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5 [0001] Wwhiesappsication clains the benefit of Provisi on@cTREb®ES77
Application Serial No. 60/314,413, filed August 23, 2001, entitled "System
and Method for Video Error Conceal nent,"” which is incorporated herein by

reference. 10 el tion [0002]
Thi s present §%Weﬁ;ﬁgﬁmlﬁ%%ﬁr&g gﬁﬁﬁ}%@gﬁﬁ and nore
particularly to video error concealment. 15 2. Description of Related Art
[ 0003] Vi deo images have]ggqqmgu@pphﬂgﬁgg%h@gmgkqmertant part of gl oba
communi cation. In particular, video conferencing and video tel ephony have
a w de range of applications such as desktop and room based conferenci ng,
vi deo over the Internet and over tel ephone |ines, surveillance and
nmonitoring, 20 tele [ G N < e LRl nd education. In
each of these applE?gkﬁ%ﬁng@Fg%ﬁggﬁﬂ£§%égﬁghgy%hgtégﬁggﬁinfornation i's
transmtted across tel ecommunication links, including telephone |ines,

| SDN, s DSL, anq goadijo Tlﬁirseaﬁgge&ﬂﬁdamgw béheHt I PREGisIrAe Pafe@it mat used in
video conferencingis 25 mon I nternediate Format (CIF), which is part
of the | ppliationrerial Kel. 68634l fitddoAsgust 25, 2001 entiHed6'Bystem and

vi deoconferenci ng_standard. The pringary CIF format is al so known as Ful
CIF or  Fethosdar VidsmErmop Goncealamar, W iNh (3 inspoperssEhPtanbY 26577

resol utiqn hu%her and | ower than FCIF have al so been established. FIG 1

is a tabF& ofthe resolution and bit rate requi rements for various video
formats under

10 BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] This present invention relates generally to video

communication, and more particularly to video error concealment.

15 2. Description of Related Art

[0003] Video images have become an increasingly important part of
global communication. In particular, video conferencing and video telephony
have a wide range of applications such as desktop and room-based conferencing,
video over the Internet and over telephone lines, surveillance and monitoring,

20 telemedicine, and computer-based training and education. In each of these
applications, video and accompanying audio information is transmitted across
telecommunication links, including telephone lines, ISDN, DSL, and radio |

frequencies.

[0004] A standard video format used in video conferencing is
25  Common Intermediate Format (CIF), which is part of the International
Telecommunications Union (ITU) H.261 videoconferencing standard. The

primary CIF format is also known as Full CIF or FCIF. Additional formats with
1



the assunption that 12 bits are required to represent one pixel, according
to the prior art The bit rates (in negabits per second, Mps) shown are
for 5 uncwopseswed col or franmes. [0005] Presently, effici ear/usoaesn ssion
and reception of video signals nay require encodi ng and conpression of

vi deo and acconpanyi ng audi o data. Video conpression coding is a nethod of

di digital vi d h t it i | t t th
1 deo. darestoniHEies SPaIa Pb ey Bl RS 450 DAt SPRNargEn et S n o
conpr essiygil o? %@f%Bﬁ%nO%A % reﬁﬁﬂ_@%ﬁt@{o‘? VarRud Sddy fdteRls LRdEPNPr ess

video franmes to reduce requl transm ssion bit rates. Thus, CODEC

har dwar e tiad glsss@iiph tieri Ehaallditsdirgréquirad thexepdedeat boe Ipixel comprdisged thet o a
small er binary format than required by the orjginal (i.e. unconpr essed)
di gital wrifeart cFhebit raws (inopegatitsparsecerinMhpslhe i pts @iches and
standards _t o _encodi % afnd conpressi ng source video signals exist. Sonme
st and rdé‘“&?‘é‘Pdsiﬁea &Orf oFIES: particul ar application such as JPEG (Joint

Phot ogr aphi ¢ Experts Goup) foqr still imges, and H.261, H 263, EG
(Movi ng Pi ct ur@@oélpe?li%elﬁ)lb@géc,lem@?méﬁ’gm %é@cﬁp?l%‘? o Bi4S0 M es .

These codj d : | e bl.ack- | on- & ted
oredi ct 1 Ser BB Ring R4 EGnptesslifortiael AR LomBap A TReR et ©
macr obl 06Kdes camipiédsidi cddihghigminetRog oheacading digivil Bd8o datrcdsh thit it

| um nance data and two correspondi ng 8x8 bl ocks of chromi nance data in
accor dancequiresless memarydampirere sidagcdair endugdnees igguirhedrnsaicsodat a i s

b led 2:1.j h i cal. hor i |, ~gh ' . .25 [0007] As
o A, PSP AAPMBLCEE el 20 2
synchr onigzed .3h9nGeditd Qofr@)ge 1860 Bahtes t%@&ﬂ&@f@qﬁﬁ%&?&zmrﬂi&h%hmi?m ng, and

protocol 1ssues’are cover y standards such as | SDN- based vi deo
conf er engateg) This 20 DHh&desrednd stétowirel dlohvodigital andeda230 beL AN or

| P-based video conferencing).. H 263 (or its pr,eddecessor,_ H. %?_1) 30 provides
the vi desonyarsi§dpnia a smallpekinasy fraeatdhag requyted by the original (1.

uncompressed) digital video format.

Lo

15 [0006] Several conventional approaches and standards to encoding
and compressing source video signals exist. Some standards are designed for a
particular application such as JPEG (Joint Photographic Experts Group) for still
images, and H.261, H.263, MPEG (Moving Pictures Experts Group), MPEG-2 and
MPEG-4 for moving images. These coding standards, typically, use block-based

20  motion-compensated prediction on 16x16 pixels, commonly referred to as
macroblocks. A macroblock is a unit of information containing four 8x8 blocks
of luminance data and two corresponding 8x8 blocks of chrominance data in
accordance with a 4:2:0 sampling structure, where the chrominance data is

subsampled 2:1 in both vertical and horizontal directions.

25 [0007] As a practicality, audio data also must be compressed,
transmitted, and synchronized along with the video data. Synchronization,
multiplexing, and protocol issues are covered by standards such as H.320 (ISDN-
based video conferencing), H.324 (POTS-based video telephony), and H.323
(LAN or IP-based video conferencing). H.263 (or its predecessor, H.261)

30 provides the video coding part of these standards groups.
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WO 03/ 019939 PCT/ US02/ 26577 [0008] A notion estimation and conpensati on
schene is one conventional nethod typically used for reducing transm ssion
bandw dt hworeequosenents for a video signal. Because the mecmalsbopeds7’7s t he
basic data unit, the notion estinmation and conpensation schenme nay conpare
a given 5 macroblock in a current video frame with the given macrobl ock's

surroundi ng ar i.n reviously trangmtted vj.deo frane, and attenpt to
find a close dzgfbielna‘gd'ﬁQUWS?t&‘Q%P?? aﬁaﬁwwahﬁ?é#&nﬁﬁ:‘?l&%l ock in the
previ ous| ' yBRAll fdrre@B@ineakAnss§idRbanorditne gi ven
macr obl Ogén%{/ﬁﬂ%?é%ﬁggd%ﬁdt%%?@ th(f:3 gl véﬁl‘rrascrcs)gbll ocl?. If a close data
mat ch i s réquibenentseos avdeo sighal: dBrcsusdite fagobkockin thobdsgclatanuibe current

video frame fromthe cl osel({ mat ched, offset macroblock in the previously
transmi t thematipeeestimatonsend RAMPESASAHON SHEMEBA¥ £omparg a givelsj dual ) and t he

spatial offset, needs to b co, an 1.t 1 he, i.al. offset is
cgmmﬁl y r?aecfrgli;llogg 8 ngreﬁ r‘r’o@%oo%&\%gé’{ lgkﬁ ttﬁ?gﬁ@hé{l f%%to P%%%ess@%*r?%ﬂgand |
conpensathind PERISudl§ teinshitted vidddRame@dhREmpR 6 Grdl a dbséragtaobl ock

shoul d contain only an”anount of information necessary to describe data
associ at edataht Rypicalliysa tloaelyoharched imamoblogk pn tvd preyioudy dransamed o t he
current vi deo, frame and tiqgn vector. Thus, ,areas pof vi deo.fr t hat
do ot cHASREATE i spakally Bcatdrstdes saien mecrobfedhduntesn than anadin o
00091 Cony BRINGRALIbIdiN 9t kicRRE datARARI s T0RRA HESAURAL shbftabllhen 20
vectors usefl for notion estimation and notion conpensation be

di f f ep entgivdd saceshtodeih theldubeung bided fremerftémlthe alosdiyngatdddcefsedat a
anounts required for transm ssion, any error in which notion vector data

n
i s | ost asnaaobloglstiethe previpiesly measaBited KidragEamespyhahprlytasdisigrencent
macr obl ocks. The resu IS opagati on, of errvror due to the.c upt ed
data whi ¢He+ reea&@a%afraoébeers ik BF5 TRty Fo b epcitskes] A BRnrlii e o1 deo
frame i nfsgsmtdf%t (ot irRnENtaeien tOUSh mSHARGEAbr SHithe Rgstigrpmmuni cat i on
net wor k, encodi ng schenes transformthe video frame information,
conpr ess egtitmationtandncoespemsatioopracess ¢oeffieresdt thememaining residual
15  macroblock should contain only an amount of information necessary to describe
data associated with pixels that change from the previous video frame to the
current video frame and a motion vector. Thus, areas of a video frame that do

not change (e.g., the background) are not encoded and transmitted.

[0009] Conventionally, the H.263 standard specifies that the motion
20  vectors used for motion estimation and motion compensation be differentially
encoded. Although differential encoding reduces data amounts required for
transmission, any error in which motion vector data is lost or corrupted for one
macroblock negatively impacts adjacent macroblocks. The result is a
propagation of error due to the corrupted data which leads to lower video

25  quality.

[0010] When preparing video frame information for transmission over
a packet switched communication network, encoding schemes transform the
video frame information, compressed by motion estimation and compensation
techniques, into data packets for transmission across a communication network.

30 Althdugh data packets allow for greater transmission efficiency, lost, corrupted,

3



techni ques, into data packets for transm ssion across a conmuni cation
networ k. 30 Al though data packets allow for greater transm ssion

ef fici encywpo lBos4939 corrupted, 3 WD 03/019939 PCT/ US02/ 265PCT/u02/ekeshay ed
dat a packets can also introduce errors resulting in video quality
degradation. Alternatively, video data may be transmtted on heterogeneous
comuni cations networks in which.one . of the endpoint.s i. jated with a
circuit- %Adtegari’éa 4‘%? \Rﬁaﬁetﬁ‘lﬁ@ alsg inEaAyce eSSt Mgtv-léﬁﬁ??@%@%’at o circuit

5 sw tchgqéfﬁawnk @&éﬁapoa oMot dts trafAhite Qo heRirbYendoest  or

corrupte ata packets often cause reduced video quality. Therefore, there
i s a needofrenunicsiishenetanstkeit Whdctwbne bf therqelpiciets iaassociaded mithtsa dat a
packets in order to conceal errors caused by da#a ackef lass. 10 4 WO

03/ 019939irpaitrsudtehedgwiworlsensamateyay AEOHIUmaT W‘Fﬁéﬁi OIHECHF esent

systeggﬁggd&ﬁ%ﬁggﬁgég{Bﬁggh%g#§Hg§gqgghalIy all eviate prior problens

assoc pac S video data. In general, the present

i nvention proviodad ja CieAtlyAdst slidipaptetalate paekias ofteroadsy edursd 5
packetizes video information for transm ssion across a packet swtched

net wor k videdhqaalitap dibieréfoge, theredna egpd o sysemandmgthad wiich deo dat a
packet |oss. , [001 In an exenpl.ary. e di ment ideo signals are encoded
into set Qr%‘fmﬁ%ﬁ }rBER@?tSQaFPag?%t%Wr BF%g?ri‘q?GY%“Bf%é“gﬁgh’ya@?gns

i nt eger EEQE%SO“QaIIed macr obl ock group identifiers (MBA Ds) to each

macr obl ock. Advant ageousl y, adj acent macrobl ocks are not assigned
identdbcal MBADs in one exenplary enbodinent. A macrobl ock packetization
engi ne then enabl es packetizing of the nmacrobl ocks, such that macrobl ocks
assigned identical MG Ds are packetized together. For enbodi nents of the
i nvention in which



adj acent macrobl ocks are not assigned identical MBADs, it follows that
spatially 15 adjacent nacrobl ocks are not packetized together.

