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transcoding of video data for real-time streaming and, more particularly, to

transcoding video data for real-time streaming in mobile broadcast
W plicea#dnl Background [0004] Efficient video compression iBAIBER2P{6/037948

many multimedia applications such as wireless video streaming and

video telephony, due to the limited bandwidth resources and the

variability of available bandwidth. Cerfain video coding standards, such as

MPEG-4 (ISO/IEC), H.264 (ITU), or similar video coding provide high

efficiency coding well suited R ch as wireless
Fidddoadcasting. Some multimedia data, for example, digital television

entations, | | a IR0, 1O andar :
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Improvements rate optimized codecs could offer advantages in error
resiliency, error recovery, and scalability. Moreover, use of information
Baghgnonimkd from the multimedia data itself could also offer additional
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scalability. Accordingly, a need exists for a transcoder that provide highly
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discussed briefly. After considering this discussion, and particularly after
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(e Bowmtheiieatures Riidiseonriamadiiven transcoding provides
[ (%%rovements for multimedia data processing apparatuses and methods.
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a transcoder that provide highly efficient processing and compression of multimedia
data that uses information determined from the multimedia data itself, is scalable, and is
error resilient for use in many multimedia data applications including mobile

broadcasting of streaming multimedia information.

SUMMARY
[0006] Each of the inventive content based transcoding apparatuses and methods
described and illustrated has several aspects, no single one of which is solely
responsible for its desirable attributes. Without limiting the scope of this disclosure, its
more prominent features will now be discussed briefly. After considering this
discussion, and particularly after reading the section entitled “Detailed Description” one
will understand how the features of this content driven transcoding provides

improvements for multimedia data processing apparatuses and methods.



received from another source, for example, metadata that is received with

the video. The transcoder can be configured to generate content
WOorZeiTHE8aN through a variety of different processing operatioPCTAUSEHI6/037948

aspects, the transcoder generates a content classification of the

multimedia data, which is then used in one or more encoding processes.

In some aspects, a content driven tradscoder can determine spatial and

temporal content information of the multimedia data, and use the content
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[0009] In some aspects, an encoder includes a content classification module that is
configured to calculate content information. The encoder can use content classification
for bit rate control (e.g., bit allocation) in determining quantization parameters (QP) for
each MB, for motion estimation, for example, performing color motior\l estimation
(ME), performing motion vector (MV) prediction, scalability in providing a base layer
and an enhancement layer, and for error resilience by using a content classification to
affect prediction hierarchy and error resiliency schemes including, e.g., adaptive intra
refresh, boundary alignment processes, and providing redundant I-frame data in an
enhancement layer. In some aspects, the transcoder uses the content classification in
coordination with a data multiplexer for maintaining optimai multimedia data quality
across channels. In some aspects, the encoder can use the content classification

/



error resilience (based on, e.g., content classification) can be effectively

combined through prediction hierarchy to improve coding efficiency while
WA robustness to errors. [0010] In one aspect a meth®dIgPS2006/037948

processing multimedia data comprises classifying content of multimedia

data, and encoding the multimedia data in a first data group and in a

second data group based on the confent classification, wherein the first

data group comprises a coefficient and the second data group comprises
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oM AP ARS8k goupcon
be Immmaspe&ay@qcbda@iﬁon, the method can include selecting the coefficient
from one of an original base layer residual error coefficient or an original enhancement
layer residual error coefficient, and calculating the first differential refinement based on
the coefficient and the original enhancement layer residual error coefficient. Encoding
can further comprise encoding macroblock header information and motion vector
information in the first data group. Encoding can further comprise quantizing the first
data group at a first step size, and quantizing the second data group at a second step size,
wherein the first step size and second step size are related by a scale factor. Encoding
can further include determining a first quantization parameter having a first quantization
step size for use in encoding the first data group, and determining a second quantization

parameter having a second quantization step size for use in encoding the second data

group, wherein the first and second quantization parameters are determined based on



includes encoding the first data group using I-frames, and P-frames or any
combination thereof and encoding the second data group using I-frames,
wWE2igMmesyoand B-frames or any combination thereof. [0011] IRGI{BH2646/037948
aspect, an apparatus for encoding multimedia data includes means for
classifying content of multimedia data, means for encoding the multimedia
data in a first data group and in a secénd data group based on the content
classification, wherein the first data group comprises a coefficient and the
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data, and an encoder configured to encode the multimedia data in a first data group and
in a second data group based on the content classification, wherein the first data group
comprises a coefficient and the second data group comprises a first differential
refinement associated with the first data group coefficient. The encoder can include a
bit rate component configured to determine a bit allocation based on the content
classification, and wherein the encoding component is further configured to encode the
selected multimedia data using the bit allocation.

[0013] In another aspect, a machine-readable medium comprises instructions that
upon execution cause a machine to classify content of multimedia data, and encode the
multimedia data in a first data group and in a second data group based on the content
classification, wherein the first data group comprises a coefficient and the second data
group comprises a first differential refinement associated with the first data group

coefficient,



multimedia data, and encode the multimedia data in a first data group and

in a second data group based on the content classification, wherein the
wWaizsodas&7gtoup comprises a coefficient and the second data REFUfH2006/037948

comprises a first differential refinement associated with the first data

group coefficient. BRIEF DESCRIPTION OF TIIE DRAWINGS [0015] FIG.

1A is a block diagram of a media broaficast system including a

transcoder for transcoding between different vid?,o formats. [Q016] FIG.

10834 is a BIGOREFadiSRTFbr AnPERRSSEY: A5igurBBliBERLolh MafiHRedgntent of
méléiacing @rayigalamentodroniitidatragiadnmadian eneogledsesant a second

data group. [0017] FIG. 1C is a bhlock diagram of a processor configured to
dafz e ﬁﬂ?ﬁ Fge&é?f&?‘[’éﬁiaéf‘ﬁ?fé?‘%s 6k ARabFSh BP S8R RpRIses 2
coeffibRitansandeeasibeaysitimpdomiisisds H00kDHHeremtisl aefimentbagiasciated
W‘Ifg% tr?tin he operation f‘(i)f.a arser used within the transcoder of FIG. 2.

BT SRR GO illustrating the operation of a decoder used
within the transcoder of FIG. 2. [0021] FIG. 5 is a system timing diagram
illustrating a sequence of operations performed by the transcoder of FIG.
2.[0022] FIG. 6] i ﬁé@@% ' é perations.
and functions %‘#Bf&f;ﬁ €3Sl tﬁi’ﬁ%ﬁ@%ﬁmlﬁ scoder of
- [0616). 2. [(RIER] EAG iy s BlddkcHidigrarofod aneelkerbpdadg Rtpspseandadiiding a

tratr?s%to%?%o?‘%r‘é%?é’od%;é"}%%”@%@ e%f%fﬁ scrd0ad] FIG. 8illustrates an
éexample of a classification chart that illustrates one "aspect of how
[08B6bciatifiGetiBiie abdociotimgraaludgsawithcodatenindlgssifldatmcof@02i]timedia

SRl R heargsneampancpeaion/saoen

C aSSIchatIOI’], suc oruseint coder o
[06b% diagi&s.ilasisainpthelmgemtionagfracetcomfidusetoasctaleussltimedia
ith the encoder of FIG. 7. WO 2007/038701 PCT/US211116/1137948 7

027] FIG. 11 is a flow diagram illustrating the operation of an exemplary
[08ion eElimaiads, sbbivkdlifagrameoiith thereplcodahofRiGealg0oRGkrRGiem of
pre? is @ flow diagram illustrating the operation of an exemplary mode

[0019] FIG. 3 is a flow diagram illustrating the operation of a parser used within
the transcoder of FIG. 2. '

[0020] FIG. 4 is a flow diagram illustrating the operation of a decoder used within
the transcoder of FIG. 2. ‘

[0021] FIG. 5 is a system timing diagram illustrating a sequence of operations
performed by the transcoder of FIG. 2.

[0022] FIG. 6 is a flow diagram illustrating a sequence of operations and functions
of a preprocessor that may be used in the transcoder of FIG. 2.

[0023] FIG. 7 is a block diagram of an exemplary 2-pass encoder that may be used
in the transcoder of FIG. 2.

[0024] FIG. 8 illustrates an example of a classification chart that illustrates one
aspect of how associating texture and motion values with content classification.

[0025] FIG. 9 is a flow diagram illustrating an exemplary operation for content
classification, such as for use in the encoder of FIG. 7.

[0026] FIG. 10 is a flow diagram illustrating the operation of a rate control, such as

for use with the encoder of FIG. 7.



decision encoder function, such as for use with the encoder of FIG. 7

[0029] FIG. 13 is a flow diagram illustrating an exemplary operation
WG 7&calability for use in the encoder of FIG. 7. [0030] FGT/143606/037948

flow diagram illustrating an exemplary operation effecting rate- distortion

data flow as occurs in the encoder FIG. 7, for example. [0031] FIG. 15is a

graph illustrating the relationship between the encoding complexity,

allocated bits, and human_visual quality. [0032] FIG. 16 is a graph

(068 trating S nbhifiddle ¥ ding B o ibr-Cnetssep A SK P Ay potion

estiRAFRNGUIH S TNGsprRABSEnendydENyEdirGdata that has been obtained,
received, or is otherwise accessible. [0034] F|G. 17B is a block diagram of

[0028]1tim E8% dAdSRrlPEy Steatarp obey e8I LRGEG A ARSGIE mode
de€igiBtEHROING PERCESS, YEUNLE i 0Re atiMBenltcdsrgrE@ion. [0036] FIG.
19 is a block diagram of a multimedia communicataj%%ns&ftem F%903,7 Fi

(08294 a disianriiish iRy (HeSAGarPEIEHs 4% 8P SRFIA" egé"ﬁng

scAabiinEesnest layhe ancoadagaiayer. [0038] FIG. 21 is a diagram

illystrating the alignment of slices.to video frame boundaries. [0039] FIG.
OB & DI dehes T PR L REHARS FIoFaF R TS GG e g ate-
dipeocesdita\ilsliagy actits sir éditenacdetfi@. Of, éncadinglenultimedia data
ed o content informatign. [0041] FIG. 24 is a process flow .
L A A O e S T
cotgiltioyatladesdbise dudh leondanti satdranalion level. [0042] FIG. 25 is a
hic i rating a saf tion area and a safe title a aof a frame of
0B ook AT i e Ao DR R MR R AR
[0@33]ata. [PDE4] FAGs 2 lisva dirgrassi fostradiagrprocihssigmdtanerbz dssadhat has

enc%géln dmultlme ia data f#lésrl\rxllgsadg th(ﬁ) ntra refresh based on

beﬁr]lu?tlme g Conten 1rcl’trolrsrr?§ on. ﬁ)?) ﬁf . 28 is a process flow diagram

[00&dtratinfl&rptdBessadfl eric daiggrmudlt medlianddia arsivdj re dpsidamnt |
T B, B oo B LA g et i88 et sing morion
esgomperisanipansatitors between a current frame and a previous frame

[OM%F an dP?é.uféqgtaqug& éﬁ‘ir%rﬂ%’{’g RIREMYN communication system.

[0037] FIG. 20 is a diagram illustrating the organization of a video bitstream in an
enhancement layer and a base layer.

[0038] FIG. 21 is a diagram illustrating the alignment of slices to video frame
boundaries.

[0039] FIG. 22 is a block diagram illustrating prediction hierarchy.

[0040] FIG. 23 is a process flow diagram illustrating a method of encoding
multimedia data based on the content information. 3

[0041] FIG. 24 is a process flow diagram illustrating a method of encoding
multimedia data so as to align data boundaries based on content information level.
[0042] FIG. 25 is a graphic illustrating a safe action area and a safe title area of a
frame of data.

[0043] FIG. 26 is a graphic illustrating a safe action area of a frame of data.

[0044] FIG. 27 is a process flow diagram illustrating a process of encoding
multimedia data using adaptive intra refresh based on multimedia content information.
[0045] FIG. 28 is a process flow diagram illustrating a process of encoding

multimedia data using redundant I frames based on multimedia content information.



[0047] FIG. 30 is a process flow diagram illustrating shot detection. [0048]

FIG. 31 is a process flow diagram illustrating encoding base and
weparNs8ment layers. [0049] FIG. 32 is a schematic illustratin§ €HEiSa0A6/37948

macroblock. [0050] FIG. 33 is a schematic illustrating modules for

encoding a base layer and an enhancement layer. [0051] FIG. 34 shows

an example of a base layer and enhatcement layer coefficient selector

process. [0052] FIG. 35 shows another example of a base layer and

[0048hancefiEn 2R UHsHa s ARatie RUTBICAT 8RR S B IER PR B eA gt frame

an@@?i@@fo%§qmﬂ@m hase bayrmandaphaocamarthayemManefficient
selector égrocess. [0054] FIG. 37 is a process flow diagram illustrating

[0047¢ odind e 4iRTasess HaBet BB itBISHRiBARRNIPT6H8R] FiG. 38 is

[ooagjagramdiusinating popsibiasysem degisiansiiaraimersacoaiaginbase and
process. [0056] FIG. 39 illustrates boundaries in a macroblock to be

enhAnGRIReRY 18¥§Eblocking process. [0057] FIG. 40 is a diagram illustrating a

[0gE®Atio-tep1oora Heinigrating Prageshg[8Qbdlid & nbtilblkickies an
example_of 1-D poly-phase resampling. [0059] FIG. 42 is a flow diagram

(OGRibrmar G BT DR B BROLIE S AR St o ond an

enli@f&Qhéhigsneled that, where appropriate, like numerals refer to like parts

throughout the_several views of the drawings. DETAILED DESCRIPTIO
1003bb.1] T olShiRdS AT AETHIGSh 1 QPR LRLERE: eal layer

N aspects
cosliseieasecldotahjpatisaiosure. However, the invention can be embodied in

ultitug f%ff rent ways. Reference in this specification to."one
m@é{?eet" r?cgn s%%‘f‘sn%é/tnﬁse that e %%rﬁ?:u a'tr)%%%?&yg’r S%Plﬁ{::tedlr}g,mocre ment layer
co¢ffimiantaakitcod psardsed in connection with the aspect is included in at
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co¢fificdemeadsigectgomessarious places in the specification are not
[Oﬁ‘gfﬁjﬁxﬁygs lé;/ii%rgn cggetsgetfc?v(/n %i%;? ek tﬂi‘u%&%ﬁ%é %B@B%E%go "ultimedia data
based on content information.

[0055] FIG. 38 is a diagram illustrating possible syétem decisions in an inverse
telecine process. |

[0056] FIG. 39 illustrates boundaries in a macroblock to be filtered by a deblocking
process.

[0057] FIG. 40 is a diagram illustrating a spatio-temporal deinterlacing process.
[0058] FIG. 41 illustrates an example of 1-D poly-phase resampling.

[0059] FIG. 42 is a flow diagram illustrating an example of adaptive GOP structure
in video streaming.

[0060] It is noted that, where appropriate, like numerals refer to like parts

throughout the several views of the drawings.

DETAILED DESCRIPTION
[0061] The following detailed description is directed to certain aspects discussed in
this disclosure. However, the invention can be embodied in a multitude of different
ways. Reference in this specification to "one aspect” or "an aspect" means that a
particular feature, structure, or characteristic described in connection with the aspect is

included in at least one aspect. The appearances of the phrase "in one aspect,”



mutually exclusive of other aspects. Moreover, various features are

described which may be exhibited by some aspects and not by others.
WESHOTA$7Marious requirements are described which may be PEGURISA06A37948

for some aspects but not other aspects. [0062] The following description

includes details to provide a thorough understanding of the examples.

However, it is understood by one of o?dinary skill in the art that the

examples may be practiced even if every detail of a process or devi

“acsArEingPINE AR B IECRIRESST il s %s?a}ffﬁiaéwn are

notSHREbIsAH1 GUMReRents: Rhbe sRewRpt Dlack seaepmathat dtengitive aspects
illustrate every electrical connection or every electrjcal element, of the

B GRS O RIGPHET (5 e e B TGS Ea GRS i

ma@@@éﬂﬁﬁﬁﬂé@% SHIGB SPYN9BRA BRI BB iH008 pdeidnyts are
e shown in detail to further explain the examplelﬂgt [0063] The present
desgrabros R AV E B SR SAG SREF I ARG L AR Eus and
[00&EthodsTuRINSIRsent indeserim ofilomaesitinedia data pen@enaodbdrough
"Content information” or "content” (o &fthe mul medla ﬂ?{] are br 1
AR 6 PRI PR o 1S ERSREAD STy in
theCa Thalvele cfahpieding, begiasdiial evelrifseoatgulatsit dfcmptheess or dev1ce in
multimedia data and cont nt rela d mi rmatlo assomalr:ed with one of .l
anrﬂ’b‘?’é’?ﬁ%t?ﬂbgsk’(??teksaﬁfﬁl fﬁ%g o B Bntert. iFtGMRATIoN
co@@ﬂ&t@rmﬂge&t@mﬁnﬁoﬁm@r dieyamm echbylamen a:mmﬂatde@mnylm@pctﬁcal
on the partlcular pplica The c nt mformatl hcan be us
CORREFNCRBE ST %m? 3 Keme é’%rétt‘c(}e ifgTRC l? ing scrgﬁlerclz to &Scure the
exglapdesion vieragssal praaedsity, oﬁmahnstmmpmrahmcx&nmdmms)mther structures
sampling, determining,bit rate uanjiza ility, error
anﬁ? tgﬁ%ﬂ%e %tg?nslﬁa%np w?lda niﬁ ﬁ%l%eg Guahty tgl?:%gés%b??gela%dcast
[0063InnelsTanbfastnthdisakissveitahlaigs Uelrtg)mmeikmg reredofghesé transcoding
aspects, g transcoder. can ol rches rate Rrocessi |
ap roguce eao i (?elastlené 8?1%03t gdt = me fs (Fata gegﬁﬁ)g%%zﬁglng f¥ncoded
CbgwmsmﬁJmmmlmat’ des&rdn@hﬁr@fdhmglakpacfeacéﬁaélw beoagitivableesning

inf3neghod ects aﬂﬁ deccegﬁ@ @?ﬁleho @TQ&&% saé\%@@{uﬁlple

SI’ ales ransco Ing from one rmat to another, and
mamﬁtcm@mmwdmfeqma@qsaiaﬂnglmmam@umgqmpmeelztwﬁmﬁqmauon

asSiiangeds scalable Higad format oy, Lansmission QYSI iRIgss Shann@¥nent
0 'mo |Ie ewces |Ifnstrat|veo $dome aspects. However, the description

infoftratiscedinge MII@EI@%Q Widecets 04BN nieraiked Soinerrisadss, |#pigRging on

th%)hr?ealst?(?iigrOf | ?c!ﬂl VXQH%QP (S EIN Y gzy ngg‘%fgg:&]f@p'ﬂsc?%pé&s of

tis mere xemp ary some aspects of the invention. The disclosed
mppadiugiatadencoding, including scene change detection, temporal processing,

spatio-temporal noise reduction, down-sampling, determining bit rates for quantization,
scalability, error resilience, maintaining optimal multimedia quality across broadcast
channels, and fast channel switching. Using one ore more of these aspects, a transcoder
can orchestrate processing multimedia data and produce content-related encoded multi-
media data. Descriptions and figures herein that describe transcoding aspects can also
be applicable to encoding aspects and decoding aspects.

[0064] The transcoder apparatus and methods relates to transcoding from one
format to another, and is specifically described herein as relating to transcoding MPEG-
2 video to enhanced, scalable H.264 format for transmission over wireless channels to
mobile devices, illustrative of some aspects. However, the description of transcoding

MPEG-2 video to H.264 format is not intended as limiting the scope of the invention,



methods provide a highly efficient architecture that supports error resilient
encoding with random access and layering capabilities, and can be
W plicesi®to transcoding and/or encoding video formats oth@CH&R{2006/037948
MPEG-2 and H.264 as well. [0065] "Multimedia data" or simply
"multimedia” as used herein, is a broo?@ term that includes video data
(which can include audio data), audio data, or both video data and audio
data. "Video data" or "video" as used herein as a brqggd term, referring to
bu 3 TS A EXFBIER 95308 ARECS RISV RROBnd B é&@?ﬁ%&%@us and
meiBlsie broeifisenaagy istagRa: cotisiingdakhtivipperirieroatiesilid/encoding
) @dio ata, and can 43 used to retéaé,to multi ediagdata é? ,the terms g
il AR R TSGR R EPRA GPRESLI e RS L BE RN GG 0 Tanscoding
andDesefibwiingelideaferaxaniles b ViDES D anddiR6 of wdilanscoder and
examples rocesses that can use content information, for encodin
“’Qﬁ%ﬁtimediﬁ%ﬁl&?"fg@é‘%ﬁ%&{ SRR tm&éﬁamam& £ P s 1599 form
thasafedudspetds®tiatantwiiiciecia dadndy aadiaghsystentid datdnos)isignvibdao, data
myltimedia ¢ royider 106 .communicates encoded multimedia data.
ond G s AR 8 cHEGRod e ik TEUFS FATLIA Bye t
frathe-trasedcod efidldo; vakédh ¢racesbeh thecdéntediaod at@rtOdmagesaoy related
se rplgrlltci&e .%ndlg tgsincblrﬁglk 1Jf110t' -)Ic-p elﬁgocestsoilr_lrg i{}ob'%%‘é/%%%&j 169 ig Afcan be
5558 (e BRESHT Mulitedia da agfolﬂ, And further processes% é
usex Ltidimeeliat ol ata ] tionp digp aleai t(fog. e oo ting s rtan o teed forterh dfigeably) unless

othdec<13§jeesol é@t{lti{pedia data is provided to block 112 where the multimedia

Ata 1S ancoded to a predetermined multimedia format or standard. Once
[0aReImultiiesiitintatb¢law beesemplde df atabioek domponenty @bz dthfe¢oder and

ransmission, Vi , irel - |
< B B Bl
[08@he aspeksts, HAeivddenke diaguitimBlisirdting 104ddiadloveniepomdetbpects of a
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comnayni¢ ey snendedd njoliBegdiGdaB k04 biock diagserdat 3M0ransBedercoded
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112 of FIG. 1A. The transcoder 130 can be configured to receive

datmUfHnistherattadEowdeadhanparetoehel MultihedieoeRianats plaskelidedecodes
angI MERAY SRS (RrmSHPIHES, ﬂ\MC,I '&d%fﬁfé@tﬁr(;g@%’ésvmgﬁnﬁtgnedia data

ta, and presentation time stamps), encode the into a desired format,

to arPolifie eneediag interareihen Apfapdsrobees dpeg dndirankimediadaters provided

to tARSEOder . 80:caMm Do ARIRHIS hith QR0 IE 7D :bredetermined multimedia
PCT/tJS211116/1137948 11
format or standard. Once the multimedia data has been encoded, at block 114 it is

prepared for transmission, via for example, a wireless broadcast system (e.g., a cellular
phone broadcast network, or via another communication network). In some aspects, the
received multimedia data 104 has been encoded according to\the MPEG-2 standard.
After the transcoded multimedia data 104 has been decoded, the transcoder 200 encodes
the multimedia data to an H.264 standard.

