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10 ['00011 This application clainms the benefit of Provisional Patent

~ Application Serial Na, 60/314,413, filed August: 23, 2001, entitled " System
o and  Met {fsfe9de3d/i deo Error  Conceal ment," which is, incpéﬂﬁé{ﬁ{z?d herein by.
- reference. BACKGROUND OF THE I NVENTION 1.. Field of the Yh X00021.
This present invention relates generally to video comunication, and nore
“particularly to video error conceal ment. 15 2. Description of Rel ated Art

[0003] Vi deoS¥REEM ANDMECERNE ORI ADRQERRPR GOPSTHARMENFt of gl obal

~.comunication. In particular, video conferencing and vi deo tel ephony have

a. wide range of applicgyi m@h&g%@%&%@@@(@&gtroom based conferencing,

» video over the Internet and over tel ephone lines, surveillance and

“moni toring, 20 tel enedicine, and conputer-based training and education: | h

.- each of these applicati ons,' vi deo and acconpanyi ng audio information is

transmitted acros i t el ephone li nes,
~I'SDN,. DSL, and ra?iC bg#??%%ﬁ‘%@%%ﬁﬁé]@p@&m video format used

- in video conferencing is . 2 5 Common Internediate Format (CIF), which is
‘part5of the I[ApeLhailhdnagiplifetion alaimsiloabéretis of RicasihdlWatdht26 1

s a
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- resol ut M&ﬁoa'f&h?fde@@rér%ceélmtﬁ%ﬁcﬂ?é’ﬁc@fﬁa?a@ﬁ%r&ﬁtb?bl i shed. FIG |

reference

10 - BACKGROUND OF THE INVENTION

1. Feld of the Inven‘aon
[00062] Thxs present mventmn 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 im?ortanf part of
global communication. In parhcular video conferencmg and video telephony
have a wide range of apphcahons such as desktop and room~based conferenang,

' v1deo over the Ini:emet and over telephone lines, surveﬂlance and morutonng,
20 telemedicine, and cornputer—based training and educal:lon Tn each of these
| 'apphcatlons, video and accompanymv aucho information is ttansm;tted acress
telecormnumcatlon hnks mcludmg telephone lines, ISDN DSL, and radm

frequenaes

_ _ [0004] A standard vzdeo format used in video conferencmg is
- 25 . Comon Intermedlate Format (CIP) whlch is part of the Intemahonal
L Telecommumcahons Uruon (ITU) H. 261 wdeoconferenemg standard ’I‘he .

. 'f'przmary CIF format is also known as Full CIF or FCIF. Addmonal formats w1th o
e : R A




- table of the resolution and bit rate requirenments for various vidgd FEB G#6s
" under . the. assunption that-12;-bits are-requi-red-to-represent--ene pi-xek; - -
-according to the prior art The bit rates (in, negabits per second, Mps)
‘shown are for unconpressed color franes. transmtted and synchronl zed
. al ong Wi &y f:sheeoyd deo data. Synchronization, -nuftipl eX| Ig{g and protocol

issues are covered by standards such as H 320 (I SDN\- # ‘829’! deo
conferencing), H 324 (POTS— based vi deo. tel ephony) ; and H. 323 (LAN or

| F-based vi.deo ¢ ere H,.263 . (or_its predecessor, |- 261) provides
the vi dg8>HBHPTR g]a tanaﬁ éée' B¢ i also granasiblished G8853sPr esent |y -

ef f i ci enbibleloaBeessifeh ARhif RESRLLRENS s AJd8Rc8! Gha) ﬁmn%&ﬁmﬁ@xq“' re encoding
~and- conpressi on of video and acconpanying audio data. €0 conpr essi on
-coding i g‘e SSSHEIRYOR tBtt lérl?é,*ééﬁeﬁ@qldiffg) @asprewéondpmd syotdinhiatthe t requires
~less. mengHgt ab e%gg red transmssion " 10
bandwi d{]ﬁ Ce?tjgl%%ﬁiﬁrggegggsa on}%gﬁ?gs@gﬂgg%%woschenes are frequent ly
uséd X o %%P%‘-’dﬂ Fr&gnes to reduce required- ttansmssion bit r af.es.
“Thus, . CODEC har dware and software allow digital video data to be .
corrpr essed i APROR] sReesensly, @fﬁﬁlﬁm;/trw:rmortdmdrrecre@t}un pédideysiphas or i gi nal

o méé% rma 00061 v aI conventi o.naI |
. approach ggﬂggg%gﬁ%gﬁd%&@n%%{ %?VLB' dac Ylﬁ‘ 5 ?vi deo signals:
exi st . ﬁ@mwmcw}u@dem@mﬂoﬁmo@ngﬁ@iﬁal@db@datap@&mﬁaﬁztOn such -as

- JPEG (Jqgj I hIC EX u r still mages and. H. 261, 2
. H.263, I{f%%?%g c%?’c? frisd ‘“EX‘SSP% é%dﬁ?ucem 1 HABSTURIRS. 4 f or movi ng
- i magés. bmleithooengnsmpmm/decmpﬁahxby (cooecb)g@@;ﬁepg@ed 20 ,
noti on- at eg gr edi cti Q 16x16 pixel s, commonly referred to as"
- macr obI ¢ 5‘!”8?:‘]?551‘@ ep AES Grrediespapiraddrremitiontitng f our 8x8

bl ocks" mss|msmommasa”a@enawmgﬂswgam%&é%ad Gigs of chroninance
. .data in accordance with a 4:2;0 sanpling structure ere the chrom nance
d at ai Scoznpressed into a smaller binary format than required by the ongmal {e.,

uncompressed) d1g1t31 v:deo format.

| 15 '- [0006] Several convennonal approaches and standards to encodmg
~ and compressmg source vzdeo signals exist. Some standards are deszgned fora
parhcular apphcahon such as JPEG (Joirit Photograpluc Experts Group]) for still
images, and H 261, H. 263 MPEG (Movmg Pictures Experts Group), MPEG-2-and
| MPEG-4 for moving zmages These codmg standards, typically, use block-based
20 motlon-compensated prediction on 16x16 plxels commonly referred to as
macroblocks A macroblock is a unit of mformat:on contauung four 8x8 blocks
of lununance data and two corre5pond1ng 8x8 blocks of chrommance data in
._Vaccordance v\nth a 4 2: 0 samphng stracfure, where I:he chrormnance data is-

) subsampled 21 in both verbcal and honzontal dn'er:hons

25 - [000T] . As a practlcahty audxo data also must be compressed
C transrmtted and sy:nc}uomzed along with the vzdeo data Synchromzahon, :
: mulnplexmg, and protocol issues are covered by standaxds such as H.320 (ISDN— ;
- based video confere_ncmg) H 324 (POTS based v1deo telephony) and H. 323 -
] -.(LAN or IP based v1deo conferenc:mg) H‘?63 (or 1ts predecessor, H.261)
30 prowdes the v1deo codmg part of these standards groups '




. pixels t

.- subsanpled 2:1 in both vertical and horizontal directions. 25 [ 00QA1FE#<005
" practicality, audio data also nust be conpressed, 21 FEB 2006 W+ 03/ 019939
PCTI US02/ 26577 [ 00081 A notion estimation and conpensation schenme is one

.conventional nethod typ| cally used for reducing transm ssion bandwi dt h
requi r emewgsosfo@sz vi deo signal . Because the macrobl ock is the basic data
unit,  the notion estinmation and conpensation schene nayp%ﬂi?a P&74 gi ven 5
~nacroblock in a current video frane with the given nmacrobl ock's surrounding
-area in a previ Hgly transmtted video franme, and attenpt to find a close
‘data match. t§?§ al 1y m%loé‘l%EwoﬁﬁlﬂéWémme&lwe&temmsbhe previ ously

transm t tegfveMi#@OricE t_fromthe nacr obl ock by
" less than a wdth of 1 ?pa. Y %hggdrrorgﬁé%%%qafn %%Bﬂﬁ%‘f’% Batch is found,
“t he scheﬁeqlsm‘mmtef@ atheled&waize?ecaﬁserﬂhblr@&@m@ct ReheBRieAbtavifeo frane

_ fromthe %% matcH ffset nmacroblock in the previously transmtted
- video fra i Pyaﬁ (‘fPTT’fP@F‘%ﬁ’f’@é‘SCbﬁméma}f@mlymla)g*aﬂd the spatial
- of fses needsolocom LAGPARYIAMEARNGM IHe venﬁxeacrﬁﬁ?é{ 'S commonl y
referred to as a..notion vector. If the rftion est rrpensatlon

process ?éeaéﬂﬁlwﬁ'ewusiyttkmmrxettad mdm} fraﬁeduﬁllatﬂe&nlﬂt&erfma @gbseegg}gl d contain
only an ﬁ{;‘? : for tlon n %ssar tqQ describe data associated with
aVrPg% $ inthepregorsie trapsmittadt vi'deo

frane andlcaorrram@es eﬁtu ef@w&a ATt hat not change
(e.g:, the backgroulr?d) ge not gﬁlcoegédean tdrﬂdﬁgsi?nbjg 5{113 of

| Convent|B‘ﬁ‘@}"iﬂmﬁ@bﬂo%éfeﬁbﬁdéaidmaiehns‘ﬁmdtMschélﬁe@ﬁbﬂr&@sth?eo vect or s .
. use on and ensatjon be differentially g
‘ ;encodf glﬁ{\hou ﬁ[ﬁé ﬁP“gPtgﬁEB% slosglyamaiebedtadfseequi r ed for
-transm smaaimbh&ﬁ-t}tnﬂﬁé pfevtdus tzﬁHerRteHQﬂd&?EEH{e dahg %rﬁ%l %?Efen%hgcor r UF: ed "
resu is a

~for one pacrobl ock ne tlvelﬁ/ | npact s: adj acent nmacro éks
pr opagat {-8nrefcial} ¥rd deepabak ofésetneadspo bd edatdediind ah@atedt Cheover Vi deo

t2r5anglrjna|s oﬁl (éf\xjs%t B d)n%n%nre eredd rol ag% r\rlzcggr? vecrtgrr're It Ittrxle]:c Efoggﬁ' On_, for .
... estimation and compensatton process is effrczent the remammg res1dua1
_: 15 macroblock shouid contain only an amount of mformatlon necessary to descnbe
data assoaated w1th plXEIS that change from the previous video frame to the
current video frame and a moﬁon vector ' Thus, areas of a video frame that do

- not change (e g the background) are not encoded and transrmtted

{000 9] Convenhonally, the I—I 263 standard sPeCLﬁes that the motion
20 vectors used for mohon eshmahon and motion compensatton be dlfferenhally
: encoded Although dtfferentzal encodmg reduces data amounis requlred for
| . transrrussxon, any error in wh1ch motion vector data is 1ost or corrupted for one
macroblock negatwely Impacts adjacent macrobiocks Theresultisa
. propagation of error due o the cormpted data w}uch Ieads tolower v1deo
. 25 quallty - 7 : |
[0010] When preparmg VldEO frame mformatlon for transmlssmn over
a packet smtched commumeat:ton network encodmg schemes transfonn the
) v1deo frame mformatron compressed by motlon esnmatzon and compensatzon o
' 'techmques info data packets for transxmsswn across a commumcatxon network.