Addi t i onawby3/ocwsy espondi ng data, such as an intra-nacrolrcoaisoreqs;7 may be
i ncorporated in a picture header or conveyed by sone ot her nechanismto
facilitate a correspondi ng decoding process. [0014] In yet another

enbodi nent of the invention, ' I I ng engi ne receives
dat a packets cont ai ni ng enc6ﬂﬁgﬁﬂé@$5tﬁggﬁg}KBH§Q?Q§$§ packets are
depacketi zed, and the encoded macrobl ocks are ordered and decoded. In an
al ternate enbd@®oad@it , Thepresemigrystamo eadgneilodmyieneorde paskbstantially t he

i d {. kets, .th d d 1.h bl ks i d i,n,whi ch
ey ver allFuak DEET Pt s cE I UEL Sulh g 155 o s o o eenadltacket s
are 25 | ?ﬁésen@ﬁ{@en@l%ﬁ HUds2 @n%ﬁ?ﬁ@h‘éﬁéﬁa? nc%‘cﬂ%g,el%?d’érwar{d ansm tted

data packets are used to atteruate e cts e |l ost data packets.

Vari ogis patkaibes videaeihformatien fertrdrtsenibsioh aoruss alpackksswitcleed nétweorkoded or
inter-coded conpensate for the mssing macrobl ocks. Upon conpensation, the
vi deo si gvith a capabitifiete encaalsyidag error sausedr g yideo data packetdass. syst em and

"ose " 5200 b 3ReTad g PR b AR L VI SERAS ok Bl SR MG, Ros
FIG 1 i3eR dfd@oblbckiieArBs@boBIdRFedRttbritit er(g3h& the@0hsIg@iEaAteg el Mbelar i ous

video formats, according to the prior art;” FIG 2 is a block diagram of an
exenpl ar yaledlamcoahlbek grmipniglesyisiesniMBGIRs)doradchgnaasobleskpr esent i nventi on;

Vi b corBiedtaBangoL SR mRRGD I ol o e iR Ctl B ARG O
R i

packetizing of the macroblocks, such that macroblocks assigned identical
MBGIDs are packetized together. For embodiments of the invention in which
adjacent macroblocks are not assigned identical MBGIDs, it follows that spatially

15 adjacent macroblocks are not packetized together. Additionally, corresponding
data, such as an intra-macroblock map, may be incorporated in a picture header
or conveyed by some other mechanism to facilitate a corresponding decoding
process.

[0014] In yet another embodiment of the invention, when an image

20  processing engine receives data packets containing encoded macroblocks, the
data packets are depacketized, and the encoded macroblocks are ordered and
decoded. In an alternate embodiment, the image processing engine depacketizes
the received data packets, then decodes the macroblocks in an order in which
they were received to reduce processing delay. If one or more data packets are

25 lost, data accompanying the macroblocks of successfully transmitted data
packets are used to attenuate effects of the lost data packets. Various methods
based on whether the lost macroblocks were intra-coded or inter-coded
compensate for the missing macroblocks. Upon compensation, the video signal
may then be displayed. As a result, the present system and method is capable of

30 concealing video errors resulting from data packet loss.
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QCIF formatted video frame, where each nunber is an MBAD assigned to a
macr obl ock in a corresponding spatial location; FIG 6 is an exenplary

di agr am ovotob®198% F frame macrobl ock reorder pattern of PC&USH22a8Ere a
dat a packet containing coded macrobl ock data for 15 macrobl ocks with MBA D
=5islost; FIG 7 is a block diagramof a two-dinensional interpolation

schene using data assQgi i xe ed | j acent nmacrobl ocks,
according to one emogﬁ@§%§&ﬁgp®é§ﬁwl “FIG 8 is an
exenpl ary bl ock di agram of adj acent macrobl ocks used to 20 estimate the

mot i on vect or P@é.i?i% b QeKol W oA GHAS fkqetrgqﬁﬁl&neﬁg%maribﬁyenti on;

FIG 9 is an exenp wchart of nmethod steps for video data

processi Rgdedforatads, pgcdraing & themdomnant of the present invention; and FIG
10 is an exenplary flowchart of nethod steps for video error 25 conceal nment
when recei vi nd'1%i désor black diagrast af ayexgnphey pideeanieransng gistems wo

03/ 019939 PCT/. USQ2/(,26577 tDETAItLOEIZ_) DESCRI PTI ON OF THE DRAW NGS [ 0015] The
pr esent FVER o EEREERTY B YO1EYi n vi deo si ghal s caused by data packet

l'oss. The presgatl 3 398 bRIFkANEL AL HPsh BRRAPIaTy MideD Exrifefdnkd stdtRpsrahegi es by
packeti zing macroblocks in a flexible (e.g.; non-raster-scan) order 5in a

vi deo fr arideo ¢onfermmcirgssystemext iFGi g vi deo codi ng standards, nacrobl ocks

are packetiz in. an order. specified b macr.ob].ock regrder pattern. In

Sai ton " otlont it pBick Fiafanehanaxettplel RoHey Be bR LI Prakkont | al i y

encoded. ‘Epg%ging'é;%lqggppm.sj.seek to attenuate the di sturbances caused by
0s

dat a pacl?e ross a cobmmuni cation |link. The scope of the present

i nvenbi on CoVES, Big/a baintplkly diagtadesf sirantsldsk rdordetpatiern fon not
limted to, H 261, H 263, H 264, MPEG_ MPEG 2, and MPEG- 4. [ .0 016 ] FIG
2 i1 ust QEHEsfoamadtedritier {ramed sthere gaehy Buebey issyrs My assigned to a

macroblock in a corresponding spatial location;

FIG. 6 is an exemplary diagram of the QCIF frame macroblock reorder

pattern of FIG. 5, where a data packet containing coded macroblock data for
15  macroblocks with MBGID = 5 is lost;

FIG. 7 is a block diagram of a two-dimensional interpolation scheme using
data associated with pixels located in adjacent macroblocks, according to one
embodiment of the present invention;

FIG. 8 is an exemplary block diagram of adjacent macroblocks used to

20  estimate the motion vector of lost macroblock m, according to the present
invention;

FIG. 9 is an exemplary flowchart of method steps for video data
processing, according to one embodiment of the present invention; and

FIG. 10 is an exemplary flowchart of method steps for video error

25  concealment when receiving video data, according to the present invention.



The video conferencing system 200 includes a | ocal video conference station
202 and a renote video conference station 204 connected through a network
206. 15 AvohoeugiesEl G 2 only shows two video conference statriusns2:02 and
204, those skilled in the art will recognize that nore video conference
stations may be coupled to the video conferencing system200. It should be

noted that the pres (S in any

comuni cati on syst enﬁ%ﬁéﬁﬁPﬁgg&}W@%ﬁwﬁ}%@w a network. The
network may be any type of 20 electronic transm ssion nmedium such as, but
not limted tqooRGYS, Tke@BlRenf inR@htioRRbhEealPddofsadivadEs SipsRlsSGUSEd BRI a.
[0017] FIG 3'is a block diagram of an exenplary video conference Station
300. For dataphdket toss. The presked sypstefrearehoetsodtepart8@miekistibg descri bed as
the | ocal video conference station 202 (FI 2),, although the renote video
25 conf etegigelagies PyRagketizing @acw%lﬁéﬁ% SiRle ek asé%rmqaaﬁpaiqron. In
one nmbodi. nk I e : i.Q8; 1 d LSpl devi ce
302, 5 Cpoup at M XERBRNGRAER kBl ahdi di gt B8 o

i mage  ppackasicddnengbider 3pekifiedBya macmblddkaibader prtrhade addiion,
Alternatively, other devices nmay be provided in the video conference
stati on 3agtjorovediors for kadboesrddogdamay heavore diffesentialipe gncodes. atheseast one

vi deo capture device 30 b 7 03/019939 PCT/ 2/ 2657 i mpl enent ed
as a chatg@reUprel Sﬁé@?‘bg&%/r&ﬂ% t}&eagr\gf"érfgaﬁcecso%lseé‘%% ?/pﬁ@f%ﬁossoxi de

sem conduef ot aQ@@ﬁgnﬁ%%hqinw TR Yopl Bethd gﬂﬁefi’tf invBRE6N ¢BPEUIEy ARty Ce.

The at | east one video capture device 308 captures inmages of a user;

conf £0 eneé videowtanddrds} inetuding st natdnised ts H.261,iHR68sH204t MPEGRge
processi ng engi ne 310. 5 Typically, the imge processing engi ne 310
processeMPRe-%iagdMPRAgé- i nto data packets before the communication

e oo S0y, HRETRIT it 088 A BREKEDIL illEo ORI SPARPRIET SNCe

station 204. ge processing en I'n nore

detai | i THeQRAES boRRreMdii 5YsEemP00GREIVEES &ldcal kitked dRderenps SREBAIA0G engi ne
310 also transforns received data packets fromthe renote
and a remote video conference station 204 connected through a network 206.

15  Although FIG. 2 only shows two video conference stations 202 and 204, those
skilled in the art will recognize that more video conference stations may be
coupled to the video conferencing system 200. It should be noted that the
present system and method may be utilized in any communication system where
video data is transmitted over a network. The network may be any type of

20 electronic transmission medium, such as, but not limited to, POTS, cable, fiber
optic, and radio transmission media.