[0068] FIG. 1B is a block diagram of an transcoder 130 that can be configured to
perform the processing in blocks 110 and 112 of FIG. 1A. The transcoder 130 can be
configured to receive multimedia data, decode and parse the multimedia data into
packetized elementary streams (e.g., subtitles, audio, metadata, “raw” video, CC data,
and presentation time stamps), encode the into a desired format, and provide encoded

data for further processing or transmission. The transcoder 130 can be configured to



provide encoded data in an two or more data groups, for example, an
encoded first data group and an encoded second data group, which is
WO Te8BI01as layered encoding. In some examples of aspec®THE2006/037948
various data groups (or layers) in a layered encoding scheme can be
encoded at different levels of quality, and formatted such that data
encoded in a first data group is of a iblver quality (e.g., provides a lower
visual quag%/ level when displayed) than data encoded 1n a seco%%g ta
proyide gneodedipisiniam 19 BIJR0E 481 ST RS A8 SN g 4 8 At E‘éﬂ data
grobpfigraa kiR oHaNseasiRl stimedin daidhapdgandaacaniigyead encoding. In
perform a portion or all of the processing depicted in blocks 110 and 112 .
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enGdsdelish b 9t SIFR A of &0 SR BRI iy RIGVISTS 4 oM, YISl gality
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encoded in a second data group. 70], The.transcoder,1 rth
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to B AR S SR Ty d 2 i 28 B b EAY diSugh another
depiecaize prooatsin el thalseiincaddsenirptementationy herdwerk)6safnfigrecd to
coﬂrml\lll\{?r%emvslzgt Ie(yrvléaref rHllcggcgedVel!ée%r &Q rﬁglmcglr%ﬁ«go 3@@5?0%21’4:18': including to

E’)?&m[ﬁe, a parser, 8e008er, preprocessor, or encoder may be standalone
reczdvepankitedindarperatan asdvatdwareddiniwarsnohidslela@rennoded in a first
dagaomggngn fa angrgggcﬁéjf ¥1’|103e ‘s&:ror?c? dra%) lgrryl? tﬁ‘g g%nqgl%%ﬁ 806 as ects, the

Coftnare iiat is’executed on a processor,’or a combination t ereo? V\?hen

vatinpisinergehjs $offapres) mm@pdﬂdmgbcmnigwmwd at different
le RIS BT de 0r ¢ode 58 @@&E%‘Mﬁé&?&&ﬁ{@%@%@ﬂ&?&;@asgggg%a lower

ssifying and encoding processes may be stored in a

quediayléble, pedides sloveaysustoragtylevel mhen shebaseghidan iy encoded in

. J& Be(isgar}%agl%rlrl%qedure, a function, a subprogram, a program, a routine, a
subroutine;a module, a software package, a class, or any combination of

[0076F uctiohbe deanssadrstid®, aor theopreprrsessembifis(canddgirag dor transcoding)
co%%%ﬁa%%@ Zh%%egp, IAH %?c;lcje%ge@ %&%Z\%‘éﬁ therein, can be implemented by hardware,

software, firmware, middleware, microcode, or any combination thereof. For example,
a parser, decoder, preprocessor, Or encoder may be standalone components,
incorporated as hardware, firmware, middleware in a component of another device, or
be implemented in microcode or software that is executed on a processor, or a
combination thereof. When implemented in software, firmware, middleware or
microcode, the program code or code segments that perform the motion compensation,
shot classifying and encoding processes may be stored in a machine readable medium
such as a storage medium. A code segment may represent a procedure, a function, a
subprogram, a program, a routine, a subroutine, a module, a software package, a class,

or any combination of instructions, data structures, or program statements. A code



12 segment may be coupled to another code segment or a hardware
circuit by passing and/or receiving information, data, arguments,

W 2081088693, or memory contents. lllustrative Example of a TRGEE626/037948
Architecture [0071] FIG. 2 illustrates a block diagram of an example of a
transcoder that may be used for the transcoder 200 illustrated in the
multimedia broadcast system 100 of iG. 1. The transcoder 200
comprises a parser/decoder 202, a preprocessor 226, an encoder., .

se gk BN PR PRI dperanthey GRS RT BeRArAvHHE t?gﬁggo rpassmg

and0Pri%PAREAHISHRA BRSO RRLINGITR) PiemPhéhs sawidmeea:crteats04
for one or more aspects of the transcoding process, as is described
herein. Content information can be obtained from a source external to the

NIJ689650 M8GLAR % BireUgimseutibnadihifaetadata, or calculated by the
transcoder, for example, by the preprocessor 226 or thf encoder, 22
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thdomammwmmnahwemureywuﬁ efirsly st leofcotiogeB9 81 sedtiebpaay not be
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preprocessmg until completion of re-encoding at a time Tf 508. [0073] The
[06Z2scod#IG00 déettritterd hereing dirpramortigueerdhiralaibistation gariegporal
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200. As shown in FIG. 5, encoded streaming video 104 (encoded multimedia data),

such as MPEG-2 video, is first received at an arbitrary time zero (0) by the parser 205
(FIG. 2). Next, the video stream is parsed 501, demultiplexed 502 and decoded 503,
such as by parser 205 in combination with decoder 214. As illustrated, these processes
can occur in parallel, with slight timing offset, in order to provide stream output of
processing data to the preprocessor 226 (FIG. 2). At a time T; 504 once the
preprocessor 226 has received enough data from decoder 214 to begin outputting
processing results, the remaining processing steps become sequential in nature, with
first pass encoding 505, second pass encoding 506, and re-encoding 507 occurring in
sequence after preprocessing until completion of re-encoding at a time Tr 508.

[0073] The transcoder 200 described herein can be configured to transcode a

variety of multimedia data, and many of the processes apply to whatever type of



13 multimedia data is transcoded. Although some of the examples

provided herein relate particularly to transcoding MPEG-2 data to H.264
WQ2087/38%H examples are not meant to limit the disclosure toP§{kzHS2606/037948

Encoding aspects described below can be applied to transcoding any

suitable multimedia data standard to another suitable multimedia data

standard. Parser/Decoder [0074] Relf%rring again to FIG. 2, the

arser/decoder 202 receives multimedia data 104. Parser/de¢ 202
e i SRSV AR DD S B ARFSLcifiherom relae

parfidtimedindataddidoantperseniheodatzentina, idee ekarﬁpretﬁﬁyeaimamam to
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traediah iRy asingle vidamwdalditensaded tE(uheK&ﬂnpl&tablmdeﬂtﬁ&ma data
comprises the video data for a sequence of data, including the sequence
stapdatder and all the subparts of the sequence. A packetized elementary
stream, or PES, consists of a single ES which has been made into
packets each typically starting with an added packet header. A PES
ains only one type of data from one source, e.g. from one
[007'4‘]30 or Raﬂdﬁlﬁg(xgdﬁf t(PEE}pa,CkBéSphw&/&émﬁhieZm}gih@meﬂ multlmedia data
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header can be placed at the beglnmng of a transport packet payload, immediately

following the transport packet header. The remaining PES packet content fills the
payloads of successive transport packets until the PES packet is all used. The final
transport packet can be filled to a fixed length, e.g., by stuffing with bytes, e.g., bytes =
OxFF (all ones).

[0075] The parser 205 communicates the video ES 206 to a decoder 214 which is
part of the parser/decoder 202 shown here. In other configurations' the parser 205 and
the decoder 214 are separate components. The PTS 210 are sent to a transcoder PTS
generator 215, which can generate separate presentation time stamps particular to the
transcoder 200 for use in arranging data to be sent from the transcoder 200 to a
broadcast system. The transcoder PTS generator 215 can be configured to provide data
to a sync layer 240 of the transcoder 200 to coordinate the synchronization of the data

broadcast.



[0076] FIG. 3 illustrates a flow diagram of one example of a process 300
that the parser 205 may follow when parsing out the various packetized
W@RMTERRIO streams described above. Process 300 starts at BAEK3026/037948
when multimedia data 104 is received from a content provider 106 (FIG.
1). Process 300 proceeds to block 304 where initialization of the parser
205 is performed. Initialization may t}étriggered by an independently
enerated acquisition command 306. For example, a process that i
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timing process (e.g., for achieving a desired acquisition duration) so that the i incoming
multimedia data is passed into the appropriate PES buffers. As a result of processing
the multimedia data in block 310, a program descriptor and indication of the PES buffer
‘read’ are generated, which will interface with the decoder 214 (FIG. 2) as described
hereinbelow.

[0079] After block 310, the process 300 proceeds to block 314, where termination
of the parsing operations occur, including generating a timer interrupt and freeing of
PES buffers consequent to their consumption. It is noted that PES buffers will exist for
all relevant elementary streams of the program cited in its descriptor such as audio,
video, and subtitle streams.

[0080] Referring again to FIG. 2, the parser 205 sends the audio ES$208 to an audio

decoder 216 for corresponding to the transcoder implementation and provides the



15 encoded text 216 to the synch layer 240 and decoding of the audio

information. The subtitle information 212 is delivered to a text encoder
WQ2Q)70#33ed captioning (CC) data 218 from a decoder 214 isP&£a/S2006/037948

provided to the text encoder 220, which encodes the subtitle information

212 and the CC data 218 in a format effected by the transcoder 200.

[0081] The parser/decoder 202 also IRcludes the decoder 214, which

receives the video ES 206. The decoder 214 can erate metadata,
encadsd oA it b Bkt b E SRR AN e pSiadRiERstion. The

sutﬁiﬁ@“ﬁﬁ*@fﬂaﬁ%ﬁmz Mo daivatiele 22 4eoEnesasnpieoin tandardagebnitignCC)
format), rocesses the video closed captioned daé% é he video ES

dataipd§ om ceflel 21drsWsamiawdad geaht SR FAERAYD Aele MHERENSPEes the
suwgﬁmmrﬂsm gsﬁﬁ%&% ihatcerile %mfmmﬂmhwfeedamﬂpﬂmﬁanscoder 200.
rocess starts with jnput of a video elementary stre

[005ibkc 403heRatarEEecedsn it ctee ity FURE ALY %@&85&8&?”“ the

v1d£]lcbt|EEij06|nl%ltzaél&m&‘fﬂwlm@Md%@émmbméaﬂtﬂsk'&smﬁhﬂehlnglﬂtﬂet@dﬁmrdata,
of a video sequence header H rforming first pass VSH, vid

decQds ete o8 VA6 Eﬁgif() ﬁ‘éxéﬁgﬁ%%aﬂ oSHEE R Iffd?ng ides g4 (for

exdafpnaticelaidriasiasiiandomalr)x agkfioents}, ﬁi&dvaikcmalmgdjeupnoned data
buffers t%dg ectively buffer the decoded picture, associated metadata

in e 1468 &P SH58Bh (CC) data. Additionally, the video PES buffer “read’

[008X)rmatiBIG4 @G oo deﬂ:bbychtagrpmrﬂmmﬁng iUt @nplandfielleznding process
oSS O Rtk 1001 I, RO Pl

procee S tO
elapioc@sgisteeamttdety 2e® 4 Blislpdotbribe Ilnyocths d60quecztd tdviaivck 404 where

sing includes polli deo PESb rre r r.
o R SR AR BRI PR TR nane
derntiGtofing pixekdatanat hmtime(ﬁ&ﬁ)dpﬂémyngtfrm 2isg \(Babm&ealeequence
nerati et data_and storln |ct re C
B S DR AR S S8 ARG P imars
anprmaassineeA8dnc)des ginertitipriah sedieente tsperiprols, idtksdbe decoded
icture buff rdes plors d e tor d
r T A PR RO R o s
bufiiceats tofolooiktibh2406 g vidpd ffgriths paeseni2lich ppy¢dsss- Twélch can be

clermination process AN pclds dgipfining termination conditions,
el ichig o

heludin new data occurring for a particular duration above a
[0@83Hetermiftedithtiedizetihndetelvek 904, sbgupivceserPBoproceedidp block 408

witSeROm A SXGL t@gﬁ@%&&%% PHRIRIBY RN IQSERS 930, Main

ur herinc freeing dec icture, associated métadata, and CC
proessbgfiaciidensudienths tidnocBRS M EGrByR information or “interface” for

new data availability, decoding the video ES, reconstructing and storing pixel data at
picture boundaries synchronizing, video & a/v generating metadata and storing at
picture boundaries, and CC data storing at picture boundaries. The results block 410, of
the main processing 408 includes generation of sequence descriptors, decoded picture
buffer descriptors, metadata buffer descriptors, and CC data buffer descriptors.

[0084] After the main processing 408, process 400 proceeds to block 412 where it
performs a termination process. The termination process can include determining
termination conditions, including no new data occurring for a particular duration above
a predetermined threshold, detection of a sequence end code, and/or detection of an
explicit termination signal. The termination process can further include freeing decoded

picture, associated metadata, and CC data buffers consequent to their consumption by a
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described below. Process 400 ends block 414, where it can enter a state
WQRHANIFfor video ES to be received as input. PreprocessorPfOU852064(G37948

2, and in more detail FIG. 6, illustrate a sample aspect of a preprocessor

226 that can use content information for one or more preprocessing

operations. Preprocessor 226 receivi® metadata 222 and decoded "raw”

video data 224 from the parser/decoder 202. The preprocessor 226 is
DroBEIRELEABARBTEECPELTH +y P10 R D BFRALA AL A2 e 2

sta@ hatMe ReaiaeBFicberReidearacagsed multimedia (e.g., base
layer reference frames, enhancement layer reference frames, bandwidth
information, content information) and video to the encoder 228. Such

Prgggggéggggssing of multimedia data can improve the visual clarity,

ti-aliasing, and_compression efficiepcy of the data. Generally, th
1008 prondiobr 32698 BT Sahioiodt OHER b HEEctiErs, £ 2

prefprdbesiiT sed aadeimn? @deandmtey eifsrietidd eforseneiancasoirtpreprocessing
progressive video sequences for further progessing (e.g.,,encogding) by

oD o HPER T S GBS B et DU DR i o V0 tata 224

frofO g peecbiRlcboMBLIZ0RS TR giomsciishiodg ivesadigatedine perform certain

deinterlacing, filtering (e.q., artif emoval, de- ringing,,de-blocking, and
VDS PTGV T B B A AN R B A A A e {10Cessed
mudtanetisd (@gfintine thRuattrdficedrinephmshAncanéQViaye)), rafwle@® Arames,
structure generation (e.q., calculating complexity m eneration ne
baR e S A R S ULREL AT B e SleHatt 3381 such
prep2éeesyingsefmetdidmtalfrodatheatedogeoto dffectiorrd olantprefithésing, and
repracessipg. operations. tadata can,include inf ion ing. .
Cmg‘gggcsﬁbolﬂg?%gg € acsséiﬂ/ﬁ?lgeth%a%(int%e;ﬁ?%r ry?/é F#ﬁlnpr%eggég% gélc% '%é(?r}mjt%%ltk%s video
seqnéatesapiaijicihbpaticidesdae2ivbtadatpamaridehoder2@@datshtonverts the video
classification. In some aspects, the metad e i 0 .
sediEeRs I, Biretie diaes e EncelBe RAED A BAL (B L OBiEBling) by
thepeeproec22fyr RP®oanabpectniitupesptocdster?itecan hteertififpned fionngmprous
use the.conptent information for prepr ng ' a ' )
R o
ringiagn digr Waekime sentke daspésigthegraly deessepaizd wanlugensderyn-sampling
content in ation to i n P tioni j i
AP Hleoes B0 IR, daeg BRPROF S
geventinuricgtedaowatiogeoeiaplenity 20017/038T8HoRCSFANS Zhangs detatipgg and

fade/flash detection).

[0086] The preprocessor 226 can use metadata from the decoder to affect one or
more of the preprocessing operations. Metadata can include information relating to,
describing, or classifying the content of the multimedia data (“content information™); in
particular the metadata can include a content classification. In some aspects, the
metadata does not include content information desired for encoding operations. In such
cases the preprocessor 226 can be configured to determine content information and use
the content information for preprocessing operations and/or provides content
information to other components of the transcoder 200, €.g., the decoder 228. In some
aspects, the preprocessor 226 can use such content information to influence GOP
partitioning, determine ‘appropriate type of filtering, and/or determine encoding

parameters that are communicated to an encoder.



17 [0087] FIG. 6 shows an illustrative example of various process blocks
that can be included in the preprocessor 226 and illustrates processing
wWara0oassud performed by the preprocessor 226. In this exaniRd/52006/037948
preprocessor 226 receives metadata and video 222, 224 and provides
output data 614 comprising. (processed) metadata and video to the
encoder 228. Typically, there are thrdd types of video that may be
received. First, the received video can be progressive video re
(00 Zh o okl LSRR SEEERES GHETRIE e U BB SR can be

1nclﬁ@@%ﬂé’§@9r6@&%‘é@ft%fﬂﬂ@ idEsen priv Esiemaesainby piatocasd by the
the video. T |rd the video can be non-telecined. jnterlaced video

PrOPRRFFEOEA) 25 Bl irtRRiSs Hie SERIRLESPN ARt S S PRSE a8t video
2230084] afhuqui@&loﬁqﬁm&mms@ﬁ@zﬁldgt@mmm&)tmrmwe@u video to

video data 222, 224 is progressive video. In es, thl canb
theoeé%‘é‘?ﬂ%%&&roﬁﬁf?@lkefgﬁ:&tar?fqﬁgen‘i@%8? Vn% Tﬁ‘é gﬁ%’h thS?reﬁ% B First

theOdReREACEs8HY @htf&vmegrd@i&etsﬁkﬂeEomEWe deimierisrise tédesineired.
pro ess, descrlged below, c nde mjne |f th rec video %

VSR al?‘i‘f‘lgettti %988 E af:o IB %69nvﬁe?§ from 241ps
mcfﬂIerH&gL(&ges deneisech apeeation videe petifhirde thenvideovictkeo tio mﬂutaéecmed

) se, su white Gau n noise. If the vi eo da 2,224 |s
mtﬁrgﬁﬁ?gs}gfifé’ E\a;%g%roﬁ?ﬁ%r Ziéa(fflwr?ﬁeespro%sees ?%8eé’o§ %I%cﬁg t%e}'fw
[0g883se deﬁkedihr&ﬂ%]LOﬂ&%ﬁbmsﬂeteZﬂércﬁ@drﬂWgﬁ|ﬁtaemb@méendeo data

that or inated.in a telecine and t twhlc an in a,standar
22%? %%Iéagf?grmaltvﬁ & de%}sslg?ll?sc?ﬁgdgﬁha%at%e wgegr\l/lvrgsd ffé ecw%é fﬁadata
if (& Beledisicropathsexithdophasaiderectby odestiegeibtinaidendiatrigself. For
eXEEIeI}ufned t? ItSrgerlg %lllflgrn}(a)t IerS]SIn esr%gbte&eg \{)0063.HR§ Q&[ﬁ%ﬁgt %ﬁgel%celved
faéhike elimindted and s derived ffom the same video
v1deam2@21r3 reweressi vatoideconiplétddmtigep®ivese theawedadnceletk 607 where

reconstructed film ma er recarded
SR e RO e R Bt s o
wmtesmmm Gizmrmwé@wmzs%mm@mtmd@ méalock 601

inverse telecm rt data, which has an
ther?é%cﬁ%srgfr%cg © §a\tsoe ?g%gg?iﬁgon Ha%éi‘%t{géﬁoggﬁgse detector 604 makes.-
[0e8Main d@bisiodstedter Fdedintingeislickbeisenn. Vidrastheferiignatethinaitelecine

ang)tﬁwe%%%ht%%@h ﬁigts\ﬂ% %H%Qd@lﬁcfgﬁngtutﬁf”t@ge@Q&l%@Hﬁ&’@Wﬁt the

phase IS one o0 ve phases Po, P1, P2, P3, and P4 shown in FIG. 3
vidaed Wil tiedevited (hes Ygeh alegisipaspetn Vémrtgwahmsl@teqtﬁaﬁ@ébémt@ecmed

Vl% nﬁt?&.ﬁﬁé@ & oiiéqﬁﬁsfogﬁgfsi'ﬁnﬁv%&%e@i&ﬁlgtg@@tsl@&ﬂﬂﬁ%ﬁt frames are
etector 604 s own In"Fig. 2. The path from phase detector 604 labeled

1demggda@mgb@gmn@¢my&§@]{éqé@mged from the same video frame are rewoven into

a complete image. Since the sequence of reconstructed film images were
photographically recorded at regular intervals of 1/24 of a second, the motion estimation
process performed in a GOP partitioner 612 or the decoder 228 is more accurate using
the inverse telecined images rather than the telecined data, which has an irregular time
base.

[0090] In one aspect, the phase detector 604 makes certain decisions after receipt
of a video frame. These decisions include: (i) whether the present video from a telecine
output and the 3:2 pull down phase is one of the five phases Py, Py, P», P3, and P4 shown
‘in FIG. 38; and (ii) the video was generated as conventional NTSC. That decision is
denoted as phase Ps. These decisions appear as outputs of phase detector 604 shown in

Fig. 2. The path from phase detector 604 labeled “YES” actuates the inverse telecine




WO 2007/038701 PCT/11S211116/1137948 18 606, indicating that it has

been provided with the correct pull down phase so that it can sort out the
Waigd3/pitdwvere formed from the same photographic image aR§TarsNgE037948

them. The path from phase detector 604 labeled "NO" similarly actuates

the deinterlacer 605 to separate an apparent NTSC frame into fields for

optimal processing. The phase deteltor 604 can continuously analyze

video frames that because different types of video may be received at .
60 FABTA S5 6 BR AR DRI L SR R FS TG B N Pt RfFaTa Tyt con
sorP@insBE eI anhe wide Tamac amm eisiahmidtphitverashielaaie, al® combine

resulting progressive video is sent to a denaiser (filter),607 which can be
thefised iy RAtRe fitiie A s SHHOTs .%O@f’ffﬁ%eﬁémvgé 1| aqtages  the

deMi@BadE 160D e iepdrtileenh Rath (TS phiatedatedieldsddy,dpinal processing.

transmitted to deinterlacer 605 for compression, The deinterlacer 605 _.
Thi; ST AReFHET AH ACB S TRIRU SN oBTRNER & VAT el oreigse different

tyRPIf¥idRs aaIy Boesder abuioinedna the prograspiveyyiddeo Cneorming to the

illustrative example of deinterlacing io ocessing is descEib below. £O(3912L
NG HAOHATLRAS § B0 G IR SR T VLIS i el By e tetecine,
thdtadraed praresatve eviddocts demiaesatidnsrisireffdten Obarbitlscan leessed to

cée’ﬁven fleld), and odd-numbered scan lines (odd field). From the signal
reduet B SERTEVIRK this is equivalent to a spatio-temporal

[06R1Isampiiig incapatiheion aleBErie d/ hlgoQéxregoghifed ritbe N@ @dthr &0en phase
fields, ,Y,n)= O(x if ymod2=1 for od¢.fields, [1] Erasu .
el R b S B RSP R SR, o gefptacer
60ihtenatachfiati anetldxed fie)depreseptsstitechddeomat] dentitangappkrations can
ndS P poton 2 plxelieapectivaly. JOOFNINUL IS GeRSRlMkcing
it CAnP5E A88tmed n =08 an even. field 1 roughout this disclosure so
prébetsioguiatiesctitasbhvdas simplified as F(x,y,n)10(x,y,n), if ymod2=nmod2,

loErasure, otherwise 0Q94] Si cimatiop is.: 0 in.the.
[Oigc?ljzonta r(?llrpﬁté%nsa}on%n[%é %ﬁé‘é%mag%%%a@é%}nq%r? lgl(e% epicte ir?l %ﬁg@ e

intedxted - pawerdinates\Od2 00 Z0B IR PEYEUSRIcred/9cER 7 (even field),
and odd-numbered scan lines (odd field). From the signal sampling point of view, this

is equivalent to a spatio-temporal subsampling in a pattern described by:

G)(x, y,n), if ymod2=0 for even (fields,
F(x,y,n)=10(x,y,n), if ymod2=1 for odd fields, [11-

Erasure, otherwise,

where © stands for the original frame picture, F stands for the interlaced field, and
(x, v, n) represents the horizontal, vertical, and temporal position of a pixel respectively.

