue to
e timate the motion compen ated replacement bloc

ecau e ideo ignal are t picall mooth both temporall and patiall mi ing data can
often be interpolated from a ailable data rior or propo e interpolating lo t coe cient in the
fre uenc domain from the four urrounding neighbor bloc 2 o e er thi method cannot be
u ed for inter coded frame becau e the DC coe cient for error ignal are not highl correlated
in ad acent bloc uch thi techni ue i more u eful for reco ering error in till image

et other techni ue appl that permit the reco er of motion ector information in the e ent
that motion ector information i lot  ariou re earch ha propo ed e eral di erent mean of
dealing ith the lo of motion ector common techni ue include etting motion ector to ero
u ing the motion of the corre ponding bloc in the preceding frame or u ing the mean or median of
the motion from patiall ad acent bloc 2 e are primaril concerned ith motion

ector information for the frame e 1ih to repair and u e imilar techni ue to achie e the e

goal

ieu and gan ha e done ome prior or in error concealment techni ue for la ered ideo and
ha e di co ered that b ending lo fre uenc coe cient in the ba e la er and higher fre uenc
coe cient in the enhancement la er iti bene cial to perform error concealment on the coe cient

in the enhancement la er rather than impl di carding damaged enhancement la er data

onge tion ontrol

Much attention ha focu ed on de eloping conge tion control algorithm for treaming media ap
plication in recent ear FEarl propo al for multimedia conge tion control 2
ere e entiall ariant of C  ithout the in order reliable deli er of data emantic a ociated
ith C More recentl propo al uch a C 2 E and binomial control ha e
focu ed on the problem of large o cillation a ociated ith C  conge tion control n C
the ender e plicitl adu t it endingrate a a function of the mea ured rate of lo e ent ba ed
on the C friendl e uation de eloped in n the E protocol the recei er emulate the

conge tion indo e olution of a C ender he recei er maintain an e ponentiall  eighted



mo ing a erage of the conge tion indo anddi ide thi b the e timated round trip time to obtain
a C friendl ending rate inomial control propo ed in  generali e C  increa e decrea e
rule to deri e a famil of C friendl conge tion control algorithm ith ar ing degree of o cil

lating beha ior

onge tion anager

he Conge tion Manager CM i aframe or that allo an application to perform end to
end conge tion control independent of the tran port mechani m

or e ample an application ma i h to perform C t le conge tion

control e en though complete reliabilit and in order pac et deli er guaranteed b C are not

re uired he Conge tion Manager eparate conge tion control from the tran port emantic and

pro ide the application to perform conge tion control in a fa hion ell uited to the need of that

particular application

ur ideo treaming application u e CM to perform conge tion control hile u ing S a
the tran port la er ing CM enable our application to be hen treaming ideo
to a recei er n Chapter e ill e plore appropriate conge tion control mechani m to u e for

ideo treaming

ality Adaptation

e aieet al propo ea ualit adaptation chemeu ingrecei er bu ering for MD controlled tran
mi ion and pla bac for hierarchicall encoded ideo ong term coar e grained adaptation
i performed b adding and dropping la er of the ideo tream hile u ing MD to react to con
ge tion  ecei er bu ering alle iate the hort term ariation in the ending rate cau ed b the
o cillator nature of MD ne la er ill be added onl if at an point the total amount of
bu ering at the recei eri u cient to ur i e an immediate bac o and continue pla ing all of the
e iting la er plu the ne la er and the in tantaneou a ailable band idth i greater than the
con umption rate of the e i ting la er plu the ne la er hen the total amount of bu ering
fall belo the amount re uired for a drop from a particular rate then the highe tla eri dropped

dditionall bu er pacei allocated bet een la er o a to place a greater importance on lo er
la er thereb protecting the e la er if a reduction in the tran mi ion rate ere to occur  he
condition for the addition and deletion of la er and inter la er bu er allocation for =MD and

hierarchical encoding are de cribed in






ac et lo can ha e detrimental e ect on the ualit of recei ed ideo becau e limited redundanc
in compre ed ideo tream reduce re ilience to data lo hile traditional nternet application
can reco er from pac et lo u ing the complete in order deli er emantic of tran port protocol

ucha C real time treaming application that re uirelo latenc cannota ordto ait
for the complete retran mi ion of all lo t pac et he eal ime ran port rotocol 2 i
commonl la ered on top of D and pro ide ome feature uch a time tamping and e uencing
that aid in the real time tran port of data but it doe not o er an mean for reco eringlo t data

raditionall retran mi ion ha not been u ed a a mechani m for reco ering from pac et lo for

real time ideo

he e ect of pac et lo can be alle iated u ing one or more of the three follo ing mechani m