[0017] FIG. 3is a block diagram of an exemplary video conference
station 300. For simplicity, the video conference station 300 will be described as
the local video conference station 202 (FIG. 2), although the remote video

25 confex;ence station 204 (FIG. 2) may contain a similar configuration. In one
embodiment, the video conference station 300 includes a display device 302, a
CPU 304, a memory 306, at least one video capture device 308, an image
processing engine 310, and a communication interface 312. Alternatively, other
devices may be provided in the video conference station 300, or not all above

30 named devices provided. The at least one video capture device 308 may be

7



10 video conference station 204 into a video signal for display on the
di splay device 302. [0018] FIG 4 is an exenplary enbodi nent of the inage
processi go osogiope 310 of FIG 3. The inage processing engcmassifssincl udes
a coding engine 402, a nacrobl ock reordering engi ne 404, a nacrobl ock
packeti zation engi ne 406, 15 and a communi cation buffer 408. Initially, a

video signal fromthe video captyre  device 308 (FIG 3) enters the coding
engi ne 4&oplefperiedasadiarge e ea eo(f:JCCQ) HFECAnE 6O FREEY f¢%Rat , and

2oL T A 0 e, iy L0 e Sl ECN O

macr obl ock™1s @ data uni con a -~ conprising

| um nanc qhand 16t 6tk Radecapoiifead®nts308aQtiAisdthages bf piuses)conZerteement s
(also referred to as pixels). For exanmple, in H 263, a nacrobl ock consists

of four Sommgopptwkscertes| amd peiflscthgamagantp thwomagerrropewinsengng 380. bl ocks

of chrom.nance data in a 4:2:0 chraom ling format. An_ 8 Xx ock of
data be BN PURdNy CUcrARS BYCSig e Al PR bresaRe s Bhabe el Bif

corres pogﬂﬁké@ BRIFERE cOfntfcMiSiem e ARE 12Ardnsdnils Y @48 Jekamttb ehe

macr obl ock 25 conprises data covering a 16 pixel by 16 piXel section of the
vi deo fr asmwote Valseenferthe: gtatise204.i Thehage procensinglengirieedl & wilhber obl ocks

as conventionally defined, but may be, nded,to any data unit conpri sing
| umi nanc élisgygsest in pRFeAetirsopaeeion WI% -ﬂoggort‘ﬂ‘?és Ydpe 'WAEEhe present

i nvention I t h l 4: 2 [
o CArRS RIS AR SRSy o R PR e 1 0
COr I £§ PORGH D hférehcbkRton 20k ifky & dtdnignal FoM@isPRYO3R AOdRBETH Y ESAL2 6577

data, or a 4:4:4 chroma sanpling fornmat conprising four 8 x 8 bl ocks of
| umi nanc&08at a and ei ght corresponding 8 x 8 bl ocks of chromi nance data.

9011, 11, 299 B SRR SRR, SRR o e SHERRSHR L )
e TR BT GRSt R S g
402, a macroblock reordering engine 404, a macroblock packetization engine 406,
15 and a communication buffer 408. Initially, a video signal from the video capture
device 308 (FIG. 3) enters the coding engine 402, which converts each frame of
video into a desired format, and transforms each frame of the video signal into a
set of macroblocks. A macroblock is a data unit that contains blocks of data
comprising luminance and chrominance components associated with picture
20  elements (also referred to as pixels). For example, in H.263, a macroblock
consists of four 8 x 8 blocks of luminance data and two corresponding 8 x 8
blocks of chrominance data in a 4:2:0 chroma sampling format. An 8 x 8 block of
data is an eight-column by eight-row matrix of data, where each data
corresponds to a pixel of the video frame. A 4:2:0 chroma formatted macroblock
25  comprises data covering a 16 pixel by 16 pixel section of the video frame.
However, the present invention is not limited to macroblocks as conventionally
defined, but may be extended to any data unit comprising luminance and/or
chrominance data. In addition, the scope of the present invention covers other
sampling formats, such as a 4:2:2 chroma sampling format comprising four 8 x 8

30  blocks of luminance data and four corresponding 8 x 8 blocks of chrominance



I nt er-coded macrobl ocks are encoded using tenporal simlarities (i.e.,
simlarities that exist between a nmacrobl ock fromone franme and a cl osely
mat ched msoroabioek from a previous frame). Specifically, &cgiosen26s77

i nter-coded 10 macrobl ock conprises encoded differences between the given
macr obl ock and a closely matched macrobl ock froma previous vi deo frane.

Th | t ched bl th d i
data aseoutaEa Lf i oa SR PN fogma: R BBEINE: (9 eHes BISEBE ST asaoci at od
with the) %ﬁiﬁ&%ﬁﬁ’%ﬂ%‘?ﬁht@o&@%@ﬁ&ﬁ x 8ipIbAIR-JF RRlapgks are

encoded w use o or mat rom ot her video franes in a nanner

simlar to thgtooaw oiesddiyiohhthellBaihg ehgihe 40Pegeodesandi, oompressdgr d. [ 0020]
For exanple, to determne if a given nacrobl ock maybe encoded as an

i nter- co@edh mecrettpok ko radisedbeintgnben 9f hits mged é‘bfﬁﬁ!ﬁ@t daita perteRkes bet ween

et ol odch ApacranieR i, B FirkttasCodetlr ST Mot Rird A85g Wik atifbé O @
nacrob' 0kprideardt an o%ﬁlﬁﬁﬁ@ﬁ%?ﬁ\ti@k‘o@&i af@lineedodé@mR¥SHBLEs. by a nmean-

absolute error or a nean-squared error between data corresponding to pixels
| ocat ed dn&mamaedanmﬂobbmk$an&enamﬁﬂhumngﬂenmauabbhm&ksusRoe the given

macr obl ock, the c dlng engi ne 402 co e error for a ity of offset
25 macr ol§imdREties § aﬁﬁ@%ﬁ%‘i"\‘?@f“ﬁ%ﬁlaﬁ rﬁ@é‘ AMORE Ha @e&r}c})g §1u°§$]r¥at er than a

pr ede';)e(lr ;p{lr%ﬂ?&i rx(ac?céﬁ?gl? {110% gi#@!/gug?lla% ﬁ% fléigf' 'a]:g @rﬂnt?ﬂ Er&(ié'%{]' ties do

not ween romt Iven data fromt

pr evi gus rhi@BBlock @Bfhprives EREsdd Qﬁf@réﬁcels fbtef@eéiﬂtl&dglvbﬂ\ma@bblobk afiden error
is found to be less than the predeterm ned difference threshold val ue for

t he gi verlosely woidek macrobl@lk fgomenprsivicust vidge fsishe ckhe eloselyaatshedi ous
e LIS DB MRt 0 ock | o oL Coded 2 0 DLUIRORDY,
bl gir ne g axds aa{t%?% f)gfg&efr&wtﬁ@ pRAS Qhloke B wiat thefdif8h hiRrSbibeR!
Alternatively, intra-coded macroblocks are encoded without use of information
15  from other video frames in a manner similar to that employed by the JPEG still
image encoding standard.
[0020] For example, to determine if a given macroblock may be
encoded as an inter-coded macroblock, the coding engine 402 computes
differences between data of the given macroblock of a current video frame with
20  data of a macroblock from a previous video frame (referred to as an offset
macroblock), where the differences may be realized, for example, by a mean-
absolute error or a mean-squared error between data corresponding to pixels
located at co-located positions within the macroblocks. For the given
macroblock, the coding engine 402 computes errors for a plurality of offset
25 macroblocks. If the coding engine 402 only finds errors greater than a
predetermined difference threshold value, then significant similarities do not
exist between data from the given macroblock and data from the previous frame,
and the macroblock is intra-coded. However, if one error is found to be less than
the predetermined difference threshold value for the given macroblock and a
30 given offset macroblock from the previous frame, then the given macroblock is

inter-coded.



| um nance and chrom nance data associated with a pixel of the given

macrobl ock is subtracted from | um nance and chrom nance data associ at ed

with a 5 wormespendi ng pi xel of the offset macrobl ock for pevrarsg2/pissel) to

give difference data, encodes the difference data using standard codi ng

techni ques such as Discrete Cosine Transfornms and quanti zati on net hods

anong ot hers, determ pnes an offset vector flé)ggl%lh iven macrqobl ock to the
di

of fset macr obl[@9R1{]r ef@intercpde thegixenmacgab F’)%P Neensieedds the notion
tor. j i 61 d
vect or %Qb{rg% the ELRGRBLHINALE: 6 HlRInE bASAARASoL RGN, a3l 861 an

H 263, speci not1on vectors of 1 nter-c

di f f er entalihahceneededontifahddaay asaritited vath b pixalof thdgivenanacrdblidckr ent i al
encodi ng causes errors created by |lost or corrupted nption vector data to
pr opagat és subteaijted &iom luyminasisk ek shrorminansgdataasfeciated With decoded wi t hout
error, since encoded.l L op vector,data associated with iven

macr ob| olRFER Ofi“ﬁnééﬂéaﬁﬁf‘ﬁ 8E}seti rﬁa%fBBﬂO&ﬁé?fPf SYertyI‘%xﬁ]glt? ghvechl(ﬁl@Bc?ncg ata of

nei ghbor igy ,féﬁ%&é’é Pekfifferdies _daEmsingfsfa@ﬁfa%d%df telRbiqids Vaat aY data of a
gi ven nmacrobl ock are not spatially Iocalized to the given macrobl ock.
However , DifcreteeCosihe Gnansfotmos andfquanatibation aretbodieamongotbéispdétesmines

non-differentially encoded, then the efﬁects Ol{ﬁ t he m)éi OE v?ctor 20 data
are | ocaRnAitset gestae figny the giyer spaeRlock & the ifsetmaczoliogki(relettad 19 ner ease

in error %?ﬁ&iéﬁ}??foriﬁ?pg%%oa&sﬁ%’m&i@%&%{-i n notion vector coding

met hod f 73 erenitial to a non-differential technique results in a

smaligl oss in [@o22gl | PRty vided tediBcyardardsslchs/ig61 hhdH.a63,ew
percent). Advantageously, the notion vector conponents associated with
each i nt epedfyidut meetiarbiedkrs efdntaraoged snagobloeks he differentiallyeasoded e not

O o SRR SER0 B S0 PRI LS GBS,
o LSO EOSAR FREA IRt e e sl bk el eoh
mechani smhdd@obloeks thip welileratheevise borletddethivithesit ecwir) sdcelenaded ft, by
intra- coding a specific pattern of macrobl ocks for each frane. The coding
engi he 4@potion vector data associated with a given macroblock is, in general, not
independent of the motion vector data of neighboring macroblocks. Thus, the
effects of the motion vector data of a given macroblock are not spatially localized
to the given macroblock. However, if the motion vectors of each inter-coded
macroblock are non-differentially encoded, then the effects of the motion vector
20  data are localized to the given macroblock, resulting in a significant increase in
error resilience. In most cases, a change in motion vector coding method from a
differential to a non-differential technique results in a small loss in overall coding
efficiency (typically less than a few percent). Advantageously, the motion vector
compbnents associated with each inter-coded macroblock, contrary to
25 conventional methods, are not differentially encoded, according to one
embodiment of the present invention.
[0023] Inanother embodiment of the invention, the coding engine 402
may intra-code macroblocks of a frame using a “walk-around-refresh”
mechanism. The “walk-around-refresh” mechanism is a deterministic
30 mechanism to clean up reference frame mismatches, called data drift, by intra-

coding a specific pattern of macroblocks for each frame. The coding engine 402
10



10 WO 03/019939 PCT/ US02/ 26577 wuses macrobl ocks of a reference frane as

of fset macrobl ocks in decoding inter- coded nmacrobl ocks of a current frane.
I n one enwodBmensy of the invention, the "wal k-around-ref pegivsozeashani smis
enabled to intra-code a pattern of nacrobl ocks using an integer

wal k-around interval w selected froma set of 5 predeterm ned integer

wal k- around i ntervals. For exa e, If = 47, then the, cadi ng. engi ne 402
i nt ra- codEss _E\?é?%b\i%ks Wéﬁfﬁﬁﬁ_ % a é‘%gfsl?t H}%KR@O%@@F&P&% t6f)régsel ect ed
based UPeRqL g&gager biid SANERrER AmeAt A Png @gmfadiﬂ{enf 8t A% inVBRHon tHhe

"wal k- ar oun res Intra-co macr obl ocks are received by the coding

engi ne of‘widik-atGuiifd-eefresteanecitrgsiaris ensliled i@ mt2dboddh Gattén of hese
"wal k-around 10 refresh" intra-coded nmacrobl ocks replace corresgondi ng
macr obl odkacrpblogks psingiasuintegeswalkpaundintepeal v pelageddreme 3¢ 0% deo dat a

transpi ssion errors,..  An robl ock t hat be rrupte e to video
dat s br aReRHETBect et ARa P et Seter it aER PR SRR Szt B ang
possi bl y ARG &idite 405 thitd-tddesthiRBy whansadblike Mhenpalkiadhadiint@isl Vi deo
conference station 204 uses the corrupted 15 nacrobl ocks as reference
nacr obl ockay beseldeteddiased apbrividerdatadtansauissibh oates and ey, ratése When

"wal k-around-refresh" intra-coded robl ocks provide t codi ng. engi ne of
the renottee vW&HﬁaEB’rﬁdéF%Fﬁ,s é’E‘EPTCBHgéWC&P}PIHC]éyarferrggﬂ"’eg 6f PAtt&- coded

bl ocks. . yef g e ' th
or opagat FoRsrodBe SERPH TG BhaRE e PE G, D RRERY YU ARULIRL "D 0s my
gener gt € raftesH! indra-coEdOBh &bl $6kE réplate toteadpdndeng W cebblreks frlbhocks in a

coded video frame are intra-coded. After the intra-macroblock map is
gener at egrevious freages thabveydheeprrepigidibiedoridendata iensralssion arpsr enot e

v deo conler SneeiSLal Lo 20, 19, THD Y, B850l R3Ol oL U
oot GRS S 0T pseanvbseri Bty
one of twhe vading dnginnef ghetrediorentdeof conference station 204 uses the corrupted

15  macroblocks as reference macroblocks for decoding other received macroblocks.
Thus, the “walk-around-refresh” intra-coded macroblocks provide the coding
engine of the remote video conference station 204 with a “fresh” set of intra-
coded macroblocks to be used as reference macroblocks, thereby reducing the
propégation of data drift.