R 30 Aithough data packets alIow for greater transnussxon efﬁcrency, lost corrupted




- is a.need for a system.an

. conpensate tor. the ms

a packet .swi't_ched' communi cati on net wor k, encoding schenes transf.o@m FiHe 2005
~video frame information, conpressed by notion estination”and:conpensati-on -
~techniques, into data packets for. ‘transm ssion across a conmmunication
net wor k. 30 Al though data packets allow for greater transm ssion '
efficien®Qospowsy corrupted, L -2.1 FEB 205 V\D_OS/Ol_q,%}gJSBgE_l"#SOZ/26577 or
del ayed data packets can al so. introduce errors. resulting i n video quality
degradation. Alternatively, video data maybe transmtted on heterogeneous
- comuni catdeRiyed AataWickats tdh MY i6R.808 2f 18RgdReLNLS LS, associated with a
~-circui td:?w t ched n\gyv\or_k and a- at eway °5%&§‘€Jh%§?3b‘é‘c§§ﬁ‘-‘%§m’t ched to.circuit
~ swi t ched s86tdR6PR- DiteEgHHEly ddeccdats sayde thanfBltdonGetaregineyus | 0St  or ;
- .corrupt ed0atARREK LS REL BGAYS duced video qualjty Therefore, there
| or a ‘ ‘§. netaﬁ(ga‘ﬁe ‘\;{m‘%ﬁ%‘r’f&é’%‘b%ﬁiaisé’ ‘az‘?dd‘”%’f‘ansm ts data
packet's FifuisEdérhednatondeaid egateray aaukactabyerdaiahapokatnk0ss. 21 !+ EB
2Qu based,:Q qther ihe .l gst. nacr opl ocks were intra-coded or inter-coded
_ iRt %bﬁgglf]%ge%ec"rsgﬁ? cks. Upon conpensation, the video - :
~ signal- the [e@klleGuratty, pataiosuptdiathtdfsReRShaReEaRLCKks i h an order
“in which.,they,.were receiyed.to reduce processing delay. |f one or nore:
data pagﬁ%etoghlélrlﬁgz—%ef%%ﬁe’,tﬁﬁ%ﬂ%@ﬁi@éﬁﬁ%ﬁﬁ%a{‘%@e whichcks of successful |y
- transni torgohizabad dpackRs SatRpackdBel ofder & tERMALE R L6 he lost data
.- packets._ Var ij)(%us_ met hods- WO -03/ 019939 PCT/ US02/ 26577 _ OF THE
I NVENTI 8RFf00#21 The present. system and method overcome or substantially




-*map, may be incorporated in a’picture header or conVeye

“alleviate prior problenms associated with packet | oss of video dat@1 FEB 2006
.general, the present invention provides a system and nethod that encodes,
reorders, and packeti zes Vi deo information for transm ssion across a
packet sw tched network ~with a capability to cohceal video error caused by
vi deo datwmmlg@gg | 0ss. [00131 I n an exerrpl ary erbodi rren%% ¥ deo signals .
are encoded into sets of macrobl ocks.” A nmacrobl ock reor Y 6/@3 |ne t hen
assigns integer |labels called macroblock group identifiers (MBADs) to .
each macrobl ock. 10 Advant a% ousl.y, adjacent macrobl ocks are not aSS|gned
i dentical MBEDs in one. Q#o BdEAVENTEOM cr obl ock packet i zat i on
engi ne then enabl es ketIZ| ng of the macrobl ocks, such that nmacr obl ocks
assi gned- i denttP8&R] lﬁ@lmseateyspenlaaﬁlmeﬂiodmgetdeeteoﬂ%mbsﬁme@ﬁentS of the

L ti t bl ock t d identical MBG Ds,
VRO | ok R o SR QA R eR i Phtideo s iscpamlatved
-t oget her preséfiglirivieAfiah lpyovieey £ BEROAdhAMeiflal @wt%ﬂ‘é@d&sr&'i‘géﬁét 4,81 macr obl ock

: Y sone ot her
‘nmechapi sRpgkstizge videpdnformation ferepmmm;om eoosh mpacket owitshed h&Mctk} I n yet

' th ' f, t {. 20 -
oot ves BCLE S o L <4 YRR B cHiBu HacidDt GergsckRomiar a packer s are

~depacket i zed, [@01I3] hén encostaglarpexBBlRGkS, ko O felede Bthacdanasled. 10 an

al ternate: eggodl nt, the |rrag@§gr ocessing engi depacketi zes may then be
~di spl ayefts Arpacry Aeorsiering enging thmtnscgnssntegpaimlbelsof .

. .conceali cket VWO 03/ 019939 BRI EF'
- DESCRI PT?Q%@EQHEIJMW@%E%% @@@%&# |‘E$“?L¥%§§a table of the
 resol@iti Aﬂvmﬂﬁgbmmsly,&t@dematteﬁm&s at&tot\éaélgeéetdeﬁheﬁ%mm?iém@cCOV ding

~to the prior art EPSL I's a block di glgramo an exenplary video
'._conferen@?eﬁ@ a6eD ipgbofdragoblock paekgiizaienengimedhen emgbles

- packehzmg of the nmcroblocks such that maeroblocks assigned identical

MBGIDS are. packettzed togel:her For embodtments of the invention in wkuch
| ' ad]acent macroblocks are not assxgned 1dentzcal MBGIDS, it follows that spahaﬂy
15 ad)acent macroblocks are not packetized together Add1t10naﬂy, corresponding
“ data, such as an mtra—macroblock map, may be mcorporated in a picture header
or conveyed by some other mechamsm to fac;htate a correspondmg decodmg
process o L
| [0014} In yet another embodlment of the mventton, When an image
b o 20 processmg engme receives data packets contmmng encoded macroblocks the
. data packets are depackettzed and the encoded macroblocks are ordered and
S o decoded Inan alternate embodtment thei 1mage processmg engtne depadcettzes -
'_the recetved data packets then decedes the macroblocks inan order in which
o ' 'they were recelved to reduce processmg delay T one or more data packets are
R - 25 ' lost data accompanymg the macroblocks of successfuﬂy transrmtted data -
- :_.'packets are used to attenuate effects of the lost data packets Vanous methods
B o based on whether the lost macroblocks were mtra—coded or mter-coded
o compensate for the rmssmg macroblocks Upon compensatlon the v1de0 S1gna1
may then be chsPIayed Asa result the present system and method is capable of

o -:30_7 fj;_iconceahng vxdeo errors resultmg from data packet loss




" FIG 3is a block. di agr am of - an exerrpl ary vi deo conference stati 0?1q§Eg Im,,
video- confer_enm ng systemof FIG-2; FIG 4 i.s a block diagramof._.an.......

exenpl ary enbodi ment- of the inmage pro_céssi ng engi-ne of FIG 3; 10 FIG 5

is an exenpl ary di agram of a nmcrobl ock reorder ‘pattern for a QCIF

format t edvi/dsiensd r ane, where each nunber is:an MBGE D assi %ned to a

macr obl ock in-a corresponding spati.al |ocation; FIG ®&WE&%HHExenpl ary

di agram of the QCIF franme. macrobl-ock reorder pattern of FIG. 5, where a

- data packet containj %gjﬁ]g gcmacrobl ock data for ~15 macrobl ocks with MBG D
"5is lost; FIG 7 is ERRFYPRPITHE RRWENRSnsi onal i nt er pol ati on

" schene using data associated with pixels located in adjacent macrobl ocks,
~according toFéfﬁel ismtaide r:riaﬂiér@BIxﬁiﬁﬁaﬁﬂ%@BEeerén%ﬁo:ﬁE%% 15 an

-~ exenpl ar 0 acent macrobl ocks used to estinmate the
Yiap Popls B2 loght b __

moti on veé Lehiid according to the present invention;
FIG 9 is anFEXeZEphMcy:kfdh af in of d video data processi ng,
acc%# one enbodi nent of t he egr{%s %%ﬁﬁr%rgélng?ﬁfm’ﬂ G 10 is an
 exe %CC T&H}ﬁctﬁé?ﬁp}@\ge%"l‘?ﬁﬂo%t eps for VI deo error 25 conceal nent when |
recei vi ng vi gD 348k BlocRE nt nvent F E B 2005 WO
03/ 019939 PCT/ GSOZlZGS??F‘%ETAI %&Mﬁ%\? Ebff 6%&9@% .[0015] The
present YifkrserfesencnmysesofdGols in video signal s caused by dat a packet

| oss. The pre art f.romexisting technologies by
packeti zi ng. ng%r@g%§§%t§§ﬁ}ag&%$f%§8%fn§{’ dﬁ’ﬂ)‘ﬁ‘tl‘%@ieéf“ag%an) order 5. in

‘a vi.deo Hf?@ﬁ%ngtmgmemﬁﬁ’lﬁs& to existing vi deo cadi ng standards, nacr obl ocks
eCIfI ed b ‘macr obl ock reorder pattern. In

: ar e jpacketi
" addi toloon | n‘%lt%?oﬁgve emrpsar?’éill sEe Rt %Reﬁﬁr%’fﬁﬁblﬁlfm fferentiall y

. " enc Oded Qﬂlﬁé&mﬁted V1deo frame where each nurnber is an MBGID asswned to a

macroblock in a correspondmg spatial location;

FIG.6isan exemplary dlagram of the QCIF frame ma(:roblock reorder
pattern of FIG. 5, where a data packet contammg coded macroblock data for :
15 macroblocks with MBGID 5 is lost; ' .
~ FIG.7is ablock d.tagram of a hn\ro-dlmensmnal mterpolatmn scheme using
data associated with p1xeis located in adjacent macroblocks ac:cordmg to one
ernbodnnent of the present mvenhon, '
| FIG.8isan exemplary block diagram of ad;acent macrobiocks used to
20 estimate the motion vector of Iost mcroblock m, according to the present
Sy o _mventzon _ ,' . -
| FIG. 9is an exemplary ﬂowchart of method steps for vzdeo data [ o
- processing, accordmg to one embodiment of the present invention; and
FIG. 10is an exemplary flowdlart of method steps for Vldeo error -

25 'concealment when recelwng wdeo data, accorchng to the present mvenﬁon




i nmpr ovenent s._seek' to attenuate the disturbances caused by data pa@HerEms X6

~across. a comuni cation link- The scope of the present ‘invention covers a

‘variety 10. of video standards, including, but not limted to, H 261,

 H263,1-1.264, WEG 'MPEG 2, and MPEG4: [00161 FIG 2 illustrates an .
exenplaryy \q&%o ggnferenm ng system 200. The video conferencing system 200

“‘includes a

O0Cal Vi deo conference station 202 and a renBEEUSRay7
conference station 204 connected through a network 206. 15 Although FIG 2

~only ‘shows .t wo vi deo conference stations 202 and 204, those skilled in the
art will recognize tﬁﬁﬁ%ﬁemmmmemmwmﬁs may be coupled to

-of -an-ex

‘t he vi deo conferenC| ng system 200. It shoul d be noted that the present

- .system and netd n any comunication syste re VI deo
- .data is trans gga ?\}%‘fpéa&ér{{étﬁgerkmnﬁ? ??g‘ct WorK ‘Wyd‘ﬁ’es'lgﬁés
el ectronidatd pmm@m Dhe PRebetMystdif Bndsnethbd dBPArd B 88ty POTS cabl €,

-fi ber opti and radio transm ssion nedia t00111 FIG 3 |s “a bl ock diagram -
ﬁ%"é’ 1381¢s beBacksirEmganaaoblocks 1%3@9@8 (E@r, renmabieristan) ordler vi deo

ot on 35 R ROt o RS R kIR, RGBS, PO 204

- (FIG  2) paletzedtinian cadsi spelcﬁfeddgm lrgu{o@ldcﬂk&eoﬂder@ﬁ&eﬁ{mfﬂd@%n t he video

conference station 00 ICEC| udes' a display device 302, a CPU 304, a menory -

306; at II%%%E%“ %%01‘\5 é’ﬁ%%?’élo&}éwe’e?ﬁﬂ‘ digfereniadly W@d%sﬁﬂ}eengl ne
310,. an gr égéetld B teR Qtreftﬁgﬁrsm tc%:ge%lt%}’ﬁﬁ%tpagﬁgﬁgﬁovdev' CES may .

.be pI’OVI de m-t he vi deo conference sta named

~Jdevi ces prwess dedmrﬂlhecaﬂoﬂleﬂstﬂmﬁopedeﬂleqﬁreemen@w&ﬁ:&@& dwaridie WO

canehl, 4" FORFGRER et Sohraidn 6o R B «e&zéisﬁamm a of any
ot her tym@pm_gl mm@gg_@ure devi ce. | _ - ' S
{001 61 PIG 2 iltustra tes an exemplary vrdeo conferencmg system 200.
= | The Vrdeo conferenang system 200 includes a locaI video conference station 202
| _ and a remote vrdeo conference station 204 connected through a network 206.
| s 15 - Although FIG.2 only shows two video conference stations 202 and 204, those |
| skrlied in the ert will recognize that more video conference stations may be
_'coupled to the vrdeo conferencmg system 200. It should be noted that the
: present system and method may be utilized in any commurucatron system where
N video data is transrmtted over a network. The network may be any type of
2 0 ) electromc transrmssron medium, such as, but not hrmted to, POTS cable, fiber
o optrc, and radlo transmrssron medra ' o '
‘ {0017] FIG 3 isa block dragram ofan exemplary vrdeo conference
Vstahon 300 For 51mphczty, the Vldeo corxference station 300 Wﬁl be descnbed as
the Iocal vrdeo conference station 202 (PIG 2), although the remote v1deo -
L 25 conference statlon 204 (PIG 2) may contain a similar confrguratton In one
. embodlment the wdeo conference stahon 300. mcludes a d15play devrce 302 a-
o CPU 304 a mernory 306 at least one video capture devrce 308 an image .
processmg engme 310 and a conunumcatron mterface 312- A}ternauvely, other
- devices may be provrded in the vrdeo conference statron 380 ornotallabove

S 3 o "fnamed dewces provrded The at Ieast one vxdeo cap tu.re devrce 308 may be

_'7




- The at Ieast one vi deo capture ‘devi ce 308. captures i mages of a u

. conference room or other scenes, and.sends: the i mages to the |na§é FEBZ&h
processing engi ne 310. Typically, the i mage processing engi ne 310