[0093] Without loss of generality, it can be assumed n=0 is an even.field

throughout this disclosure so that Equation 1 above is simplified as

F( )_ @(x,y,n), if ymod2=mnmod2,
B a1 = Erasure, otherwise,

[2]

[0094] Since decimation is not conducted in the horizontal dimension, the sub-

sampling pattern can be depicted in the next n ~ y coordinate.



19 [0095] The goal of a deinterlacer is to transform interlaced video (a
sequence of fields) into non-interlaced progressive frames (a sequence of
War20ge3810lother words, interpolate even and odd fields to "r€aVes2096/037948
generate full-frame pictures. This can be represented by Equation 3: (F
(X, y,n),ymod 2 =nmod 2, F,(x,y,n), otherwise, [3] where F, represent
deinterlacing results for missing pixefsg. [0096] FIG. 40 is a block diagram

illustrating certain aspects of an aspect of a_ deinterlacer 605 that uses

[009%hed FRERrET Ao RGPS LA b RISt oo apence of

fielO My SlbRCREAMIEM prigreatiae Thardpnersegicatd e fAnenvis ather words,

. _motion intensity map 4002 that can be generate ing information fram a
inEERREIR T S AP PRI EI . 11 ca be

repﬂ;géﬁWEﬁq[ﬁﬁ)ﬂ\mm Field and Next Next field). The motion intensity
map 4002 categorizes, or partitions, the current frame into two or more
different motion levels, and can be generated by spatio-temporal filtering,
describ%d 419 further d’e(t’éi}’ re BN I 86 aspects, the motion
intensity Map’4002 B (genargtediendentify static areas, slow-motion
areas, @ﬁj fast-motion areas, as described in reference to Equations 4-8
below. A Spatio-temporal filter, e.g., Wmed filter 4004, filters the

wifieesedulimsea feips g crieratareaIhe motion intensit
map,’and produces a spatio-temporal provisional deinterlaced frame. In
[o®wNe aguestapthe ¥Wesk filiagnrgnpinessstiiny ekesia kpézontd] an aspect of a

neighborhood qf [-1, 1], ertjcal. neighborhood of [-3, 3], and a femporal
deig ﬁ%rh@ég Mvgsg]ﬁj%?4i§]&t§n iéh argl?gglr[‘eséesn’]%%{]of} tr%]% jacrate 2
prdietdsi (B PrireldréHirleb £Cud entl fistdjdNdath FEh, ublsort pdexofF@(d) 40 shows a
illustrated in FIG. 4 ith Z-1 representing a.delay. of one field. Relative ..
m B“t‘ﬁénea?}g'n?jﬁpeﬁé?ot%\éhﬁfecxatnlil?éiﬁegﬁrc?%[%e%lﬁeﬁ%?gartllc%l -%ragrrftlyagé%gl% field,
twange thenPRelde|(PanBi¢he MNP RietdFrietd ave patispdistoisiiglde (Next Field and
"neighbarhood:.used for spatio-temporal filtering refers . i
N B TR SHE PR T S A SRR AEL 8 R R R v
fraapeiiabawcancthoae bifitestratedoadaeliapediuss tegsitoner borsprtimpimporal
In Figures 6 and 7.[0097],The deinterlacer 05 can inc o .
R R R M IR 938 A n sty
m4rd0i2ds akdeiatat e etk dtHiy e generate dlby thetimasehfilemd4de4motion areas,

o SRS R N X iAEs508 12 i
filter 4004, filters the interlaced multimedia data using criteria based on the motion
intensity map, and produces a spatio-temporal provisional deinterlaced frame. In some
aspects, the Wmed filtering process involves a horizontal a neighborhood of [-1, 1], a
vertical neighborhood of [-3, 3], and a femporal neighborhood of fi;/e adjacent fields,
which are represented by the five fields (PP Field, P Field, Current Field, Next Field,
Next Next Field) illustrated in FIG. 40, with Z™' representing a delay of one field.
Relative to the Current Field, the Next Field and the P Field are non-parity fields and
the PP Field and the Next Next Field are parity fields. The “neighborhood” used for
spatio-temporal filtering refers to the spatial and temporal location of fields and pixels
actually used during the filtering operation, and can be illustrated as an “aperture” as
shown, for example, in Figures 6 and 7.

[0097] The deinterlacer 605 can also include a denoiser (denoising filter) 4006
configured to filter the spatio-temporal provisional deinterlaced frame generated by the

Wmed filter 4004. Denoising the spatio-temporal provisional deinterlaced frame makes



20 the subsequent motion search process more accurate especially if the
source interlaced multimedia data sequence is contaminated by white

W8 0B8Z%IN also at least partly remove alias between even 260/6820P6NE7948
in a Wined picture. The denoiser 4006 can be implemented as a variety
of filters including a wavelet shrinkage and wavelet Wiener filter based
denoiser. A denoiser can be used to#8move noise from the candidate
Wmed frame before it is further processed using mo pensation

T e g A e e M T

mdlﬁiﬁaai@eﬁw@ WREEH tegamiRasdbihe/bignabséequensyabonienéast partly

Varloust of denoising filters can be used, includi veletf|I
rergug Al bR SRS ARG S8 I TBR L é}%ﬁeﬁ%?é?% can be

imPRAHRAhSGAVREHP B HISert hﬁcﬂiﬂﬂd@%ﬁﬁ@}el&a}bﬁiklgbvuﬁdelﬁse&eﬁéw iener

analyze the signal at different s Ies r resolutions su
g O O A R T S TR BrSUTRES DO A i med

y sma
frafitABERI® the quighnal §t@6@se@ﬁﬁﬂk&i@ﬁu&lebﬁij_{mﬁkﬁgﬁlQnﬁ)maamjﬁt and can

Wiener filter can be also b lied. as the denog ser, Wave t shrinka
B AT A TSN SPEHG s B VTR By e gerdies

of Sheinkinglaf theqerialy wevedat. covtiientsyjeead densisindefilatnaanviilesed,

leaying the la ée coeffl sletinaffecte Fln % glnvers t{ar181(‘3c2)1 1rgeataonlverl
inglidyg SN Bl SR ird TR SLi St CNgh A [IB69 e Hertisasg &
mgﬁhﬁﬁﬁmg(bbaﬁw:éhmdmurmgydnﬁmmsohmmmmlIlﬂemdl)sjmnd wavelets is to

nvironments. Wavelet shrink eden0|s ggan invol nking, i
an %fel(gt t?%ﬁ?frlorr%f?r%rgf# a# charl y corﬁg?lsselsc h\t;lgae?}é;,ltﬂ[elpa)ljsi %l g}@ i the
wdaslsarebvesaetatotr ansdocma aorcesipoedimsfyiskatecbigsi swt@}eaxnxgmairmanal
se wavelet tra sform. The Wie [] [ A as th

mdﬁéﬁ:h can b6 usedrh) m%p rove ﬁnvg%vgrf {d{g%rge e%lgl)l/s gaél?i?t%vgei noise %r% as e
dehbisein gNSvfdhtfdlEmka@ @enammpfmwmqmwmfamam desheimedsfeignal,

fol? %]%1%91%%'51 ada { \pe\fe\fv@x dﬁl’:i%lﬁ'{k“ﬁ?%r 8fe§ﬁﬁ'ﬁ%g value),

ove ayeed, and R. G Baranlu
whimpewmlglem Mtgveie‘tﬁﬁlem@ngm'f&etmblrlEalaMeﬁerlﬂlfermgtl‘ansformatlon is

peIPfroceelqmgg ofS es\ﬁ°| %t]eg ? it 1 389-399, San Diego, July 1997, which

UII'C
IS expressly corporate y re nce herein in its entirety. [0100] In

[089%he asﬂfémtsllfan@ien@sfdg:ﬂner hopasdbioncsnraspedt ofalipn, pyppensation in
L A P Ve B Sl A v
traﬁsfo’ﬂmg@xma_m@/;m@7gqgczﬂm comprises three steps: a linear forward wavelet
transform, a nonlinear shrinkage denoising, and a linear inverse wavelet transform. The
Wiener filter is a MSE-optimal linear filter which can be used to improve images -
degraded by additive noise and blurring. Such filters are generally known in the art and
are described, for example, in “Ideal spatial adaptation by wavelet shrinkage,”
referenced above, and by S. P. Ghael, A. M. Sayeed, and R. G. Baraniuk, “Improvement
Wavelet denoising via empirical Wiener filtering,” Proceedings of SPIE, vol 3169, pp.
389-399, San Diego, July 1997, which is expressly incorporated by reference herein in
its entirety.
[0100] In some aspects, a denoising filter is based on an aspect of a (4, 2) bi-
orthogonal cubic B-spline wavelet filter. One such filter can be defined by the

following forward and inverse transforms:



h(z)=4+2(z+z")+8(z+z-2) (forward transform) [4]and rrll_.5 ,52333z

g zr 4z 32'1+z )-$kz+z )-3~z +z ) (inverse transform) [5] [0101]
WO\MINER8d of a denoising filter can increase the accuracy of R{XiGR2006/037948

compensation in a noisy environment. Implementations of such filters are

further described in "Ideal spatial adaptation by wavelet shrinkage,” D.L.

Donoho and I.M. Johnstone, Biometr a, vol. 8, pp. 425-455, 1994, which

is expressly incogorated by reference herein in its entirety. [0102] The

bottom payy ofFy (ng y‘ru)apr}i(gggw S@ssk ARt gaterariaing motion

information (e4y., 2notion vedor candidates, motion estimation, motion

comperiddtion) of interlaced multimedia data. In particular, FIG. 40
andllustrates a motion estimation and motion compensation scheme that is

used to generate a motion compensated provisional progressive frame of

the selecteq_frame, ahd,themgopinedayith3the.W propisianal f

to form 5@5]53@59 q‘@l-ﬁrzog?e$%/% ra es%rk%vvngf deintéerﬂ%?:%d triRSorm)

current frame 4014. In some aspects, motion vector ("MV") candidates (or

estimates) of the interlaced multimedia data are provided to the
[01@ainterlaggpfiamonxiernal deptich e Sliatosa andremsed e provitiacy of motion

starting point for bi-directional motion es imatotr nd c m eﬁlsgﬁor are further
COTPRG ) Yo 8P THLoTHEIPRRIE, a %ré‘ﬁ‘a%% gssg?ec[gor 40290 es
degeeendauisly Tiglrapnesl Midstidoneightvavielgtbdbdkkdge, M. .taddidates aid .M.

the blocks being processed, s the ,MVs of previous pr
TOTSERS: FPREAT e B ckaTh & de e ot Sucos PR Efporated by
referei@hecsipenisatioiregn be done bi-directional, based on the previous

interlaced frame 70 and t (g.4,, future) W e . .

O et i BT o A0 s A S ! R et moton
infiramaticl (6 mrenotiergeestor candbiated, byotiaoeshinetidio IRoROresTtipgRsation)

deinterlaced current frame; 4014. IO L‘fﬁﬁé@@ﬁq ISduideg d
of bng?:} %efﬁglme/%azl%%% t(Ijn e%l?sce a’sﬁzg%r dé“ﬁn%er aced prev(#ous frame I?IT o
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prﬁc’ l'{rgss? .claJ ‘fa‘r%t er %%%% iglecié«l%]d(.)fﬂﬁlié.?ﬁﬁggec%%ay%%dﬁ@m'}ﬂovismnal
pgrealc Ion schemes comprising inter- field interpolation from intra-field
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40 KF T/?ns%%%n%lgé%%aZ?ﬁoggrl vector (“MV”) candidates (or estimates) of the
interlaced multimedia data are provided to the deinterlacer from external motion
estimators and used to provide a starting point for bi-directional motion estimator and
compensator (“ME/MC”) 4018. In some aspects, a MV candidate selector 4022 uses
previously determined MV’s for neighboring blocks for MV candidates of the blocks
being processed, such as the M Vs of previous processed blocks, for example blocks in a
deinterlaced previous frame 4020. The motion compensation can be done bi-directional,
based on the previous deinterlaced frame 70 and a next (e.g., future) Wmed frame 4008.
A current Wmed frame 4010 and a motion compensated (“MC”) cusrent frame 4016 are
merged, or combined, by a combiner 4012. A resulting deinterlaced current frame
4014, now a progressive frame, is provided back to the ME/MC 4018 to be used as a
deinterlaced previous frame 4020 and also communicated external to the deinterlacer
605 for subsequent processing.

[0103] It is possible to decouple deinterlacing prediction schemes comprising inter-

field interpolation from intra-field interpolation with a Wmed + MC deinterlacing



scheme. In other words, the spatio-temporal Wmed filtering can be used
mainly for intra-field interpolation purposes, while inter-field interpolation
weaspesgerformed during motion compensation. This reduce®€1&U52e(6/037948
signal-to-noise ratio of the Wmed result, but the visual quality after motion
compensation is applied is more pleasing, because bad pixels from
inaccurate inter-field prediction modée*fecisions will be removed from the
Wmed filtering process. [0104] After the appropriate inverse telecing or,
schfafteARAHFD BEB i SIOCRTRSEINY B PSR AR s PrsbBuualy for
intFRTRIAS StRPERATHAD RRPIRSAMBIRY itRy-fi¢kbimbtgpdatiamearedamplirfigrmed
aspects, a poly-phase resgmpler is implemented for. picture size resizin
o A HRA TGP TN TS TE G EEBA A A i e
resi@5izRd fistvisuaanryidipy/ fievhesd h asdnparatelatvelppidd esintegersleasing,
The t t?i number_of phases is p. The cutoff frequenc ofqtﬁl?e oly-phase .
beiiSP b RE SO UBIS (B S o MU oL PR B Heclloggy vl be
refi@apdeficy doeSVint e kaetingpaicsshe resizing ratio in order to boost the
response.of the resize uence. This.inevitably allo

igh-frequenc seq w
o e DR WP S e Qe o BE DGR R A block
6O?Iuha ljtteradiaed ﬁia?ﬁurés t!lrd@h:rx]rsrgdafmi aallmsi-fsapplk)]ﬁsujmgs aﬁﬁlf&h]aﬂp}ix?gl (e.g.,

illustrates an example of.poly- se resampling, showing the ases i
oA e PR R T B TR ot oL Ry et i DHAaEeted. for
piciise sigyigisiaipixdis @are dkastpacect iddavasabplmfgthe with berweah dhesiriginal
ine functign is. also drawn centered around the ax ni.
an B R B B SR SR M8 A SO E AR s, The
totble rexabtly tiepbaree s phd hesamgiiinyaqtiney the therpolyfpheassididter in some

asgqutiorb%/%&apeqi\zelﬁ EAQ%QSO% B iﬁ. S aﬂ% Eﬁ%ﬂnﬁ’e I'!(léﬁg’ t&(gesi%gé%}(actly
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Oﬁn}%ﬁqéﬁ/ Ny ZfQ IBQ Il y%%%ﬁ&fy&/ﬁ% FertEAF WRION AUGHO function is

Ismatches between the size and the Screen format. The part of the
aldpn depavih erisret visiblad stealrrgote rsagasent the filter waveform. Because we

choose the cutoff frequency was chosen to be exactly the same as the resampling ration,

the zeros of the sinc function overlap the position of the pixels after resizing, illustrated
in FIG. 41 with crosses. To find a pixel value after resizing, the contribution can be

summed up from the original pixels as shown in the following equation:

o

v(x)= Z u()xsin c(zf, (i — x)) [6]
where f; is the cutoff frequency. The above 1-D poly-phase filter can be applied to both
the horizontal dimension and the vertical dimension.
[0106] Another aspect of resampling (resizing) is accounting for overscan. In an
NTSC television signal, an image has 486 scan lines, and in digital video could have

720 pixels on each scan line. However, not all of the entire image is visible on the



[0107] To help broadcasters put useful information in the area visible by

as many televisions as possible, the Society of Motion Picture &
Waevisi®WEngineers (SMPTE) defined specific sizes of the RETkHN20(16/837948

called the safe action area and the safe title area. See SMPTE

recommended practice RP 27.3-1989 on Specifications for Safe Action

and Safe Title Areas Test Pattern for“Television Systems. The safe action

area is defined b PTE as the area in which "all icant actio
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enfhon seibaiiyedy ﬂlhrerbagondsaqf bambelenidiyn2vecivedsttien do the resizing.
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onstructed with some small errors, and the errors at the edges o
26Bfck often contrast with the errors at the edges of neighboring blocks

[of8 gf'ng RiagkaReyndaries wsile. IR contrast HOYng AUifagis ABPERSIESIn FIG.

rtions around the edges of i |mage features. Ringing artifacts occur

- 26pddenksdardersnepprardishedsres mder2GAfoardtenan sdaniagathe image.

g fisgueResRCL fopLlicienivedninome Whstativendi0aTA387 Qldeo uses
PCT/US211116/1137948 24 examples, both deblocking and deringing

bosmdargecrsanpiass IR| R (fidte sptisrAGEn  d3p6Rded fitack tbomtlsestisaBellrdnsre the
reﬁggﬁpt%onservatlvely, the boundary can be cut by 2%, and then do the resizing. The

filters for resizing can be generated accordingly. Truncation is performed to remove the
overscan before poly-phase downsampling.

[0110] Referring again to FIG. 6, the progressive video then proceeds to block 610
where deblocker and deringing operations are performed. Two types of artifacts,
"blocking" and "ringing," commonly occur in video compression applications. Blocking
artifacts occur because compression algorithms divide each frame into blocks (e.g., 8x8
blocks). Each block is reconstructed with some small errors, and the errors af the edges
of a block often contrast with the errors at the edges of neighboring blocks, making
block boundaries visible. In contrast, ringing artifacts appear as distortions around the
edges of image features. Ringing artifacts occur because the encoder discards too much

information in quantizing the high-frequency DCT coefficients. In some illustrative



[0111] In one example of deblocking processing, a deblocking filter can be
applied to all the 4x4 block edges of a frame, except edges at the
WO RNMAEBYWf the frame and any edges for which the deblockiRgTilter006/037948
process is disabled. This filtering process shall be performed on a
macroblock basis after the completion of the frame construction process
with all macroblocks in a frame proc@ésed in order of increasing
macroblock addresses. For each macroblock, vertical edges are filtered
exapgletsoRPiBit dH e d e HCHBERSN AR AYEs m-ﬁﬁ%%eﬁfﬁofmtﬁdmpulse

resPOLRYiilds dy maekleckiiBflienfacecess is performed on four
6-sample edges and the deblocking filter process for %?chrgwroma
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order to avoid blurring.

GOP Partitioner

[0113] After deblocking and deringing, the progressive video is processed by a
GOP partitioner 612. GOP positioning can include detecting shot changes, generating
complexity maps (e.g., temporal, spatial bandwidth maps), and adaptive GOP

partitioning. These are each described below.

A. Scene Change Detection

[0114] Shot detection relates to determining when a frame in a group of pictures
(GOP) exhibits data that indicates a scene change has occurred. Generally, within a
GOP, the frames may have no significant changes in any two or three (or more) adjacent

frames, or there may be slow changes, or fast changes. Of course, these scene change



video. Typically, when a GOP is not changing significantly, an I-frame at

the beginning of the GOP is followed by a number of predictive flames
W@anasseantly encode the video so that subsequent decodii§ Bti$2006/037948

display of the video is visually acceptable. However, when a scene is

changing, either abruptly or slowly, additional I-frames and less predictive

encoding (P-frames and B-frames) n%éy be necessary to produce

subsequently decoded visually acceptable results. [0116] Shot detection
claggificaientrig Ssterhe PR HSHE R WBFBR/S&YF?%O 8]%}%%%86&3@ ona
Speggfigiﬁq,ﬁmgqi'pg fysteams are described below. Such aspects can be

implemented in the GOP partitioner 612 qf the preprocessao .226t(FIG. Z)ﬁ ¢
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e content information, threshold values and other criteria
deinterlacing, the motion compensation statistics are available and ready to use. In such

systems, a shot detection algorithm may slightly increases system complexity.

[0117] The illustrative example of a shot detector described herein only needs to
utilize statistics from a previous frame, a current frame, and a next frame, and
accordingly has very low latency. The shot detector differentiates several different types
of shot events, including abrupt scene change, cross-fading and other slow scene
change, and camera flashlight. By determining different type of shot events with
different strategies in the encoder, the encoding efficiency and visual quality is
enhanced.

[0118] Scene change detection can be used for any video coding system for it to
intelligently conserve bits by inserting an I-frame at a fixed interval. In some aspects,

the content information obtained by the preprocessor (e.g., either incorporated in



described below may be dynamically adjusted for different types of video

content. [0119] Video encoding usually operates on a structured group of
WORNIFEIBIEOP). A GOP normally starts with an intra-coded fREREUS2006/037948

(I-frame), followed by a series of P (predictive) or B (bi-directional)

frames. Typically, an I-frame can store all the data required to display the

frame, a B-frame relies on data in th@fbreceding and following frames

(e.g., only containing data changed from the preceding frame or is
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experience. One encoding scheme is to use intra-coded frames for pictures or portions

of pictures that have significant change from collocated previous pictures or picture
portions. Normally these regions cannot be predicted effectively and efficiently with
motion estimation, and encoding can be done more efficiently if such regions are
exempted from inter-frame coding techniques (e.g., encoding using B-frames and P-
frames). In the context of channel impairment, those regions are likely to suffer from
error propagation, which can be reduced or eliminated (or nearly so) by intra-frame
encoding.

[0121] Portions of the GOP video can be classified into two or more categories,
where each region can have different intra-frame encoding criteria that may depend on

the particular implementation. As an example, the video can be classified into three



[0122] Abrupt scene changes includes frames that are significantly
different from the previous frame, usually caused by a camera operation.
WEMeEwsgdontent of these frames is different from that of theP&URA186/037948
frame, the abrupt scene change frames should be encoded as | frames.
[0123] Cross-fading and other slow scene changes includes slow
switching of scenes, usually causedzgy computer processing of camera
shots. Gradual bIendingéof two different scenes may Igok more pI%asine% d
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nformation frrom recti motion estimation o
encoding of these frames does not reduce the encoding efficiency of future frames.

Scenes classified as flashlights should not be used to predict other frames because of the
“artificial” high luminance, and other frames cannot effectively be used to predict these
frames for the same reason. Once identified, these frames can be taken out because they
can require a relatively high amount of processing. One option is to remove the camera
flashlight frames and encode a DC coefficient in their place; such a solution is simple,
computationally fast and saves many bits.