20 [0024] Furthermore, the coding engine 402 may generate an intra-
macroblock map that identifies which macroblocks in a coded video frame are
intra-coded. After the intra-macroblock map is generated, the image processing
engine 310 sends the map to the remote video conference station 204. The map
may be sent as part of a picture header field associated with the coded video

25 frame, for example, although other fields may be used.

[0025] According to the present invention, the coding engine 402 may
generate the intra-macroblock map in one of two ways. In one embodiment of
the invention, the coding engine 402 uses run-length encoding to describe
locations of intra-coded macroblocks within the frame. Run-length encoding is a

30 technique to reduce the size of a repeating string of characters. In another

embodiment of the invention, the coding engine 402 generates a bitmap, where
11



t he invention, the coding engine 402 uses run-length encoding to describe
| ocati ons of intra-coded macrobl ocks within the frane. Run-length encodi ng
is a 30 twolmiogess t o reduce the size of a repeating stringcafusotragsatt ers.

I n anot her enbodi ment of the invention, the coding engine 402 generates a
bi t map, where 11 WD 03/019939 PCT/ US02/ 26577 each bit in the bitmp

corresponds to.o macr obl ock of .the frane. A QRit!s val ue N les a
correspoﬁﬂ‘F}hBlth% eolbllt’é‘él? Cé’”&?éHPﬂﬁs {3/ pree HPSYO]%Q&TT%@I Famené té‘ﬁﬁga["fﬁant of

the invep dﬁ%‘ﬂﬂ es@ co}{eﬁgbhd labidblod é{@&q}cﬁné?ﬁ%ﬁ?ﬁ&a‘?ﬂpl@ﬁ{ G ock s

intra-co nan rrent bit signifies

that 5t Bﬁibéﬁlﬁﬁl@ﬁﬂ@ﬂﬂieﬂgvm@émm ‘a¢koit sighifiesthaiodestrespidreiingredadeootsiotior
generating the intra-macroblock map may be contenpl ated for use in the
present iswnére¢asted. Ipgoesier embedimgnsoh the EyveplPRent” 1ol Hignifiesdhat on, the

or odlUges M eRRnRing e Digr By pEer oo ity FRASEEL BBl e

352 pi Xe'thQ%a?&B!Sl%kk%Qa { B Bétéd?lrt‘e Ela@&?fd% X in\Ré pir&seht (1BF@ltidhi on) FOIF

video frame conprises crobl ocks configured as a 22 x 18 nacrobl ock

matri x. Not i rjolo@dingd ahbther @verddiaent hhthenmyehgon ghaicodihg engindi t ma
n@@ y g erigd p

encodi ng nethod requires 396 bits bi t h Th 396
bits are4(3selegts ﬂf‘? HiEmacrellogk PW&{)C%%E% IH}fé%g‘Frl ﬁﬁ%ﬁd’ B(f%%ﬁ(;ﬁ@ W)ﬁﬁ o

i ndependen n taf I in the FCIF
frame. | RonaRr SfBfs" nEb Ehaufblq BB AN T ROSE B %‘Eﬁtransmt the
run- i@ngtrého@unﬁ&dbg 288E,i>ae1 eeti@l keskutizr) FGIFdeden flanie camprisésadenunber of

i nt ra-coded macr obl s within the FCIF frane. The cost of transmttl ng a

run- | engmomblodlesjcorrﬁgtaed@@ra&ﬂ mb&nmgphlgcl@n@hmx bINo$ ipduding any bidoded
A NIRCNGE NRER T TR RPN
I fond Wi BRI 808 1S e manBlagiy | hon o
[ 0027] TI@HSodecf intien@cfolflockmapotdepeademissf thh avundiferi aftintracoded >
15 macroblocks within the FCIF frame. In contrast, however, the number of bits
utilized to transmit the run-length encoded intra-macroblock map is dependent
upon the number of intra-coded macroblocks within the FCIF frame. The cost of
transmitting a run-length encoded intra-macroblock map is eight bits per intra-
coded macroblock ( i.e., eight bits per run value), where the run value identifies a
20 location of the intra-coded macroblock within the FCIF frame. Therefore, if the
FCIF frame contains n intra-coded macroblocks, then 8n bits are required to
transfer the run-length encoded intra-macroblock map.
[0027] Thus, if the CIF frame contains less than 50 intra-coded
macroblocks (n < 50), then the source coding engine 402 selects the run-length
25  encoding method, otherwise the source coding engine 402 selects the bitmap
encoding method. The selection of an intra-macroblock map encoding method
depends upon the video format, of which the FCIF video frame is an exemplary
example.
[0028] Subsequently, the encoded macroblocks are forwarded to the
30 macroblock reordering engine 404. The macroblock reordering engine 404

reorders the encoded macroblocks. Specifically, each macroblock is assigned a
12



macr obl ocks (n < 50), then the source codi ng engi ne 402 sel ects the
run-length 25 encodi ng nethod, otherw se the source codi ng engi ne 402

sel ects tWwe obioigyap encodi ng met hod. The sel ection of an i mcrarseEzdsebl ock
map encodi ng net hod depends upon the video format, of which the FCIF video
frame is an exenplary exanple. [0028] Subsequently, the encoded

macr obl ocks orvvard dtot cr obl ock reqr 404. Th
macr obl oéﬁaqrgéﬁﬂgt&rﬂﬁpé t}féerL{%Gﬁlg b’H‘i %@}@gﬁﬁﬁ tIBB l)gﬁs. ©
Speci fi Caekbaﬁ ﬁgfdha % rhﬁcr%%cﬁglsiﬂe Rurkbeld O3 1 493 LRD2/ 26577
macr obl o f entl froma plurality of n an

exenpl ar yan&ﬁ?@ cﬁdlﬁodi@ﬁstgﬁmahqoaareenmlwmgmed inFEGt DfeiaQaiEor ding to

an exenpl ary rracrobl ock assi gnnent Pattern illustrated in F G 5 for a QO F
f or mat t edofrpatied frammlga\ﬁngéum@ww @p@%mfwmb Bk RKroer Thew, The 5

ma m VBE.D d 4 In th
Fra 8 oo NEGTR s efte B TR DA e e MG e e
in a mnngg, §@X@1§lglsﬁ r@n%dalﬁfér@CM@@r& 6”%%@1'@'%‘3{3 lthe MBOIDS R fBRGhetine sane

MBG D. Alternatively; other assignnment patterns may assign the sanme MBGE D
to adj acénta macnatsocsks roinimnizeayjacitienaaskliogkhbeing@ssigned the faDRI] As WI |

be di scuss urther helow in conjunction with FIG .6 the a

macr b1 0BG ondh gyt Heeiier AR bUREBERE s Mot sssigh thiarms NS neai b,
advant ag L t r in one region of a
frame begggg %ﬁﬁ?c&ogl}og)gis quggﬁg Jtﬁé a%glgg\ ettd}grée spatially distributed
acrosg the fraom293i nae vallterdiseluged fulthet bglevkiet@njurectioeswithilMel. g, t o be
15 concentrated in one regl on of the frame, |ost data associated with | ost

macr obl odke asmgning ofsnacrablogkstehsrebp edincenimperphlesisra 104 assighed
eS0T RSB e A o A RBHPRRRRS B, 9217
fsfg;'t ?Qu ;/ ;f %fg@;cff?a;fg%ﬁ\% rb:éca@sfécrﬂaaio%ldekg OF 8N53tR%a phékdithee bpssalRf data is not
distributed across the frame. Since errors due to lost packets are less likely to be
15 concentrated in one region of the frame, lost data associated with lost
macroblocks may be more accurately reconstructed using data from neighboring
macroblocks. In other words, spatial interpolation of data from neighboring
macrbblocks or an estimation of a missing macroblock’s motion vectors are more
accurately determined, if the loss of data is not spatially localized within the
20 frame.
[0030] The coding engine 402 (FIG. 4) of the image processing engine
310 (FIG. 3) of the remote video conference station 204 (FIG. 2) may use a variety
of erfor concealment techniques in conjunction with the reordering of
macroblocks to improve video quality. For example, in one embodiment of the
25  invention, the coding engine 402 decodes the neighboring macroblocks of a lost
inter-coded macroblock, estimates a motion vector of the lost macroblock, and
then uses the estimated motion vector to reconstruct data of the lost macroblock.
In anbther embodiment of the invention, the coding engine 402 may decode the
neighboring macroblocks of a lost intra-coded macroblock, and spatially
30 interpolate the decoded neighboring data to reconstruct the lost data. The scope

of the present invention covers other error concealment techniques used in
13



20 franme. [0030] The codi ng engine 402 (FIG 4) of the image processing
engine 310 (FIG 3) of the renote video conference station 204 (FIG 2)
may use awoasioeyy of error conceal nent techniques in conjpamatsonessai t h t he
reordering of macroblocks to inprove video quality. For exanple, in one
enbodi nent of the 25 invention, the coding engine 402 decodes the

nei ghbori ng. macr obl ocks of. a ] ost . inter-coded robl ock,, estimates a

mot i on v&eRBICHPn pyith peacrollack seArdering n iMprA¥sY QSqQaE’éygé'Fiﬂé(‘[’%&’rnot i on
vector t of the | ost macrobl ock. In another enbodi nent
of the i(r%\(?;en i(i?éc:&ﬁ%T{atléﬁfgeblg{?)1E I'ng engi ne 402 may decode the neighboring

macr obl ocks of[o®31gst Différeat codder pattarabhnd RVIBGIDs speat balitiliz80 i nt er pol at e
t he decoded nei ghboring data to reconstruct the |ost data. The scope of
the presaqcordingtn therpresentrisventie yonsrernbadanentafithe sxrtigedhaised in 13

mor ode RO PO ere aoded Beatd MDD LR ER it DEE RhaT 1

Di fferenty ook ¢edec@iingiNs and MBG Ds maybe utilized according to the
present invention. In one enbodiment of the invention, the 5 nacrobl ock
reordering endio0s82404Refeksog back MFI.Hasnc tre madeblakshavatbesn and/ or

video format. [0032] Referring back to FIG 4, once the nacrobl ocks have
been asé’?@}ﬁ_@ﬂéw 5t ﬁg‘arf’é%l?l@% 88?‘%’&6?8’5‘@2‘5{1}%@66%@%&&06 pl aces the
macr obl odhacrgPRke kR e Tt PROKE! SR o ok MEeADE MR Ry Thie o
compp, Ghe&bblorks Atith frceie ¥BGED (edgf MBEGITKetl ) WoulRdegplatatpintoat he FIG 5
exenpl ary enbodi nent of the invention, the packetization engi ne 406 pl aces

the macrobiroksliserete datr pigket (sgeidata ppelcetddl Refersing toftbodllerd t he
packetization, enginhe,406 se re th ket .wit ' MBG D
packel 2oLt SIOLES, 408 TR AR NS 40 00 RIS L LR
packet i zgh QBbRIRS HftoBEdMYpackets per QCIF frame. However, the packetization

engine 406 may use more than one packet with a given MBGID to transport

15  macroblocks with the given MBGID. For example, packetization engine 406 may
create a first data packet 1 comprising a portion of the macroblocks with MBGID
=1 and a second data packet 1 comprising a remainder of the macroblocks with
MBGID = 1. The splitting of the packets in this manner is typically governed by
a maximum transfer unit size (MTU) associated with the network 206 (FIG. 2).