Selecti e retran mi ion
o tproce ing error concealment
Error correcting code

hi the i focu e onu ing a combination of electi e retran mi ion enabled b our bac ard
compatible e ten ion to called and po tproce ing error concealment at the recei er
to reco er from pac et lo e that occur in more important portion of the compre ed bit tream

Some argument ha e been made again t u ing retran mi ion for error reco er pri

maril becau e of the latenc re uired to do o 0o e er becau e of the nature of inter frame
compre ion certain t pe of pac et lo can be e ce i el detrimental to the wualit of the re
cei ed bit tream e ho that uchlo e can be corrected iaretran mi ion igni cantl
increa ing dela u ing onl afe frame  orth of e tra bu ering

n thi chapter ede elop the ca e for hereb certain portion ofan M E

bit tream can be tran mitted reliabl ia retran mi ion n an inter frame ideo compre ion



igure frame from the coa tguard tream ith pac et lo S 2

tandard eg M E an inherent tradeo e it bet een achie ing a high compre ion ratio
and limiting the propagation of error bet een frame Scheme wuch a for ard error correction
EC increa e error re ilience but limit the gain that are achie ed ith compre ion  ing more
reference frame frame  can limit the propagation of error but thi al o increa e the re uired
bitrate ince reference frame are con iderabl larger than temporall predicted frame
hile e primaril focu on the u e of electi e retran mi ion for the purpo e of error reco er
eal o ho ho electi eretran mi ion can be u ed in con unction ith a ariet of other error
control and concealment techni ue  or e ample hen dela i particularl high retran mi ion of
an lo t pac et ma not be fea ible uch hile the electi eretran mi ionenabledb S
i u eful in certain circum tance in other circum tance other t pe of error concealment ma be
more u eful Section e plore ho S can be u ed in con unction ith alternate pac et
lo reco er cheme
he re t of thi chapter de cribe the problem in detail pre ent an anal i of ideo frame rate
in the pre ence of pac et lo and ma e a uantitati e ca e for electi e reliabilit e anal e the

ualit degradation cau ed b pac et lo focu ing on hole pac et era ure to model conge tion



igure 2 frame from coa tguard tream ho ing propagation of error S

related pac et lo

ro lem rror ropagation

he abilit to ucce full decode a compre ed bit tream ith inter frame dependencie thu de
pend hea il on the receipt of reference frame ie frame and to a maller degree frame

hile the lo of one or more pac et in a frame can degrade it wualit the more problematic
ituation i the propagation of error to dependent frame  hi can often aggra ate the e ect of a
pac et lo particular]l in a high motion e uence here the motion ector for ami ing portion of
the reference frame are large in magnitude n e ample of error propagation for a particular ideo
e uence coa tguard i ho nin igure and 2 the rectangular patch near the bottom
of igure i the re ult of a ingle lo in an frame no local error concealment i done in thi
e ample hi error pread to neighboring frame a ell a ho nin igure 2 hich depend

on e eral preceding di erentiall coded frame
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igure S alue mea ured again t the original frame ith ar ing degree of pac et
lo the pac et lo rate increa e the frame b frame S  drop dramaticall thu lo ering
the fraction of frame recei ed hich are uitable for di pla

igure ho thee olution of frame b frame S  for the luminance ie component

a a function of the original ra frame number for ariou pac et lo rate ea Signal to oie
atio S i an indicator of picture wualit that i deri ed from the root mean wuared error
MSE he S  for a degraded bit image  from the original image i computed

b the formula

2
2 log
he e olution for a decoded bit tream ith no pac et lo i al oincluded a a ba eline the
pac et lo rate increa e the wualit in S of an increa ing number of the decoded frame