[0125] When any of the above categories if frames are detected, a shot event is
declared. Shot detection is not only useful to improve encoding quality, it can also aid in
identifying video content searching and indexing. One illustrative aspect of a scene
detection process is described hereinbelow. In this example, a shot detection process

first calculates information, or metrics, for a selected frame being processed for shot



and compensation processing of the video, and other luminance-based
metrics. [0126] To perform bi-directional motion estimation/compensation,

W 2pi383elquence can be preprocessed with a bi-directional R{(XiGH2006/037948
compensator that matches every 8x8 block of the current frame with
blocks in two of the frames most adjacent neighboring frames, one in the
past, and one in the future. The motidft compensator produces motion

vectors and difference metric very.blogk. Figu 2c$t |Ilustrat|9
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prevent the "divide-by-zero" error. The nominator also contains an S to

mmwmnthfeherheéd@mﬁesuk@sur(w deaiehematorcrsespeadipi Aifjaprnt frames,

adRIBYIRYSHRMS: the %f %i ?%Mﬁ&e Aadasicalinaliosop
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frame. Typically the multimedia images have a luminance depth (e.g.,
differenssr sfetbindyorghtBrek TRBe difference metric can be a sum of square

difference (SSD) or a sum of absolute difference (SAD). Without loss of generality,
here SAD is used as an example.
[0128] For every frame, a SAD ratio, also referred to as a “contrast ratio,” is

calculated as below:

_E+S5SAD,

£+SAD, [6]

where SADp and SADy are the sum of absolute differences of the forward and the
backward difference metric, respectively. It should be noted that the denominator
contains a small positive number € to prevent the “divide-by-zero” error. The nominator
also contains an € to balance the effect of the unity in the denominator. For example, if

the previous frame, the current frame, and the next frame are identical, motion search



luminance depth used for calculating the luminance histogram according
to some aspects can be set to 16 to obtain the histogram. In other

W 2pdss e luminance depth can be set to an appropriate nBGRIES200E137948
may depend upon the type of data being processed, the computational
power available, or other predetermined criteria. In some aspects, the
luminance depth can be set dynami%%lly based on a calculated or
received metric, such as the content of the data. [0130] The ((e%uati

n
showdioie i ShRres Db Erpi JhE il 00 ALY GRsR e 7 =1
lnstgég%ﬁggg%ﬁomgﬂa) 16 LI NP1- NC IN A= i=1[7 ] where Nn is the

num cKs in the i*h bin for the previous frame, and Nc; is the
[0128]mber/oflbinisiaeda tisagiam fernHre riamtrdries, ayrpName rpjcally the

mulﬂlrjnnélglgrigfarg Qoksdn dfameH Hdipigansadvistegrasmsifiorasatofithe The

previous arnd the current frame are compietely dissimilar (or disjgint), then

lum$aange [0dBh] weihdenisattaleagorea REHISIHHNSIRELARCAEIRG to some

aspé: gcyzgﬁt%g & tB)HQW§:cJBt:ai¥Ct}i"eAl%@8g"i‘lﬂl[8ﬂn bihwhemRds it qenstante depth
chosen by application, yc = + SADP , and yp = e+ SADPP N C [O%’ﬁ% The,
candederstetd (BurreRR PRIt SRR R &Y SpPARE SR thAANER iPeing

proéggsé@%% 9%&&%@5&!&%@&%& rHEEgR ShrrRadmibbEeR 9. DiYsome
+A2(ZZ.+|)?_T1 [9] YP WO 2007/038701_PCT/USlellG/lgj?Q%ﬁ 30 . d
aspegtfeoAlITNEB AR EFRIBHEEEPPF IR APricH R A FrediaRe f15%f1ve

metiORG EXampleosittatian shews, setting A =1, and Tl = 5 achieve good
defection performance. If the current frame is an abr ptéﬁﬁge change

[013%kne, (88 yavarien PeletarWsies PR AR S RhIF 4 Hed it 4é mipance

histg4sedinsiard @ime@lpne YP so that the metric is normalized to the
activity level of the context.

N [7]

where Np; is the number of blocks in the i™ bin for the previous frame, and Ng; is the
number of blocks in the i™ bin for the current frame, and N is the total number of blocks
in a frame. If the luminance histogram difference of the previous and the current frame

are completely dissimilar (or disjoint), then A =2.

[0131] Using this information, a frame difference metric (D) is calculated as
follows:

D=2 AA(24+1) 8]

Vp
. h b lcati _ E+5AD, an _ g+ SAD,,

where A is a constant chosen by application, ¥, = o SAD. SAD, , P ———8 +SAD, .
[0132] The selected (current) frame is classified as an abrupt scene change frame if
the frame difference metric meets the criterion shown in Equation 9:

p=Yc+ A(2a+1)2T, 9]

Vp



[0134] It should be noted that the above criterion uses the luminance
histogram difference lambda (X) in a non-linear way. FIG. 16 illustrates X
W0 7002/038701is a convex function. When 2 is small (e.g., close ROTERZPO/I57948

barely preemphasis. The larger a. becomes, the more emphasis is

conducted by the function. With this pre-emphasis, for any A. larger than

1.4, an abrupt scene change is detetCted if the threshold T, is set at 5.

[0135] The current frame is determined eﬁe a cyoss-f éjing or slow scene
whege dnife? FOIRAREERRSSRrBR GRP TR G tést'ﬁéﬁﬁﬁé?? h shown in

Equation 5: Tz <- D <TI [10] for a certain number of continuous.frames
[Ol“ﬁaere PRISIREEHRRIL %ﬁ’d’%%ﬂ%ﬁ\?&l%gﬁ 'saélrﬁqo e—r?%f“‘ég?%ﬁ% good

detel@ioe plElpdlastiight avestusalyicansemipestsninanegd stogratheio ¥,

shift to brighter side. In this illustrative aspect camera, the luminance
histogram statjstics are used t%fe rmine ifithe current frame. comprise 1
shoglen TR es O HOP G STt 5 s oS G Ta g O 7 dlone
luminance of the current frame minus is greater than the luminance of the
so thaetheusehrrre toyraatieadio theegtibittyTiz velef the santa¥ance of the

rent frame is,qreat inan 3 )
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iing cameie flashlights-if thesrilstonniamet The Bhgkr

cassited.as SR
fun(c:i!é?gt:?gﬁeprocess g'lgter ines if a backwards difference metric SADP and

bectiaefortharmaifferpiesimistaenSiss bydhs SanskigmaVitBhisiRinraaphags. for

b i tad | | : CrRSeiOkold T, i 5.
anyg‘éﬁﬁ%gg%ﬁigéﬁ{%%l 8 31{1%%%%@%% d:éi%E]é tgSQADN T4 [14] where Yo is

[0135 averdbe turinhfcasfithdeturrirtdrionts apasstrdingragloN TirRmchange
if o %%%@éﬁxi%ﬂﬁ frame D Neisdhe-ayara0s Woinanceqftismext frame,

and SADP and SADN are the forward and backward difference metrics
associated with the current frame. [0138] The shot detection process
determifies damdm flash events by first determining if the luminancd 8k
current frame is greater than the luminance of the previous frame and the

luminance of the next frame. If not, the frame is not a camera
for a certain number of continuous frames, where T is the same threshold used above

and T» is another threshold value.

[0136] A flashlight event usually causes the luminance histc;gram to shift to
brighter side. In this illustrative aspect camera, the lJuminance histogram statistics are
used to determine if the current frame comprises camera flashlights. A shot detection
process can determine if the luminance of the current frame minus is greater than the
luminance of the previous frame by a certain threshold T3, and the luminance of the
current frame is greater than the luminance of the next frame by the threshold T3, as

shown in Equations 11 and 12:

Y. -V, 2T, | [11]
Y.-Y, 2T, [12]
[0137] If the above criterion are not met, the current frame is not classified as

comprising camera flashlights. If the criterion is met, the shot detection process
determines if a backwards difference metric SADp and the forward difference metric

SADy are greater than a certain threshold T4, as illustrated in the Equations below:



flash event; but if so it may be. The shot detection process then can
evaluate whether the backwards difference metric is greater than a
WORWSHSRION3, and if the forwards difference metric is greater RGdrU&2006/037948

threshold T4; if both these conditions are satisfied, the shot detection

process classifies the current frame_as having camera flashlights. If the

criterion is not met, the frame is nottlassified as any type of shot even, or

it can be given a default classification that identifies the encoding to be

done on the frame (e.g., drop frame, encode as I-frame). [0139] Some

exemplzgmy}glyq% for T1, T2, T3, and T4 are shown above. Typically13]

these threshold values are selected through testing of a particular

implementation of shot detection. In some aspects, one or more of the

threshold ;gluesrT1, T2, T3, and T4 are predetermined and such vlluis

are incorporated fnto the shot classifier in the encoding device. In some

aspects, one or more of the threshold values T1,/T2, T3, and T4 can be

set during processing (e.g., dynamically) based on using information (e.g.,
wheliekedatg). *Wgﬁlé%qﬁﬁlﬂ%ég gk ﬁlﬁsﬁlﬂ%hpfrgﬁ‘ﬁ?dzﬂ!@ﬂf@ BYGHGE luminance of

calculated by the shot classifier itself. [0140] Encoding the video using the
the E)fgg\t,igeg?ﬁ%,mfgrmsaﬁg@ IsdvicalynReHY Beh togiensedebiaUSSDP and

escribed here for completeness of the shot detection disclosure,

S AIRSfe piin gheo Toigaesl 3mdabaskwetingi Frarvrass moTies 35386 HRd Qiih the current
fr aI{,}I&tection information to encode the video based upon the detected shots

In the sequence of frames. Process 301 proceeds to block 303, and .
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det{r%%%ggil%ﬁﬂﬁﬁz&%%ﬁg classifiathanan aRatet seeneehangraitsaf the

305 the current frame can be encoded as an |-frame and a
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classified as a flashlight scene comprising camera flashes. If
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[0%30lcatedBys FEMBIERHINES s, & Swh UG Typically,

these threshold values are selected through testing of a particular implementation of shot

detection. In some aspects, one or more of the threshold values Ty, T2, Ts, and T4 are
predetermined and such values are incorporated into the shot classifier in the encoding
device. In some aspects, one or more of the threshold values Ty, T2, T3, and T4 can be
set during processing (e.g., dynamically) based on using information (e.g., metadata)
supplied to the shot classifier or based on information calculated by the shot classifier
itself.

[0140] Encoding the video using the shot detection information is typically
performed in the encoder, but is described here for completeness of the shot detection
disclosure. Referring to Figure 30, an encoding process 301 can use the shot detection
information to encode the video based upon the detected shots in the sequence of

frames. Process 301 proceeds to block 303, and checks to see if the current frame is



D. If a significant amount of a one-way luminance change is detected, it
signifies a cross-fade effect in the frame. The more prominent the
WQRH8343k781is, the more gain may be achieved by using B-fraP¢S8UR2 647948
aspects, a modified frame difference metric is used as shown in the
equation below: [1_a+2at "I fxDYj, 4?Ye?Y"+A or D,- P+d otherwise, [15]
where dp = 1Yc - Yrland dN = JYc 3%NI are the luma difference between
a differe

the current frame and the previous frame, and the |
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represents
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bandwidth map which can_be used for encodjng_th imedia data.
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used as shown in the equation below:

ldP _le

[1—a+2a JXD, if Y,—A2Y,2Y¥, +A or Y, +A<Y, <Y, —A,

P + N
D, otherwise,
[15]
where dp = |Yc - Yp| and dn = [Yc — Yx] are the luma difference between the current frame
and the previous frame, and the luma difference between the current frame and the next
frame, respectively, A represents a constant that can be determined in normal
experimentation as it can depend on the implementation, and «ris a weighting variable

having a value between O and 1.

B. Bandwidth Map Generation

[0142] The preprocessor 226 (FIG. 6) can also be configured to generate a
bandwidth map which can be used for encoding the multimedia data. In some aspects, a
content classification module 712 in the encoder 228 (FIG. 7) generates the bandwidth

map instead.



an object. Human visual quality is difficult to formulate as an equation.

Therefore, the above equation set is not precisely defined. However, if it
WOo286E0$Hd that the 3-D model is continuous in all variables, BSEFtHAe6037948

ratio (B) B) can be treated as unchanged within the neighborhood of a (C,

V) pair. The bandwidth ratio (3i is defined in the equation shown below: B

g, B [18] [0146] Bit allocation can theh be defined as expressed in the

following equations:_)6,, =,6(CJ 1g_for K,VJE S(Cq,v0) [19] where S .
[0143dicateHerRmnER b S .(-V[@iaﬂ%@aﬁ%%i b@&%ﬁ%ﬁ%ﬂ% SraRigyy ©
andY1BEURANDLYS BAL Seh sifkiadoetis $patiahamy. BIGPAtkis Gippal fillusamating this

vision model is an example of a model that can be . used to define tge patial
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the ratio between 61NTRA of different video objects. For intra-coded

inctsps{ReE Bre bandwidth ratio is expressed in the following equation: th
[0144 TRA TINQINTR 4 daghtt (viswal Yyidlit§2@] paddsideh tidemueiigned dvahe i
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Ce quare an
equaihsiRvnislaebrdbaation factor to guarantee 1= For example, a value
for aINTIU = 4 achieves good visual quality. Content information (e.g., a
content classification) can be used to set aINTRA to a value that
correspBnddté a tésired good visual quality level for the particular [16]
content RAE Bideo. In one example, if the video content comprises a
"talking head" news broadcast, the visual quality level may be set loW&d
because the information image or displayable portion of the video may be
[o1dsgmedofilessionpqiisioe thanetietclydibavertinsahel tesediitg camplexity of

allocated to encode the d LBJI another example, if the video con ity £

e L 6 U G N B e s G0 (e dhaity for
an MR Atenaaualie shgt soryas piffidsiica foighenteissain gqaditiptevéherefore, the
abc?\?ecggge?tighe S%[[SE)SIa oetdplrnggigggf r(Ti]eaﬁ/ngg. MRV r? I’H%\ %19 %s\s{h%%r’tﬁ‘ﬁdthe 3-D
model is continuous in all variables, bandwidth ratio (B% ) can be treated as

unchanged within the neighborhood of a (C, V) pair. The bandwidth ratio B; is defined

in the equation shown below:

5="s [18]

[0146] Bit allocation can then be defined as expressed in the following equations:
}
B.=p8 (Ci)

1= :
Zi:ﬂt tor (C1-V)E 8(Co.Vs) [19]

where 0 indicates the “neighborhood.”

[0147] The encoding complexity is affected by human visual sensitivity, both
spatial and temporal. Girod’s human vision model is an example of a model that can be

used to define the spatial complexity. This model considers the local spatial frequency



accordingly more bits can be allocated to encode the data. [0149] To
understand this relationship, it should be noted that bandwidth is
WQRoEISrdagarithmically with encoding complexity. The luminBGEAS2006/037948

squared term Y' reflects the fact that coefficients with larger magnitude

use more bits to encode. To prevent the logarithm from getting negative

values, unity is added to the term inr'the parenthesis. Logarithms with

other bases can also be used. [0150] Tf:g tarbooral com%exitg IS e point in
and geveigniightnea e ERE e meRR §iFRHEA Heswn M@ WRIBRORTESLEBS

meas
the [hEiffergnembemaeniv/e consedutivectiases: takifeinted dsooutrkiben and

amount of mation (e.g., motion vectors) along with a frame difference .
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petvllACRHION foF iateRdRRAGRIHERCaPRIRsidesduRpizt@ssyelt aandwidth ratio

tempof&lcomplexity. This is expressed below: WO 2007/038701
is eXpeehieSidlihd T6lb¥3794qudior: INTER PINTER

/JOINTERIog10(1+ajNTERSSDDcsorexp( IIMVp+MVNII [21] [0152] In the

above equation, MV d MVN_are the forward and the backward motion
vec Mb?f%@é‘iﬂl\ﬂr%gt’wg%%@ﬁéw ). It can be noted that Y2 in th&]
intra- coded bandwidth formula is replaced by sum of squared differences

[014SED). To thedegsteihtirboute Of |IM\IFe +ATUREE IAHBAAESYEOBRMNGSH, of 2
noje the next characteristics of.humap visual Al ndesgejn

ma HJE’EB%: predritdbIé ngéﬁné%agﬁoﬁaﬁw&fﬁ%%ﬁ%ﬁac a#er?tli?gn%ﬁ% torm

foll6amREtragkad, by theayepnsivpinalyr canpatdnlesate-gnyncFer example,
distortion than stationary regions. However, areas undergoing fast or

dictable motian (large IJMVP +MYNII
VaNERE s AR SRt ELSUA s ShAe (0 B Bonten

on. Aimnts show that aJNTER

cla%ﬁ%\%ﬁ%ﬁhﬁl%&?%‘é%gg@ ¢ \dsual quality s GafdarivediedBonastiéoniagsired good
n“another illustrative example of processing that may be performed
vistdl thelipyaprerassor 326t GORdMacitidreidir dhoIG. B vanleldbthe video

corli ROREEORLES T B D T DAt L U TR oo st
lowdelBecaaspie ssfomstdon ardeéaydiREGR) podenmstthetidee may he deemed
B
datencdesdoithentnefireifc érto yideoicumisiviaesplikes MPEGINE GPefiraghtent
inf%’%gl%ilgg%}%@i&g@%ﬁ[ﬁééﬂi@&oqg rabya{g(é atp 80‘%%%5%&%@? ﬁ'&%rqtisual
quality level because the displayed images may be more important to a viewer, and
accordingly more bits can be allocated to encode the data.

[0149] To understand this relationship, it should be noted that bandwidth is
allocated logarithmically with encoding complexity. The luminance squared term Y
reflects the fact that coefficients with larger magnitude use more bits to encode. To
prevent the logarithm from getting negative values, unity is added to the term in the
parenthesis. Logarithms with other bases can also be used.

[0150] The temporal complexity is determined by a measure of a frame difference
metric, which measures the difference between two consecutive frames taking into
account the amount of motion (e.g., motion vectors) along with a frame difference
metric such as the sum of the absolute differences (SAD).

[0151] Bit allocation for inter-coded pictures can consider spatial as well as

temporal complexity. This is expressed below:



follow the | frame. P frames are pictures that have been in part predicted
from previous | or P pictures. The frames between the starting | frame,

W TH88s0tceeding P frames are encoded as B-frames. A "BCFARz¢E037948
stands for bi-directional) can use the previous and next | or P pictures
either individually or simultaneously as reference. The number of bits
needed to encode an | frame on the3§verage exceeds the number of bits
needed to encode a P frame; likewise the number of bits needed to
encode a P frame on the gverage exceeds that required for a B-ﬁ; me. A
skipped famesiBihisuses Wotigte§8Pe Ro sttt | Veprd&Enlation. [21]
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chapattitionisgol Inaseul viswsingsthis: conee pndergoing ymevithe rpisciciable motion
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an adaptive procedure would allow far more B-frames to be inserted
sigheiuaeqeachdand Bxpidwerts ftameshtherahy reducipg hetiumbérves good

bits needed to adequately represent the sequence of frames. Conversely
visyehgnaliey.change in video content is significant, the efficiency of P frames

is greatly reduced because the difference between the predicted and the

reference frames is too large. Under these conditions, matching objects

Ve helibis HEENE regions, or the similarity between

[013RCING PRIGHIS IS TGIHERR Qseﬁﬁglélér%&%ﬁ&gsmtbmﬁ 8BgRSiiRmed by the

caimera angle. At that point the P frames or the | and jts adjacent P frame

proghssiebbe Biostn SOBeRABHITE EdenWbtheP afdrWEr B aPHE ¥ tiee the
coligdnsprest ﬁg%ﬁrg GR-cRUcpEd st thabadlistmentsd@ B e farhee to an

system disclosed here, these conditions are automatically s nse%%[P'EEZ) does

exagDle SneMERG e x e RIde Hage FORBESRP RO \g8s

noCORRE The Systmavelyaiesutalrsme dificrencetinetsccathiehiagionel. The
thought of as measure of i i .
MPEG2 sequence always begins with an I frame, i.e., one which has been encoded

without reference to previous pictures. The MPEG2 GOP format is usually prearranged
at the encoder by fixing the spacing in the GOP of the P or predictive pictures that
follow the I frame. P frames are pictures that have been in part predicted from previous
I or P pictures. The frames between the starting I frame, and the succeeding P frames
are encoded as B-frames. A “B” frame (B stands for bi-directional) can use the
previous and next I or P pictures either individually or simultaneously as reference. The
number of bits needed to encode an I frame on the average exceeds the number of bits
needed to encode a P frame; likewise the number of bits needed to encode a P frame on
the average exceeds that required for a B-frame. A skipped frame, if it is used, would

require no bits for its representation.



distance between frames, with the same additive properties of distance. In

concept, given frames F1, F2, and F3 having the inter-frame distances
WQIZOHEMBYR3, the distance between Fl and F3 is taken as beRgrat $2e(sy 037948

d12 + d23. Frame assignments are made on the basis of this

distance-like metric. [0157] The GOP partitioner operates by assigning

picture types to frames as they aret@ceived. The picture type indicates

the method of prediction that may be re%uired érg%cf?din% eacrhblock: e recent
[0156 58] (e tGraseRe Eslrely REHBE R PEHcAS RREPPIGUFES. Bince they

comPRE oA S HReN P dRi psRRSS BRinissibtheldalatrirasmoiherdata needed to

ecoding can begin. An | WO 2007/038701 P 'I%%Jé%% 1116/1]‘%%8 37

reprasratdihg tyiskeds s dhin & myne ot alir FRDY; CHid predecesstglrnporal

reddFRTIR $XCRAYS 2] Scane-ERanar rashofeod0 phdie-pigivesccansesef ReB, or
_previous | or P pictures for motiopn compensated gredict'ion. hlec¥ul1'JSsedecoded
SRR e B TS BT ArE R SRS AL

aced from the
carlRiPsk beinn aredicietbas e basikfodeotetingr Algctheseference block is
subtracted from the block being considered, the residu%l block |

[0135icallyAdanty thEAERAVHBTAR HL75S Tn 9 URing ;s %%%ﬁ?ggg%ﬁﬁely'
DiffQeHesins Wb aneodisg ivnatiéd assigdeci ton frarpedidhiethdipteteeby 2 I,
e T e
quaﬁﬁﬁwaim@f@feegoualamdwbmmcﬂgmchasemnm@mmoc@m@hgam@ fixed
B T e
conbhehfamies platt264 adegiitvenredetbuk vemilseadltinetar qombiRatiemes to be
oINS e I oA e o i
necdtistrnatigitam jt epits éntriteciatesnedelcbsstsis Gradesselafhgntilig change in
R OSSP S e R B e
difi&éﬁképﬁeﬁmiﬁ_sﬂﬁup:emmandetharrdfer%pfémcﬁug@iﬂ%i(t@\% these
o AR R A
betihieproaadsing thitctakiesrplaced Tihis inatistorsienecaisednby rbrigeY tp camera
ang%).o VKt t\p{gthpict)ir?tvt%rylgrﬁg}ﬁeiss &Vtﬁgjf“ﬁ% iy 5@] RORS 1¥Rfe -gﬂ&ﬁd be chosen to
be closer to each other and fewer B-frames should be inserted. A fixed GOP could not
make that adju’stment.

[0156] In the system disclosed here, these conditions are automatically sensed.
The GOP structure is flexible and is made to adapt to these changes in content. The
system evaluates a frame difference metric, which can be thought of as measure of
distance between frames, with the same additive properties of distance. In concept,
given frames Fi, F>, and F; having the inter-frame distances di» and dj3, the distance
between Fy and Fj3 is taken as being at least dp + dp3. Frame assignments are made on
the basis of this distance-like metric.

[0157] The GOP partitioner operates by assigning picture types to frames as they
are received. The picture type indicates the method of prediction that may be required
in coding each block:

[0158] I-pictures are coded without reference to other pictures. Since they stand

alone they provide access points in the data stream where decoding can begin. An I



the spacing between the | and adjacent P, or two successive P frames,
can be variable. Computing the metric begins by processing the video
War20ge367i0ih a block-based motion compensator, a block beiRfHES3880¢)37948
unit of video compression, composed usually of 16x16 pixels, though
other block sizes such as 8x8, 4x4 and 8x16 are possible. For frames
gonsisting of two deinterlaced fields;,'the motion compensation can be
one on a field basis, the search for the referen
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© geit rrlaced that comprise ame are processed. In this
prevaynsSAabp, and SADN, the summed absolute values of the forward and
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ulate usmg Ip,
in the display order is the first part of this processing that takes place. This metric is the

distance referred to above; with it, every frame is evaluated for its proper type. Thus,
the spacing between the I and ztdjacent P, or two successive P frames, can be variable.
Computing the metric begins by processing the video frames with a block-based motion
compensator, a block being the basic unit of video compression, composed usually of
16x16 pixels, though other block sizes such as 8x8, 4x4 and 8x16 are possible. For
frames consisting of two deinterlaced fields,, the motion compensation can be done on a
field basis, the search for the reference blocks taking place in fields rather than frames.
For a block in the first field of the current frame a forward reference block is found in
fields of the frame that follows it; likewise a backward reference block found in fields of
the frame that immediately precedes the current field. The current blocks are assembled

into a compensated field. The process continues with the second field of the frame.