20 [0033] Subsequently, the data packets and picture header are
forwarded to the communication buffer 408 for transmission across the network
206 (FIG. 2) by the communication interface 312 (FIG. 3). To further promote
resilience against packet loss, the picture header may be transmitted more than
once per frame. The picture header may include the intra-macroblock map.

25 [0034] Conversely, the image processing engine 310 also processes
video data packets received from a remote location and provides video signals
for display. Initially, video data packets are received by the communication
interface 312 (FIG. 3), and forwarded to the communication buffer 408. The
video data packets are then sent to the macroblock packetization engine 406,

30  which unpacks the macroblocks. Next, the macroblock reordering engin.e 404

orders the macroblocks back into their original, ordered pattern (i.e., pattern
14



create a first data packet 1 conprising a portion of the macrobl ocks with
MBA D = 1 and a second data packet 1 conprising a renainder of the

macr obl ooke oso1d4939 MBA D = 1. The splitting of the packetsprcmushi/ssmanner i s
typically governed by a maxi numtransfer unit size (MIU) associated with
the network 206 (FIG 2). 20 [0033] Subsequently, the data packets and

pi cture header are . forwarded to, the comuni.cati on buffer.408, for, .

t ransni s&FER tgglquggblpﬁ% IeRIOGENg at %lb%re(rﬁ)téw%o 59“%5@%35 & Which
interface §;pg: (K {Sstedlscant GFICURHher pronote resilience agai nst packet |oss,
the pictur heaagjer r?asc%%e:tranis)mtted nore than once per frane. The

pi cture header[ 0035 ]i rSubsdquéeritty,ithe cadimgomgime402 fungtioRs af a@k4pdEpnndr sel y,

t he i mage processing engine 310 al sQ processes video data packets received
from a retareineswhetier aidadge ééfadﬁéd‘\??&’@é?%ﬁtgﬂ&%‘&tfa&o%ithF‘éwmﬂhi tially,

vi deo. da p ar.e receiyed ' ' | 1 FI G
2. and PopwRagus e inrET SERRIr i ARG et BURHEESTIR ke o
are t henuagit a Hetal R KEBESRINPSK chdek flacZsBlbdndeadon entd6blodks Whikhch unpacks
t he macr obl ocks. xt, the macrobl ock reordering engine 404 orders the

ma;:robl oMBGBHackK5 isost. tThe losomiagiobddcksare axasked avitlepn “Ki’. E shopddbern 14 WO
03/ 019939 PCT/,USQ2/ 26577 iqr t bl dering .at t

Vi deo. coRPbitER U ket Brestilo K areadv AL By RN oPg in L LIATIDLIET (PR 2) ).
500351 . S't‘l‘?é%@ffﬂd&{e atcb@,dfmg E@Sn@@ﬂLH&ﬁirﬁQﬁt Lidetirefshidavénfige eHgs . and

et erm nes et her d video data pac et was ost ‘Iin transit across the

netwpg k 2118Q8ng MrGectirdts, lawdé@gprxitgfertdraofidinfens bechmiquestiroployiepr der
pattern of FIG 5, when a data packet containing coded nmacrobl ock data for
macr obl o6keh methodsemtial mtegpaladen ormotiassyecipicessbndeqsand e marked with

o ARy SRR 16 b)Y LIS Ay aveously
o1 O o e bl G Dotk oot ae Sharal T 1Y
i nt er pol abhcsalmentathenanyeutoberst datapacketaade corrupted or lost during

15 transit. It should further be noted that although the same components are
described herein as being used for both transmission and receiving functions, the
components may be embodied in separate receiver and transmitter devices.

[0036] Referring back to FIG. 4, for each lost macroblock, the coding
engine 402 determines whether the lost macroblock is intra-coded or inter-coded.

20  For example, the coding engine 402 may examine the intra-macroblock map to
determine whether the lost macroblock is intra-coded. As mentioned above, the
intra-macroblock map may be sent in picture header fields or as side information
conveyed outside a video stream, and may be compressed using a run-length
encoding algorithm, configured as a bitmap which identifies intra-coded

25 macroblocks, or some other efficient coding method.

[0037] If the lost macroblocks are intra-coded, then several error
concealment techniques may be utilized. For example, if the lost macroblock is
intra-coded as part of a “walk-around-refresh” mechanism, the coding engine
402 replaces the lost macroblock with contents of a “corresponding” macroblock

30 from a previous frame, where two “corresponding” macroblocks cover the same

spatial area of their respective frames. According to the present invention, the
15



conmpensation. Although FIG 6 illustrates a single m ssing data packet for
conveni ence of discussion, the scope of the present invention covers error
conceal mewmo oshee3any nunber of data packets are corruptedpar/dsestesduri ng 15
transit. It should further be noted that although the sane conponents are
descri bed herein as being used for both transm ssion and receiving
functions, be enmhodi ed in .separate lyer

e ansr 11 BN CaL T Y GT e S O BLR 128 iF pungion bF e dath Bl

macr obl ogk,o gagzcoding engi ne 402 determ nes whet her the | ost macrobl ock
Is intra- coé I nter-coded. 20 For exanple, the coding engine 402 may
exam ne the i rioosatacAitbiretivebypf & bost éitea-ooded wiaet dislock endtawdedwsr obl ock
i's intra-coded. As nentioned above, the |ntra-gecroblock map ey be sent

in pi ct uPerheidber walkigeund-refres faechardsmathest G@ﬁif&%ﬁ%ﬁl‘l@?de a vi deo

t d th
cont + our SReGAY infferRiRL ARE SRl e IO Ak RSP AURGLR DO LN e
ot her ef i £ir8Plock TR BnERIABIHin (B0 37 thd ihvbRBoh, @8th BBE8 BIYRGIfThalsst

i ntra-coded, then several error conceal ment techni q]aes may be utilized.
For exanmze;robrockinespajsaﬂlynamrpblamed(fnom thmttwcanezu@etjb skplocatedfing

"wal k- ar oynd- refresh 'i{i,cgsﬁ&' §rﬁ: the codin %2 replaces the | ost
macr obl oé‘ %F’E‘hn@ﬁ blof HTAEHYhEX (’:?'851? 8KoBERSBR a previ ous
frame, rggp&m as &éét@ﬁ%l@ﬁk?%ésr gﬁﬁfeQQB%éceﬁPWcrémgc@nﬁG gpatial area

of their ective franes. ng to the present invention, the 15 WO

03/ 01@93%&@éwﬂ%‘t AdrfdblotvalE -alefiuntjadeat reshdbloek Aab)iasnt erl&cbamenp rate
is a function of the data and error rates. [0038 AIternativer, if a | ost

i nt r a- codratrablockFildcnd & right adisgenrt ragcrobgqu 720. 1 Fe exganmpleaioound- r ef r esh”
e A SIS S R SRR 0
LR NSl A Elock sl
last column of data 730 (indicated by x s) from an 8 x 8 upper right-hand block
15 735 of the left adjacent macroblock 710, and data in a last row of data 740
(indicated by an x’s) from an 8 x 8 lower left-hand block 745 of the upper
adjacent macroblock 715.
[0039] Similarly, to reconstruct data for an 8 x 8 upper right-hand
block 750 of the lost macroblock 705, the coding engine 402 interpolates data in a
20 first column of data 755 from an 8x8 upper left-hand block 760 of the right
adjacent macroblock 720, and data in a last row of data 765 from an 8x8 lower
right;hand block 770 of the upper adjacent macroblock 715. Other forms of
interpolation may also be applied and other blocks of adjacent macroblocks may
be utilized, and are within the scope of the present invention.
25 [0040] If the lost macroblock is inter-coded, then the coding engine 402
computes an estimate of the lost macroblock’s motion vector by examining the
motien vectors of adjacent macroblocks. FIG. 8 is a block diagram of adjacent
macroblocks used to estimate the motion vector of lost macroblock m, according
to one embodiment of the present invention. For the lost macroblock m, a
30 median of motion vectors of three neighboring macroblocks a, b, and c is

computed. For example, the x-component of estimated motion vector of
16



adj acent macroblocks. FIG 7 illustrates an exenplary interpolation schene
using data associated with pixels |ocated in adjacent macrobl ocks. FIG 7

10 i ncl uowe 0ankwss nmacrobl ock 705, a | eft adjacent macroblroTkused®ss7an upper
adj acent nmacrobl ock 715, and a right adjacent nmacrobl ock 720. For exanple,
to reconstruct (i.e., interpolate) data for an 8 x 8 upper |eft-hand bl ock

725 of the |ost, 16. bl gek Q5 ut dj ine 402 (FIG 4
't er pol a0k i WV, ZBRedg IRV oy, SR S6Rd ReSEEndgonisot) 5 om an
8 x 8 st i fn' it madi * ROV 710,
and dat B E O R il Tt 60 T o 8" Troffran s x 8

| over | efwhdraddVh) BOK , T, ate theex-upmeonenjdasotiomsiectobd otina?iblodk8039]
Simlarly, to reconstruct data for an 8 x_ 8 upper right-hand. block 750 of
a

the | ost anhcash.derpertizely RRAMYT,nY e ndVINeg 220 3h¢ FaPrPRANSNESOlHROEORY 4 20

first I f t f 8 I - ke 760 of th I ght
] acint “HaRropf BRkRopatked BTaRR o RpRRALy ! AOIRRIPERGER D B o "oxe O
| ower T icgiodiateat BF BeKintéRtieh ubSEmeppalycelra ¢t adpeenbimackoblddks &t her

forms of interpolation may also be applied and other blocks of adjacent
nacr obl obksndwmyto chmpuite hhestimagedimotioniyedtemior macselloek o1, aryenymbsent

invention. 25 [0040] |f t | ost | ock 1s,.inter- d,,th th di
oot ne. 4694 AuHaEbalin el aridre BRCRiodEdra Rt Moe ST A Bt vect or by.

exam ni ”q?éé}gblo@‘sixﬂ&i&‘?%g{o?. of adjacent nacroblocks. FIG 8 is a block
of a

di agram Jacent nacroblocks used to estimate the notion vector of |ost
macr 0bl ock m [@oAA]di Ogce the losemaniubdodkénnodiont veetqrie estimaited;éhe i on. For
t he | ost macrobl ock &&a 30 nedi an of notion vectors o Eree nei ghbori ng

macr obl osREing enging 462 FiGs 4) matinm cumpensatesdhapost magy 8{3@2 f
ti ted ti t f .1 9 4 k [
W shER ety ey ol e 5D Tt GRiOCL ERRE et TRAEPHOCS Mr

macr obl ocdg tAediste MY a1l TRHhirdBWES of ViV en Harke M rebuith@he cO¥im engivd X, ¢

are the x-conponents of notion vectors of macrobl ocks
402 transforms the macroblocks into a video signal for display on the display

15 device 302 (FIG. 3). Although illustrated with only one lost data packet, the
present invention may be utilized to conceal errors with multiple lost data
packets.