become too poor for ie ing e recogni e that S i not an accurate metric of perceptual
ualit but e u e it becau eiti imple and i an appro imate indicator e generali e thi in
igure b a eraging the ob er ed frame rate o er time for a gi en ideo e uence f ea ume
that the ie er i capable of tolerating onl frame that are at lea t a certain S ualit and

that frame belo uch a ualit are not plea ing to ie ecan ho ho pac etlo e degrade
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igure erage S o er econd of fp ideoa afunction of the pac etlo rate

the pac et lo rate increa e the o erall ualit of the bit tream e erel degrade

frame rate e model thi in Section 2

a et o odel

eno anal ethee ect of pac et lo on the ob er ed frame rate at the recei er ing the e
re ult e argue that under certain circum tance electi e reliabilit can impro e the wualit of
the recei ed bit tream

ur model i ba ed on t o important premi e he rt i that pac et lo ill re ult in
degradation of ualit of the ideo tream at therecei er ie that therei ome ignallo cauedb
thelo ofapac et hi i truein general unle pac etle el EC or era ure code aree ten i el
u ed but notice that uch mechani m do reduce the e ecti e bitrate of the tran mi ion he
econd premi e i that belo a certain S le el frame are not ie ableb u er hile it i
true that S doe not nece aril accuratel model perceptual wualit it ha been e ten i el
u ed in the literature ecau e the ie abilit thre hold arie from e uence to e uence e
perform our anal i for e eral S thre hold e note that the general method can be u ed

for an wualit metric not ut S



perimental Re It

o better under tand ho pac et lo a ect the wualit of ideo recei ed b aclient e ill rt
loo generall at ho pac etlo a ect the a erage S of a ideo e uence n addition to
S the wualit of deli ered ideo depend on the hich i the rate at hich frame
hoe S i abo e ome thre hold i pla ed at the recei er
igure ho ho increa ing pac et lo rate greatl degrade the o erall ualit of the re
cei ed picture n thi e periment run on the coa tguard tream pac et ere dropped according
to a ernoulli proce at each lo rate ranging from 2 to2 inpo er oft o he ertical
error bar plot the tandard de iation of recei ed S acro econd of a  frame per ec
ond ideo e uence rame ith S alue maller than 2 d are generall un ie able hich
mean that e en indi idual frame are not particularl u eful ithout a correction mechani m at
pac et lo rate larger than 2
igure ho the mea ured re ult of the re ulting frame rate a a function of the pac et lo
rate ith one cur eper S  thre hold or the coa tguard tream e mea ure the number of
frame per econd on a erage that are abo ea et S thre hold and plot it a a function of the
ernoulli pac et lo rate the picture wualit thre hold increa e for a gi en pac et lo rate
the number of acceptable frame in the e uence the frame rate decrea e or a gi en picture
ualit thre hold an increa e in the pac et lo rate re ult in a con iderable reduction in the frame
rate  hi graph ho that a the pac et lo rate increa e the frame rate degrade roughl a
for ome con tant  and
o under tand better ho pac etlo a ect framerate eno de elopa imple anal tic model
to e plain the e re ult e nd that the anal tic model matche the e perimental re ult rather

ell

Analyti odel

ur goal i to deri e a relation hip bet een the pac et lo rate and the ob er ed frame rate
hen calculating the frame rate e a ume that if the wualit of a frame ie S fall
beneath a certain thre hold then the frame i dropped ee pre theob er ed frame rate a
here i the frame drop rate the fraction of frame dropped and i the frame rate
of the original bit tream in frame per econd eg fp

he frame drop rate i a um of conditional probabilitie

here run o er the three po ible frame t pe and and  repre ent the e ent that

a framei uele becau e it fall belo a certain wualit thre hold i the e ent that the
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igure he e ect of pac et lo on frame rate

corre ponding frame i of t pe he probabilitie can be determined direct] from

the fraction of bit tream data of each frame t pe

et ee pre the conditional probabilitie ~ for each frame t pe e do thi under
the implif ing a umption that if e en one pac et ithin a framei lo t or thee ect of one pac et
lo from a reference frame are een that the frame i rendered u ele rela ing thi a umption
ma e the anal i more complicated although the general form of the re ult doe not change n
thi ca e determining =~ i impl a ernoulli random ariable e pre ible a one minu the