_e+SADP Y e+SADN [22] [0166] where SADp and SADN are the
summed absolute values of the forward and backward differences
WOS8pEesRMIY . A small positive number is added to the numeraP§ITRIS2)06/037948
prevent the "divide-by-zero" error. A similar e term is added to the
denom!nator, further reducing the sensitivity of 'y when either SADp or
SADN is close to zero. [0167] In an3fiternate aspect, the difference can be
the SSD, the sum of squared differences, and SAD, the s of,absolut
The differepRBBCBIARE JICIDS, MGV ARATNEIHISCHIE? p&éfP%}‘zﬁfgg%{}% backward
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IR o HEAL e aE B 4 e B K o ot e tha
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ssembled to form the cyrrent frame djf ricasD =Lc-+ Yp
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These are betweemsg?&ﬁ%%f current values of luminance and the luminance values in

reference blocks taken from frames that are immediately ahead and immediately behind
the current one in time. The absolute value of each forward and each backward
difference is determined for each pixel and each is separately summed over the entire
frame. Both fields are included in the two summations when the deinterlaced NTSC
fields that comprise a frame are processed. In this way, SADp, and SADy, the summed
absolute values of the forward and backward differences are found.

[0165] For every frame a SAD ratio is calculated using the relationship,

_E+SAD,

et saD, (2]

[0166] where SADp and SADy are the summed absolute values of the forward and
backward differences respectively. A small positive number is added to the numerator €
to prevent the “divide-by-zero” error. A similar € term is added to the denominator,
further reducing the sensitivity of Y when either SADp or SADy is close to zero.

[0167] In an alternate aspect, the difference can be the SSD, the sum of squared
differences, and SAD, the sum of absolute differences, or the SATD, in which the
blocks of pixel values are transformed by applying the two dimensional Discrete Cosine

Transform to them before differences in block elements are taken. The sums are



barely change, then D z 1. If the current frame displays an abrupt scene
change, then yc will be large and yp should be small. The ratio Yc instead
WQR/AkSAeLis used so that the Yp metric is normalized to theP&GHVRONAA7948
of the context. [0171] NO. 42 illustrates the process of assigning
compression types to frames. D, the current frame difference defined in
Equation 19, is the basis for decisiofs made with respect to frame
assignments. As decision block 4202 in%i]cates, g a frame under 1 oth
evalpaied; REiENe i 4TI rattYS Wdghe i & FEEH TN RE e Jnl other
aspeqliowed to block 4206, thereby declaring the frame to be an | frame. The
accumulated frame differences is set to zero in block 4208 ang t
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frame difference js larger than that thresh the decision path
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blodkiraenEidsea] i tine nisrepitiarFemdifiepes oetisske bsnirmebelepbrie eight bits,

change threshold, the ath is followed t bIoc§l4 : ]
the BBEY R TR R o RO dE O P VA i AL e
Continuing thrqugh the flowchart at decision block 4214, the accumulated
frame diffet g.ig‘compared with threshold t, which is in general less
than the scene ‘Thange threshold. If the accumulated frame difference is
larger thg231, control transfers to block 4216, and the frame is assigned to
e g P frape; the accumulat [ I ; [ :
R O A S G A et
is theanafetefrohblbidokiaandte blockiuzane theibelprecirtbatfriife N is the total

aareg with r, which is less than t. If the current frame

nufersnGedp R less | ent.
e Ence s smaller than t, the frame is assigned to be skipped in block

[0169P2 anThtsen ititerprashiates resuliss aiethessamtdlat friemEoamielshcgipgent frame
gearger trr}laen 1l, the frame is assigned to be a B-frame in block 4226.
hcoder fﬁlfﬁ] Referring back to FIG. 2, the transcoder 200 includes.an

encoder 228 that ’ﬁ%ﬁlﬁ processed metadata and raw video from the
preproce 56r721)2§. € metadata can include any information originally
received in the source video 104 and any information calculated by the
preprocezggr 226. The encoder 228 includes a first pass

[0170] where Yc is the SAD ratio based on the current frame and yp is the SAD
ratio based on the previous frame. If a scene has smooth motion and its luma histogram
barely change, then D = 1. If the current frame displays an abrupt scene change, then Yc
will be large and yp should be small. The ratio —i;c— instead of yc alone is used so that the
P

metric is normalized to the activity level of the context.

[0171] FIG. 42 illustrates the process of assigning compression types to frames. D,
the current frame difference defined in Equation 19, is the basis for decisions made with
respect to frame assignments. As decision block 4202 indicates, if a frame under
consideration is the first in a sequence, the decision path marked YES is followed to
block 4206, thereby declaring the frame to be an I frame. The accumulated frame
differences is set to zero in block 4208, and the process returns (in block 4210) to the

start block. If the frame being considered is not the first frame in a sequence, the path



encoder 230, a second pass encoder 232, and a re-encoder 234. The
encoder 228 also receives input from the transcoder control 231 which
weanpas§ide information (e.g., metadata, error resilience infoltaatid$R006/037948
content information, encoded bitrate information, base-layer and
enhancement-layer balance informagion, and quantization information)
from the second pass encoder 232 t0 the first pass encoder 230, the
re-encoder 234, as_well as the preprocegsor, 226. The encader
marke Q4 R D BE R R0Y ‘REE IS KSR OPepdRaSe IR L Dlock
42008 06ESHP TR antiaesenienésridmpaitien tfwtcengehenate thipslinkl. If the

encoder 228 itself, for example, by the content classification modul .
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foll?@%cﬁ@bh%ﬂﬂ%%ﬁh&@a&ﬁ@ﬁﬂ@lﬁ@/aﬂﬂ(gmwe:ﬁmdeframet. may be used

or the encoder 228 WO 2007/038701 PCT/11S211116/1137948..4
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genﬁ?%) \ﬁ/ea?ﬁ gbaré @%ﬁ%’&&g a&nhcoder \fiv_hiﬁﬁ %lgnggﬁé%%g%%ze%é%vn gv%%%qgl%e ®
lar%mdhﬁiemmmdﬂt&imfm’d’m btegrd®d$s and 2iei fitanze fisstsgrongsl 60 dscoBdeame;

ata, also referred to.herein.as,a b I : o] it
the GRS L IO Do RS, B Ser R Q05 PHROTE AC A Aated

fraif\n difieoeling &l govittmnge centidsrinderfaffemablodnfiait émdaekaye?0. There
coefficiepts which, when.decoded, may..be.c ine t C

B g et A T e L e b oy ek a curen

fra¥ailafientea eneetinghah thelaseniayie nadigneslitdbbekifgmotied b 4222 and

single layer. [0176] One aspect of h [tilay, j iS .
b ] O et o B e A o SR

assygiﬁgaeg&tigglx MQﬁeqle@mmg@dpcks (intra-coded MBSs). In H.264,
intra-coded MBs in | frames are encoded with fully exploited spatial

prediction, which provides a significant amount of coding gain. There are
Enbw@sub-modes: Intra4x4 and Intral6xI6. If the base layer is to take .

advantage of the coding gain provided b tj iction. then t
1058 e ay BeIREAE &0 Bribue LA d QB SEh SNoTe SrEbde g 228 that

rec@ﬁ%%ﬁ&&@e@ﬁﬁéﬂé@@f@%ﬂﬂ'Qa&erviﬂdwﬁ@ﬁ%eeﬁl@@dimgsmggci%mmﬁhdata
carir?rrlr;leusdles gg}? dihl’fr(])}rg%tibo%s%giag){rgﬂ? ?gge?vlgc\{ ei%qt aemsic%gyc%n video 104 and any
information calculated by the preprocessor 226. The encoder 228 includes a first pass
encoder 230, a second pass encoder 232, and a re-encoder 234. The encoder 228 also
receives input from the transcoder control 231 which can provide information (e.g.,
metadata, error resilience information, content information, encoded bitrate information,
base-layer and enhancement-layer balance information, and quantization information)
from the second pass encoder 232 to the first pass encoder 230, the re-encoder 234, as
well as the preprocessor 226. The encoder 228 encodes the received video using
content information received from the preprocessor 226 and/or content information that
is generated by the encoder 228 itself, for example, by the content classification module
712 (FIG. 7).

[0174] FIG. 7 illustrates a block diagram of functional modules that can be

included in an exemplary two-pass encoder that may be used for the encoder 228



parameter QPb affords the transform coefficients. a coarse quantization
step size. The pixel-wise difference between the original frame and the
WOa86T838161ed base layer frame will be encoded at the enharRERgsr006/037948
layer. The enhancement layer uses a quantization parameter QPe which
affords a finer quantization step size.lfncoding means, such as encoder
228 of FIG. 2 can perform the encod'/i1 g at block 321. [0177] At block 323,
... an encod ncodes base layer datg.angd enhancement layer data far R
GRS B R ek i R IReIng oA CEN oAy i, A aIC 7,
altienHORIC 2Bapd tipedisumiritiencrcen rig et tdo akd@Riridy bilirks328, finectionality
encoding process checks if there are more P.or B-frames ta.encaode. .
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modAfes|hraalesétibe BHehweko Howiig, thtedi 828 imr e dasedandtitatihtivement layer
frames in the GOP are finished being encoded. P and B-frames are WO
en?gb“ﬁg“?g“ﬂh PCT/11S211116/1137948 42 comprised of inter-coded
macroblocks (inter-coded MBs), although there can be intra- coded MB's
Baisn Eaanld If%ldf mes as t\vai{l e 91! rlucsosdclad below. [0178] In order for a
er and enhancement layer data,
[0178] encolibe 228 dacde sanvies sSiNRnfoatnblécancoltask 8RithThae epsedeghe raw
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ah enhancement layer for enhancement layer 2), or data identifying a

baayeyasadiertiananantingen tagEidiensivinghordimasiedirh tmeebs. compined
at YCHIEAELINAIIANAN FARASAONAINGI I SRUGHEOTHARE DUHNHNES are not

ase and/or enhancement layer data that it pertains to, or contained in

avaidtieatbecneofing A ges base gy laeaidodiecdearded @sdetings BymG.
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decoding, the coefficients of two layers must be combined before inverse

to flignfizatdrbloveAbranAdesstfisiapredstinathventiighr dieseodgdomacroblocks
ndeneJAadviHeyactlyaly, eanenyisediia aaud iRtrodusse slgnifieentd with fully

amount of overhead. One reason for the increased overhead is that the
explpdiedaipaiahprshic A eh drnddes meenidirarereouniPE safingserin. There
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layer and enhancement layer coefficients, which can be combined at the

thejeediasragitarevidgtdntiskatinh Rirdistiamnthepehe drsalairmiecds hae encoded
an320eJHNE BERRIAQTESMh shavd IR feracsRirkRIehRSR{aYer Wdelo pass
when the enhancement layer is not available or the decoder decides not

engydipasmd dssoding of I frames is used. In the base layer, a base layer quantization
parameter QPy, affords the transform coefficients a coarse quantization step size. The
pixel-wise difference between the original frame and the reconstructed base layer frame
will be encoded at the enhancement layer. The enhancement layer uses a quantization
parameter QP, which affords a finer quantization step size. Encoding means, such as
encoder 228 of FIG. 2 can perform the encoding at block 321.

[0177] At block 323, an encoder encodes base layer data and enhancement layer
data for P and/or B-frames in the GOP being processed. Encoding means, such as
encoder 228 can perform the encoding at block 323. At block 325, the encoding process
checks if there are more P or B-frames to encode. Encoding means, such as SNR

scalable encoder 228 can perform act 325. If more P or B-frames remain, step 323 is

repeated until all the frames in the GOP are finished being encoded. P and B-frames are



enhancement layer for reasons such as, for example, power savings. The

details of an illustrative example of such a process are discussed further
W(pé@@wm’tﬁjntext of the brief discussion of standard predictiv®C&difzp06/037948

immediately below. [0180] P-frames (or any inter-coded sections) can

exploit temporal redundancy between a region in a current picture and a

best matching prediction region in &%eference picture. The location of the

best matching prediction region in the refer frame c e encoded.i
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coddDNENOH iglepca-RrRdisliaRTgiaRdassBObEI@S. residual error (or
rediction error). [0181] FIG. 32 is aniillu
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enhancement layer for reasons such as, for example, power savings. The details of an

illustrative example of such a process are discussed further below in context of the brief
discussion of standard predictive coding immediately below.

[0180] P-frames (or any inter-coded sections) can exploit temporal redundancy
between a region in a current picture and a best matching prediction region in a
reference picture. The location of the best matching prediction region in the reference
frame can be encoded in a motion vector. The difference between the current region
and the best matching reference prediction region is known as residual error (or
prediction error).

[0181] FIG. 32 is an illustration of an example of a P-frame construction process
in, for example, MPEG-4. Process 331 is a more detailed illustration of an example

process that could take place in block 323 of FIG. 31. Process 331 includes current



current macroblock 335. The encoded information can be stored in

memory for future use or operated on for purposes of, for example, error
WQapet8rbr image enhancement, or transmitted over netwoPkBAS2006/037948

[0182] The encoded quantized coefficients of residual error 343, along

with encoded motion vector 341 can be used to reconstruct current

macroblock 335 in the encoder fortse as part of a reference frame for

subsequent motion estimation and, compensation. ge (zgcoder
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use or operated on for purposes of, for example, error correction or image enhancement,

or transmitted over petwork 349.

[0182] The encoded quantized coefficients of residual error 343, along with
encoded motion vector 341 can be used to reconstruct current macroblock 335 in the
encoder for use as part of a reference frame for subsequent motion estimation and
compensation. The encoder can emulate the procedures of a decoder for this P Frame
reconstruction. The emulation of the decoder will result in both the encoder and
decoder working with the same reference picture. The reconstruction process, whether
done in an encoder, for further inter-coding, or in a decoder, is presented here.
Reconstruction of a P Frame can be started after the reference frame (or a portion of a
picture or frame that is being referenced) is reconstructed. The encoded quantized

coefficients are dequantized 351 and then 2D Inverse DCT, or IDCT, 353 is performed



base and enhancement layers are encoded to provide an SNR scalable
bitstream. FIG. 33 depicts an example for encoding inter MB residual

W@ 9d%Micients such as would be done in step 323 of FIG. BATHB086¢/037948
similar methods could be used to encode intra MB coefficients as well.
Encoding, means such as encoder component 228 of FIG. 2 can perform
the process illustrated in FIG. 33' arfd step 323 of FIG. 32. Original (to be

encoded) video data 406 (video data compri lyma gnd chroma .
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r tation of the image. The coefficients selected by selector 379 are
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eprese

%‘ga’n (ﬁrﬂjgvﬁﬂz%%ug)r}quantlzers 381 and 383. The quantized coefficients
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33 SSH'ed gd%%ﬁl)éﬁ?gdf%gs?énqa%éﬁg macroblock found in buffer 371,

be rdsdtimgstan Y2t of SHiGH18d. mHerspIebksiFtlan sefeds could be used to encode

intra MB coefficients as well. Encoding means such as encoder component 228 of FIG.

2 can perform the process illustrated in FIG. 33" and step 323 of FIG. 32. Original (to
be encoded) video data 406 (video data comprises luma and chroma information in this
example) is input to a base layer best matching macroblock loop 302 and an
enhancement layer best matching macroblock loop 365. The object of both loops 363
and 365 is to minimize the residual error that is calculated at adders 367 and 369
respectively. Loops 363 and 365 can be performed in parallel, as shown, or
sequentially. Loops 363 and 365 include logic for searching buffers 371 and 373,
respectively, which contain reference frames, to identify the best matching macroblock
that minimizes the residual error between the best matching macroblock and original

data 361 (bﬁffers 371 and 373 can be the same buffer). The residual errors of loop 363



what will be reconstructed in the decoder. Quantizer 383, dequantizer

391, inverse transformer 393, adder 397 and buffer 373 perform similar
WQaaiedssns in enhancement loop 365 as were done in base REJEY$20/5/037948

363. In addition, adder 393 is used to combine the dequantized

enhancement layer and base layer coefficients used in the reconstruction

of the enhancement layer. The enhéncement layer quantizer and
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employed in selector 379 of FIG. 33. Selecti
gy ISk B AR DS DA R L HEIS O 35 and 35,

[01935IN9 FiGe 3¢-aARRA@Mestibedranafornies coeffietenisardapardeyer and

into base and enhancement layer cqefficients as shown in the win
enh ORI R BB O LB PR D1 T EeT AR RS s tAR ke on
sevézal {3,346, QBRASHS SA5e[8R] Chasommin Gaase,@aht Pacingrwide@i@s is

h = Ce,rb-Qb '(Qb(C’ i functi :
S TR 20 e e i St A

Equat s dooicted I tWo arguments.

.Equation epicted as.bloc 1lan ! i '

enlhEH g o A L U S ing 4 deponer o o

a refiRRlER SHe B8Rt Qebsiansissiardieadantizascdds tidtihassdagdayestficient by
Equation 26 converts the enhancemen{tég er coefficient into,a dig%r: ntial
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oo e el A S S b Eer e
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computes the enhanc&fhent layer’Coefficient as shown in the following
respastieglyatiamde stored in memory or transmitted over a network to a decoder.

[0186] To match the reconstruction of the macroblock in a decoder, dequantizer
385 dequantizes the base layer residual error coefficients. The dequantized residual
error coefficients are inverse transformed 387 and added 389 to the best matching
macroblock found in buffer 371, resulting in a reconstructed macroblock that matches
what will be reconstructed in the decoder. Quantizer 383, dequantizer 391, inverse
transformer 393, adder 397 and buffer 373 perform similar calculations in enhancement
loop 365 as were done in base layer loop 363. In addition, adder 393 is used to combine
the dequantized enhancement layer and base layer coefficients used in the
reconstruction of the enhancement layer. The enhancement layer quantizer and
dequantizer will generally utilize a finer quantizer step size (a lower QP) than the base
layer.

[0187] FIGS. 34, 35 and 36 show examples of base layer and enhancement layer
coefficient selector processes that can be employed in selector 379 of FIG. 33.
Selecting means such as encoder 228 of FIG. 2 can perform the processes depicted in
FIGS. 34, 35 and 35. Using FIG. 34 as an example, the transformed coefficients are
parsed into base and enhancement layer coefficients as shown in the following

equations:



C'enh=Cenh-Qb'(Qb(C'base [28] where C'baSe is given by Equation 27.

[0190] FIG. 36 is an illustration of another example of a base layer and
weparNs8mEnNt layer selector 379. In this example, the base 1aR€T/US2006/037948

coefficient is unchanged and the enhancement layer is equal to the

difference between the quantized/dequantized base layer coefficient and

the original enhancement layer coéfficient. [0191] In addition to the base

and enhancement layer residual error coefficients, the decoder needs

information identifyin@how KIB.s and @pncagappBsitoddng means such

encodepcamp—‘o &28 ofCFI?.,Z can encogi@&vgsbead information that

can include a map of ifitra-coded and inter-coded portions, such as, for

examplé€y MBAnAR Wikt Ghagidblocks (or sub-macroblocks) are [26]
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of inter-coding including, for example forwgrd, WO 2007/03870 -
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could be skipped. [0193] Intra;coded MBs.in|P.or Birframes require many
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feature of the human vilskéil(ésgstem (HVS) and the other one is that Inter
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MBs refiftecintrd MBswW ]feseté) that change position
[28]
where C',,, is given by Equation 27.

[0190] FIG. 36 is an illustration of another example of a base layer and
enhancement layer selector 379. In this example, the base layer coefficient 1s
unchanged and the enhancement layer is equal to the difference between the
quantized/dequantized base layer coefficient and the original enhancement layer
coefficient.

[0191] In addition to the base and enhancement layer residual error coefficients,
the decoder needs information identifying how MB’s are encoded. Encoding means
such as encoder component 228 of FIG. 2 can encode overhead information that can
include a map of intra-coded and inter-coded portions, such as, for example a MB map
where macroblocks (or sub-macroblocks) are identified as being intra-coded or inter-

coded (also identifying which type of inter-coding including, for example forward,



from a first frame to a second frame, some pixels in the first frame are
invisible in the second frame (to-be-covered information), and some

W RMEENBTAE second frame are visible for the first time (uncoRSFEAIS2006/037948
information). Human eyes are not sensitive to the uncovered and
to-be-coveted visual information. So for the uncovered information, even
though it is encoded at a lower qualff , the eyes may not tell the

difference, If the  same information remains in the fgllqwing. P frame, there
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For HRIERSI0 nncﬂf"agci?eggdt S?O §ep HQWEVEL. BAmEs By diavent9 at base layer

relerence intra-co of a P frame. If the pixels of the B-frame were
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encoded at base layer quality or simply dropped. If a scene change occurs,
unegvered and to-be-covered visual information. So for the uncovere information,

even though it is encoded at a lower quality, the eyes may not tell the difference. If the
same information remains in the following P frame, there will be a high chance that the
following P frame at the enhancement layer can refine it because the enhancement layer
has lower QP.

[0194] Another common technique that introduces intra-coded MBs in P or B-
frames is known as Intra Refresh. In this case, some MBs are coded as intra-coded
MBs, even though standard R-D optimization would dictate that they should be Inter-
coded MBs. These intra-coded MBs, contained in the base layer, can be encoded with
either QPy, or QP,, If QP,, is used for the base layer, then no refinement is needed at the
enhancement layer. If QPy, is used for the base layer, then refinement may be needed,

otherwise at the enhancement layer, the drop of quality will be noticeable. Since inter-



P frame, no changes may be needed, but the P frame could be dropped
or encoded at base layer quality. Scalable layer encoding is further
WQIeHII8@in co-pending U.S. Patent Application No. [AttorneBCAGE M3 7948

no. 050078] entitled "SCALABLE VIDEO CODING WITH Two LAYER

ENCODING AND SINGLE LAYER DECODING" and owned by the

assignee hereof, and which is incorﬁgrated by reference in its entirety

herein. Encoder First Pass Portion.[0197] FIG. 7 shows an illu 1a11:ié/n% these
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Encoder First Pass Portion

[0197] FIG. 7 shows an illustrative example of the encoder 228 of FIG. 2. The

blocks shown illustrate various encoder processing that can be included in encoder 228.
In this example, the encoder 228 includes a first pass portion 706 above a demarcation
line 704, and a second pass portion 706 (including functionality of second pass encoder
232 and re-encoder 234 in FIG. 2) below the line 704.

[0198] The encoder 228 receives metadata and raw video from the preprocessor
226. The metadata can include any metadata received or calculated by the preprocessor
226, including metadata related to content information of the video. The first pass

portion 702 of encoder 228 illustrates exemplary processes that can be included in first



scalability rate-distortion information using distortion estimations from

motion estimation module 720 and infra-model distortion module 716
waMieHBsprovided to the mode decision module 715. The moBETIBE8IG)37948

module 715 also receives input from the slice/MB ordering module 722.

The slice/MB ordering module 722 rggeives input from an error resilience

module 740 (shown in the second pass portion 706), and provides

information on aligning independent]y encadable portions of video (slices
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from an error resilience module 740 (shown in the second pass portion 706), and

provides information on aligning independently encodable portions of video (slices)
with access unit boundaries for error resilience to the mode decision module 715. The
mode decision module 715 determines encoding mode information based on its inputs
and provides the “best” coding mode to the second pass portion 706. Further illustrative
explanation of some examples of such first pass portion 702 encoding is described
below.