[0042] FIG. 9is an exemplary flowchart 900 of method steps for video
error concealment when transmitting video data over packet switched networks,

20  according to one embodiment of the present invention. In step 905, the video
capture device 308 (FIG. 3) captures a video image and generates a video signal.
Next, in step 910, the coding engine 402 (FIG. 4) (also referred to as an encoder

| when processing data for transmission) receives the video signal and transforms
the video signal into one or more intra-coded and inter-coded macroblocks. A

25 video frame may comprise inter-coded macroblocks, intra-coded macroblocks, or
any combination of intra-coded and inter-coded macroblocks. In one
embodiment of the invention, a “walk-around-refresh” mechanism is enabled to
intra-code a pattern of macroblocks using a walk-around interval selected from a
set of predetermined walk-around intervals. The walk-around interval may be

30 selected based upon video data rates and error rates. In addition, the coding

17



a, b, and c, respectively, and WaY, WhY, MV Y are the y-conmponents of
notion 5 vectors of macrobl ocks a, b, and c, respectively. Al though the
FIG 8 ewbodimesd of the invention uses notion vectors fPromusdyzsent
macrobl ocks a, b, and ¢ to conmpute an estimated notion vector for

macr obl ock m any nunber and any conbi nati on of adjacent macrobl ocks may

be used to estjnmate a | ost obl ock' s ti tor,, 10 [0P41] On th
st macFRBIBATIEOmSTY n s MEBr B er o G Shebae TR LEGPREPtang AR0D (I G
4) notiop,§8, Sbigskt he | ost macrobl ock by using the estinmated notion

vector to rebuild the | ost nmacrobl ock's data content. After the data
content of all[oloast rubseqhacty infstep Yidy tre dading engirecdfdi generatheacodi ng

The o splieya PGRUIoEE M e IAga g Tt MUSEFaReumactaPlomS one | ost
dat t. th ' ' 411 i th
ml 11 6. ot efiostERERE e PG ERlord e L3, SRR LR BRI BT 00 o

met hod si@ig difer\d @RO0lenBtH SicodRNE BRtHBA br Whetindp ancsdihimehvtdreedat a over
packet sw tched networks, 20 according to one enbodi nent of the present

i nvent i ompohriotd epngdes, of it requiced tapede thedottaomago®lqdkiBap3) captures a

vi deo i mage an enerates a vid igna) .. Next, i p,910, the coding
engi ne 402 (F_I[gaogﬁa (Igf’étoatné?‘%fbgg’&ﬁtrgo%r% %’6%!@?4 (Sé\%ﬁeﬁ)gﬁsiﬁ{bgsegfﬁg dat a
for trangm SRRk ahMBLIBSn i Ve rtxdnflie ahd Iﬁé@@ﬁlfogkérﬁ'\agt%e video
signal into one or nore intra-coded and inter-coded macrobl ocks. A 25 video
f r aneo mayssigingd MBGIDS &1 a patiedth stabrastthacdsywn it FIG .o dedommembodooérst, or

any conbi nation of intra-coded and inter-coded macrobl qcks. 1n one
enbodi nethe sracrellofknaraasyBned so aa tk MiRBNIFg-2diaeRE MacFRRiAgkS RSNE s enabl ed

L0 oo R RS SRS R A Al e gl
2, gl P8 sejembanbmges, o v 29 i 1o os anc
[0045] Subs1equent1y, the macroblock packetization engine 406 (FIG. 4)
15 creates discrete data packets and places the macroblocks into the discrete data
packets according to their MBGIDs in step 925. For example, macroblocks with
the same MBGID would be placed into a common discrete data packet.
Alternatively, the macroblock packetization engine 406 may be a transport
engine for placing macroblocks into a particular format for transport on a circuit-
20  switched network. Finally, in step 930, the data packets and a picture header
(including the intra-macroblock map) are sent to the communication buffer 408
(FIG. 4) for transmission to the remote video conference station 204 (FIG. 2).
[0046] FIG. 10 is an exemplary flowchart 1000 of method steps for
video error concealment when receiving video data, according to the present
25 invention. In step 1005, the communication buffer 408 (FIG. 4) receives
transmitted data packets from the remote video conference station 204 (FIG. 2)
via the network 206 (FIG. 2). Then, in step 1010, the macroblock packetization
engine 406 (FIG. 4) de-packetizes the received data packets into macroblocks.
Subsequently in step 1015, the macroblock reordering engine 404 (FIG. 4) orders

30 the macroblocks and places the macroblocks in proper spatial configuration

within a video frame. -
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engi ne 402 conputes a non-differentially encoded notion vector for each

i nter- coded nacrobl ock. [0043] Subsequently, in step 915, the coding

engi ne 40®0gBneyas es an i ntra-macrobl ock map that identi fricesopeati ons of
the intra-coded macrobl ocks. 5 In one enbodi nrent of the present invention,
the intra-macroblock map is coded using either a run-length encoding

t hod bi t di hod b i
”Eqd ed to cd0ire Naks Metdinsresteals. HRoc AcRess themmngbiagis i
reorderi . i i
050, “For MEpSBT SHEROd Shaifld 407 HA0ARRAG e JRCLR G A B D Serh

such as bhahafft@vrelardtoG video Hﬁt@?@cl@ﬁ‘&@ﬂbﬁ&ﬂ{ (e.g.t REP BBGUAEtHeOCKS are
assigned so as to mnimze adjacent nacrobl ocks bein assi gned the sane

MBG Ds. Aurabarsk determinestfaity masetilaekstcomprisingihe wisles amg as¢ 5Hpsins

adj acent .macrao C t SAIe Ds. [0045] Sub t th bl ock
packeti z& P6R ]g)h& ﬁa%g@%% ﬁel\fg&l%geh aire! ?i@g%tepgachfgtsaar 2%%2’? ;Oangc
pl aces t erﬁﬁg@é&bia%&%mﬁg’%ntdﬁhélvﬁferoedaqa ERets BIEK BleSnaoRk QUBIIR fn t hei r
MBGA Ds in step 925. For exanple, nmacroblocks with the sane MBA D woul d be

pl aﬁed_ | Btep H)Zépmdetzkgz\m@&i ﬂ\gdabanmobhicks Atd wigsing, théy the he nacr obl ock
packeti zation engi ne 4 ma e a transport i or placi.ng macrobl ocks
into a pélﬁqqr@h]loﬁgs prsrhigplays bB’rtﬁﬁé}b?fﬁ?Y gﬁ‘”&eés?g]lfﬁBS %S@Rn%éﬁ'ed net wor k.
Finally, ;in step.9 t dat. - [ Lpcl udi ng the
intra- rraﬁ%‘%%ecrklf ﬁégfepai@ssgﬁfd%gﬁ%esdc%&nﬁﬁ% g)gﬁl %%ﬁ‘ﬁ?ggckggw( FIG 4)
for ig an%ﬁ'i‘sﬁﬁg%ethb RRtd sa¥etiated Wab the e o ifereshassiImatrbHlbdks.are) .

[0046] FIG 10 is an exenplary flowhart 1000 of nethod steps for video

error comeaaistrentedabesed e shacrolgjock dedingdyne, incter t0Hy The ¢adingresent 25
i nvention. |n ep 1005 connqﬁ%c tion buffer .40 e?eives

_ the c _ ? é]Flg Z%, r
transni t B a¥ Kse the Inbra-Taer ap; g At PE R CRINB PSR 204 (FI G
2) via te?@n [&Ew&oﬁg%ﬂ FIG 2). Then, in step 1010, the nacrobl ock

packeti zation engine 6 (FIG 4) de-packetizes the received data packets
I nt o macr obl 0qlo®4 8 [Subseskaempleyif the kisematfitBock Bentraeodet aslparteof ther i ng
engine 404 (FIG 4) orders
15 “walk-around-refresh” mechanism, then the coding engine 402 replaces the lost
macroblock’s content with the data content of a corresponding macroblock from
a previous frame. Alternatively, if a lost intra-coded macroblock is not coded as
part of the “walk-around-refresh” mechanism, then the lost macroblock’s content
are spatially interpolated from nearest-neighbor adjacent macroblocks. In one
20 embodiment of the present invention, the coding engine 402 uses a two-
dimensional interpolation to interpolate data from adjacent macroblocks (FIG. 7).
[0049] Alternatively, if the lost macroblock is inter-coded, then the
coding engine 402 estimates the lost macroblock’s motion vector by examining
the motion vectors of adjacent macroblocks. In one embodiment of the
25  invention, the motion vector is computed as a median of three neighboring
macroblocks’ motion vectors (FIG. 8). The coding engine 402 then uses the
estimated motion vector to compensate for the data content of the lost
macroblock by reconstructing an estimate of the lost macroblock’s data content.

Once the data contents of the missing macroblocks have been reconstructed, the

30 macroblocks are displayed by the display device 302, in step 1025.
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30 the macrobl ocks and pl aces the nmacrobl ocks in proper spati al
configuration wthin a video franme. 18 WO 03/019939 PCT/ US02/ 26577 [0047]
Next, thewoodiong3engi ne 402 (FIG 4) decodes the nacrobl oeks/isn22atep 1020.
The codi ng engi ne 402 (functioning as a decoder) or sone other nechanism
related to a video data packet transform(e.g., RTP sequence nunbers)
determnes if a ob| ocks, cqonprisin he video frame,are mssing 5 in
step 1025. Nac,{roééOdc kih%lfré’qné‘gf‘?\aﬁ bsgR egp aﬁ‘%ﬁdea}?f?"(fe‘@lg ePTRRCA S s are | ost
or corru I e network
206. If, I%IE(%Q\ étrg %gg%%&ﬁé ‘glftlaltgeﬁlﬁé t ha Bgﬁ%ﬁﬁg%%?%%féh%ﬂ:e m ssi ng,
then the vaﬂmrs@ﬂ(bdl@lkﬁtl@ﬁserrdyiﬁlrﬁ&@@lt}iﬁteﬁoheltﬂbﬁpha[ya gfm&ﬁ@ bgsddar 3) in
step 1030. However, in step 1025, it is determ ned that one or nore
macr obl o@pglfaarréi &@Pm0§§h¢1§1Ve@”lﬁ@ﬁ fwasthestalthosghcthgipentiqmhankesshe or nore

m ssi g bl ar e i & nstr pete ased on crobl ock type, in
Stop 10s8ESRPLETRGon L o B HoB e R aR B MR SRR iR Hripreky
det er m n%a?ﬁ@hlﬁ?ﬁ‘bﬁﬂca"tﬁb&% ﬂ’lfose %ﬂ@dhﬂﬂﬁe Qﬁ%ﬂﬂe@@ﬁmzfz eRA&he 'f)‘?ése@d(a”m e, if
the | ost “macroblock is intra-coded as part of the” 15 "wal k-around-refresh”