~ processes the video |nage into data packets before the communi cation

- |nterfacemﬁ$an@ﬁansn1ts t he data packets to the renDtcaﬁgdeo conf erence’

station 204. The inmage processing engine 310 wil| GA8%Ed in nore -
- detail 'in connection with FI G . 4. Conversely, the image. processing engine
- 310 al SO; trIansfto%ms recei c% ckets fromthe renote 10 . video '
conf er entd SUATOR® %‘lf‘fﬁ%'f%lpée Yis 51‘mF‘@ra€ﬁ%EIIeﬁs¢n€§\ﬁY ntetal di spl ay
devi ce 3@2de :{eeaacaeuaoe(czame; ceaeexermyeeyer g& cdPtetRvld
- ‘processi ine 318 of FIG 3. The image pr ocess ng “engi ne 10 |ncI udes a
“-codi ng eﬂgﬁ St VAdSR@PBIE Ge¥cs A5 aRfureRimagss ofe uren confermmce obl ock |

. ket i z@b 0 ) 40,8 InitialTy,
packet i z@bin)Br SAGH B &e%a@&éﬁﬁ&% g@ggg,go@gﬂgx .Qe nitially, a

~vi dea 'signal fromthe .video captur ers t he coding

- engi-me 40Pically the imaga eeessiag enging dHprofesses tﬁemdenmage mesﬂmd f or mat,- and

~the. present-invention covers. ot her

: Ttransforﬁ‘ék&@ggfo{ertﬁ Orﬂfm.ﬁmﬂﬁné!ﬁ%‘?&fa%hg ' |nt d atgtpg&%%obl ocks. A_

macr obl ock i-s. a data unit at contal ns™ Fsing
um nandémwléwmeﬁmetmnﬁﬂheﬁtesmgepmcesﬁqgew:gﬁ:lﬂz F0GkUme 20 el ements .

r(also r Eor a 63, a.nmacrobl ock consists
- of ‘four q%&%s%glg]‘ %‘?ﬁgnﬁlgcnhcoémﬁg&ggd%ué EHB?ﬁﬁ ng 8 x 8 blocks
- of chr omrnamgd@ee,ﬁwﬂsoflh?az@fcﬁhe@émmearmtd;f&k&@&@ﬁ{thé@elﬁogé 8 bl ock of .
.,j_\dat S RALE et col I En Pg r ow rrétrlx of. data, where each data
-_;_Jcorresp AdS P 6 & pf Xerd 4 ?/V‘&E%SLEP ﬁ%rdlﬂPQY?“@‘%@FB{ﬁﬁdﬁ'Gﬁ@mtted
" macrobl éok: 25 conprises data.covering a 16 pi.xel by 16 pixel section of the

video frane. ver,; ‘the present:invention-is not limted to -
macr obl ocks E%O%nﬁﬁtﬂﬂf‘é‘quﬁm?&éf?ﬁ‘?éﬁdmmoﬁﬁl?mam;@l@n@emg0 any data unit

CONPr i SieAgink BIV SFANGE3. AN ifage mc@m@%geﬁ%b% ddks20glH Onﬁmghe scope of

or nat's, S a 422
. chr oma *&ammacHyple 9rRendeEBEpREIDE AL ﬁm@lmk@ackﬁmakmﬁfgm@mtﬁnance data and

f out 5 COB@s RO A Rot bl 28 Ksrufidiny?RORI, R 6 theVides Saprure
device 308 (FIG. 3) enters the codmg engine 402 wluch converts each frame of
video irtto a desired format and transforms each frame of the v1de0 signal into- a'
set.of macroblocks. A macroblock isa data unit that contains blocks of data
o comprising luminance and chrommance components assomated with plcture
.20 elements {also referred te as pxxels) For exampie in H 263,a macroblock
) N conmsts of four 8 x 8 blocks of lurmninance data and two correspondmg 8x8
) o blocks of chroxmnance data ina & 2:0 chroma samphng format ‘An3g x8 biock of
" Y data i isan ezght—column by e;ght~row matrix of data, where each data -
: -corresponds toa plxel of the video frame A 4 2:0 chroma formatted macroblock
25 -comprxses data covermg a 16 pzxel ’oy 16 pixel sectlon of the V1deo frame o _
o However, the present mvenﬁon 1s not hmxted to macroblocks as conventmnaily
: defmed but may be extended to any data unit compnsmg Iummance and/or
| "-chroxmnance data. In addmon the scope of the present inv ennon covers other |
samphng formats such asa 4 2% 2 chrorna samphng format compnsmg four 8x8

30 blccks of iurmnance data and four cor*espondmg 8 X 8 blocks of chronunance




_2 1 FEB 2005 WO 03/019939 PCTIU802/26177 data, or a 4:4:4 chroma gqnptgqgm.
- format conprising four 8 x 8 blocks of |um nance data and eight -
correspondi ng-8 x 8 bl.ocks of chrom nance data. [00191 In addition, the’
- codi ng engi ne 402 encodes (i.e., conpresses) each nmacr oblock to reduce

t he nunbewoabnpbists used to represent data content. 5. E macrobl ock may
‘be "intra-coded" or "inter-coded," and a frame may be .c §0§’éff of any .
conbi nation of infra-coded and inter-Coded nmacrobl.ocks. Inter-coded

macr obl oc are encoded using tenporal. simlarities (i.e., simlarities
‘that exi s‘{(a%‘b ’5 et ShnoEes SRS | mpnﬁmgefoanax@ hlbdsejfy mat ched

macr obl ogkqkL en inter-coded 10

macr obl ock co%p@rg?ggc{séﬁgdn%ggtegg di H d§%c g%}@({%éﬁc@rﬁ: BV acr obl ock and a
“closely matchgaonagr dbaddmdﬂdm&dmgamgeﬂewzd%d%éﬁ@ codﬁfie&%@sely mat ched
t

~ "macr obl ock from_&# prew ous_videq franme .may conprise data associated with
- pixel s t FAT HREFO PR Q‘ﬁé‘uﬁl@?éloéb’é%s@ﬁd @tfég"%ﬁnmattheo@euten

macr 65l 0Gkch maeab@asaahay%ymtwgaeeangggngeefoa.%0 268 S enensaaed W thout

use of information 15 from ot her vi Fanes i n lar to that

-~ enpl oyedCWptlh@i oPEY mmbhahomgmtmmﬁ&dmjwsihm%ﬂéd rh&QdBbkor- exanple, to

.determn ven obI ock - ga% be encoded as an’'inter-coded

" macr obl o¢ ter fcl’*lde cOary @FFF'eeQF@ Sripatteapom! sirailanidessibet ween data .of the
gi ven mgmmrnegaeta;aaemwnavmasbf [SRTRontiohl fiafll arda 389! @ macr obl ock

froma previous video frane (ref erre to.as an of &bl ock), where

. the ‘di fferaéd@égnmbbekrfm a;:eelvmﬁmframe;uﬁyieexfrcﬂyy a gm@gnmtab@meut e error or

a mean- sguar rror between correspondi.ng to pixels [located at
co-locate C‘p‘%%g Cd’ﬁ%pr\ﬁe?ﬁpﬁoqédg&%&mﬁ een tig givRa mporeiogenddl ock, the
.codi ng edgs nﬁ@&e@ﬁ@ﬁ&%&;&rﬁ&ﬁ%

~macr obl ocksﬂﬁ t he codi ng engi ndjf %ﬁ)ﬁg%dﬁoﬁérhé 'girrlrgrs g d%leeidthan a
“ence t hr BEEE) HDC%fFQFE th@PrQ‘h@l&ﬂldeﬂfmmbyooum@ddata%s@ma&@ﬂvﬂﬁf set

or etot e RSB AlPe BB ooded WO fhe v gewBiRai | i 1 ar 1 es do
not : Alternahvely, mtra—coded macrobiocks are encoded w1thout use of information
15 . from other video frames In a manner smular to that employed by the JPEG still
nnage encodmg standard _
[0020] For example, to detennme ifa gwen macroblock rnay be
- encoded as an 1nter-coded macrobiock the codrng englne 402 computes
- drfferences between data of the given macroblock ofa current wdeo frame with
7 20 . data of a macroblock from a prev1ous vrdeo frame (referred t0 as an offset
R macroblock), where the dlfferences may be reahzed for example by a mean-
o Vabsolute error or a mean—squared error between data correspondmg to pixels
- located at co-located posztlons w1thm the macroblocks For the given |
o macroblock the codmg engrne 402 computes errors for a plurahty of offset
25 rnacrobiocks 1f the c:odmg engme 402 only ﬁnds errors greater thana
| predeterrruned dlfference threshold value then sxgmfrcant similarities do not
. i‘ ex1st between data from the glven macroblock and data from the previous frame,
. | ‘and’ the macroblock is 1ntra-coded However 1f one error 1s found to be less than
. the predetermmed dszerence threshold value for the glven macroblock and a
= 30 "gaven offset rnacroblock from the prevzous frame then the gzven macroblock is

L b ‘_-mter—coded




exi st . between data fromthe gi ven macrobl ock and data fromthe. prﬁ\i "5?3{!?”
Rd

“franme, - and the maar obl ock is infra coded. However, if. one erro

a',nelghborlng Racr

to be Iess than ‘i nt er-coded. V\D 03/ 019939 PCT/ t| SO2/26577 f0021] To

i nter-code the given macrobl ock, the coding engine 402 subtracts the given

" mecrobl o6l &edata fromthe of fset macrobl ock’s data (i .~ lum nance and

chrom nance data associated with-a pixel of the gi verrcﬁﬁjé?%zﬂt’ Bck is

subtracted from | unm nance and chrom nance data associated with a

correspondi n% pi er of the ql(:eiekt‘set macr obl ock for every pixel) to give

~difference H ededues cedrthpives raneablorkt e geding eaginné® d coding

~_techni qma&e&%@@v&ﬁea%t)ﬁx@ehe%clﬁe&%&&%eﬂﬂow«?&&tﬁ% i on met hods -
anong ot hers, determ nes -an offset vector fromthe given-facroblock to the

 offset nEEHAHIEERd (cliarereft?readtaeasesnaéeclmth@rpmeécf@ue)gweamm@ees the notion

~vector. 0922 et . ch as 14. 261 and

© O H-263, s%émfy;taﬁg%ﬁnot |%éﬁ(:é\//ée%%rrglgo &%%g?%gég%dﬁég}obl ocks be - o

o di ffe'5r errorrgppanding pitelbf fh@OﬂfMH@mbboklfm@vaﬁffplml)em(gyve dikpwener , differentijal

© encodin 0 t_or cor ted ion vector data to

: ,propaga?deq%%ﬁg%ieggﬁe‘ti‘ﬁer rraeg(?‘lggg%’%g ‘!“flﬁ ‘é‘éaﬁe decoded wit hout

o .error, @meteelusut&é!daﬂﬁomMarmrquAﬁﬁtmondﬁétaodﬁaﬁﬂ@tgadtB&s\/Metéhﬁn&l ven

- macr obl OCkffsefv g‘ﬁ eneghal not - d of th m)tlgn vector data of

gfmi’smact"ﬂ tI"ft ‘é‘t’ sehariehloch (ewsEreddet or- data of a

gi ven nasnahbipmkverios), Iaﬁaeﬁ@altes&telnyodcﬂ%lcto%ed to the given.macrobl ock.
each inter-coded - nacrobl ock are:

 However , tLon. : _
" non-di fferenipgﬁm g’ﬁ'é d“‘{eﬁéﬁ’fi]f‘&é’fm@fﬂé@@a&)ﬁzﬁh@dﬁﬂﬁéﬂ vector 20 data :
are-| OC%bed@Qhﬁlanﬁ@t gécvce@ofrﬁq%fkehét?!ﬁauﬁee%tbertﬂfféﬂanéanyséng&aéd cant increase

~in error reSilience. In nost cases, a change in notion-vector codi ng nethod
froma @ITPEVESPLAE Effel@alcmﬁowmredxéfmanaal areedingquses gsukt s in a smal |

~.loss in cPéé?Jﬂ to&Qﬂ'cBﬂrupf‘de&\}Sﬁtﬁ{‘&e&o%XB'tS%Léﬁégat%%é adjgcae?tt a few per Cent ).