[0200] As stated above, the content classification module 712 receives the
metadata and raw video supplied by the preprocessor 226. In some examples, the
preprocessor 226 calculates content information from the multimedia data and provides
the content information to the content classification module 712 (e.g., in the metadata),

which can use the content information to determine a content classification for the



multimedia data on a display of a receiving device is made dependent on

the video content. [0202] As an example of a procedure that content
WeRSIfigtMdn module 712 undergoes to classify content, FIGPOEBHBW864)37948

process 900 illustrating an exemplary process by which the content

classification module 712 may opergte. As shown, the process 900

begi_ns at input block 902 where the Yontent classification module 712

receives of raw multimedia data and metadata. Theﬁpg%ess 900 tta%pe 712 is

mulfirsiaciatd blokk SMFvaEFE ASRCHnti CRLEHCASH Aidttie 77
confiSiesmineREhalial Miasnatomandntemiacial fnfatriatiomititedimddtimattiacan
data. In some a;‘%ects,, the spatial apd t?ﬁm oral information is determined

agt@[' s1 ﬁé)

alsoﬂ%?%&ﬁé%?‘fht‘? e R ). The spatial and
[026@]71porq*#efeaﬁtgﬁpmeagifhmﬂ@iemmﬂd brzedwhenetaligtadhapincigdome 2
__scene change data an otion vect \ thing..P ]
arsenan g e B RS AL e R s SR e
conﬁh’ﬁfmm/e@m sansiidly ie diffeationsarRiraceassi9e0 ih asppt_:t_meédscmﬂing the
o e s e P S A i

mpor sensitivity' data In
qualtoshke (hanetR1s. Alstoin bitinka8d6, spasbidifpr cater distddury, (RDjtaining
curve can be selected and/or R-D curye data can.be upgate i
oD B GSHIBEY oS00 ATET0 L USITE b1 (P SPSAE Ly el switching
schenesaeds, toriigUt frtonksGisiodivelly theabowp fast shanealgwitching. According
complexity-distortion. map fyvalue indicati p 'gl and t Vi
to t’é‘.eg.?’%?ﬂgllﬁeﬁ RISASRICA6nY, And grlﬁ%lgééﬁle%itce?e R-D %u%%gg‘géﬁe%{ilngk »)
opthaRktiorr46d Bittheecdiventi alassifichon thewodtset PlBgpfieaides aPegipuning a
to a rate control bit.allocation madu 4.an.] | i :
Conﬁ%&lﬁ? Yok ?t[é%% %}gg ?or?ﬁitlﬁﬁrggm(lésﬁ%i?a%%%tio r%gggﬁjl?aé% %ﬁgcl:q%slggc}evel
cormaprMﬁgr;;@m I(%éeiméltivjlll] ORORTiske ComepuRMsiFestisFHoRule 7450, bY
cap be configured to calcu Vag fco [ ' - oati
e T e oo
bmﬂa;ra_t}mammmntyﬁwaip%xabwmbbewhéwnpamemtr@ ey ofigpryrenicated
maSietensang ame dilleenecastics diesRedhiuhauglon B video
e _conten classification module 712 Tan be configured to determine
comgpatial complexity and temporal complexity of the multimedia data, and

(AP © E’O?‘%iaé%ﬁﬁfg“&? ‘ﬁb’r%é@dﬁ}@ shatiabaamp entyigagdisdneienle 712
value to the temporal complexity. The content classification module 712
undergive spriqmufiessatbvbritéht 9 shows a process 900 illustrating an exemplary

process by which the content classification module 712 may operate. As shown, the
process 900 begins at input block 902 where the content classification module 712
receives of raw multimedia data and metadata. The process 900 then proceeds to block
904 where the content classification module 712 determines spatial information and
temporal information of the multimedia data. In some aspects, the spatial and temporal
information is determined by spatial and temporal maskings (e.g., filtering). The spatial
and temporal information can be determined based on metadata that includes scene
change data and motion vector (MV) smoothing. Process 900 then proceeds to block
912 which performs spatial complexity, temporal complexity, and sensitivity
estimations. Process 900 then proceeds to block 916 where the content of the
multimedia data is classified based on the results of the determined spatial, temporal,
and sensitivity data in blocks 904 and 912. Also in block 916 a particular rate-distortion
(R-D) curve can be selected and/or R-D curve data can be updated. The process 900



information relating to the contents of the multimedia data being encoded
from the preprocessor 226, or alternatively, the preprocessor 226 can be
WQanfigadito calculate the content information. As describe PEFARE20(l66)37948

content information can include, for example, one or more Desat values,

contrast ratio values, motion vectors ﬁMVS), and sum of absolute

differences (SADs). [0205] In generg, multimedia data includes one or

more sequences of images, or, frames. Each frame, can be broken up.into, .
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[0205] In general, multimedia data includes one or more sequences of images, or
frames. Each frame can be broken up into blocks of pixels for processing. Spatial
complexity is a broad term which generally describes a measure of the level of spatial
details within a frame. Scenes with mainly plain or unchanging or low changing areas
of luminance and chrominance will have low spatial complexity. The spatial
complexity is associated with the texture of the video data. Spatial complexity is based
on, in this aspect, a human visual sensitivity metric called D, Which is calculated for
each block as a function of local spatial frequency and ambient lighting. Ordinary
skilled artisans are aware of techniques for using spatial frequency patterns and lighting
and contrast characteristics of visual images to take advantage of the human visual

system. A number of sensitivity metrics are known for taking advantage of the



interlacing is as follows. The deinterlacer performs a bidirectional motion

estimation .and thus bidirectional motion vector and SAD information is
WREART0A frame difference represented by SAD MYV for ecdR$FI/US2006/037948

macroblockc can be derived as follows: SAD_MV = loglo [SAD " exp

(-min(l, MV)) ] [29] SAD = min SADN, SADp), where SADN is where MV

= Square root (MVx2 + MVy ), the S@D computed from the backward

reference frame, and SADp is the SAD compute fro t e forward
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SAD_MV =logo [SAD * exp (-min(1, MV)) ] [29]

where MV = Square_root (MVX2 + MVyz), SAD = min(SADy, SADp), where SADy is
the SAD computed from the backward reference frame, and SADpis the SAD computed
from the forward reference frame.

[0209] Another approach of estimating a frame difference was described above in

reference to Equations 6-8. A SAD ratio (or contrast ration) y can be calculated as

carlier described above in Equation 6. A luminance histogram of every frame can also
be determined, the histogram difference A being calculated using Equation 7. The frame
difference metric D can be calculated as shown in Equation 8.

[0210] In one illustrative example, a contrast ratio and a frame difference metric
are utilized in the following manner to obtain a video content classification, which could
reliably predict the features in a given video sequence. Although described here as

occurring in the encoder 228, a preprocessor 226 can also be configured to determine a

i



*Frame Difference-Mean CCWS3 *I_Contrast _Deviation 2 * exp
(CCW4*Frame_Difference_Deviation 2) [30] where CCW1, CCW2,
W@oWaeEH CCW4 are weighting factors. In this example, theP¢aIUE20864)37948
chosen to be 0.2 for CCW1, 0.9 for CCW2, 0.1 for CCW3 and -0.00009 for
CCW4. [0214] 4. Determine the number of scene changes in the super
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equation:

CCMetric = CCW1*I_Frame. Contrast_Mean + CCw2
*Frame_Difference_Mean —

CCW3 *I_Contrast_DeviationAZ * exp
(CCW4*Frame_Difference_DeviationAZ)

[30] “

where CCW1, CCW2, CCW3 and CCW4 are weighting factors. In this example, the
values are chosen to be 0.2 for CCW1, 0.9 for CCW2, 0.1 for CCW3 and -0.00009 for
CCW4.

[0214] 4. Determine the number of scene changes in the super frame. Generally, a
super frame refers to a group of pictures or frames that can be displayed in a particular
time period. Typically, the time period is one second. In some aspects, a super frame
comprises 30 frames (for 30/fps video). In other aspects a super frame comprises 24
frames (24/fps video). Depending upon the number of scene changes, one of the

following cases gets executed.

(a) No Scene Changes: When there are no scene changes in a super
frame, the metric is entirely dependent only on the frame difference values

as shown in the following equation:



CCW 1 *I_Frame_Contrast_Mean2+ (CCW2-
0.1)*Frame_Difference_Mean- CCW3* |_Contrast_Deviationl|2

WO REYMASt-Deviation2A2 * exp (CCW4*Frame_Difference DRGTAUBIPOQ)37948
[33] (d) Three or more Scene Changes: If the given superframe is
observed to have more than 3 | frames (say N) , the last | frame, is given
more weight and all other | frames Afe given a weight of 0.05, as shown
in the following equation: CCMetric = 0.05 * |_Frame_Contrast-Mean(r....

N_1 + CCWI* |_Frame_Contrast _Mean(N) + (C -(0.05*(N-1))) *
Frame Efdesiee MQW%M h%r%%f%ﬁé@f& eAazp - (CCW3-
| ContrdSE W&o . SRV dekFrEe-n B - Oi aHon D) 31
Deviation 2) [34] [0215] 5. A correction is may be used for the metriL n]

the case of low motion scenes Wheqx%m F ame.DiffereélgeSnéear(I: ﬂ%ﬂegsframe
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content classification module 712 uses the Desat value, motion vectors
and/or tHe QH6s BHNNVR Bii¥ences to determine a value indicating a
spatial complexity for the macroblock (or designated amount of video

data). The temporal complexity is determined by a measure of the frame
differenceOmetiic (the difference WetlvEemmeCootrseicMvanframes takifgCW2
into accepnistikeBiffersntefMiation, with motion vectors, and the sum of
absolutaodiffesences betwe'ﬂn@betfaaq@syiﬁﬁan'q In some aspects, the  €Xp
content gaswificFiananDitidecrd? PemibeoroBfigured to generate a

bandwidth map. For example, bandwidth map generation can be ~ [32]
performed by the content classification module 712 if the preprocessor

226 does not generate a handwidt ..Petermini t

Motion Values 021 ﬁ?gre;%%%?ﬁa%%c’&% &@%giﬁig{ dgrgala%haet most 2
content etessifitatigs o thdegideh augoeians a heiast FARGERMS thfe accorded
spatial complexioyand 2 motipn value, Wit e SMAYRHEUPRlEIYy ifeshea
texture VAUS FeTRes 16 the Tuminescence values of the multimedia data,
where abguhtehdiee gabkdyingichessmtle dalagergiaquaiPiiscence

values of neighboring pixels of the data, and a high texture value indicates

large Ch%@[sfsetric = 0.1*I_Frame_Contrast Meanl +

CCW1*I_Frame_Contrast_Mean2+ (QCW%—
0.1)*Frame_Difference_Mean— CCW3* I_Contrast_Deviationl 2

A

*]_Contrast_Deviation2 2 * exp (CCW4*Frame_Difference_DeviationAZ)
[33]

(d) Three or more Scene Changes: If the given superframe is observed to have
more than 3 I frames (say N) , the last I frame is given more weight and all other I

frames are given a weight of 0.05, as shown in the following equation:

CCMetric = 0.05 * I Frame_Contrast_Meang.. N1y + CCW1*
I_Frame_Contrast_Meanny, + (CCW2-(0.05*%(N-1))) R *
Frame_Difference_Mean - CCW3 * I_Contrast Deviationgy 2 *
I_Contrast_Deviationg...N-1) 2

*exp(CCW4*Frame_Difference__DeviationAZ)
. [34]
[0215] 5. A correction is may be used for the metric in the case of low motion

scenes when the Frame Difference mean is less than 0.05. An offset of (CCOFFSET)
0.33 would be added to the CCMetric.



in the luminescence values of neighboring pixels of the data. Once the
texture and motion values are calculated, the content classification

WOrRHAUIBSS7eP determines a content classification by considerii§ Bdis2ene 037948
motion and texture information. The content classification module 712
associates the texture for the video data being classified with a relative
texture value, for example, "Low" texture, "Medium" texture, or "High"

texture, which generally indicates the camplexity of lumin g values of
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ocation [0220] As described herein, a multimedia data

clasmlfnkmultoolets&mﬂamdm bséhjﬁe.fd WOQT: e JeXIgERi RS R & cribg, content
class1 ta ove the bit anagementwhile MaliaitingavARSTRN HRmpIaeREE with

St video. For example, the classification metric can be w .
a relatlve texture value, for example, “Low” texture, “Medium” texture, or “High

texture, which generally indicates the complexity of luminance values of the
macroblocks. Also, the content classification module 712 associates the motion value
calculated for the video data being classified with a relative motion value, for example,
“T ow” motion, “Medium” motion, or “High” motion which generally indicates the
amount of motion of the macroblocks. In alternative aspects, fewer or more categories
for motion and texture can be used. Then, a content classification metric is then
determined by considering the associated texture and motion values.

[0219]. FIG. 8 illustrates an example of a classification chart that illustrates how
texture and motion values are associated with an content classification. A person of
ordinary skill in the art is familiar with many ways to implement such a classification

chart, for example, in a look-up table or a database. The classification chart is generated



used in algorithms for scene-change detection, encoding bit rate allocation
control, and frame rate up conversion (FRUC).
WE@Hipress8dr/decompressor (codes) systems and digital signBCHOE2¥sig7948
algorithms are commonly used in video data communications, and can be
configured to conserve bandwidth, but there is a trade-off between quality
and bandwidth conservation. The ba& codecs provide the most bandwidth

conservation while producing the least degradation of yideo guality. .
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classification,, the hit rate can be determined based on a selected target
Ratﬁg% Jf{/%? Cl]{l:ll%}l cy)/cﬁeg\?& for viewing the multimedia data. Determining
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humber in the range 1 fo 5, where 1 is lowest perceived quality, and 5 is
whitehighe pthe tsotidlegraiafion oftrideo quality.

[0221] In one illustrative example, the rate control bit allocation module 714 uses
the content classification to determine a bit rate (e.g., the number of bits allocated for
encoding the multimedia data) and stores the bit rate into memory for use by other
process and components of the encoder 228. A bit rate determined from the
classification of the video data can help conserve bandwidth while providing
multimedia data at a consistent quality level. In one aspect, a different bit rate can be
associated with each of the eight different content classifications and then that bit rate is
used to encode the multimedia data. The resulting effect is that although the different
content classifications of multimedia data are allocated a different number of bits for

encoding, the perceived quality is similar or consistent when viewed on a display.



aspects, the MOS can have more than five or fewer than five quality

levels, and different descriptions of each quality level can be used. [0223]
WOMEIBING multimedia data quality can be determined by hiG&EAE2006/037948

viewing and grading the multimedia data. In some alternative aspects,

estimates of the multimedia data qugL}ty can be made by automatic test

systems using, for example, signal td noise ratio algorithms. In one

ect, g-set of standard quality Jevels (e.g., five) and a corresponding. bit
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Int ustrated example in FIG. 7, the rate controf bit allocation module
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allocation module 714 resides in the first pass portion of the encoder 228,
detgratiag atssorvwidiie lovety mdtimediadate sifiedrtinalaeeonans gdassification
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first-pass (rate control bit allocation module 714} performs context
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second-pass (rate control fine tuning module 738) refines the first-pass
5, nelenieslfar Hseryrareeixpshangliinanskprasihe dighastsisebiedihaliste In other
asé&'ﬂéfoﬂkﬁpﬂéﬁsﬁﬁ fRarlayvsle: (A GCHR levelewranifals Bvdigtrhyfiaaveld, and

, B, and F frames to be non-uniform inside a GOP; (2) super frame level

diffessptrdrsmmiérnmas carhrauglieveligrat brarsedsize: (3) frame level -
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e multimedia data frames, which are based on the content
anghfgrAdk e guudioerigndattassibmny; alertal vagsepfbekasimptes of the
meREdS Riballgaatian GhmRcrekIecks Ragmshtic test systems using, for example,

signal to noise ratio algorithms. In one aspect, a set of standard quality levels (e.g., five)

and a corresponding bit rate needed to achieve each particular quality level are
predetermined for multimedia data of each content classification.

[0224] Knowing the relationship between the visually perceived quality level and a
bit rate for multimedia data of a certain conten£ classification can be determined by
selecting a target (e. g, desired) quality level. The target quality level used to determine
the bit rate can be preselected, selected by a user, selected through an automatic process
or a semi-automatic process requiring an input from a user or from another process, or
be selected dynamically by the encoding device or system based on predetermined
criteria. A target quality level can be selected based on, for example, the type of
encoding application, or the type of client device that will be receiving the multimedia

data.



on spatial and temporal complexity maps, which are based on the content

information (e.g., a content classification). [0226] An exemplary flow
WQIRGTaI8 drithe operation of the rate control module 714 is illPsiAAtEE096/037948

FIG. 10. As shown in FIG. 10, the process 1000 begins at an input 1002

block. The rate control module 714 receives various inputs, not all of

which are necessarily illustrated by F1G. 7. For example, input information

can include metadata from the preprocessor 226 a ta bjtrate, encoder
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& header bits as shown y block 1014. After the initializations of block
on 5pdq11008temgotkd rmpboseantsd hiehcargtRaser OnfBiccpait dpfpgpation

e. m,aacggglg&kcélz\‘@E}iaﬁgﬁ5igd out as shown by block 1016. As part of the
T4te control determination of a macroblock in block 1016, inputs are

[0226€kived Musirerpaaianhdasncod o gpriEse RifhesTeionrlgeodule 714
is ﬂ&?%%l?%ﬁf@?h&'%{%%%%ﬁ&%&a 20, wRdlpte Lt Srastiakigmosia input 1002

parameters 1020, and an update of median absolute deviation from the
blaslodidine meDeoatreb e delimkierefdisscredeysp MRt fbbof Ndueh are

nefi &ﬁ@&d@éﬁ%ﬁﬁfd@'% 10240, RYREuiRRRLRRLEaHaRS @iteetadata
encoding one picture 1024. This procedure includes
- from the preprocessor 226 a target bitrate, encoder buffer size (or, as an equivalent, the

maximum delay time for rate control), an initial rate control delay, and frame rate
information. Further input information can include inputs at the group of pictures
(GOP) level, including, for example, maximum super frame size, length and P/B-frame
distribution of the GOP (including scene change information), arrangement of base and
enhancement layers desired, a complexity-distortion metric for pictures in the GOP for a
future 30 frames. Other input information includes inputs at the picture level, including
complexity-distortion map for the current picture (received from the ~content
classification module 712), quantization parameters (QP), and bit breakdown of past 30
frames (fit over a sliding window). Finally, input information at the macroblock (MB)

level includes, for example, the mean absolute difference (MAD) of collocated



receiving an update of buffer parameters as shown by block 1026.

Process 1000 then proceeds to output block 1028 where the rate control
WORHaTISS8701 outputs quantization parameters QP for each mEETHHRAORNNET 948

to be used by a mode decision module 715 as shown in FIG. 7 Motion

Estimation [0228] Motion estimation jnodule 720 receives inputs of

metadata and raw video from the preprocessor 226, and provides output

that can include block size, motion vectors, distortio CS
Gotinsks e Yoo R ehtTRATETS S HBHEede%@loﬁ moci m]'? 1§ 2%1 11 (CBP) of
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process “that can be perfo ed by the scalability R-D module 718.
recBiningsm 180Rtbedihuiitrsparamitere 236kear Prddeddd 1% daieqesp4 000 then

nggg%’se t%hgu?ﬁ aoliggi( RoRk Mpdulel 84t LBaEMERMIBPYU AT IROHAtiZation

estimati ule 720 and performs motion estimation. Motion
pmemmu@ﬂm@dm mpuobioskdd e beaterd foearranssdesitian candulg 715 as
“Xb{ @rgnce frames, and the to-be-coded original frame as indicated
ock 1306. Such information can be calculated by the GOP partitioner
M@l@ﬁwm@hﬂmwlcated to the scalability R-D module 718 via, e.g.,

(03829213, I, PLOERSE o A BERCE08S 8RS Kinputs of metadata and raw video

from the preprocessor 226, and provides output that can include block size, motion
vectors distortion metrics, and reference frame identifiers to a mode decision module
715. FIG. 11 illustrates an exemplary operation of the motion estimation module 720.
As shown, process 1100 begins with an input 1102. At the frame level, the module 720
receives input of the reference frame ID and motion vectors. At the macroblock level,
input 1102 includes input pixels and reference frame pixels. Process 1100 continue to
step 1104 wherein color motjon estimation (ME) and motion vector prediction are
performed. In order to carry out this process, various inputs are received including
MPEG-2 motion vectors, and luma motion vectors MVs 1106, motion vector smoothing
1108, and non-causal motion vectors 1110. Next, process 1100 proceeds to block 1112
where a motion vector search algorithm or methodology is performed, such as

hexagonal or diamond search methods. Inputs to the process at block 1112 may include



1308 to determine scalability information of the data base layer and

enhancement layer data. Base layer encoding is next performed as
W@RRUIIBTBlock 1310, followed by enhancement layer encodiPgTUBloek 037948

1312. The encoding of the enhancement layer can use the base layer

coding results for interlayer predictign as in input, as illustrated by

block1314, thus temporally it is perf89med after base layer encoding. This

is further described in co-pending U.$. Paten lication Attorne
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blofa32}iorsleompenidiy stidepemermestafiarhes nwbaisedite (Ereys further

descH %CP igc&-pending U.S. Patent Application No. [Attorney docket/ref. no. 050078]

entitled “SCALABLE VIDEO CODING WITH TWO LAYER ENCODING AND SINGLE LAYER

DECODING.” After encoding is complete, process 1300 ends at block1316.

v Slice/Macroblock Ordering

. [0230] The first pass portion 702 also includes a slice/macroblock ordering module
722, which receives an input from an error resilience module 740 in the second pass
portion and provides an slice alignment information to the mode decision module 715.
Slices are chunks of independently decodable (entropy decoding) coded video data.
Access units (AU) are coded video frames each comprising a set of NAL units always
containing exactly one primary coded picture. In addition to the primary coded picture,

an access unit may also contain one or more redundant coded pictures or other NAL



creation and MAC layer encapsulation should align as well. FIG. 20

illustrates the organization of coded video data or a video bitstream in
WaREeEERWAUS. The coded video may be constituted in one 8CKIBR3006/037948

bitstreams, e.g., base layer bitstream and enhancement layer bitstream

where layered video coding is applied. [0233] The video bitstream

comprises AUs as illustrated in FIG%%0 by Frame 1' 2005, Frame 3' 2010

and Frame M' 2015. The AUs comprise of sli i
- prise of plices,of datg, a5 IUSUalah DY on
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slices of a P-frame and integer number of P-framesto frame boundaries
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[Oi??]?' ons %ﬁéhﬁﬁgof%ritktream comprises AUs as illustrated in FIG. 20 by Frame 1’
2005, Frame 3’ 2010 and Frame M’ 2015. The AUs comprise of slices of data, as
illustrated by Slice 1 2020, slice 2 2025, and slice N 2030. Each start of slice is
identified by a start code and provides to network adaptation. In general, I-frame or
intra coded AUs are large, followed by P-frames or forward predicted frames followed
by B-frames. Coding an AU into multiple slices incurs a significant overhead cost in
terms of the coded bitrate because spatial prediction across slices is restricted and slice
headers contribute to the overhead too. Because slice boundaries are resynchronization
points, restricting contiguous physical layer packets to slices controls errors since when
a PLP is corrupted, error is confined to the slice in the PLP whereas if the PLP
contained multiple slices or parts of multiple slices, the error would impact all slices or

portions of slices in the PLP.



frames). Temporal error concealment can be employed in such aspects.
Alternatively, dispersing consecutive P-frames such that they arrive in
WQiFee7ésTPAmMes provides added time diversity among P-franRSTANS606/037948
can be because temporal concealment is based on motion vectors and
data from previously reconstructed | gr P frames. B-frames can be
extremely small (100's of bits) to moderately large (few 1000 bits). Hence
aligning_integer number of B-frames to _frame bqundaries is.desyable to, . .
[Oz%higyesé‘i‘f;&&rg@iﬂjéﬁ@iewm@d YAUEF A ARATREE S |c?éﬁl%§/.o odseO?kbltS’
the SARFIRIGD M?dﬁ'ﬁl{ﬂﬁﬁl?}] friées 12nbustiates popetexaoiles tofdthEframe size or
operation of the mode decision module, 715. As shown, t rocess 12
otab B o A1 BIBCRLE I SR AR B mEIE s S e e
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car R ORI R TR VRCISHOLER FRRV 335 TR SAD s L fges o
preRBACSYI B NAYarSaP r itk xies, SpRredMBRKBI aSpRsepiiBE XY channel
Rate Distortion Flag, Raw YMB pixels, Raw UMB Pixels, and Raw VMB
acq‘liiﬁigig?'Process 1200 then proceeds to block 1204 encoding initialization,
[ozyég] ich cmﬁﬁiliagiaiedr byoaFM¥O 20074058191 ETifgS fel T1BAB7 948frame
input signal or. interface directi cader initializat indi d
boEIEL 08 h Tt 0 AL (T R i EoLape o most
effiskify eifecthmeslmarte wetighisn(fsitecpifametblicd dhatibalongrl égdagme 1 2105
. .weights for al des), and setti After. initializatior :
5 1950 it o SHek LoD b oy el ot et
becpeséofnank iaclLidifghaompighifjoamdctohtoskpwEpm suancFseforl eHdly error
recgg%vy%gprgggp%ggm%e' fing of %%g%éﬁrgﬁ%‘ﬁ&ﬁh%ﬁ& wisakiing dgctor,
selecting' a minimum mode cost mode. Inputs involved with these
[0236F r_atlloBsgimstuBefmmﬂ@ nrestpiation greyl, m\IE oidepreldfcfiondibaise aligning
. spat iction (e. | ict '
A e PSEPRdREedictions] aaliakalathim
Shcﬁ?o%% %%8%%3%%&% %]tfe{ﬁ"g‘ggdo v%ﬁﬁt%% mocssgf‘decisior}i module 715 ?; ot
resitistiopyithootlimglétrivheokell 2uss wiaefGeivnsy G simysreamboedhage for I-

fra%%$.p reesion (g, ér%ﬁééaﬂrﬁ%% the B%OQ&‘%%E% bipgk A ZLBMRe Bitenatively,

ers are updated to pass information to the encoder second pass

dispeting 0BeiriaE Provessudpte phssewayediblRent Bamse rrgpyigles added
timeb Svtersel% g@ggggﬁé@ﬁ? PR MuRicatetkia . HESNQHRE SREHIGNRREd on

portion econd Pass Portion [0238] Referring again to FIG.
moFothzestwsrpdetafortiopreoewiyssnssygied Jegr P frames. ~B-frames can be

extremely small (100’s of bits) to moderately large (few 1000 bits). Hence aligning

integer number of B-frames to frame boundaries is desirable to achieve error resiliency

without a detrimental loss of efficiency.