mechani simvértam’s heefobdiss ip mtg1mﬂed®l?ereaparat&mttthemmmonrmmh§!bI ock's
content with_the data content of orres nd| n bl ock fro

previ ous\gﬁf‘ﬁ%a ?Wliltzﬁ‘gﬂli‘ @EY}‘?‘urﬁll?eré)%leB&r o ?%FIBE%WJFQQ not

coded as | ost

macr obl O&&?ﬁrﬁ{ie&?x‘f}hg‘f@rﬁfg{aﬂgﬁ%ﬁfe%tag(?d}g Iﬁgd fr om near esté}ﬁel ghbor

adj acent immsrablogiser than anestZ2Rtieaemerent of the present invention, the
codi ng engi ne 402 uses a two- dinensional interpolation to interpolate data
from adj acent macroblocks (FIG 7). [0049] Alternatively, if the |ost
macrobl ock is inter-coded, then the coding engine 402 estimtes the | ost
macr obl ock' s notion vector by exam ning the notion vectors of adjacent

macr obl ocks. I n one enbodi nent of the 25 invention, the notion vector is
conputed as a nedi an of three nei ghboring
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macr obl ocks' notion vectors (FIG 8). The codi ng engi ne 402 then uses the
estimated notion vector to conpensate for the data content of the | ost
macr obl ockolgormeodnstructing an estimate of the | ost nacr eolraskl/sssdat a
content. Once the data contents of the m ssing macrobl ocks have been
reconstructed, the 30 macrobl ocks are displayed by the display device 302,

in step . 9939 PCT/ US02/ 26577 [0050] The invention has
been exp%’g@éﬁléél'rwaér ef erence to exenplary enbodiments. It will be
evident to those skilled in the art that wvarious nodifications may be nade
thereto W t hodt SYReTafoT RECEFHRS Videdhd¥AdedMPESING t and scope of the

i nvention. Furt hﬁ%?%%?mgggpog}qqgs%@/ ?Q&\' I?ng%% 288080 élr%qgf g(% .gpr?eg'?{en the

context of it&<P i cul ar —envi ronme

par ti cul afa@EPloCk@kh @RS enddtRsBeshhdrbBlbckg the art will recognize that the
present invention's usefulness is not limted thereto and that the

i nven$i on canabmacroblekirepaddringerigine éat dsnigainyg amnszeblokck group onment s and
i npl enent ati ons. f or egoi escription and .draw are, .accordi ngly,
to be re %raéftfri(wi%.]ﬂil%f??m %Ef‘&éﬂ?}i@{h/@gﬂ&s tp gagh Sn?clégegf‘?r‘@ﬁ(\%o nse. 20
WO 03/019939 PCT/ US02/ 26577 WHAT IS CLAIMED I'S: 1. A systemfor processing

vi deo dat'a, conprising: a coding engine for processing each frane of a
video signal tg® rgasreblick patketizdti sicksgine for placingaeh o éherandoaledocks; 5 a
macr obl ock reordering engine for assigning a macrobl ock group identifier
(MBG D) fnarplalogksiindp iatpartirulkpdpispadkebacdordingoiodiie MBI ock ;  and a
nacrg@lock packeti zation engine for placing each of the encoded

macrobl ocks into a particular data packet according to the MBG@D. 10

2. The system of claim 1, wherein the macroblock reordering engine assigns

a different MBGID to adjacent encoded macroblocks.

3. The system of claim 1, wherein the coding engine generates non-
15 differentially encoded motion vectors for each of the encoded macroblocks

which is an inter-coded macroblock.
4. The system of claim 1, wherein the macroblock packetization engine
places the encoded macroblocks with different assigned MBGIDs into different

20  data packets.

5. The system of claim 1, wherein the MBGID has a value from1ltoa

maximum group identifier (MGID).

25 6. The system of claim 5, wherein the macroblock reordering engine

determines the MGID based on video data rates.

7. The system of claim 5, wherein the macroblock reordering engine

determines the MGID based on video format.
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2. The systemof claim 1, wherein the nmacrobl ock reordering engine assigns

a different MBGD to adjacent encoded nacrobl ocks. 3. The system of claim

1, whereiwotobe1wedi ng engi ne generates non 15 differenti alPcy/tsnpoded noti on
vectors for each of the encoded macrobl ocks which is an inter-coded

macr obl ock. 4. The system of claim 1, wherein the nmacrobl ock packetization

engi ne | aces the encoded. macrobl acks with different assigned MBA Ds into
di fferenB- 20 @étSXStﬁgéRg‘_t?l m fw%ﬁéelg);éf 8%516‘5 %Wgéﬁ‘?ﬁri(foc%ﬁ@réyﬂqt he MBG D has
a val ue frﬁva%glr)%ilo%Q toﬁg c@cgrn SULh 1 ARNES dd LRalcMBIRK ifdRfificaite syst em of

claimb5, obl ock reordering engine determnes the MAd D
based on giffeleaceinbastitesen dataldfehe giv@nmatrabladkobthevdnerarit frarheandcr obl ock
reordering engine determnes the M3 D based on vi d?o format. 21 WO

03/ 019939laroT a)dosest amatzhing offsel magseklprlopf @ PaeviPYSs [54M8-ei n t he codi ng

engi ng encodes a given macroblock of a current frame as an intra-coded
macr obl ock if significant differences exist between data of the given

macr obl ook of thes Ik Rviaitdin gRlAJIMg engiheeasbdepd sivieRg of f set
macr obl ock of a previous frane. 5 9. The system of claim1l, wherein the

codi ng emgianeblexk oflesusregit frame asan vtibookdet macmhledanif sigrifieards an
i nter-coded_macrobl.ock if significant simlariti egt exi st bgtween ata of

the gi veRFERIBE SR AR dath givemmasirplogkphthgreurent SHEE &t chi ng
of fset mact ol £ekstl Falhindl et MaiBhlod0olf prafiBus yskamn of claim 1,
{ engi ne fourther

wherein e codrng generates an 1 ntra-macrobl ock map
identpfying intra-coded macrobl ocks in a given frame. 11. The system of
claim 10, wherein the coding engine encodes the intra

10.  The system of claim 1, wherein the coding engine further generates an

intra-macroblock map identifying intra-coded macroblocks in a given frame.

11.  The system of claim 10, wherein the coding engine encodes the intra-
15 macroblock map by selecting an intra-macroblock map encoding method that

generates a fewest number of bits.

12.  The system of claim 10, wherein the coding engine uses run-length
encoding to encode the intra-macroblock map.

20 |
13.  The system of claim 10, wherein the coding engine uses a bitmap to

encode the intra-macroblock map.

14.  The system of claim 1, wherein the macroblock packetization engine of a

25 receiving device de-packetizes the encoded macroblocks.

15.  The system of claim 1, wherein the macroblock reordering engine of a

receiving device orders the encoded macroblocks.
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15 macrobl ock map by selecting an intra-nmacrobl ock map encodi ng net hod t hat
generates a fewest nunber of bits. 12. The system of claim 10, wherein the
codi ng emngong/ou®es run-|length encoding to encode the intraTrasor/adshock map.
20 13. The system of claim 10, wherein the coding engine uses a bitmap to
encode the intra-macrobl ock map. 14. The system of claim 1, wherein. the

macr obl o packeti zatiop engine.of .a . 25 receivin evi ce .de-packetizes the
encoded ricro @ygt_errlgp Cl‘ﬂﬁg Lsydersinghe cpds ‘T,gl'i}gg %F‘?‘Fef‘ﬁggﬁ@g}cﬁbl ock

reor der | pgengl e Aloded HEERIMLAG RVHERQTHRLMG dRoBBAGHRG oBRIKED! ocks. 22

WO 03/ 01 . The systemo aim 1, wherein the coding
engi ne of a receiving device decodes the encoded macrobl ocks and detects
m ssing decoded macroblocks. 17. The system of claim 16, wherein the

codi ng engi ne of the receiving device 5 spatially interpol ates data of a

gi ven niégingT@@éﬁﬂéﬁlﬁﬁgﬁﬁbﬂgdW ?F%ﬂﬁﬁ%?gﬁBgeWg & TEERIVHEL RS obl ocks
for cpnceal,. ef.fec f, vl deo el I i *ﬂg. d

macr obl o agé@&gﬁ%%ﬁ%%eggaéHgﬁ%gﬁéﬁgéggQ%ﬁ%%§g%?é%ﬁ?OQ%iﬁ e g@%?@ﬁ]Of

cl ai m 16 adyfeenedétoded madoBbckb Bbn@mebalitieff@esbl vitodeydrs & tha@iwsat i mates a
notion vector of a given m ssing decoded macrobl ock based on notion
vect or s ahissidgateeoded erndeklonhavastEngedted apan insasoded mafaeblogknt ent of t he
gi ven m ssing decoded macrobl ock via notion conpensation for conceal i ng
effects of video error, if the given m ssing decoded nmacrobl ock was encoded

as an inter-coded macrobl ock. 15 19. The systemof claim 1, wherein the
macr obl 0dR. padihetsystem ehclaimgilaewhsrein the eedipgrengirpiiberseeipingdeiiceach of

(e gpcodst e R AR SRS EReh g ABRR R BoBEbAL A" o
motion vectors of adjacent decoded macroblocks to reconstruct data content of
the given missing decoded macroblock via motion compensation for concealing
effects of video error, if the given missing decoded macroblock was encoded as
an inter-coded macroblock.
15
19.  The system of claim 1, wherein the macroblock packetization engine is a

transport engine for placing each of the encoded macroblocks according to the

MBGID into a particular format for transport on a circuit-switched network.

20 20. A method for processing video data, comprising the steps of:
processing each frame of a video signal to generate macroblocks;
encoding the macroblocks;
assigning a macroblock group identifier (MBGID) from a plurality of

MBGID:s to each encoded macroblocks ; and
25 placing each of the encoded mécroblocks into a particular data packet

according to the MBGID.

21.  The method of claim 20, wherein the step of assigning further comprises

the step of assigning adjacent encoded macroblocks a different MBGID.
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20 20. A nethod for processing video data, conprising the steps of:
processi ng each frane of a video signal to generate nacrobl ocks; encoding
t he macr obboesk®93rssi gni ng a macrobl ock group identifier eVBESD)2d57TDM a
plurality of MBG Ds to each encoded macrobl ocks ; and 25 placing each of
t he encoded macrobl ocks into a particul ar data packet according to the

MBGA D. 2 The et hod of,. cl.ai 0,..wherein. the,st of assigning further
conpri s eéz' th Sl"}?tré‘ﬁg}?fio%\fs@?lah?@éug%ﬁeﬁﬁ%rﬁprlé%%ﬁ‘gﬁfﬁ 6%‘?%8&88 é‘%&f fferent
MBG D. ?%iﬁ%ﬂ%/aﬁé%%égdé’&&{&%&@&ﬁorge_?cthhﬁe BREH@EH Hacedbarg0, further
conprising the step of generating non- differentially encoded notion

vect ors fwlhickachn drtet-bededh awdesbloelkcr obl ocks which is an inter-coded

macrobl ock. 5 23. The nethod of claim 20, wherein the step of placing
further conprises the step of placing the encoded nmacrobl ocks with

di ff erent,,assigned L. i t 4, T od of
cl ai m520?3mhegg}er1rn £ %;%%l %g% vgh%%ﬁtg{%fsrtgﬁ)ﬁp %%ﬁgﬁ?{)h e%nﬁcﬂm %Segﬁ %gp
identifi ete MPIRLing2he ehbEdstiARELIIOCIY with dAferent hbii%ﬁed:MBGHSé figot he step
of determning the M3 D based on video data rates. 15 26. The net hod of
cl ai m 23 differenhdatacpagketsi ng the step of determining the M3 D based on
video format. 27. The nethod of claim 20, wherein the step of encoding
further conprises the step of encoding a given macrobl ock of a current

frame asgn if*fg{e nER0 29218086 APhokkn {g;e WBM@&%@J&&W@% exi st

bet ween data of the given nmacrdbl ock current franme and data of a
cl osest mh&xihiurg gebiip edentifterqM@IR). of a previous frame. 28. The nethod of
claim 20, wherein the step of encoding further conprises

25.  The method of claim 23, further comprising the step of determining the

MGID based on video data rates.