- Advartt ageousl

) macroblocks that would otherwise be decoded without error, since encoded
: 15 | : motton vector data assoaated with 2 gwen macroblock is, in general not
| mdependent of the motzon vector data of netghbormg macroblocks Thus, the
effects of the mohen vector data of a given macroblock are not spatxal!y locahzed
to the given macroblock. Howevér, if the mohon vectors of each mter—coded
macroblock are non-dIfferentlaHy encoded, then the. effects of the motion vector
- 20 ¢ data are localized to the gtven macroblock resultmg ina sxgmﬁcant increase in
e _ error resthence In most cases, & change in motion vector codmg method froma
o d1fferent1al toa non—dtfferenttal techruque results in a small lossin overall coding
e effxcxency (typlcally less than a few percent) Advantageously, the motmn vector :
R -'components assomated W1th ¢ach mter—coded macroblock centrary to ' |
= 25 cenvenhonal methods are not djfferenhaliy encoded accordmg to one
o embodzment of the present invention. o
o [0023] In another embochment of the mvenhon, the codmg engme 402
may 3 mtra—code macreblocks of a frame usmg a Walk—around-refresh” : '
o o mechamsm 'I‘he ”walk-around—refresh mechamsm isa deterrmmshc ”
c - 30 - imechamsm to ciean up reference frame nusmatches, called data dnft by 1ntra-

s cod_mg a spectflc pattem of macroblocks for each frame The codmg engme 402
- R 1 I - |



: corrponents associ at ed wi th each inter-coded nmacroblock, contrary -@d F2® 200

"conventlonal met hods, are not dlfferentlally encoded, according to one

enmbodi ment of the. jprresent i nvention. (00231 [n_anot her . enbodi ment of the
i nvention, the coding- engine 402 nmay intra-code rnacroblocks of a frane

using a' w(y\@j/dgg@gound-ref resh' nmechani sm-The "wal k-aro refresh”
mechanism.is a determnistic 30 nechanismto clean up ?«g&@%@éﬂf rame

m smat ches, called data drift, by intra coding a specific pattern of
macr-obl ocks for each frame. The codi ng ‘engi ne 402 21 FEB 2006 WO 03/ 019939

- PCT/ Us02¥8 sneerellasks pic iskarsndesrame as péfsameancebipekaia desodirfgsiatermacr obl ocks

: i n . deco [ ur r.en enbodi nent
I e e e RSt T S
intra- coCkealk—qlaﬁmérrefreah”n‘aedhabis&ciSSerMEleﬂgo@:ﬂr&—@é@@@ﬁ;eﬂ@hkeiar ound Int erval w

- selected fro&}a set. of 5 redetﬁﬁm ned integer wal k-around intervals. For
- - exanpl e, "RF Q*kﬁl‘?smﬁﬁ‘é’ﬁ“ ager Wabdrieyndrigien M%lﬁﬁﬁdeésfd\/ery w

" macr ol QodertiRl il WA bith HaRler BV FBRSRL 961i60, Dased upon vi deo data

transm ssion rates and error rates eresh"
intra- c@d@gwm@ﬂ@tkﬁra&o@es ecﬁywe‘ﬁ mycﬂobﬁyckodh@gvalﬁ%@bﬂ@d ftefvde renote

Vel rosh ek pF Bt Rorathiomt vike Spkiericorr e%“t’%%%»a&%%‘é%é@égbmm trom
S R S R R
~transni soigow &rthe r@noaanddecscmduene@:ktan&ﬂ 204 (RIGh®); thse Pagdt-gfoumadd possi bl'y
S bon TR Sal e B B TP e o FRROR RS Sramer obi ocks T o
decodi ngretibas Ha&fe%'tﬂﬁqnﬁﬁ% 8B 5H8 - due to vrdeo data transmission errors.
Any macroblock: that may be corrupted due to V1de0 data transmission errors
(and i is not replaced) further propagates and p0551b1y magmﬁes data drift when
the codmg engme of the remote video conference station 2{)4 uses the corrupted
15 macroblocks as reference macrob]ocks for decochng other recem ed macroblocks.
| Thus, the - Walk—around-refresh” intra-coded macroblocks prowde 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 reducmg the
propagation of data dnft
.20 | _ [0024} Furthermore, the- codmg engme 402 may generate an intra-
o macroblock map that 1dent1ﬁes which macroblocks ina coded video frame are
-mtra-coded After the lntra-macroblock map is generated, the i zmage proeessmg
engine 310 sends the map to the remote vrdeo conference station 204. The map
_ may be sentas part ofa prcture header field assocrated wrth the coded video
25 frame for example aithough other ﬁelds may be used
o {00257 Accordmg to the present mvention the codmg engme 402 may
o generate the 1ntra macroblock map in one of two ways In one embodlment of
: ’the lnventlon, the codmg engme 402 uses run-length encodmg to descrlbe .
B Vlocanons of mtra-coded macroblocks wrthm the frame Run—length encodmg isa.
3 o V'techruque to reduce the size of a repeatmg strmg of characters In another

S _._embodlment of the mvent:ton the coding engme 402 generates a brtrnap, Where |
: 11 '




" Thus, the "wal k-around-refresh" intra-coded macrobl ocks provi de .t 24 FERI200M
engi ne of the renote-video conference -station- 204-wt-h-a--fresh~set-0f .. ..

intra- coded macrobl ocks to be used as reference macrobl ocks, thereby

‘reducing the propagation of data drift. 20 [00241 Furthernore, the coding

engi ne 4%M99g¢nerate an intra-. macr.obl ock map that identifies whi ch

“macrobl ocks in-a coded video frame are intra-coded. A {lgP 36578

the nap-

i ntra-macrobl ock map i s generated, -the image processing engl ne 310 sends
te video copference station 204. The nmap may be sent as

' h
" part of %?CB%HS’&%%[{EM&OWEF@ sde epemageslogk pihe lameodebityvalue 2.5 frane,

~ for exanpesifi@lalddgegion Hﬁ&hﬂérbﬂb@@s%(éﬁﬁgsf&eth 1dfPore AcCOrding to the

‘present invention, the coding engine 4

) ene afet e intra- rracroblock
map in o%bmf\mﬁ/@veﬂﬂ?%ﬁel e‘?ib@iﬂﬁ“fteﬁﬁlabff Corrﬂsgomdme malcmblockhe codj ng

| engi ne 497, Hsesiel Uk merane@eﬁﬁémfmmﬁehg '141993%@ i nt r a- coded

macr obl ocks within the framer Run-1ength ‘enc chnl que to
reduck the cargponding maspbladkrigingarrdode. dbﬂlehare&cmiem‘ geheratingtieer enbodi nent

~of the ipuent 2.generates a bitmp, where 11 WO.
031419939 PCT/C%O%II(W% BE“E%L} ° #Frraeppc‘?%er“w‘s"ﬁﬁﬁg% to one - -
- macr obl ock ofl0e2&l fk@rﬂmd&hemambcsimammmeﬂemﬂﬁ&fécad& reheﬁlaondl ng o

‘)_

i nvent 1 o SRR RTpiceRn R %ﬁ?@@ﬁamaﬂ%"w&e SFteto s

i ntra- cadmberbfbmebharanqﬂbocﬂsmp@tezﬁaeatm/ﬁabllmmﬁzai' 1" bit si gnlfles =

"t hat, 5 t.he,corr.es r obl ock | |nter-coded & her net hods for
il Sl ekt

generat | TRPITYOR by, Wiy WB%’ Eune evppEIesdd or use in the.f
present: mm@l&dkﬁﬂonﬂg'(@ isdiﬁﬁ’ﬁmﬁ&@iylhﬁimﬁggp%&%u hghgj‘?bitnvent hon, the

codi ng engi ne 402 sel ects the intra-nmacrobl ock map co nmet hod that

: produceé"’?h’éa‘? Bay | ﬁwdoﬁeﬁ‘iﬁr??eﬁ@ﬂdlwmﬁﬁloelm@u%m@aﬁs pixel. (i.e: a
352 pi X%ne"&fﬂo?@é'&%a&&hlo&?s@hﬁkt B {(a%r@ﬁ% Qh)&%hscf}{ﬁ “%%aresol ut i on) FCI F

. .video frame conprises. macr o

S.con |gure 18 macr obl ock
mat ri x. e]\gﬁde;i mqjmaﬁ@b}a)ﬁ]y beic e mdependent of the number of mtra—coded . !

.15 macroblocks within the FCIF frame. In contrast however, the number of bits . : |

' uuhzed to iransrrut the run-length encoded mtra—macroblock map is dependent : : *

upon the number of mtra-coded macroblocks Tmthm the FCIF frame. 'Ihe costof - |
transmitting a run—length encoded mtra-mcroblock map is elght bits per intra-

coded macroblock (1 e., eight bits per run Value) where the run value Jdenb.ﬁes a

| 2.0 . location of the mh:a—coded macroblock mﬂnn the FCIF frame. Therefore, if the

| FCIF frame contams n mtra—coded macroblocks then 8n bxts are required to
transfer the nm-length encoded mtra-macroblock map
[0027] Thus, if the CIF frame contmns less than 50 mtra-coded

o " macroblocks (n < 50), then the source codmg engme 402 selects the run-length
25 encodmg method, otherw1se the source codmg engine 402 selects the bitmap

' encodmg me:‘hod The- seIecﬁon ofan mtra—macroblock map encodmg method .
depends upon the Vzdeo format of wh1ch the FCIF mdeo frame isan exemplary '

~ example. '

{0028] Subsequentty, the encoded macroblocks are forwarded to the

L 73'70' : ' macroblock reordermg engme 404. The macroblock reordermg engme 404

reorders the encoded macroblocks Speczﬁcaﬂy, each macroblock is a531gned a




~..overhead that may be required, the bltmap encod| ng net hod requi reg13|9§|3l20035 g
- (one bit for each macroblock). Thus, 396 bits are used to transmit the

- bitmap encoded intra-nmacrobl ock map, i ndependent _of the nunber of intro
coded 15 macrobl ocks W|th| nthe FCIF franme. |In contrast, however, the

nunber ofw®hdSooyti | ized to transmit the run-length encoded :
intra-macrobl ook map is dependent upon the nunber. of FhEfR%dE

- macrobl ocks within the FCILF frame. The cost of ~transmtting a run-length

" encoded i.nt ra- macr obl ock map is ei bits per intra- coded nacrobl ock
(Le.., ePgsrobpckerpup lﬁermfm(h@G153Am atphheraliynofMIB@Disdénbnf i es. a 20

| ocat i k_within the FCOIF frame:- Theref it
oot el LR AR AL BB S M e L F R B Lt Ther ofore.

- I equi r edar exerhplansiatroblite dslprntig phteAcodesalcals FIOBSIRLlQEF map. . [00271
- Thus, if_ the CI?Fthsrarre cont ai.ns; IesgD than 50 intra-coded n(ggrobl ocks (n<

50) , theﬁ?rtrﬁém%@mee eeagagrtwaefete@ns@aeebbckmpenw|mgth 25 .

- eneodt POnaER A MRS 8 Lo SOV RS RM A SN AR S By 0 01 LB
depends Eigbs ebdam iargle:mtfcﬁiinﬁht MEIDAI 6 had vl the MBEDS 418 ¥8sib Sed N

. exenpl a‘rs‘\é exanpl e. [ 0028] . Subsequen'é@g t he .encoded -nmacroblocks are
. f or war de AP PrErtBENBERIZeAsAfERT Mgcrahlsicke bamgassighed theotashi ock

'; ?ni?? 051 B CTDR LMl RGPS g DS R R SRR e IS B ) "
macr obl dnladmoenmadebiockseru(hﬁ,ebm)erﬁﬁﬁg’ﬂraerﬁldiﬁ@t ity of MBADs.. Inan -

exe | ary enmbodi_nment crobl ocks:_are nunbered-one to siX accordlng to
/ qg] xenpl ar y[%é’@r] ob‘t%&ﬁ{ﬁggg’ﬁﬁﬁifﬁit fupider belawipy esiratien withB@&G6, 5 for a

@' F. the assigning of macroblocks whereby adjacent macroblocks are not assigned

the same MBGID, advantageously minimizes a concentra’non of errors none -
. reglon of a frame because macroblocks of a lost data packet are spatla}ly
distnbuted across the frame Since errors due to-lost packets are Iess hkely to be -
i5 concentrated 1r1 one regxon of the frame, lost data assoaated with lost
macroblocks may be more accurately reconstructed using data from nerghbormg
macroblocks. In other words, spatlal mterpolatlon of data frorn nerghbormg
macroblocks or an estimation of a rrussmg macroblock’s motmn vectors are more .
: . accurately determmed if the loss of data is not spat:[ally locallzed mttun the
N 20 frame. ' .' ‘ . o —
| [0030} The codmg engine 402 (FIG. 4) of the unage processmg engine
: 310 (FIG. 3) of the remote vzdeo conference station 204 ﬂ?‘IG 2) may use a vanety
of error concealment tech;ruques in conjunction wzth the reordermg of -
macroblocks toi 1rnprove video quahty For example in one embodlment of the
25 'mvent[on, the codmg engme 402 decodes the nexghbormg macroblocks of a lost
inter-coded macrobloek estzmates a motion vector of the Iost macrobiock and |
then uses the est:mated rnotlon vector to reconstruct data of the lost macroblocki, o
In another embodlment of the mventlon the codmg engme 402 may decode the i .. e
R nelghbormg mcroblocks ofa lost mtra-coded macroblock and spatzally o
30 _ .mterpolate the decoded netghbonng data to reconstruct the lost data ‘The scope_ - oy

_ of the present mventzon covers other error concealment techmques used ino. - L



formatted frame having nine rows of el even nmcrobl ocks per row. TR BEB 2006

“maxi mum MBA D is referred to-as a nmaxi mum group identifier (MAdD). In the

"FIG 5. exenplary enbodiment, MA@ D = 6. As shown, the MBA Ds are -assi gned

- to ‘adj acent macrobl ocks or in any ot her assignment o
~ be discussed further below in conjunction with FIG 6, the assi ghi ng of.