probabilit that no pac et arelo t ithin the frame hu

here i the number of pac et on a eragein an frame and i the pac et lo rate

he conditional probabilitie for and frame are ome hat more in ol ed and re uire an
under tanding of the inter frame dependencie in M E  ideo  he e dependencie are ho n in
igure E er frame depend on the preceding or frame in the group of ideo ob ect
plane and e er frame depend on the urrounding t o reference frame the clo et

t o or frame that urround it hu the ucce ful decoding of a  frame depend on



igure rame dependencie in an M E bit tream

and frame that precede it in the and the ucce ful decoding of a frame depend on the
ucce ful decoding of the urrounding reference frame  hich implie the ucce ful decoding of all
preceding and frame the ucceeding or frame he e dependencie can be e pre ed in

the follo ing relation hip

ere i the a erage number of pac et ina frame i the number of frame in a

and the number of pac et ina frame he e implif to the follo ingclo ed form e pre ion

e can then obtain an e pre ion for u ing e uation 2 and i en thi
e pre ion for e can determine gi en alue of and eha e
graphed thi cur ein igure u ing the parameter of the coa tguard bit tream e u ed in our
e periment the model matche the e perimental re ult rather clo el

hi re ult can b e tended to deri e anal tical re ult for lo er S thre hold a uming
that there i a relation hip bet een the number of pac et lo t in a particular frame and S
degradation n tead of performing the calculation o that one pac et lo reult in a uele
pac et e can generali e to allo for lo e ith a larger alue of corre ponding to a lo er

thre hold S

Sele tive Relia ility i ene ial

e ha ee tabli hed that pac et lo ub tantiall a ect the frame rate of arecei ed ideo e uence

and ouldli e to omeho reco er ome of the e pac et lo e hile it ould be preferable to be
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igure he e ect of reco ering reference frame data on frame rate reco ering pac etlo e

in frame the frame rate for a gi en acceptable ualit can be increa ed up to time hi graph
al o ho that reco ering all frame i roughl a e ecti e a reco eringonl frame data

able to reco er all pac et the latenc of the net or a ell a band idth con traint limit thi
po ibilit  ortunatel the tructure of an M E bit tream allo u to capitali e on the notion
that ome data are more important that other udiciou 1 reco ering the more important data

in the bit treamm e can ub tantiall increa e the ob er ed frame rate

igure ho thee ect ofreco eringlo t framepac et iaretran mi ion onthee ecti e
frame rate for agi en S  thre hold of 2 d eco ering frame data can increa e the e ecti e
frame rate igni cantl in ome cae b up to three time the frame rate ithout reco er ne

upper cur € ho the e ect of reco ering onl  frame data herea the other cur e ho the
e ect of reco ering onl frame data n both ca e the frame ratei igni cantl increa ed thi
ho that reco ering onl the frame pac et in a group of picture re ult in comparable gain to
reco ering all frame data acro a group of picture herefore b reco ering either the frame
data or the frame data ia electi e reliabilit iti po ible to igni cantl impro ethe ualit of
recei ed ideo therei no real need toreco er allmi ing pac et  urthermore reco ering mi ing

frame pac et i not particularl u eful



0 1 2 3
01234567890123456789012345678901

0 1 2 3
01234567890123456789012345678901

\% ‘P‘ RC ‘Payload Type:RI*? Length

SSRC of packet sender (Receiver ID)

SSRC_1 (SSRC of first source)

fraction lost ‘ cumulative number of lost packets

\Y ‘P‘X‘ CcC ‘M‘ Payload Type‘ Sequence Number

extended highest sequence number received

Timestamp

Interarrival Jitter

Synchronization Source (SSRC) Identifier

Timestamp Echo (LSR)