15 26. The method of claim 23, further comprising the step of determining the
MGID based on video format.

27.  The method of claim 20, wherein the step of encoding further comprises
the step of encoding a given macroblock of a current frame as an intra-coded

20  macroblock if significant differences exist between data of the given macroblock
of the current frame and data of a closest matching offset macroblock of a

previous frame.

28.  The method of claim 20, wherein the step of encoding further comprises

25  the step of encoding a given macroblock of a current frame as an inter-coded
macroblock if significant similarities exist between data of the given macroblock
of the current frame and data of a closet matching offset macroblock of a

previous frame.

29.  The method of claim 20, further comprising the step of generating an

30  intra-macroblock map identifying intra-coded macroblocks in a given frame.
24



25 the step of encoding a given macroblock of a current franme as an
inter-coded nacroblock if significant simlarities exist between data of

t he gi verwomsnohbock of the current frame and data of a ecoasvz/a&trThi ng

of fset macrobl ock of a previous frane. 29. The nethod of claim 20, further
conprising the step of generating an 30 intra-nmacrobl ock map identifying

i ntra-coded macrobl ocks in a given frame. 24 WO 03/019939 PCT/ US02/ 26577
30. The nethod of claim?29, further conprising the step of selecting an

intra- e r obl PRk {BiRoEBF Adi A 29 RIrIRY cbhﬁsngﬁ Hbiep oqsél%wﬁﬁ% aRuARer of

bits. The nethod of claim 29, further c nprising the step of using
run- Ienghhacreblmkllmg) enceetingdeethbd that genensies alféwest mapbeBdf bitthe et hod of
claim?29, further conprising the step of using a bitmap to encode the

i ntra- macr obl ock nap 10 33. The nethod of claim 20, further conprising the

step of pa B&Ir(]& C claim
20, fgrt%gr G[lrif% Q‘fau g%qgft%op’g&%%pls es?éj 8%@%8%3‘1%%?%%\ ocks.

35. The akbakheab e@dcaaml?&mnwﬂahﬂfbmmaps' ng the steps of decoding the
encoded macrobl’ocks and detecting m ssing decoded macrobl ocks. 20 36. The

met hod of clai m 35, furt her conprising the step of spati ally interpolating
dat a of giv m s c.od robl ock. from d f .adj nt  decoded
nacr obl o%’@ e(,IBﬁ rfga ?gcffqat%ﬁf COMBEisE the S egp Fﬂggjﬁ%gﬁ Ri'si ng
decoded ~ as. an intra-coded macrobl ock. 25 WO
03/oww%@t@%@%&%"ﬁ55267@kT“h "method of claim35, further comprising
the sbep of estimating a notion vector of a given m ssing decoded
macr obl ock based on notion vectors

33.  The method of claim 20, further comprising the step of de-packetizing the

encoded macroblocks.

34.  The method of claim 20, further comprising the step of ordering the

15 encoded macroblocks.

35.  The method of claim 20, further comprising the steps of decoding the

encoded macroblocks and detecting missing decoded macroblocks.

20 36. The method of claim 35, further comprising the step of spatially
interpolating data of a given missing decoded macroblock from data of adjacent
decoded macroblocks for concealing effects of video error, if the given missing

decoded macroblock was encoded as an intra-coded macroblock.

25



of adj acent decoded macrobl ocks to reconstruct data content of the given

m ssing decoded macrobl ock via notion conpensation for concealing effects
of vi deo wWoasnom39if the given m ssing decoded mnacrobl ock peagisenzasded as an
i nter-coded macroblock. 38. The nmethod of 20, wherein the step of placing
further conprises placing each of the encoded macrobl ocks according to the

MBA D in a rtic or trans Qn_Ci it-swtched
net wor k. %29 eép%@:[of:loqfcga %%f%‘eﬁﬁ%ﬁ‘%sﬁ%ﬁﬁ‘ﬁ teé’n%é%ﬁ%é% 2 %%Pfeon a
program rhfion REQSE B %Wé?\gmfs’é @éaded%@fomwﬁa@ea OnRAblieh MebBthod st eps
for processing video data the thod steps conprising: 15 processing each

frame of ofadjadent dé@aat rhacrgblekateremaostvbitoddds ; contmct oﬂ thggitvien rmas:lngbl ocks;

assigning a macrobl ock group identifier (MBAE D) f Iura‘krié MBG Ds
to each Qeée@eama&é@bieclew mMHAN SPEIeNga R r&OﬂF R8O @éem ocks

t { dat
el ot f ont el i eERhdufE i ecofdAREB0 IR, %ﬁ%@%&% ArdfstRdy o

assi gni ngnagdbBRRRL encoded macrobl ocks a different MBA@ D. 25 41 The
el ectroni c-readabl e nedi um of claim 39, further conprising the step of
generating non differentially encoded notion vectors for each of the

encoded ock te d.ma ock. 42

ol ect ronle. r edmeanEhatkr Ay bherrm e 5P %?@Pa?vﬂﬁegfeapalﬁew%&%
further 10Rk&g Re MBATNRAICPpIRER
differ ent%ggigglc g‘ge;e.‘%éég alt\l}g% %is) qgngo&(gg?%gﬁoﬁt dat a packett 26 V\D 03/ 019939
PCT/ US02/f@fhdirfor 4inspbet atl @eduinsivitchehdefsverkomedi um of clai m 39, wherein the
step of encoding further conprises the step of encoding a given macrobl ock
of a current frame as an intra-coded nacrobl ock if significant differences

exist betyeen Qala @hni%adable medium having embodied thereon a program, the

program being executable by a machine to perform method steps for processing
video data, the method steps comprising:
15 processing each frame of a video signal to generate macroblocks;
encoding the macroblocks;
assigning a macroblock group identifier (MBGID) from a plurality of
MBGIDs to each encoded macroblock; and
placing each of the encoded macroblocks into a particular data packet

20  according to the MBGID.

40.  The electronic-readable medium of claim 39, further comprising the step

of assigning adjacent encoded macroblocks a different MBGID.

25 41.  The electronic-readable medium of claim 39, further comprising the step
of generating non-differentially encoded motion vectors for each of the encoded

macroblocks which is an inter-coded macroblock.

42.  The electronic-readable medium of claim 39, wherein the step of placing
further comprises the step of placing the encoded macroblocks with different

30 assigned MBGIDs into different data packets.
26



5 given macrobl ock of the current frame and data of a closest matching

of fset nmacroblock of a previous franme. 44. The el ectroni c-readabl e nedi um
of cl ai m®8,03wBei n the step of encoding further conpri eex/ushE2a&vEp Of
encodi ng a given macrobl ock of a current 10 frane as an inter-coded

macrobl ock if significant simlarities exist between data of the given

macr obl ock of the current frame and data of a closest matching offset

macr obl ock of a previous frame. 45. The el ectronic-readabl e medi um of claim

39, Turther compaeiitil B b RPmelRuRlor SRRAY ) Witkrdih Rlkéh GPEIQRIAEK Map

identifying intr ocks 1na givén frane. 46. A nethod for

processi fgrtliefesmpabes theaty obémgdingea giwpsmatroblgdnefratumentnfaamelalsocks f or
each franme of a video signal; 20 encodi ng the nmacrobl ocks; ning a

assi
macr obl o@Rr igirauieded enagrpblack ifveegniticant difezenses exist bgtween %@I@é}g‘? o each

ded bl 1Pl Aaci th b L di t
aost oned Shes mecranie o PebReiT APEC BT IS SRl PR AR v ont
dat a paclﬁ%{c‘}OBl@CﬁOEQFHE@iO@@}fja(fﬁé. decodi ng the encoded macrobl ocks of the
S

di fferent data packe received at the renpte device; detecting m ssing
decoded macrobl ocks; and reconstructing data of the m ssing decoded

macr obl ocks. 30 27 WO 03/019939 PCT/ USD2/ 26577 ,47. The nmethod of claim
46, wher éfn th@%é@ﬁrwlcfrééé%@?%g;ﬁbog‘ﬁ?@gé*r‘f’h@’?emgb‘?rﬁfepso s the step of
spatial l'y_intear ' ' IiSS| kit from
daca of SaSRERIBALL RomETLS: Blo delbr Flomag L By e RRCR oGl poudel:
errorg ifirdrh€aghaN aitefics8éd ehadestsioelifsaatifibdrackmilasities evidebetasecarddtat r a

of the given macroblock of the current frame and data of a closest matching

offset macroblock of a previous frame.

45.  The electronic-readable medium of claim 39, further comprising the step
15  of generating an intra-macroblock map identifying intra-coded macroblocks in a

given frame.

46. A method for processing video data, comprising the steps of:
generating macroblocks for each frame of a video signal;
20 encoding the macroblocks;
assigning a macroblock group identifier (MBGID) from a plurality of
MBGIDs to each encoded macroblock ;
placing the encoded macroblocks with different assigned MBGIDs into
different data packets;
25 transmitting the different data packets to a remote device;
decoding the encoded macroblocks of the different data packets received
at the remote device;
detecting missing decoded macroblocks; and
reconstructing data of the missing decoded macroblocks.

30
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5 coded macrobl ock. 48. The nmethod of claim 46, wherein the step of
reconstructing data further conprises the step of estimating a notion
vect or ofwa ogiov®a9 m ssi ng decoded rmacrobl ock based on noticaruse®edser s of
adj acent decoded macrobl ocks to 10 reconstruct data content of the given
m ssi ng decoded macrobl ock vi a notion conpensation for conceal ing effects

Pt er -codld nabeansbor o ehimedt G B St B rh i a5 B el no:
15 means {zﬁ{pr&w&?ég bpes g@&%l% ?%g%%%ﬁ’%ﬂﬁ%f%‘gg{?&'\ nhgsﬁgra%ﬁéa@d_

macr obl oc means | ocks;” neans for assigning a

macr obl oeka@oilepk ifidenidatd ef adjMGk Becéddazhmacrqiiloda fot yodealiB@ieffectsmfeach
encoded nmacrobl ock ; and 20 neans for placin ach of the encoded
macr obl o¥kded errer, if thergiyenumissing dgcodsscmacr Wangneesladhes apatty- 28

5 coded macroblock.

48.  The method of claim 46, wherein the step of reconstructing data further
comprises the step of estimating a motion vector of a given missing decoded
macroblock based on motion vectors of adjacent decoded macroblocks to

10  reconstruct data content of the given missing decoded macroblock via motion
compensation for concealing effects of video error, if the given missing decoded

macroblock was encoded as an inter-coded macroblock.

49. A system for processing video data, comprising:
15 means for processing each frame of a video signal to generate
macroblocks;
means for encoding the macroblocks;
means for assigning a macroblock group identifier (MBGID) from a
plurality of MBGIDs to each encoded macroblock ; and
20 means for placing each of the encoded macroblocks into a particular data

packét according to the MBGID.
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