Mode Decision Module

[0237] FIG. 12 illustrates some examples of the operation of the mode decision
module 715. As shown, the process 1200 begins at an input block 1202. In one
illustrative example, the various information input to the mode decision module 715
include slice type, Intra 4x4cost, Intra 16x16cost, IntraUV 8x8cost, IntraY 16x16 Mode,
IntraUV Mode, motion vector data (MVD), quantization parameters (QP),
SpPredMB4x4Y, SpPredMB16x16Y, SpPredMB8x8U, SpPredMB8x8V, Rate
Distortion Flag, Raw YMB pixels, Raw UMB Pixels, and Raw VMB Pixels. Process

1200 then proceeds to block 1204 encoding initialization, which can be initiated by an



includes a second pass encoder module 232 for performing the second
pass of encoding. The second pass encoder 232 receives the output from
W80T Mecision module 715. The second pass encoder 2B THEH 04037948
MC/Transform Quantization module 726 and a Zig Zag (ZZ)/Entropy
encoder 728. The results of the second pass encoder 232 are output to a
scalability module 730 and a bitstreSth packing module 731, which outputs
. a encoded base and enhancement layer for transmissi r& e
inpulsigasb AB TIPS ey B RIFI TR B AR .%9@3.1&%6- The
initishawmeAN GG iRlilds satgshthaldvase nesitenhrhedineskiayatdooin tbe mode

_second pass encoder 232 and the re-encoder 234 are _assembled by th
Wel&‘Vﬁéﬁr%&%@ié@%ﬁ?@@lﬁ%lhbﬁfﬂ?@ﬁ%ggﬁ % THofng St lfrers
AftENRANaBAdAYE SrRiatadRE Sradt de @  lkclandofthehdexolzta pavig simg for

audio PES 246. It is noted that the audio encoder 236 recei d
o RGBS b I LS OIS T TRk S o Clls for

caclihI8Readsddefowpmiinn 238 taiheMpnatotzyeos24atiRe-veigdars (0289} and
Referring again to FIG. 7, the encoder sefonq Pass RAL ion £06 also .

selefiitg o SRBRL B, Dofeioth R8s pBRIS e ercoder Z%ﬁn pRgations

inclddd RetRY\Eeri200R 38 30 INPID /kha 2t dib6itik3 28dSpet adyedistior4e.g., all

_also receives the output of first rtion and i de .
ISP AR ER DN TE A LIIBASHS S Focihariased vith the
moe_irﬁr?@&tmﬂilymoﬁiﬂes@aﬁahi&mnaspﬁaiedtﬁﬁ)gdmtpmslqdzmé teabricoeRs othgr things,
) e re-encoder 234 outputs_the r t ba
e e e
are Sydatd mizesstaforsyrioapah@dicebionsedandl casg portien dReoliErailygprocess
xample in FIG. 7 alsoJncludes a rate.c fi | IS '

12@@%%)%% (ﬁ%]t{satlrie%ém&éae@%ge fe%é% %(?lg %1% ?#tt!r?én %@gg%sform icated to
the @uasdizaitonndnods lpo23dnifidhe second pass encoder 232 and to the

ZZ/Entropy .module 736 in the re- encoder 234 to help tune the second

pass encoding (e.g., to increase compression efficiency). Error Resilience
Endddelfe JoRdBhEpemmoder 228 example illustrated in FIG. 7 also

include error resilien 740 in4t %Q{}gnp@@g '
[0 grrz??%esrﬁllgﬁ cag%no%ﬁc@%(gj’%%nﬁ%ﬁgt%g with the bitstgrfég{r%%g&ﬁer 228
inchmlmagacm@jm@&h@@ﬁh@éﬁbemf@m@rﬁ@@m#ﬁédh%smdm?éSe?ifcﬁnc"-’ding-

Théessre'cl:'g%{‘&e aTsOQHJSd%“.%E%%L"ei‘i%g‘&x@%ﬁlﬁuf{?mmqi? (BRIRCRSIAbPRBANE 715.
Selects an error resilience scheme, for example, aligning slice and access
Theisétsond pass encoder 232 includes a MC/Transform Quantization module 726 and a

Zig Zag (ZZ)/Entropy encoder 728. The results of the second pass encoder 232 are
output to a scalability module 730 and a bitstream packing module 731, which outputs a
encoded base and enhancement layer for transmission by the transcoder 200 via a
synchronizing layer 240 (illustrated in FIG. 2). As shown in FIG. 2, it is noted that base
and enhancement layers from the second pass encoder 232 and the re-encoder 234 -are
assembled by the synchronizing layer 240 into a packetized PES 242 including base and
enhanced layers, a data PES 244 (e.g., CC and other text data, and an audio PES 246. It
is noted that the audio encoder 236 receives decoded audio information 218 and, in turn,
encodes the information and outputs the encoded information 238 to the synch layer
240.

Re-encoder

[0239] Referring again to FIG. 7, the encoder second pass portion 706 also

includes a re-encoder 234, which corresponds to re-encoder 234 in FIG. 2. The re-



to frame boundaries, predictive hierarchy and adoptive intra refresh. The
selection of the error resilience scheme can be based on information
WOog0eTEBdWilthe metadata, or from information communicate JPOTHS290@P37948
resilience module from the bitstream packing module 731 and the
slice/MB ordering module 722. The error resilience module 740 provides
information to the slice/macroblock fMB) ordering module in first pass
portion 702 to implement the selected error resiliency. processes..Vid
encafghsAHbsAIRR EveF B ot e R vithn éﬁtgaégnpé’ﬁ #%yzﬁr‘?ora P |e$1ﬁéges 2
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error-filled data to a viewing user. The errqr resiliengy description belo
the oAby AR BN o OO RGO g rLyecer 25 Yhputs
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error robustness algorithms integrates an understangding of e
731 GPSETI B Do B THEPRATS (i EAGE L QUi TG 3y The

encdRAKErSIO eRAiIEtiONFIGh Tdekisabiepiapertias obtitdmemumicgtiorodule 738

system such as low latency and high .throughput. Err silj o
Whlbﬁo?&%@‘#gs c@ﬁﬁ%aﬁhé’élaﬁgﬂgﬂ%eél ﬁ%(n#fn ortrﬁéhgn@é%ﬂﬁﬁm%u ntization
modlatnianexamplendpisedentene2 asiioationZy/ e onitinstils d36in the re-

One of the primary advantages |s recoverahility from fadi :
encii St LR ETER AL, W S0 0SB T MRS e s o
effidiBgcgiror resilience approaches described below pertain specifically to
processes that can be incorporated in the encoder 228 (e.g., in particular
in error resilience module 740 and slice/MB ordering module 722), and
Err@ﬁR_ekEﬂieﬁbeﬂdedm@nerically to data communication in error prone
[Olggﬂromiﬁgt%h%a% rgfglee@(%e @f%ﬂu’g&ﬁ@@ rﬁdﬁ@n ‘Paai?g ByArges an error
pression Ssystem, intra-co frames are independently coded

resiliithes tradyiteTdpoiratipr ediotidpastgotiedOfarhes eaATESkioRpRHANgule 740
redicted frompast f%%gé}?é - anshiwiues framesB-LiaeaaB Theering

pCreglsctor can be'identified through a search process in the reference
mottaima@1pndinz emoredsilicheedistdrio 4 etengivesypptadan Ay tsayqprocessor

jdentify.the best match, . jctiv i I i
SRS A ol P e
to f;mqamﬁmwssdgm&ietﬂvam@bﬁycmﬁré@@m\f@ﬁn@%aw@ré}l- The selection of
thesgggergt?lgg&e[ggﬁ%g %g}p%atl)&r&p 5 ‘?Hfgfﬁiﬁﬁ‘g){ elenda Qyehén@Biadata, or
frames (Se.g., 10to 10's of frames) and is terminated when a frame is_
fronpdetbamation-frameuticaG o Ry ey derry igemhdaadp hdepathe bitstream

pacf elggu ency ko paxin R SRdMBMGENaY: 358k IF2SCeNBe error resilience

module 740 provides information to the slice/macroblock (MB) ordering module in first

pass portion 702 to implement the selected error resiliency processes. Video
transmissions over error prone environments can employ error resilience strategies and
algorithms that can result in presenting clearer and less error-filled data to a viewing
user. The error resiliency description below can apply to any individual or combination
of existing or future application, transport and physical layer or other technologies.
Effective error robustness algorithms integrates an understanding of error susceptibility
properties and error protection capabilities among the OSI layers in conjunction with
desirable properties of the communication system such as low latency and high
throughput. Error resiliency processing can be based on the content information of the
multimedia data, for example, on the content classification of the multimedia data. One

of the primary advantages is recoverability from fading and multi-path channel errors.



for example, GOP boundaries are aligned with scene boundaries and
scene change frames are coded as I-frames. In low motion sequences
WQamMphisty relatively static background and motion is generdtiyTr&sao0oars 7948

to the foreground object. Examples of content of such low motion

sequences include news and weathef forecasts programs where more

than 30% of most viewed content is of this nature. In low motion

sequences, most of the regions are ipter-coded .and the.predicted frames
The grEMREIL A P IPHRA St HHGUB P FRHREE o REEE P S HOS3aF S that
can B&iapRgoiaEiGa 2% dheodirazddeg. bipghRiGhiriit kerbfiesikeicth@odule 740

predictor for the _inter-co{gll d k 2210 in co%ed frame (or AU) P1. In this
and o slicsMB yoedesiign 8P iesg t%@cké“l L&htidhaty part %)f gegerically 16 data
contiAacka1etin Birouplvronseesiiventemporal prediction, the sensitivity of

the intra-coded block 2205 to errors goes up since it is a "good" predictor

which also implies that its "importance" is higher. Additionally, the
Errdtfesigiedes block 2205, by virtue of this chain of temporal prediction called

h S ion chain, erdists | s chaln 0 ré c
ol TR S RSsh e ol e
inddperdetBR1 tod6d1 H3H48 A6y [2hpbiatedictintitierdnttryciedddfifrathes e be
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oY r%ﬂwd;%ec%StB?té%?c%eﬁ T r%.i?ﬁ%fﬁ re%%g%lsgg %e%%ﬁ{?c%%(be gregﬁgd ©
prefictivdamdatjuegioasithspacting Hhrsowanmbeypdietchiaghiigcsiisend shape

shert el and pot just IRAPRACABIS I RrefdiCHinEPABRIen, f
(l6§%o§£)§3§{da%1 (‘::’(tncrg|odrres'rfls%?rélﬁfl1 ggepr?girﬁa%gﬁg gﬁpliesato all thtg inventio%ls *
exafgsleribsgnenthisapplication). Once the prediction hierarchy is established,

r resilience algorithu ived ripe ’s of
[Ozggﬁ)w, can Oraglb ?Iéeﬁ ﬁ%}ﬁ gcl?t velyeﬁre{}ged?n%srgr%ésﬁ?g nrr%e%:(sgu% g'zlrtmobleo °O

fraipaspahdriseuovieradllinhot a fiivenibradedrantedrdrany dheaS i duigirally being

def?re?é]?ﬁ 5212[21% Etflgﬁ%aé}gg‘%ﬁg}? %@Mﬁﬂﬁ%&@? rgieftash 19 6OTRRCE scene,

e coae eam.to errors. An estimate Of.'[ e importance
fornemaniple, cGOBetoasdarien armmianettivies scemsckRaundssgsnangd predigishange
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used to improve coding efficiency by arresting prediction error
baghioagdtind Medgeisiccastdlnariserd thie desemund Rbisen Brimples of

corRQﬁkéfVmthilgtlﬁlfﬂmﬁﬁr@aﬁ%nces include news and weather forecasts programs

where more than 30% of most viewed content is of this nature. In low motion

sequences, most of the regions are inter-coded and the predicted frames refer back to the
I-frame through intermediate predicted frames.

[0243] Referring to FIG. 22, the intra-coded block 2205 in the I-frame is the
predictor for the inter-coded block 2210 in coded frame (or AU) P1. In this example,
the region of these blocks is a stationary part of the background. Through consecutive
temporal prediction, the sensitivity of the intra-coded block 2205 to errors goes up since
it is a “good” predictor which also implies that its “importance” is higher. Additionally,
the intra-coded block 2205, by virtue of this chain of temporal prediction called the
prediction chain, persists longer in the display (for the duration of the scene in the

example in the figure).



Adaptive Intra Refresh [0246] Adaptive intra refresh is an error resilience
technique that can be based on content information of the multimedia

WQ2087//38Mintra refresh process, some MBs are intra- codedP&EHSIO6/Bi7948
standard R-D optimization would dictate that they should be inter-coded
MBs. AIR employs motion-weighted intra refresh to introduce intra-coded
MBs in P or B-frames. These intra-ed MBs, contained in the base

layer, can be encoded with either QPb gr QPe Pe, is used for th .
[024Hse Iafé??%ﬁ%?t“n]&“?ﬁﬁ@h‘érﬂe A% |6S£Qe%ﬁ%_%g 8Ceﬁhcz§1%%%qul1§arl1stef§)93r.t his
implfabds isvepes fasathechsspeloisamdberitiiafiagarent malyetiomaipropsiatel block

otherwise at the enhancement layer, the drop of quality .will iceable
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the GRdi elficiensty leeprFatingmadtsat she Pahascaraeblocye tieil tseminate a

inter-coded. This way, the base layer coefficients will not be used for the
predifiom eBaint layer, and the quality is improved at the enhancement layer

[ozmhoutfmﬁ@u@iﬂgmxmgecaﬁomcfaaéa] flor svikED aspRers;eadappspective of
intra refresh can be based.on content informatiqon. of th Iti '
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pre&@ﬁ@fpﬁagﬁ RA3d UG 1d:tH) 1da8T@e8si6T nmotgonanadigtied dppdiss Ror all the
.~ example, if the content classification is relatively hj i
R TR (b A SR A e o oS LM M,
errdelasivedy cacitsritarcodechMB' sasiPeomBHraefresh AHeserabiv@ pelpihecan be
ontent classification,was relatively low. (indicati i -
D TP Rk o R sl S BaCa G RADEAERRS of 2
givintislduk drfawerrint awddadtivtBEhinahes Sinaent BpReatiers SibADRI¥AEAdaptive

intrggﬁ%{égs?ﬁ Odg,nl‘_‘loarngg%g\ﬁg& 15PLE %IJ)IS&P )Slt%ﬁ‘éa?a‘? RPAISH NOLJUskMAREOf the
Xt of wireless muf imedia communications but towards data
immatapeessianEadan bitivedioprocebsing FHraeneRAPEK. i Wied agshigedictor also
: refergrgge}gngs) "?_Igehaglns‘iesltgvxgc HRme %%%ﬁeﬁ@@%@ﬂrﬁ”ﬁcgl%am@d%Fﬂlprove

as de mgd erein Is a broa tgrm escribing a random access frame
codingeetéitianay Tz proptingepiecitiom ipreoh RsepRESA S A9 PEFIESNEHRGHE also
incSISON A e (AL SPANNG) ShaRARPeBRABEeams in a broadcast

mu |_p ex. annel switch frames also increase error robustness, as they

provide redundant data that can be used if the primary frame is

A dta{at%gfrt&?g @3 error. An |- frame or a progressive I-frame such as the
—p‘PogmsavegéEt‘o&éer refresh frame in H.264 is typically serves as a
[0246kdom Actrpsy paitta ERSIPeiyds, eRERIHERTES OB tithean be based on
content information of the multimedia data. In an intra refresh process, some MBs are
intra- coded even though standard R-D optimization would dictate that they should be
inter-coded MBs. AIR employs motion-weighted intra refresh to introduce intra-coded
MBs in P or B-frames. These intra-coded MBs, contained in the base layer, can be
encoded with either QPy, or QP, If QPe, is used for the base layer, then no refinement
should be done at the enhancement layer. If QPy, is used for the base layer, then
refinement may be appropriate, othérwise at the enhancement layer, the drop of quality
will be noticeable. Since inter-coding is more efficient than intra-coding in the sense of
coding efficiency, these refinements at the enhancement layer will be inter-coded. This
way, the base layer coefficients will not be used for the enhancement layer, and the
quality is improved at the enhancement layer without introducing new operations.
[0247] In some aspects, adaptive intra refresh can be based on content information

of the multimedia data (e.g., a content classification) instead of, or in addition to, a



shorter than scene durations) results in a significant reduction in
compression efficiency. Because intra-coded blocks may be used for

W@ /38ilfdnce, random access and error resilience can be d€8¢1iS2006/037948
combined through prediction hierarchy to improve coding efficiency while
increasing robustness to errors. [02%9] Improvement of random access
switching and error robustness can & achieved in concert, and can be

based on content informae%%l &ighas a content | Iastsificatiorf.tFoE I%wh o
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severe for low moffé){_é(znd hence low bitrfat seque p()cé?llscgi ce tlh?ntra coded
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compressible sequences that renders every bit useful for reconstruction.
cany B PRRn Whdbe e U 10D e T et I e s R B b
toweadd eita neoreprewi dnfemdatinntimedienpi@s20Q71038FGxal (e.g., in graphics
PCT/tJS211116/1137948 68 frame increases the number of coded intra
renglg ‘which are independently decodable and more resilient to error

inherently. Adaptive intra refresh based on prediction hierarchy achieves
Cha hi erflgln ance for. high motion sequences and performance

€ uch bFrame , . .. )

—%b?&gn-rengs—mt significant for low motion sequences. Hence, a
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diversity for low mation.. s r-stri
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refatively high content classification (e.g., 6-8), the CSF can consists o
redpabics thaéd petsist ihetheedit ththpymanfevaeisompsatited yit ppipieer. An I-
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ave shortprediction chains which implies that they are terminated with
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on par with the size of [-frames, and they can be coded at a lower bit rate
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resm%ﬁpesmq)%r éﬁ@&%y%ﬁﬂﬁﬁ@@%ﬁl&gﬂwﬁﬁztion hierarchy to improve coding

efficiency while increasing robustness to errors.

[0249] Impiovement of random access switching and error robustness can be
achieved in concert, and can be based on content information such as a content
classification. For low motion sequences, prediction chains are long and a significant
portion of the information required to reconstruct a superframe or scene is contained in
the I-frame that occurred at the start of the scene. Channel errors tend to be bursty and
when a fade strikes and FEC and channel coding fail, there is heavy residual error that
concealment fails. This is particularly severe for low motion (and hence low bit rate)
sequences since the amount of coded data is not significant enough to provide good
time diversity within the video bitstream and because these are highly compressible
sequences that renders every bit useful for reconstruction. High motion sequences are

more robust to errors due to the nature of content — more new information in every



[0251] Error resilience based on prediction hierarchy can work well with

scalability and can achieve a highly efficient layered coding. Scalability to
waappdrsMierarchical modulation in physical layer technologieBGHA}S2006/037948

require data partitioning of the video bitstream with specific bandwidth

ratios. These may not always be the ideal ratios for optimal scalability (for

example, with the least overhead). If'Psome aspects a 2-layer scalability

ith 1:1 bandwidth rati
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hierarchical modulation in physical layer technologies may require data partitioning of

the video bitstream with specific bandwidth ratios. These may not always be the ideal
ratios for optimal scalability (for example, with the least overhead). In some aspects, a
2-layer scalability with 1:1 bandwidth ratio is used. Partitioning video bitstream to 2—
layers of equal size may not be as efficient for low motion sequences. For low motion
sequences, the base layer containing all header and metadata information is larger than
the enhancement layer. However, since CSFs for low motion sequences are larger, they
fit nicely in the rémaining bandwidth in the enhancement layer.

[0252] High motion sequences have sufficient residual information that data
partitioning to 1:1 can be achieved with the least overhead. Additionally, a channel
switch frame for such sequences are much smaller for high motion sequences. Hence,
error resilience based on prediction hierarchy can work well with scalability for high

motion sequences as well. Extending the concepts discussed above for moderate



multimedia streams or channels 1802. The multimedia streams 1802 are

encoded by respective encoders 1804, which are in communication when
W2eTHIpsexer (MUX) 1806, which in turn is in communicationRETAUR2006/037948

transmission medium 1808. For example, the multimedia streams 1802

can correspond to various content channels, such as news channels,

sports channels, movie channels, ant’the like. The encoders 1804

encode the multimedia streams 1802 to the encoding format specified for
mofi &Rl PRARHE TR b T FRALBH PR R kG GP Ut LR gposed
corlbp RPN Esrandeaebdiniigasnéile disclosed techniques are generally
applicable to multimedia streams including, for example, audio streams.
The encoded multimedia streams are provided to a multiplexer 1806,
Mug mbines the various encoded multimedia streams and sends the
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result in a variable visual qua ich is typically undesirable. [0257] In

varhablifl bitrate e srdativeln emeiane Giuab andtrerahaChaomielanaliecanstant
bit@gggcgéqgtg%%ﬁgmﬁp Bl%i.ty of input data. One or more of the

encoders 4 may receive adapted bit rate control from the multiplexer
(025336 in rEBpodSeisThidlnsknitngianeilvsertTana thefierpettenedigoaaltiple
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encoder 1804 encoding relatively complex video comes from the bits that

exqpopiiel Brpawismathysttsaas LREICR «rEHoRASthEAYE SUtheRlFaanBele. such
as lhiR SRGALALS Yotk IRIEMENIAEVR channels, and the like. The encoders 1804

encode the multimedia streams 1802 to the encoding format specified for the system.