- macrobl ocks, whereby a nt crobl ocks ‘are not assigned the sane MBAD, -
gk thniier ~

in a manner so as to mnimze adj acent macr obl ocks being assigned the-same-.
MBG D. Aki@ssnadosel v, ot her assi gnment patterns may 3% an, the sane MBAD
463 T70029) As i l |

advant agSBURIONHs B &t FeRToBt videe apality duppelosk@gi on of a ;.
frame be&augeemeﬁ@bloezg(s of a lost data packet are spatially distributed

-~ across the frame. Since errors due to | ost ?Dckets are less likely .to be -

15 concent r atl@83th Gierprigesideppattapsand MAG)

E’r@g}’béatth%som ated with l'ost

- ecr obl ogdesramyiohiRe ?ﬁgﬁg%ﬁ%ﬁéﬁ e!nyon@e&eeaﬁw\%?g\e %oggx{hé‘ from

nei ghbori ng ’ macr-ob I n other words, spati erp ation of data.

_f r om*hei YrEOPIPAgreomgsingisngkdObselerts aeMﬂiﬂﬁlb}wadmrmhdeo ditssatag nacr obl ock' s

nei ghbor| ng. data to recon

Mot i on VEL{QF $iddb foriREe accuratel y determined, if the |oss of data is not
spatially locali zeé wi'thin the 2.D frane. [0030] The codi ng engine Co
402- (FI G 4).16P32 heRefenies ach teBlSI Agrea dienaacrlatkshalébecd) of the rem)te

©vid t t f - )
Concoal naL BB CThE L O b R e 80Y 8BRS ng of ' et obl ocks

to i npi ovecvbldes inwalidcrate drampackeagbardign ommggnﬁms of the 25

i nvention e:Cca nei ghbori ng macr obl ocks of a

“ 1 ost* i | Nt BPS 8@8@@‘?’1’&&&8 %‘Egﬁaé&z@ﬁa‘ﬁéﬁi Tr&‘f"%‘hl d’clftfﬁdéﬂfotahe | ost L
" rnacr oblmkno@aecre&h&aapﬁeét {elpe R JaRdiay REbRI @GR, 5O reconstruct data
~of -the | ost gleycl ﬂ% | n -anot her'. enbodi ment &f the invention',. the '
W&ée :

codi ng - EXGTR {f8e inviepidon, Hei pislseization reginofléqdiees 8fe a | ost.
i ntra- coAeLoBTBAL AbA6Kiats g&&é@?& %H]ryframe gl-lgwjep etrh la?lée%z&h% decoded

truc | ost
engie 406 may use more than one packet w1th a gwen MBGID to transport

15 - macroblocks with the grven MBGID. For example, packebzatlon engme 406 nray
: create a first data packet 1 comprising a portlon of the macroblocks with MBGID
" .=1landa second data packet 1 c:ompnsmg a remamder of the macrobiecks with
. IVIBGID 1. The 5p11ttmg of the packets in thls manner is typlca]ly governed by .
a maxunum transfer unit sme (MTU) assoaafed w1th the nerwork 206 (FIG 2).
20 o - [0033] Subsequenﬂy, the data packets and. picture header are
forwarded to the commmucatlon buffer 408 for iransmrsszon across the network ,
: _206 (FIG 2} by the commumcanon mterface 312 (FIG 3) To further promote o .
' resﬂlence agamst packet loss the p1cture header may be transrmtted more than
o -once per frame: The prcture header may mdude the mfra—macroblock map
2 5. [00341 Ccnversely, the i 1mage processmg engme 310 also processes
| h .v1deo data packets recewed from a remote location and promdes vrdeo s1gnals '
- for display. Imtlally, mdeo data packets are recerved by the commumcahou -
3 mterface 312 (FIG. 3) and forwarded (0 the commumcatron buffer 408 The -
) . -mdeo data packets are then sent to the macroblock packetlzahon engme 406
- .30 -,wl'uch unpacks the macroblocks Next the macroblock reordenng engine 404

' :,orders the macroblocks back mto their- ongmal ordered pattern (1 e, pattem : B :
' ' | B ¥ R "




'of the present invention covers -ot her error conceal nent techni quU@y FEB Q05N

WO 031019939 PCT/ LFS02126577 conj unction with meacrobl ock reordering to .
i nprove video quality due to lost or - corrupted macrobl ocks. [00311.

- Different reorder patterns.and MBG Ds maybe utilized according to the
~ present i {AARkR% | N one enbodi ment of the invention, the nacrobl ock

reordering engine 404 selects a M3 D based on video dat af¢HV&/2637Ad/ or

video format. J0032] Referring back to FIG_ 4, once the nacrobl ocks. have |
been assi gned MBG Ds, the macroblock packetization engine 406 places the

“macr obl odRritA TeAcEplderleresr dering Pabk eersowcdded confetance betion MBGkichThus, 10

< “macrobl o g (e.g.,.MBA D =1) vvould be placed into a

. commmon, 355? atllg' é&?]ég%gqg(ﬁ@q()g , data packet 1).' Referring to the FIG
.5 exenplary qobed) MSubs@fuchilg; ﬂl@‘é@ﬂfr{g%%ﬁ@&}m%ﬁéﬁszﬁtd 9ofiRging 406
places the macroblocks into Six data packets:per- QCI'F frane. However, the

- packet i z&etSHe Yhaidena gidagydales packet @as heat in frengit ekuess tiettetwrogh ven MBG D
~to t t For
bocked 286K TR LARRRI e Uk DEerll 1R Rl BRI OEG i g o

- portion o\fhetnttedattaqalaolbét@oh&mmghoﬂ@ﬂr@crol:l@dlddﬂﬁ&cﬁﬁéo@%cﬁs Ragket 1

p—

- si. gnal S.

. .\-../.‘ B

. -conpri si der _of the-.macroblocks with - MBA D =1. The splitting of
the packggg&p%

Cunitsiz | 0033] o
- Subs equeﬁlt?I&_J;)/’jﬂ,rﬂ‘ha g‘éggftéﬁ%gg]ﬁet sg]aar% avgﬁ%ggéuﬁég}g%érang%sﬁ?w othe .
- conmuni ﬁ&m ORTH frifrey aetﬁﬁdlhgrtobnaeﬁmoéﬁn@m FAAHO BFestREIMBAMEX, ‘thus 206 . (FIG -
) t
- re3|¥9e

T th fra-- bl ock
th gn [ggggclrp%ggtv B spdeg iRlefidla B AN ORRE AN el b nf ra- - macr oblock:

F’ Srahhetost maciahlecks aye gevkechwithan “x” Imbquhﬁubet ransf er

com‘ruf;fl cation {Onterface 312-(FI'G_ 3).. To further pronote -
% ACU RO GRBPIeXHE eﬁO&F%@ﬁhee@éﬁdﬁagurﬁeempbm tted nore -

he.1'"mage processi ng éengi e ?so processes
. video devmppasekiens Adewlgh&acfeﬁlnseateermeglbmasmgeamﬁhdkepwrdes vi deo

convemence of dlscusszon the scope of the present invention eovers error
. concealment when . any number of data packe ts are corrupted or Iost during -
.15 tran51t it should further be noted that although the same components are
. descnbed herein as bemg used for both transrmssron and recervmg functtons, the
' components may be embodxed in separate receiver and transrmtter dev1ces
[0036} Referrmg back to FIG. 4, for each lost macroblock the codmg |
engrne 402 determmes Whether the lost macroblock is intra-coded or mter-coded
- 20~ For exampie, the codmg engme 402 may exarrune the mtra-macroblock map to
| determine whether the lost macroblock is mtra—coded As mentzoned above, the |
mtra—macroblock map may be sent in p1cture header ﬂelds or as side information
conveyed outsrde a vrdeo strea_m, and may be compressed usmg a run-length

_ .eneodmg algont}un conﬁgured as abltmap Whl(‘_h identifies mtra»coded

25 macroblocks, or some other efficient codmg method

| [0037] If the lost macroblocks are mtra—coded then several error
c concealment techmques may be uhhzed For example if the lost macroblock is.
1ntra~coded as part of a wa]k-around—refresh” rnechamsm, the codmg engme .

- - 402 replac:es the lost macroblock w1th contents of a correspondmg macroblock

ol 30 . from a prewous frame Where two "correspondmg macroblocks cover the same

o spat:ta] area of theu' respectwe frames Accordmg to the present nwenhon the




for display. Initi ally, video data packets are received by the 21 FEB 2006 -

- -commurni cation interface 312 (FIG 3), and forwarded to the..comuni. callgn

.5, when a d

. conceal ment t echni ques enp

buf fer .408. The video data packets are then sent to t he macrobl ock
" packeti zation engine 406, 30 whi ch unpacks the .macrobl ocks. Next, -
't he: macr ¢l @Rkeeiecor deri ng eng| ne 404 orders the macr obI ocks back into thel r
~original, ordered pattern (i.e., pattern -21 FEB 2008C31S€£6572006 WO |
' 43/019939 PCTI US02/ 26577 pri or to macrobl ock reorderi ng at the renote viideo
conf ere ta?tl -rg:dfﬁ' ch.is typically raster-scan (FIG 2)). [0035] '
Subseque TREESHT dméch‘@?‘ﬁ%‘s f%fﬁ%ﬁé%oaoémanénd det er miines
- whet her ararlrd&a dat a packet vvas Iost intransit across the network 206.;
"FIG 6 is a. ?g\ ag&ﬁ_f t he F frame ‘macrobl ock reorder pattern of FIG
a{ | gia magKelg 3 ?@twdﬁ%mﬁ@tﬂbb@k 1sjmfa0«ﬂa:ﬂasrracr obl ocks |

Wi th VBGhbx 6f the @ atk@Séundli@rek 9t e MRAAD HOGKAE 85 Qq%ggﬁ @than 'Yswlt
shoul d be. riot ed that the | ost macrobl 6cks ‘afé adva ageously spati aIIy
di st r1 buPaEalyirisRolaten thegonientsiof the lostovarailod fonadpcenbodi ment of the §

Present shauaban.in bRy Sl QuAldn oM B0 L ABESHTRL o0 oW paTRL eI Ly error

oying such PHt er pol ation:or

-, notion. W@ﬂedegﬁparmﬂyerﬁem@tecbmmmamMese\btohmgbat&tﬁ 6 illustrates a

 lost ma&YSBF

single rgﬁﬁéé&gn%@o&gcgﬁ iR straf g%g}/lggl ence of di scu35| on, the scope of ithe

~ present venti.on covers error. co Frdaomiheee of data packets -
" are cor rgingehtaassodmed sithipigels bbatbd ﬁﬂﬁ:l]é;cendxhaébﬂldl'.l@ frgcstsher be noted that

“al t houg h escribed_herein as being used. for both -
it rarq?m &(itlo%s%ﬁgﬁr %3‘?“%355&38‘5? jAent plagro &?ﬁﬂ%éﬁt@? jmenenbodi ed i n

" separ at ma’c&dfhhc\ké’lﬁaﬂﬁdatrigiﬂ& bdre @RISR T20. FHOO3RLReS erring back to F{G
4; for each %‘%Et(l macr obl.-o é) t he cod| ng engi ne 402 et erm nes whet her the

ies IMpRROSARStabrios AN B dainpen ét&landiﬁzckﬁaﬁoéMrrpl e, the cofling .
~engi ne M?léﬂwnﬁ&@mo@gmjﬂg@ et er m ne whet her the
.00 RSB 006, ARGt s

| ost macr obl ock is intra-cod fM#a- macr obl ogk

mep nmay Beodwnp of falp'eq (hdicatedbpr’s} fretnds for 8 eppEirtht-hafdblvaki on
15 7350f the left adjacent macroblock 710, and data in a last row of data 740
' (mdlcated by an x’s). from an8x8 lower Ieft hand block 745 of the  upper

- ad;acent macroblock '715

[00393 Similarly, to reconstruct data for an 8 x 8 upper right-hand
L block 750 of the lost macroblock 705, the coding engine 402 mterpolates data ina
20 first column of data 755 from an 8x8. upper left-hand block 760 of the nght
k ad;acent macroblock 720, and data in a last row of data 765 from an 8x8 lower
' nght—hand block 770 of the upper ad}acent macroblock 715 ‘Other forms of

N mterpelatlon may also be apphed and other blocks of adjacent macroblocks may
be unhzed and are within the scepe of the present mventmn |

25 o . [004 0] If the lost macroblock is inter-coded, then the codmg engine 4.02
computes an estlmate of the lost macroblock s motlon vector by ¢ exammmg the
-motlon vectors of adjacent macroblocks. FIG. 8 IS a block dzagram of ad;acent

77_ -'macmblocks used to estimate the mobon vector of lost macroblock m, accordmg
10 one em‘oodlment of the present mventlon. For the lost macroblock m,a
30 . rnedlan of motion vectors of three ne1ghbor1ng macrobiocks 2, b and ci is

o 'computed For example, the. x—component of eshmated mohon vector of )