Zeros ‘ length of extension (words) Processing Time (DLSR)
ADU sequence number Window Size (kB) Padding
ADU length (bytes) ADU Sequence Number
ADU offset (bytes) ADU Fragment Length (bytes)
Priority Layer Number ADU Offet (bytes)
igure S header for electi e reliabil  igure S C  ecei er eport for elec

it

SR-RT roto ol

hi ection pro ide an o er ie of the S
that allo

reco er from the lo e

eader ormat

igure ho thee tended header
pac et he r tthree octet of the pac et are identical to the
dditionall e ha e pro ided a generic electi el reliable S
for application le el framing a ella electi ereliabilit he

for the electi e retran mi ion of lo t pac et

ith e ten ion to enable electi e retran mi

ti e reliabilit

protocol a bac ard compatible e ten ion to

ing S iti po ible to

ion of lo t
header format peci cation 2
e ten ion that pro ide

eldi a eldthati

re uired b the tandard to allo multiple interoperating implementation to operate independentl

ith di erent header e ten ion e et thi to all ero
he eld uni uel identi e the D inthecaeof M E ideo one
frame corre pond to one D o thi i e ui alent to a frame number  he eld

indicate the number of b te contained

to detect mi ing pac et at the end of an D

ithin an D and allo for rea embl

pro ide a eld that allo

n particular for the purpo e of our e periment

o that a retran mi ionre ue ti

ithin that particular D

of a pac et

ent on an frame lo

thi allo the tran port la er

he uni uel identi e one pac et

hen reordering occur he nal octet

the tran port la er to pecif the relati e importance of pac et

emar M E frame ith a high priorit

but not a frame or frame lo he

eldi ued hen tran mitting la ered ideo to pecif thela er of ideo to hich the pac et

corre pond thi feature can be u ed to calculate pla out time

igure ho an S C

recei er report largel the ame a an C

in decoding or for caching purpo e

recei er report



but ith pro le peci c e ten ion added to the end of the header he eld indicate ho
man re ue t toe pect at the end of the header he r t four octet of the e ten ion er ea an
C to the ender ac no ledging the receipt of a particular D fragment and report the current
indo i eof the recei er for o control purpo e ptionall the report can include one or more
of octet each the ere uet uni uel identif the D fragment that i to be

retran mitted

o Dete tion and Re overy De i ion

S detect pac et lo b nding gap in pac et arri al hich can be determined gi en
information about the length of each D and the o et of each pac et ithinan D ea ume
that frame conit olel of intra coded macrobloc and predicted frame con it primaril of
predicted macrobloc n uch a ituation the priorit for retran mi ion of mi ing bloc i

generall determined from urrounding bloc  Speci call there are four ca e of pac et lo that

mu t be detected

mid frame lo i detected impl b detecting a gap in the recon tructed
D he prioritie of the mi ing pac et aree ual to the priorit of the urrounding pac et
n the e ent that urrounding pac et in the ame D ha e di ering prioritie the highe t

priorit i a umed for the mi ing portion

tart of frame lo i detected in a imilar fa hion to a mid frame lo
f the r t pac et recei ed for a particular D ha anon eroo et alo ill be detected

at the tart of the frame ith priorit for tho e pac et e ual to tho e that the gap

f the number of b te in a particular D i le than the reported length
for that D andno gap e itin the recei ed data alo  ill be detected at the end of the

frame ith priorit for tho e pac et e ual to tho e that the gap

complete frame lo can be detected b a gap in the D e uence
number pace nthi ca e our tem foregoe an retran mi ion of that frame data he
li elihood that alo t framei an framei er lo ince frame are large becau e of the

i eofan frame complete retran mi ioni al oe peni e and hould be a oided in general

ing thi logic S detect pac etlo and optionall re ue t retran mi ionof D gap
ba ed on the determined priorit of the lo t region a imple cenario prioritie could be a igned
uch that mi ing frame pac et are retran mitted hile other gap in data are ignored more
comple retran mi ion polic could a ign di erent prioritie to di erent frame or e ample

mi ing pac et from frame might be retran mitted ith ar ing prioritie ince frame that
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User-level SR-RTP Manager
rate adaptation information
UDP
CM Protocol
Kernel
IP
Application
5.srrtp_app_notify 6. srrtp_read !
1.srrtp_create_channel srrtp_read_and_cancel
2. srrtp_listen ¥
3.srrtp_connect
Sender 4.srrtp_send Receiver




Encoded Frames [N [N

A
Application Layer ! A

/ ADU with missing packets
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