,‘conveyed outsi de-a vi deo stream and may be conpressed using a rug1lp@gQ@°
~encoding al gorithm configured as a bitmap which. identifies ntra-coded
.25. macrobl ocks, or some other efficient coding nmethod. 10.0371 If the

_ Iost macr obl ocks are intra-coded; then several efror concealnent t echni ques
may be Ut g BRGessd0r exanple, if the |ostmacroblock is: fra-coded as part
of a "wal k-around-refresh- nechanlsn1 t he codi ng engi ne 'BE&?éﬁféces t he
|.ost macrobl ock with contents of a "corresponding froma previous frane,

where two- "correspondln nacroblocks cover the same spatial. area-of their
respect i vBaEPRIaEK r off AR %1@ﬂ¥'pM@@ehfWDﬁvéﬁhﬁanmeMHumioF E B 200 WO

: 03/ 01993 /égﬁg}%/ =T r. m up rate is
a functi (%rsiag%t gé?g%gtﬁa erfﬁbqgaqggwggﬁgﬁﬁ?g%'%’@g yﬁ“ # a lost
i nt L a- cod'elnhrﬁMVb,Ethg/ﬂs‘ aretthepdeth o&%nts@&hiod@frﬁfd&@ors‘&h’ﬁacf&ﬂéﬂ% L efresh”

- mechani sm _ t the codi.ng engin spatially interpol ates the

- cont ent s %P atrﬁgcfl WC%@V(%}%]%W h&ﬁd&i\f‘a@@nthe y-fRiepenenis of motionone
“enbodsMeR@fs §NGaly macr obl ock is
spatially Fntser polaate ﬁg% ﬁ%’péce%reg} ‘&ﬁ?%ﬁﬁm%ﬂggféd in. - adjacent

macr obl ockodisnent of thi hm:aheseemoememettors/fmﬂta&fmmmt%&l@@ usi ng

~data ass%m a% ? vmth i xel s, Iocgt ed. in adjacent rracrobl ocks. FI'G"7 10
i ncl udes ®a®10§ ﬁ%‘E‘PB 36&?5“:7’6%9 &‘9%“&@%@%@?%@9%@%% ean upper

a0] acent oSy QbR Kb it SR 365 Ve RENOIARE 20 FOT_examDl

~to reconstruct (i.e., |nte pol at e t - hand bl ock
725 of t macroljock’s erotiohregier obl ock 705, the. coding engine 402 (FIG 4)

RO B e koS SR EL LGRS, B ) Trem
e e AT ek st G O 6
_ _estimated motion vector to rebmld the lost macroblock’s data. content After the
data content of all Iost macroblocks ofa given frame is rebuilt, the codlng engme :
402 transforms the macroblocks mto a video mgnal for dlsplay on the dlspiay |
15  device 302 (FIG 3) Although ﬂlustrated with only one lost data packet, the
present invention may be utilized to conceal errors ‘with multiple 1osl: data _
packets. _ T ,
'[0042] HG. 9 isan exemplary flowchart 90{} of method steps for video
error concealment when transzruttmg video data over packet switched networks,
20 accordmg to one embodiment of the present mventton In step 905 the video _
capture devme 308 (FIG 3) caphrres a v1deo Image and generates a video srgnai
- Next, in step 910 the codmg engme 402 (FIG 4) (also referred toas an encoder
when processmg data for transmlssmn) receives the video 51gnal and transforms
; the v1deo signal 1nt0 one or more mtra—coded and mter—coded rnacroblocks A
25 video frame may compnse mter—coded macroblocks mtra-coded rnacroblocks or
any combmation of mtra-coded and mter-coded macroblocks In one .
o | ;embodtment of the mventron, a’ waik—around—refresh” rnechanxsm is ertabled to
| mtra~code a pattern of macroblocks usmg a walk-around mtervai selected from a
set of predetermmed walk—around mtervals The walk-around: mterval may be |

', 30 o selected based upon vxdeo data rates and error’ rates In addmon the codmg



adj acent. macrobl'ock 715. [0039] Similarly, to reconstruct data fog1apg§zwo8'
‘upper right-hand block 750 of the | ost macr obl ock 705, the codi- -ng engi .

. 402 interpolates-data in a 2. 0 first: col um of data 755 from an 8x8 upper

~left-hand bl ock 760 of the right .. adjacent macrobhlock 720, and data in a
I ast rowyefosddesy 765 -froman 8x8 | ower - right-hand bl ock 770 of the upper
adj acent macrobl ock 715. Qther forns of interpol atlo'?FTﬁégf} %50 be applied

-~ and ot her bl ocks of adjacent macrobl ocks may be utilized, and are within:

t he scope of 402 )%Pesent i nvention, 25 1004 Q] If the Iost macr obl ock is

i nt er - codsy ThéR H@é&ﬂ?ﬁgff%rﬁﬁ'?ﬂe}' aodedompliensedier losedchinier-of the | ost
macr obl Q@k{e&nmatdwftkyector by exam ning the to one enbodi nent of the

pr esent |nvent|on For the }ost nmacroblock a notion vectors of adjacent.
macr obl ocks. P& ssr@eauﬂmﬂéfcwSd%%lﬁatte@ﬂdsaajeaaeﬁe@zgeereean:ks used to.

esti mat Einﬁrﬂ-@nz[’@é’dl@& rﬂé‘ﬁ:ﬂ'@f 1&5&#1&%&%% Q%Q%J—ccﬁieﬁi—rn;cr&mckgEdI an of r_mt on

vectors of three riei- -conputed exa X-conmponent of
est i Fat d8 orsembadifemt of thepresest ngnteea}emamcﬂmmgaeas REIddUS02126577

- merob b W R oM M Al RS RRBTET O
Yy v \M}@néomwnbwfb;ta reMdmeé th hce:latheomemed&bslooli ot i on vectors of
- comonent s (Pt S8 £l SERER Gt ST Bl ™ Sxpact i ver .
- Al t houghnadnablediGn HB@Tﬁbﬁds;tap azo. CForblﬂ:&nPi@)ﬂﬁ@hh&fbm nigeon vectors from
g adJ ent na ' a apute an estinmated notion vector for
‘--) bI ﬁﬂﬁﬁ%ﬁéﬁmﬂ% r‘aﬁ‘ﬂg‘aﬂﬂf‘%éﬁ% # F6n Sofn g ermlgdimgnle r obl ocks may.
be us ed th@nﬁ&ﬂobr&kﬁara a&sﬁg&{ed 50 as t0 minimize adjacent macroblocks being '
assrgned the same MBGIDS Alternatlvely, other embodunents may contemplate
assrgmng ad;acent macroblocks the same MBGIDs.
. [0045] Subsequently, the macroblock packet:zatxon engme 406 (FIG 4)
15 - creates discrete data packets and places the macroblodcs into the chscrete data
' packets accordmg to their MBGIDs in step 925. For example macrablocks with
the same MBGID would be placed into a common drscrete data packet.
Altematwely, the maa*oblock packehzatron engine 406 may be'a transport
_ -engine for placmg macroblod<s into a particular format for transport on a circuit-
20  switched network. Pmally, in step 930, the data packets anda plcture header
(mdudmg the mtra-macroblock map) are sent to the commumcatton buffer 408
- (FIG. 4) for transrmssmn to the remote vxdeo conference stanon 204 (FIG 2).
S 004 6] FIG 10isan exemplary flowchart 1000 of method steps for
- video error concea]ment when recelvmg video data accordmg to the present
.25 mventron In step 1005 the commumcatlon buffer 408 (FIG. 4) recerves '
' transrmtted data packets from the remote vrdeo conference statron 204 (FIG 2)
via the network 206 (FIG. 2). Then in step 1010 the macroblock packenzatron
engine 406 (FIG 4) de-packenzes the recelved data packets 1nto macroblocks o
_ Subsequently in step 1015, the macroblock reordermg engme 404 (FIG 4) orders
30 the macroblocks and piaces the macrobiocks in proper S'pahal conflguratron -
w1thm a Wdeo frame | - ' ' '
‘ ' .. 18,



~macrobl ock' s nmotion vector. 10 [0041] : Once the | ost macr obl ock’ 9 1"PE B Q5
vector is estimated, the -coding engine 402 (FI-G 4) notion conpensates the
| ost macrobl ock by using the - estimated notion vector to rebuild the |ost
macrobl ock' s data content. After the . data content of all | ost macrobl ocks -
of a giv _{,(ﬁ?gg is rebuilt; the coding engine. 7402 transforns

macr obl ocks 1nto"a video si gnal for displ ay on the di spiPﬁ §%“t§§{7| ce 302

" (FIG -3). Although illustrated wi-th only one .lost data packet, the present
* invention may be utilized to conceal errors with nuitiple | ost data

- packets . [ o171 FN@(t %e@chm&xgﬁpléﬁiﬁﬂl@uﬁmdés%@nmﬁomm steps for

video erro nt when smtting video data over packet sw tched
" net wor ksSt€P ;Q} rcigl‘fr gﬁbﬁ?%ﬁ@%ﬁ% ql?é%g%?d?‘%i FSOREe Oteent i on- In step
- 905, themlé&%‘%\%rﬁ?&taiéﬁeco%eﬁﬁ%dgﬁ%&ﬁéﬁrans%m??ep%uii?ﬁs Wdndeo | mage and

generates a vi deo signal Ne Ikn step 910 e cod g engine 402 (FI G
4) (al sowsbens) éete:m lhan}emct@blockapsmgehs wrdyocﬁa&rae faxr:rfrﬁssmgsm ssi on)

t he : d t f d i nt
i cdBstErlEo REEF IRt SRscieator VdeS URids ke At BB Toonpr L se
i nt er - cadedipieg vabiresissibA b thoaded dﬁﬁcﬁa‘%ﬂb@%ﬁr tHMnet@ Bk E(%mlf fation o.f

“intra-coded and i nter-coded.macrobl ocks:" I'n one enbodi nent of 't he

- inventi ciep @2%I1$éewwmfn@mUQMm%m$m&m%@ to in tra-code a

'--'pattern of obl ogks. us rou ed from'a set .
of pr ederf‘e?%bﬁggs & Slﬁgﬁ%gg the ‘31159{5?1)' Evice %ﬂ% (%Ie E’Yg?%%hgﬁt erval may be 3
- 0 sel eCtHwa@éi?ihﬂ@ﬁbg mgei@lmét@frﬁﬁte&%@mﬂ\e%&h%re&ﬁé&csbioa& Addi tion, the
coding 21 F'E B 2000 WD 03/.019939 PCT/ US026-i a77 engi ne. 402 conputes a

7 honddi f freisaimgi Biemthe d@@mom&edawﬂwﬂeeme Cfrdm@a@ﬁsmtreaﬂowdb&ianm acr obl ock.
100831 SURSEREN Koo 5] 8RRt BRSO, M R 52,
. macr obI @iﬂgﬁhe 402 may 1 use the mtra-macroblock map to deterrmne the coding type of '
. eac:h lost macroblock. ' RN '
| [0048] For example 1f the Iost macroblock i is mtra-coded as part of the
15 walk—around-refresh“ mechamsm then the codmg engme 402 replaces the iost
) macroblock’s content with the data content ofa correspondmg macroblock from
S a prevmus frame Altemahvely, ifa Iost mtra-coded macroblock is not coded as
' part of the” Walk—amund-refresh” i*nechamsm then the lost macroblock s content
" are spatially mterpoiated from nearest»nexghbor adjacent macroblocks Inone
20 embodiment of the present mvenhon the codmg engme 402 uses a two-
| dzmensxonal mterpolatlon to mterpola te data from adjacent macrobiocks (FIG 7)
| _' J [004 9] Alternatwely, if the lost macroblock 1s mter-coded ‘then the ,
_ codmg engme 402 eshmates the lost macrobloc_k 5 mohon vector by exammmg
B the motion vectors of adj acent macroblocks In: one embodlment of the
25 mventxon the motion vector is computed asa median of three nelghborxﬁg
E macroblocks motion vectors (FIG 8). ‘The cochng engme 402 then uses the
: K estn'nated motion vector to compensate for the data content of the Jost
_ .“macroblock by recons‘fructmg an estxmate of the lost macroblock’s data content
| "Once the data contents of the Imssmg macroblocks have been reconstructed the '

30 "macroblocks are dlsplayed by the d:splay dev1ce 302 in step 1025




- 51'n one enbodi ment of the present invention, the intra-macroblockg BB 2805
" coded usi ng either a run-1ength encoding nethod or -a bitmp encodlng met hod
based upon total. nunber of bits required to code the intra-nmacrobl ock map;
T 0044] Next, a macrobl ock reordering-engi-ne 404 (FIG 4) assigns each
'nacrobloqkugmmyBGUD in step: 920. For ‘exanple, the na&kg@ggﬁg% maybe 10
- assigned MBADs iii a pattern such as that. shown in A one

- enbodi ment, the macroblocks are assigned so.as to nininize adjacent

macr obl ocks I.pg. sighed the sane. VBG Ds.- Al ternatively, other

ertbodi nent s ﬁgbggbn@ gpion bashegn o Iﬁﬁﬁ{%ﬁf’é’ﬁt‘mﬁ’a‘@%ﬂ%@ks the same

MBG Ds e[x@% emrBubBRaIE Tt Witl bd Aeddm el BRLOAKIHBA NS A afdon engi ne 406
(FIG 4) gg@gées di screte data packets. and places the macr obl ocks into

© the di scraé’toé‘s callomRRRPE™a %H}emf?@ﬂ‘#@utmammmhwms@@p 925. For

" exanpl €, spaafa0llsesksofthd vediin. SarBeNVBE.RonauL 8,08 4Nto a con- non

discrete, data. packet. Alternatively; the“macro Ioc packetlzatlon '

7 engi Pe. A8 W%ﬁ%@?&h%&ﬁﬁrﬁnﬂ%tﬁ@mmm{ﬂm AgvinEEnati oekiri nt o a :

~in step”930

- parti CUlpﬁEnJuﬂrrﬁgbh‘f:ﬂfonE HARSRRAEd th@a?t"fffdlf'eéq%%g tﬁé’%‘ eﬁ%%g%{t‘ﬁ;"‘ﬂlg Finally,

dat a- packets an a picture
dintra- nﬁ%W@bDbéwﬁﬁhbﬁﬂaﬁewsbmﬂfdﬁﬁmﬂMen¢ﬁmnﬂmunaﬁmmﬂchubéer 408 (FIG 4)

~ for tra@§g% %ﬂﬂf conf atlon 20 FIG 2).
~ (0.0461 @1%%%%?%{ enp %ﬁ"ék%‘%& %W&& il}t‘éps for video
error cém@gahgén&:mmwnanédaumnggmmuda&dd@ﬂ xoB@ﬁ%&Qhagnb@ the present . 25.
|nV(-1|at| %?us&rag §t %B%Jt 05 rqsE_{S:icom"runl cati'on buffer 408.(FIG 4) receives
a c

Jtransm t 't #&*F-enpt e video conference station 204 (FIG
©2) .via the network: 206 (FI G '2). Then, in step 1010, the nacrobl ock -

packeti zation engine- 406 (FI G 4) de- packetlzes the received data packets

" into macrobl ocks. Subsequently in step 1015, the nmacrobl ock reordering

engi ne 404 (FIG 4) -orders. 30 the macrobl ocks And pl aces the macrobl ocks in

proper. spati al conflguratlon 21. FEB 2005 WO 031019934 PCTf US02126577 [0047]-

- Next, the coding engine 402 (FIG 4) decodes the macroblocks in step 1020.
‘The codi-ng engi ne 402 (functioning as a decoder) or sone other




mechanismrelated to a video data packet transform(e.g., RTP SeqU@ACEER 2005
nunbers) determ nes if any nacrobl ocks conprising the video frane are
mssing in step 1025. Macrobl ocks are lost if one or nore video data
packets are lost or corrupted via transm ssion of the video data packets.
over the network 206. If, in step 1025, it is determ ned that no
macr obl ocks are m ssing, then the racroblocks are displayed by the display
device 302 (FIG 3) in step 1030. However, if in step 1025, it is

detérm ned that one or nore macrobl ocks are 10 m ssing, then the data
associated wth the one or nore m ssing macrobl ocks are reconstructed,
based jon macselhekpooeksing vidddalatal songirBmel035. The coding engine 402 may
use the intra-macroblock map to determ ne the coding type of each |ost
macr obl ock. PEOd4BE crEne ok BrRsPBIng sach Kane oke vidae ﬁlémlgweqesatff magrgbloglfed as
part of the 15 “walk- - h™' mechanism then the codi ng engi ne
402 repl aces thgupggfu%%gggg?gg]bgakontent with the data content of a

cor r espondi ng meembbisk ogkdérmgmangae foreassignisg f nemblotkizesupddéntidiey (MBGIR) | ost
i ntra-coded macrobl ogk i. t ed a art. of the "wal k-around-refresh”
mechani sm thenﬁPﬁﬁiq%?bgﬁgg%%g@@%g“?a%%ﬁPg%Pna?gggﬂ%Fp Ily interpol at ed
f rom near est angic@bhek pacictiefivh cipiae @lphksy cabinobihe enctde® MaO@bIveKY inffa t he
present invention, the codi engi_he 402 uses a .two dinmensional

i nt er pol ati on th#ﬁ#%W$%ﬂEﬁ3éh%%9¥hpgéhﬁ MBeEAt namcrobl ocks (FIG . 7).

[ 00491 Alternatively, if the. lost macroblock is inter-coded, then the
codi ng, engiTAe sykin 8S41hIART, Sehetdi Me%&rmkqeéla@ﬂfﬁ%se@%i a9gerdiftrely

exam ning the notion vectors of adjacent macrobl ocks. In, one enbodi nent
of the 25 MRGH foqdjacerenpqsied gppciablacks. i s conputed as a nedian of three
nei ghbori ng macrobl ocks' notion vectors (FIG 8). The codi ng engi ne 402
then yses trijgs st bidkigr WO th\é%aiﬂg eh@né gém?d@ésqioﬁ-éifr§reﬁt%@1y%ﬁ&&leaont ent
of the I ost nmacroblock by reconstructing ah estinmate of the”l ost

macr obl ock metigawectors derteagh of thomewdedmactablacksovhielnissimgfiter-treledinssiabipck
racrobl ocks have been reconstructed, the 30 macrobl ocks are displayed by

the displ ayyd g%ite(ﬁ?ofo’ggim j,%vlﬁa}eqﬁ) fie YR roblock packetization engine places the encoded
macroblocks with different assigned MBGIDs into different data packets.

5. The system of claim 1, wherein the MBGID has a value from 1 to a maximum group
identifier (MGID).
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.

8. The system of claim 1, wherein the coding engine encodes a given macroblock of a
current frame as an intra-coded 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.
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WO 030019939 PCT/ US02/ 26377 . [0050] The invention has been expl aideFpomes
with reference to 10 exenplary enbodi nents. It will be evident to those
skilled in the art that' various nodifications may be made thereto w thout
departing fromthe broader spirit and scope of the invention. Further,

al t hough the invention has been described in the context of its

i npl ementation in particular environnments and for particul ar applications,
those skilled in the.art will recognize that the present invention's
usefulness is not limted thereto and. that the invention can be
beneficially utilized in.any nunber of environnents and inpl enmentations.

The Hor egThegystas6f dlfitd Qvhaftdn thcRWHiAg $n@ih€encddestd givadmycrobloclbér 4 egar ded in
an illustrative rather than a restrictive sense. 'Z 1 F EB 2006 21 FEB 2003

A syst em f 6VITHH Gams & Ayiniargededmpsrobloghif sisaiticgnt similydfies gxishhptwesnidgta
processi N eag %nfeﬁ MRrdBlock of Hg%ﬂrr%htgﬁr%ﬁ‘& 4l AR e t&fﬁll Lefe and to

encode the macrobl ocks; a macrobl ock reordering engine aSS|gn|ng a
macr obl ockn@pmbbcmémpnefnow frewBA D) froma plurality of I\/BG Ds to each
encoded macrobl ock; and a nacrobl ock packetization engine for placing each

of th%g”ﬁﬁégyss'f%%f)&él Clk%vl-fel%rgth@ cpll g%frl]gqy%] gﬁée%bféoc‘%ﬁﬂntﬁf@%r% & o the

MBd D. sten1o élarm K reordering engine
assigns a dmpmkmﬁﬁmuuhB@kﬁmtbnamﬂﬂoﬂmUnegnedédmmacrobIocks. 3. The system
of claim1, wherein the coding engine generates non- differentially encoded

nDtlon vectors coded macro i_nt &L coded
mcr ot ook L Sidh a8 e e S ERaRe SR Tad Pk R e bac | on
engi ne pl asgsctinhan éneadsgobl sakchab braok g whdtiodthftf @heates as‘camgﬂ@dnﬁ\éBGf Ds into
di fferent ata packets. 5. The systemof claim1l, wherein the MBA D has a
val ue fronP¥Sto a maxi mum group identifier (M3 D).

12, The system of claim [0, wherein the coding engine uses run-length encoding to encode

the intra-macroblock map.

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 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.

16.  The system of claim 1, wherein the coding engine of a receiving device decodes the

encoded macroblocks and detects missing decoded macroblocks.

17.  The system of claim 16, wherein the coding engine of the receiving device spatially
interpolates 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.
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6. The systemof claim35, wherein the macrobl ock reordering engineyq FEB_205
determ nes the MAd D based on video data rates. 7. The system of claimb,
wherein the macrobl ock reordering engine deternmines the MAd D based on
video format. 8. The systemof claim 1, wherein the coding engi ne encodes a
gi ven macrobl ock of a current frane as an intra-coded nmacrobl ock if
significant differences exist between data of the given macrobl ock of the
current frame and data of a closest nmatching offset macroblock of a
previous frame. 21 21 FEB 2006 9. The systemof claim 1, wherein the coding
engi ne encodes a given macroblock of a current frame as an inter-coded

macr ok ockThé sytcanbf d14iaNt6, $helcifihe tbifig 8xdind ofARs MBERING MeRice BdtinkdQ Li ven
macr obl ock of the current frane and dafa of a cl osest nmatching of fset
macr obl ockmetion vestenafggdvenmaissng depodqhmagpbloghbased en aiotpn veajprepbi n t he

ntr o codedasnt Ao BE HERGHEHER, MbophicPaith iRy OFY: olTRH b 4cokIHE
wher ei n t hmaciotllonk vernpétivg cenpedkation fre condenbBaefGrethlf oaleo rapr, ifthe givkrect | ng an

intra- bl ock i t hod, that t feyest nunber of
bi - 12, TSGR ST EPAT D it B i R bt RATeB e, uses run- | engt h

encodi ng to encode the intra-macroblock map. 13. The system of cl ai m 10,
wher eiif. t hEhe gaiengoknging witeasn thelmdcidilodkpacitiagibntdgink id 4 RansPBee eQdih®Ck

map. 14. The systemof claim 1, wherein the pmacrgbl ock packetizatjon engi ne
of a recei VIR el t@%@%&éﬁ%@?&t@@ﬂﬁ cetrdtede TeMPOEP gk partsulern

system of gdAhiol craidp6fi®hd &I IRALRRIRALk eor deri ng engi ne of a receiving
device orders the encoded nmacrobl ocks. 16. The systemof claim1, wherein

t he codi ng engi ne of a receiving device decodes the encoded nacrobl ocks
and d89-ect§W@%¢%PHE§@HWI%%%%P%R§$H&¢? steaeolSyst em of clai m 16,

wherein the £00i00 R8¢ Mndbr 4 el S6GIYS BhelfViniGoRBaAL! 2l 1Y
encoding the macroblocks;
assigning a macroblock group identifier (MBGID) from a plurality of MBGIDs to
each encoded macroblocks; and
placing each of the encoded macroblocks 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.

22.  The method of claim 20, further comprising the step of generating non-differentially
encoded motion vectors for each of the encoded macroblocks which is an inter-coded

macroblock.

23.  The method of claim 20, wherein the step of placing further comprises the step of placing
the encoded macroblocks with different assigned MBGIDs into different data packets.

24.  The method of claim 20, wherein the MBGID has a value from 1 to a maximum group

identifier (MGID).

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

video data rates.
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interpolates data of a given m ssing decoded nmacrobl ock from data ‘pff FEB 2008
adj acent decoded nmacrobl ocks for concealing effects of video error, if the
gi ven m ssing decoded nacrobl ock was encoded as an intra-coded macrobl ock.
22 21 F E B 2006 18. The system of claim 16, wherein the codi ng engi ne of
the receiving device estimates a notion vector of a given m ssing decoded
macr obl ock based on notion vectors of adjacent decoded macrobl ocks to -
reconstruct data content of the given m ssing decoded nacroblock via
notion conpensation for concealing effects of video error, if the given

m ssi pg. deqﬁgﬁ%fﬂm%rfgmxggk, fﬁﬁﬁer%ﬁﬁlﬂﬂﬁﬂg R K AR ¢ WRSIPDL:OF K, 19

The system o alm erein the mac k packeti Zatron engine is a
transport emigof@mat.or pl aci ng each of the encoded macrobl acks according to
the MB@ D into a particular format for transport on a circuit-sw tched

net WorZI? 29‘he #ﬁﬂ?)td%?glairﬁ 50,%]96?83 ﬁiergge V(%f%?(?mﬂl? { %rthgroco [ ir1 é: r}ﬁe g‘{%‘ _0? teps Of :
processing eac rame of “a Vi deo S|gﬁh 0 gé%era e macr obl 6cKsS,;  encodi ng
t he macr obknwidiig g sérgmadrgblackefcr cnbrenicliany mim inhteaddelinedcrdtB®iD) from a
plurality of G to each .encoded crohl ocks; an ci ng each of the
encoded méﬁ%ﬂi%a&ﬁff?rms ST el !da#a%%&eaglﬁ%vdpw@e@b«%ﬁ% B HREC MBGI D.
. 21. The neid@da 6f a SlbSstgi@hinWBEER nhckdbock 0P R pRIVIAS Hagilel Ng further
conprises the step of assigning adjacent encoded macrobl ocks a different

MBGA D.. 22. The net hod of claim20Q, further conprising the step of
gener 38i ng Themetiof o claim P& Whereip estpivaeqding Webergogprises thastep 6f t he

encoded magsoblQ vé’ﬂ”&h&é?oﬂléc%mlzﬂc%}r‘éﬁff?aﬁﬁ@% an'TREF-OReQGKacrdbtock fe Met hod of

claim 20, wherei'n The step of placing further conprises the step of placing
t he encodedigndicaisiniddcgicnexibi beividen detatof SediveradadviidGbdhsofithe aurdinf frament dat a

packets. 24..Th h of ¢l aism 20 erein the D has a value from|l
to a maxi rruann%l %-art%ﬁggélf)%gn a|I |m§rOf Wﬁ)ﬂ%]%%(.op BN HOU"6f claim 23, further

conprising the step of determ ning the Md D based on
29.  The method of claim 20, further comprising the step of generating an intra-macroblock

map identifying intra-coded macroblocks in a given frame.

30.  The method of claim 29, further comprising the step of selecting an intra-macroblock

map encoding method that generates a fewest number of bits.

31.  The method of claim 29, further comprising the step of using run-length encoding to

encode the intra-macroblock map.

32.  The method of claim 29, further comprising the step of using a bitmap to encode the

intra-macroblock map.

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 encoded

macroblocks.

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

macroblocks and detecting missing decoded macroblocks.
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r
conprising the step of determning the MAd D based on video fornat.?i¥¥3gwg
nmet hod of claim 20, wherein the step of encoding further conprises the step
of encoding a given macrobl ock of a current frane as an intra-coded
macrobl ock if significant differences exist between data of the given
macr obl ock of the current frame and data of a cl osest matching offset
macrobl ock of a previous frame. 28. The nethod of claim 20, wherein the
step of encoding further conprises the step of encoding a given macrobl ock
of a current frame as an inter-coded macroblock if significant
simlaplti ghefretidll oPelaWe 8, HAhG cBhnptlias Hov@dp dTREHRAY RkpBlatihh8atg BF 4 €Nt
frame and data of a closet matching o?fset macr obl ock of a previous frane.

29. The negivsd migsing decedegonacrehledirdrone datpof sdiagpnt desodedapacsebleeksdent i ng an

i ntra-macr i Lyl L 0L a- ! LV, frame.
30, The. meeRisanye Heliief Goiob bl b LR SRR bRk B oatRl

i ntr a- macr ebhwinka-codyl macoebeky net hod t hat generates a fewest nunber of
bits. 31. The nmethod of claim29, further conprising the step of using

ci'ai mi39, T EREeaRsHEm SPvigF e St b e e B SreveeRie he
i ntra- macr ghkn elssipiec@dd nifteob@ikiasedin mbadvedbrs dflidjdoeit deesdedi si ng t he

step of de-packetjzing the encoded crohl ocks., 34. The nmethod of claim
20, furt heMaERRIFFKSIPAEERES a8 CopteR & sﬂgertrﬁ@%éa‘&éede MAEPIOBK ¥idks. 35,

The met hod pQfiok l:@fhﬁ@n%@cionf 1UF EIREAIM@TREES bPGidEN & BRR: BlendRESHE BEJIBE
encoded macrobl ocks and detecting m ssing decoded mecrobl ocks. 24 2°i FEB

2006 36. Theciblogbivapfnaided ps 86intefgpdddanacseiipeki si ng the step of spatially
interpolating data of a

38.  The method of 20, wherein the step of placing further comprises placing each of the

video data rates. 23 21 FEB 2006 26. The nethod of claim 23, furtQ

encoded macroblocks according to the MBGID into a particular format for transport on

circuit-switched network.

39. A system for processing video data, comprising:

a macroblock de-packetization engine configured to receive a plurality of data packets,
each packet containing a plurality of macroblocks having a macroblock group
identifier (MBGID) and further configured to extract the macroblocks from the
packets;

a macroblock reordering engine configured to reorder the extracted
macroblocks into a predetermined order; and
a decoding engine configured to process the reordered macroblocks into a

video signal.
40.  The system of claim 39, wherein the predetermined order is a raster scan order.

41.  The system of claim 39, wherein the plurality of data packets include non-differentially
encoded motion vectors for each of the encoded macroblocks that is an inter-coded

macroblock
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gi ven m ssing decoded macrobl ock from data of adjacent decoded nacr ?%2$§w3
for concealing effects of video error, if the given m ssing decod ‘
macr obl ock was encoded as an intra-coded nacrobl ock. 37. The nethod of
claim 35, further conprising the step of estimating a notion vector of a

gi ven m ssing decoded macrobl ock based on notion vectors of adjacent

decoded nmacrobl ocks to reconstruct data content of the given m ssing
decoded macrobl ock via notion conpensation for concealing effects of video
error, if the given m ssing decoded nmacroblock was encoded as an

i nter Ztgpdeq“h%g&%l(ﬁcﬁah@g% m&eﬁegﬁﬁ%agﬁetg%ggym%%rﬂ‘)lb 81k QbmRbAci ng

further conprises placing each of the ™ enc macr obl ocks according to the
MBG D i ntoMB@HI) i cul ar format for transport on circuit-sw tched network.
39. A systemfor processing video data, conprising: a macrobl ock

do. ti . . . : : ¢ ket s,
cach aoker tE AT A Yt FPhbEHGEMERIDE Akt Sl ol | s BB REE C 01
i denti fi er idedBeI)MGIRY. f urt her configured to extract the macrobl ocks from

the packets; a macrobl ock reordering engine configured to reorder the

d bl | i.ned .oy der.; decodi [
cont | gir ed oot g acannE ML PRADTRE BRraTle Ve A Geo si gnal - 40

The system of claim 39, wherein the predeterm ned order is a raster scan
or der 4541. Thheystyns bfehniof 43; wdieraiBthe MEHED edrrespdiels pd avaleo formaf. dat a packet s
include non-differentially encoded notion vectors for each of the encoded

macr ol ocks., that is an.inter-coded ..nmacyobl oc 42.. The temof claim
To. " vABr of MU Sk SRRt a A e BB Qe ET I SR D5 The
system of @lagioblobk nvdpedeitiflyihf ertdYBGHEPmE@OIEIBCHsIn Yaiwea ffanem 1 to a nmaxi num
group identifier (M3dD). 44. The systemof claim43, wherein M3 D

corr e%ﬁ.o ndﬁ“hg gys%en\l/ Iog %l?ihrq %%,a W g;ei%' the intra-macroblock map is encoded using run-length

encoding.
48.  The system of claim 46, wherein the intra-macroblock map is encoded using a bitmap.

49.  The system of claim 46 wherein the decoding engine detects whether the intra-
macroblock map is encoded using run-length coding or a bitmap and processes the

macroblocks accordingly.

50.  The system of claim 39, wherein the decoding engine detects macroblocks missing from

the reordered macroblocks and reconstructs missing data,

51.  The system of claim 50, wherein the decoding engine spatially interpolates data of a
given missing macroblock from data of adjacent decoded macroblocks, if the given

missing macroblock was encoded as an intra-coded macroblock.

52.  The system of claim 50, wherein the decoding engine estimates a motion vector of a
given missing macroblock based on motion vectors of adjacent decoded macroblocks to
reconstruct data content of the given missing macroblock via motion compensation, if the

given missing decoded macroblock was encoded as an inter-coded macroblock.
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45. The systemof claim 43, wherein the M3 D corresponds to a vi dept fr@ingibs
46. The systemof claim 39, wherein the plurality of data packets |ncludes
an intra- macroblock map identifying intra-coded nmacrobl ocks in a given
frane. 47. The system of claim 46, wherein the intra-macroblock map is
encoded using run-length encoding. 48. The system of claim46, wherein the
i ntra-macrobl ock map is encoded using a bitmap. 49. The system of claim 46
wherein the decodi ng engi ne detects whether the intra- macroblock map is
encoded using run-length coding or a bitmap and processes the macrobl ocks
accor dihngl I rel he decodi ng engi ne
detec?g ga%%%%@' Es?ﬁiﬁg% #ﬁ%#é ﬁ%ﬁag% gfgﬁgn%croblocks gnd °

reconst r uct s rereB®igng pimtahty il dafﬁhpackylst eahoflate | packat Sntantieg @i plutdhiey @é€codi ng

of ad) acent  decBHERRERY sETOME I e R CE PR RSV Il ©

encoded as aﬂe@ﬁﬂ&ﬁmﬁgdﬁdm&ﬁﬁﬂgﬂkﬁm&kaZ The systenlof claim50, wherein
t he decodi ng engine estinates a nmotion vector of a given missin

macr obl ock b THE hDEFSH o) dBIBIUOLE 1B %@éﬁ#ﬁ%@é@@@dmﬁ?}ﬁmb@% thy
reconstruct datgngpﬁyﬁﬂglgé Wk BLME: h$Si ng macrobl ock via notion
conpensation, if the glven m ssi ng décoded macrobl ock was encoded as an

i nter-coded deedolgltheteor@@@dadrotiodds 2000dE3: a videretignadl f or processi ng vi deo
data, conprising the steps of: receiving a plurality of data packets, each
dat @ BACIKe e AN iR sl kil BacHRHARN A5 S SRP RaABRLPDI OCk havi ng
a macrobl ock group i Ter de-packeti1 zi ng € “encoded

macr obl ocks; reorderlng the recei ved macrobl ocks into a predeterm ned order
di f f ebént ﬂh@nwﬂh@cﬁ@hdaﬁ3iwhmmhwmephm@ﬁmefénapﬂébm@dmamndomdﬂﬁmﬂmgﬂyhe

reordered macr ks to duc i deo gnal netho aim
557 wher ei ARSHET pREE EFtoft B 45ty Br el o RBirouBtky WPGRITAS Meftodka 0
of claim Saacidbisicki n the plurality of data packets contains

non- differentially encoded notion vectors for each of the encoded

racr Ol%' o¢ ksl" he me%h dI osf cﬁetiml t eilerem tﬁe macroblocks within a particular data packet have a
common MBGID. '

57.  The method of claim 53, wherein the MBGIDs range in value from 1 to a maximum

group identifier (MGID).
58.  The method of claim 57, wherein the MGID corresponds to a video data rate.
59.  The method of claim 57, wherein the MGID corresponds to a video format.

60.  The method of claim 53, wherein the plurality of data packets contains an intra-

macroblock map identifying intra-coded macroblocks in a given frame.
61.  The method of claim 60, wherein the intra-macroblock map is run-length encoded.
62.  The method of claim 60, wherein the intra-macroblock map is encoded using a bitmap.

63.  The method of claim 53, further comprising the step of detecting missing macroblocks,
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macr obl ock. 56. The nethod of claim53, wherein the macrobl ocks w 2Hi PE®& 2005
particul ar data packet have a comon MBGA D. 57. The nethod of claim53,
wherein the MBA Ds range in value from1l to a naxi num group identifier

(M3 D). 58. The nethod of claim57, wherein the M3 D corresponds to a video
data rate. 59. The nethod of claim57, wherein the M3 D corresponds to a
video format. 60. The nethod of claim53, wherein the plurality of data
packets contains an intra- nmacrobl ock map identifying intra-coded
macrobl ocks in a given franme. 61. The nethod of claim60, wherein the

i ntraxpacr BB im0 LBy : . : I 0,
wher eiﬁﬂ'at hZﬂ%3 %%‘elrfha- macdrl% %ng naptclgglﬁgﬁggggds i s?fn%ﬂgalgf %nma ?I%réé:léﬁérﬁggnet hod
of cl ai m 58ivef unis$ieg ncammblacki frgmt dea sif exdjaént ddecedsdi mgemblskn gl hec gobh ocks.
27 21 FEB 2006 64. The.nmet hod of claim63,, further conprising the step of
spatial ly FvEgBiom Y Snaef s sfinfaroied Spragbhets ol ock 11 om dat & o
adj acent decoded nacrobl ocks, if the given m ssing nmacrobl ock was encoded
as anebnt r The acecbdnaed 4l 43¢ Kurtleb compsing tHeatkepodf etimiating 3 mdtishteetor of a

conprising the step of estjmating,a notion vector of a iven njssin
macr obl ockg’dﬁgeﬁlséﬁgnﬁ’ﬁ"@h{og]gcgfaég% & mjoRc &FOTrat 1% snlaﬁrogi"@]g%ﬁgt ruct
dat a cont eplcopfrubh@tdonBiht BT 818 IgRen FRSHAPMAGELIYEIRYITM IR cHRIpBRARGE, iffe | f

the given mssing macrobl ock was encoded as an_ inter-coded macrobl ock. 28
given missing macroblock was encoded as an inter-coded macroblock.
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