While described in the context of encoding of video streams, the principles and
advantages of the disclosed techniques are generally applicable to multimedia streams
including, for example, audio streams. The encoded multimedia streams are provided to
a multiplexer 1806, which combines the various encoded multimedia streams and sends
the combined stream to the transmission medium 1808 for transmission.

[0255] The transmission medium 1808 can correspond to a variety of mediums,
such as, but not limited to, digital satellite communication, such as DirecTV®, digital
cable, wired and wireless Internet communications, optical networks, cell phone
networks, and the like. The transmission medium 1808 can include, for example,

modulation to radio frequency (RF). Typically, due to spectral constraints and the like,



operate at constant bit rates. This maintains the output of the multiplexer

1806 at the constant bit rate (CBR). [0258] While an individual multimedia
weaerm8B02 can be relatively "bursty,” that is, vary in used DRETHWAGHG6/037948

the cumulative sum of multiple video streams can be less bursty. The bit

rate from channels that are encodinglbess complex video that can be

reallocated by, for example, the multiplexer 1806, to channels that are

encoding. relatively complex video, and this, can ephance the visual .
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Another example is In decompression or decoding in any decompressor

congiglenioderaiquebity prbee s56r Hanr eislihibel dtatisd, ¥ Shapiftgar encoder 1804
en 9@1’5{%ng ESLOSRHON; ARF RERSE RGN PR IR RV URPEALRAIRHAE been

now to FIG. 19, a typical video communication system includes a video

usebrisrensrshing stier codenstirgane Vo Eribsdercadars Weko geismented to
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of error prone networks where the communication channel exhibits
costuridrhete&§iR& dbr shadowing and multi- path fading in mobile scenarios

[038RAditiof/ iR P % IRES: A PHHIBKI IRERMPRLEN REMEL A R Fe R AOWER S, that
reliable communications for application layer data, the RF

is, vary in used bandwidth, the cumulative sum of multiple video streams can be less
bursty. The bit rate from channels that are encoding less complex video that can be
reallocated by, for example, the multiplexer 1806, to channels that are encoding
relatively complex vidéo, and this can enhance the visual quality of the combined video
streams as whole.

[0259] The encoders 1804 provide the multiplexer 1806 with an indication of the
complexity of a set of video frames to be encoded and multiplexed together. The output
of the multiplexer 1806 should provide an output that is no higher than the bit rate
specified for the transmission medium 1808. The indications of the complexity can be
based on the content classification as discussed above to provide a selected level of
quality. The multiplexer 1006 analyzes the indications of complexity, and provides the

various encoders 1004 with an allocated number of bits or bandwidth, and the encoders

1804 use this information to encode the video frames in the set. This permits a set of



modulator includes forward error correction including interleavers and
channel coding such as convolutional or turbo coding. [0262] Video
WQamps8Hdn reduces redundancy. in the source video and inR€SAEB200ti1e3 7948
amount of information carried in each bit of the coded video data. This
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block 1404, process 1400 proceeds to a preparation block 1414 where
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process at blockl420. 0266 he rate control bit allocation block 1418 is
sughsagicom YR PBAH6 ion in block 1422. The motion estimation
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motion vector smoothlng (MPEG-2 + History) from block 1424 and
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impact in quality when even a small portion of the coded video is lost. Spatial and

temporal prediction inherent in video compression systems aggravates the loss and
causes errors to propagate resulting in visible artifacts in the reconstructed video. Error
resilience algorithms at the video encoder and error recovery algorithms at the video
decoder enhance the error robustness of the video compression system.

[0263] Typically, the video compression system is agnostic to the underlying
network. However, in error prone networks, integrating or aligning error protection
algorithms in the application layer with FEC and channel coding in the link/physical
layers is highly desirable and provides the most efficiency in enhancing error
performance of the system.

[0264] FIG. 14 illustrates one example of a rate-distortion data flow that can occur
in the encoder 228 to encode frames. Process 1400 begins at start 1402, and proceeds to

decision block 1404, where it receives scene change detector input 1410 from the



from block 1426. Process 1400 then proceeds to block 1428 where rate
calculations for intra-coded modes are determined for the rate control bit
WQROEHAISAIQpI). Process 1400 next proceeds to block 1430 REEFESAHO6/837948
and quantization parameters are determined. The mode decision of block
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ata group and a second data group based on the content classification.
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encoding system 1710 that can ) ]
from block 1430 to 1432 occurs when data is passed from the first pass to the second

pass portions of the encoder.

[0267] At block 1432, transform and quantization is performed by the second pass
of the encoder 228. The transform/quantization process is adjusted or fine tuned as
indicated with block 1444. This transform/quantization process may be influenced by a
rate control fine tuning module (FIG. 7). Process 1400 then proceeds to block 1434 for
zigzag sorting and entropy coding to yield the encoded base layer. Zigzag sorting
prepares the quantized data in an efficient format for encoding. Entropy coding is a
compression technique that uses a series of bit codes to represent a set of possible
symbols. The enhanced layer result of transform/quantization block 1432 is also sent to
an adder 1436, which subtracts the base layer and sends the result to a ZZ/entropy coder
1438 for the enhanced layer, as previously described in reference to FIGS. 31-36. Of



perform the process illustrated in FIG. 17A. In some aspects, the

multimedia encoding system 1710 can be a transcoder, such as
W@r93638&r200. In other aspects, the encoding system 1710REHUS2006/037948

comprise a portion of a transcoder. The multimedia encoding system

1710 includes means for classifying tll‘? content of multimedia data,

module for classifying content of multimedia data 1712. The means for

lassifying content can be, .fo a classification modulg i )
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data Based on the content information. [0271] FIG. 24 is a process flow
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process 2400 obtains content information associated with the multimedia

sysigra e ds paapsedssr exhapansyater gl rbeedisrasperts the encoding
sySeRENt ¢lass EiAlARMosgoA 1S ShOWRIBEICTIe Muiptédafdiboding system

process 2400 encodes the multimedia data so as to align data

17hBuinghiles aswR ofPthelesHigntinhsnsantsit rdr BrliRpdiassiaty, module for

c1RHDLRIRSRNE AGRERTLeradaies aiR alishrdwitlbarym Peundatiesn be,
based on a content classification of the multimedia data being encoded.

forr peagiade ¢ ansibGatipe aMie iTe F0PERIRSESRE e o RIERTREFSTRY/ G20) or an
enl@nsMissionte fisnobilg) depiee erRDEiREOS PSR 4P010NdRo includes means for

encoding the multimedia data, module for encoding the multimedia data 1714, which
can be configured to encode the multimedia data in a first data group and a second data
group based on the content classification, where this encoding is performed such that
the first data group comprises a coefficient and the second data group comprises a first
differential refinement associated with the first data group coefficient. Other transcoder
components, such as described herein, also may be included in the encoding system
1710, ‘

[0270] FIGS. 23, 24, 27 and 28 are process flow diagrams exemplifying methods
of encoding multimedia data that embody the aspects described herein. FIG. 23 is a -
process flow diagram illustrating a process 2300 of encoding multimedia data based on
the content information. At block 2305 process 2300 receives encoded multimedia data,

and at block 2310 process 2300 decodes the multimedia data. At block 2315, process



[0272] FIG. 27 is a process flow diagram illustrating a process 2700 for

encoding data using an adaptive intra refresh scheme based on content
WOorZlTHE8aN. When process 2700 starts the multimedia data R&SR&8006/037948

obtained. At block 2705, process 2700 obtains content information of the

multimedia data. Obtaining the conter?%information can be performed by,

for example, preprocessor 226 or coritent classification module 712 as

ribed above. Process 2700 proceeds to.hlock 2710, where.it encodes

e R e e R R R i S
blathe2R2) wipeseetise 280aptiveddtsa thérestukimmdiesifisacdaciderne ishe content
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multimedia data using r&dundant [ frames based on multimedia content
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more additional I-frames’into the encoded data based on the content
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an&@%'@éé‘;dzﬁﬁ%mémk 2810, the encoded data is available for subsequent

processing and/r transmission to a mobile device. [0274] It should be .
[025kd thai ke T etbarogescpeddingem ibsteaing s anasated /08 for encoding
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one of ordinary skill in the art. For example, the general requirement for
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the client and a memory for storing data and programs related to the
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aspects. The various illustrative logics, logical blocks, modules, and

Tupgtaondige St ribleakt EH ﬁ@bﬁﬁﬁ%fmﬁél ggptgetgncoder 228. The encoded data is

made available for subsequent processing and transmission, and process 2700 then ends.
[0273] FIG. 28 is a process flow diagram illustrating a process of encoding
multimedia data using redundant 1 frames based on multimedia content infoﬁnation.
When process 2800 starts the multimedia data is available for processing. At block
2805, the process 2800 obtains content information of the multimedia data. As
described above, this can be done by, for example, the preprocessor 226 and/or the
encoder 228.. At block 2810, process 2800 encodes the multimedia data so as to insert
one or more additional I-frames into the encoded data based on the content information.
This can be done by the encoder 228 as described above in connection with an error

resiliency scheme, inserting the I-frames into the base layer or the enhancement layer



disclosed herein may be implemented or performed with a general

purpose processor, a digital signal processor (DSP), an application
w@peuifigdrtegrated circuit (ASIC), a field programmable gate BEEYSFPERY948

or other programmable logic device, discrete gate or transistor logic,

discrete hardware components, or a%combination thereof designed to

perform the functions described herein. A general-purpose processor may

be a._ micrqprocessor.. but, in the alternative, the processo y.be an
opSEREr Sroineey A B R SAL BRCATEE Bged aa
is praitgssdomapsatpehieprionpdsime aved asuzs tossiom &ienmobderexitieg
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microprocessors, one or more microprocessors in- conjunction with a
oncaregnetamf armnsuctatonfigandtian, [RTE3sDie aaticysshskatva byicse of
ordfEERLRIRGH ST AU e a0dlieu e, dS8giecin CRUISUPRWERS o operate

aspects disclosed herein may be implémented or performed with a .
as desmibepd baveivei pthvebeot|ientlinitad signkayprocispay (OBPY! and information, a

Igay {fig nGAIed, Wk (eRIG - Ad Sl Re815a0l5d8ata and

pr%%%%&?éﬂggci fp“é}; (?%hér:er rog@mﬁg& e(iggl% (Tevice%g%screge gate or.g e an
progaamistes dasl dodise reperatipgvedr thecehigpbndntoneragpgcbotibivpligidris a cellular

thh%KGCineﬁﬁi&{é‘F%BeGEriﬂé”&l‘i@ﬁt%%“ﬂﬁﬁiﬂ%@l%ﬂu ?rﬁg]vi communications

general-purpose processor may be a microprocessor, but, in the .
capahilitigive, HheYstocas8mr niapdsé athp ceioehtisnal proseocaspdisiiehaving

colHIREORIRANCL AR, MACHINGHSPIREERRRE MR IS RepR Q«I:%Qf%llquay be

as a combination of computing devices, e.g., a combination of a DSP an
INGOTPRIASRSH OB ELiSTH ipaimplsiney Soyaomesaspects. The various illustrative

oSG TS 2HIALEL 1 31 s” G0 CIARIRE BRI DANG ROMRBion with the aspects

microprocessors in conjunction with a DSP core, or any other such

di gifom N0Y Pe)imptcrsaisdad pesipdrrdavtbap BaRstakBGARfeprocessor, a
digianseoding:etaddaqosim, an %%gﬁeéﬁo%r@pée{maﬁﬁ@g%@ dataiensotted foreld
odin

another format where the enc t%‘Q‘is based on the content of the video
ProgivauRtblR SR HEN JHE PSP iRr e RSTRRENARIRHBHS G vikfortiimigte gate or

tradSREGIRAFIE) ARRRLEHRARWIR BEnPEHBRE D SHOSKHTRLB N THYeddesigned to

embodied directly in hardware, in a software module executed by a

PeHRsBR T, funrtiRaTedBiCRPEL diFisiRatiof CEHIGPIBRSORIRSESSOR may be a

misebpyesessaedwe May [RSidgtemitAd] MRMeRyedash Mmamay, BYMonventional
memory, EPROM memory, EEPROM memory, registers, a hard disk, a

ProEsRtRIartaiiokes ERLREANISHSIn b FaterIRACBISor 4 PTRISSRGM RAYviHEC be
impléhRREdd A8 LxemplaiyosoRaaipesidradsicasrled todhatmaaessia DSP and

such that the processor can read information from, and write information -~

2 {HIHRRRR0E 2 plurality of microprocessors, one Or more miCroprocessors in
conjunction with a DSP core, or any other such configuration.

[0275] The various illustrative logics, logical blocks, modules, and circuits
described in connection with the aspects disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field programmable gate array (FPGA)
or other programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general-purpose processor may be a microprocessor, but, in the alternative,
the processor may be any conventional processor, controller, microcontroller, or state

machine. A processor may also be implemented as a combination of computing

devices, e.g., a combination of a DSP and a microprocessor, a plurality of
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processor and the storage medium may reside as discrete components in
a user terminal. [0277] The examples%escribed above are merely
exemplary and those skilled in the art may now make numerous uses of,

mPcQQpﬁj@éé%EHfE,e%ﬁEOB?'M@R@é&%‘ﬁ%é%&?ﬁiﬁé&m&%ﬁd‘}{i@ﬁﬂta‘jﬁ%@’%&, or any

from the inventive concepts disclosed herein. Various modifications to
othes sacheamiissatien: be readily apparent to those skilled in the art, and

[08 s PEnerGDrNEHRsE ASIRSRER A’%ﬁ'ﬁ[rﬁlﬁsagfﬂlﬂﬂet%rﬁﬂa%cﬁﬁggb‘?'%deo data

e.g., in an instant messaging service or any general wireless da

ef@@ﬁﬂﬁﬁ&ﬁi@&%iéﬂfm@bﬁ@aYiéﬁ%,dWﬂmepd%bmtmﬁﬁeﬁﬁQﬁé%pﬂh‘?& Giopecefling is
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not intended to be limited to the examples shown herein butistobe
mgthasidetaBerihes ferse ¢ shseraneiatwia finetsrplendisdoed herein may
bdeatyssedissiesey E}?fﬂm\m%,“iﬂr%"W@%&ﬁ&és%ﬁe%ﬁfé&sww Processor,

_herein to mean "serving as an example, instance, or illustration." Any _
frggw A OB OB HEHOR a5 MEQemBIary ok these nde sy @ osule may reside

inQRBNI R RS D IEISH BILA6AL YO MIREMD QY HPROM SEGMREEEPROM memory,
Accordingl%% the novel aspects described herein is to be defined solely by

regietsopeidtdudiskol i tRRin sk & GRROM. comapoptistefrasring storage
mBAEREHA Al dasHeOPNIANGx GlasaHy erasriasliRhmy inpiia €dt8e processor,

partitioning the multimedia data into a first data rouFfe?nd a second data

SUGRO TR BesRg s heCAB AR QSRR S I L e BT BRIHiRG Gs the storage
meeiiined RegRr iRgnaife MBI B 1k GRCheCHEing: 1S RUkMGdcdaia The

in the first data group and in the second data grou% based on the

PIRSFRARAY, oh SRR R SHBR ARt EES R st Hard Rt i Crenan eetife in 2

usersesanl datangraywheaivespangtotedhs haoduddidralonddiline mathesde as
.of claim 1, wherein the first data group comprises a coefficient and the

diSCIEh P RN GPLLTD A1 ISHRIA%, st differential refinement associated with

[02%F] coeffithiendxdmphee Mt dhblaie de WieepiNesaidRngostiddthose skilled in
comprises determ bit rate ba the content classification of the
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examples without departing from the inventive concepts disclosed herein. Various
modifications to these examples may be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other examples, e.g., in an
instant messaging service or any general wireless data communication applications,
without departing from the spirit or scope of the novel aspects described herein. Thus,
the scope of the disclosure is not intended to be limited to the examples shown herein
but is to be accorded the widest scope consistent with the principles and novel features
disclosed herein. The word “exemplary” is used exclusively herein to mean “serving as
an example, instance, or illustration.” Any example described herein as “exemplary” is
not necessarily to be construed as preferred or advantageous over other examples.
Accordingly, the novel aspects described herein is to be defined solely by the scope of

the following claims.
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complexity. 6. The method of claim 4, wherein the complexity comprises
temporal complexity and spatial complexity. 7. The method of claim 1,
wherein encoding comprises encoding the multimedia data so as to allow
decoding of only the first data grougppihpgdirst data group and the
second data group into a single combined data group. 78 8. The method

of claim 2, wherein the first differential refinement indicates a difference
phtwee ATEUIOHEL AR S TR 4K GRS ing from decoding

the firseaéarguwantent bermfihediaietaim 1, wherein the first data group

is a base layer and the second data group is an enhancement layer. 10.

The meBagHienERIREINAIHes 36pI M k8 datimng e astaraesncdHa group
el 8 L P AL i B BRI T PR g o 2

diifadentitd rafomemkbnt based on the coefficient and the original

' cient. 11. The meth%d of claim 1

h tl dual
whereirFErRURSHETR FHEN A, FREIL B Y, A SR R, YA Seoorid ceta

igeuipasiesde ! thro e vesiey, WRsraatioR iabentret daiaiarewdrirdéddgyroup
method of claim 1, wherein encoding further comprises quantizing the
firdielued QiR $eeand frt steprstE eapRNaR i heihendvd dibdah@ data group

at a second step size, wherein the first step size and second step size are

related fyameRisfactehim 3, raatheodipsCtai® dronherpipirisodifficient

further comprises determining a first quantization parameter having a first
cishiine-AeeaNctdpta o uprcoswiises b trhd fleeerfiial igfireaent pssoetited with the
d(%arfn&l ing a second gquantization parameter having a second

L . : . . :
guantization step size for use in encoding the second data group, wherein
the first and second quantization parameters are determined based on
cantent Thiormetiborobelai redlpotwicirasaie datadingdonperieta daiaininding a bit rate

B e TR SO, B M Bt R, the
dadtimedia data based on the bit rate.

4. The method of claim 1, wherein classifying content comprises determining

complexity of the multimedia data.

5. The method of claim 4, wherein the complexity comprises temporal

complexity or spatial complexity.

6. The method of claim 4, wherein the complexity comprises temporal

complexity and spatial complexity.

7. The method of claim 1, wherein encoding comprises encoding the multimedia
data so as to alow decoding of only the first data group or the first data group and the

second data group into a single combined data group.
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data, comprising: means for classifying content of multimedia data; means
for partitioning the multimedia data into a first data group and a second

daita grote hasRedCHf teriGeerhelasstieatied. dfheeptiNematibaningiiStes a
defined according to a bandwidth ratio; and means for encoding the

n‘i’dflftﬂﬁ%@?abgwﬁefh arel emstoAtieyfeameand frame daisisad tinadrgrodgcoding the

é]?[}b% artitioning, wherein the amount of data in the first data
group relative to the second data group corresponds to the bandwidth
ratio. 16. The apparatus of claim 15, wherein the first data group

c&mpris’élseamﬁhmcmmlaamonth@fwej@ﬁdmejﬁratgiﬁapgwmpbﬂgebaaefi@er and the

B&aivmement %&F\ \iVIth the coefficient. 17. The apparatus
o t
rein sal encoding means comprise means for

determlnlng a bit rate based on the content classification of the multimedia
data, and encoding the multimedia data based on the bit rate. 18. The

apparatliberhethoth df&laiMei[mmctolapsiﬁyigg content means comprise

means for determini omp of he multimedia data, and wherein the
etectodt mulHEIOANE O AT P @ AT IB et e e

multimegigdasasiifent tf ARRFH GG ShREREEMEht WRRFCHBSIGF PG Q68fi cient;

comprises temporal complexity or spatial complexity. 20. The apparatus
of claimdg, wherein the complexity comprlses temporal compIeX|ty and

spatial comple ?r%ly:& llb%%?

means comprié%%uﬁgat}f%?ﬁgﬁé@% Ing the mu%r?nedla ata so as to a ow f and
decodirifyedrog iyat leafaratedseat (ayerpesrdiialecfimat cafdi gentip and the

second data group into a single combined data group 22. The apparatus

J,tclalr'nﬂ,‘%r%v (ﬁgé)}t IIrl]r gdiiferen %aé&&fﬁ% mrﬁ%r' rPat éj erence

ween a se rame and frame data I'ESU g 1mrom ecoglng

tlnmmtabkth@jeu mfaﬁnaﬂ)anmd appiaraiestof ickdrmafonwheneifirtnedisiroup.
data group is a base layer and the second data group is an enhancement

2 ol B R S RN Mg he
flrst data group at afirst step size, and quantizing the second data group at a second

step size, wherein the first step size and second step size are related by a scale factor.

13.  Themethod of claim 1, wherein encoding further comprises determining afirst
quantization parameter having a first quantization step size for use in encoding the
first data group, and determining a second quantization parameter having a second
quantization step size for use in encoding the second data group, wherein the first and
second quantization parameters are determined based on content information of a
selected frame data, and wherein said first quantization step size is coarser than said
second quantization step size.

14.  The method of claim 1, wherein encoding comprises encoding the first data
group using I-frames, and P-frames or any combination thereof and encoding the

second data group using I-frames, P-frames, and B-frames or any combination thereof.
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step size, and quantizing the second data group at a second step size,
wherein the first step size and second step size are related by a scale

fagtor. 26 FherRRFGHESOAFGIFURmaessin saiApRAREIng means
comprise means for determlnlng a first quantlzatlon parameter havmg a

first quaRBeRRIGH dasp WiAg eIt e Btedg eairst data group, and
determipj : jZzati -nNavi 0
Atz o e R 3 ST up el g epond
tilet&rgtcupdssed rah dharvintait nclzasdattons afeeaetetimeipadibaskg os defined

content information. of a selected frame data, and wherein said first
q@&ﬂ@&%ﬂ g@ﬂ%’ﬂ&@%&’a@@r than said second quantization step size.

27. TherﬁW@ﬁéﬂ%ﬁﬁd@lﬁi@tﬁé,mﬂT@hﬁéﬂiét’ﬂd@'ﬂmﬁéﬂﬂ (LG gﬂmprmsm the
means for encoding the first data group using I-frames and P-frames; and

e SEonrRReRd Qe LR AAIBIOY AL VLSRG thespmnb gt ldiadn thefirst
Bu&ag@gg_%éat%emaﬁm&%m@iden BHUSRIHREAAAT RS

comp means for selecting the co from one of an original base
layer residual error coefficient or an original enhancement layer residual

etfor cdémiemnastsPhetARs Yorvages mathed s datar e epmarises aeerifici ent

e e B T S e

ceodbrestng: a content classifying module configured to classify content of
multimedia data and provide content classification data; a partitioner that

partitions the multimedia data, into a first data group and a _second data
G PR At s D b g 6 s for
dédined singaidingde basedhdwitithaaientatiekba fi eriondsfrthemhgtiractia data, and
encode the multimedija data in the first data group and in the second data

FaeRstingLba o thredia Hag AR PRERS A @& mount of data in the first

data group relative to the second data group corresponds to the
begdwidtherfiaratus of claim 15, wherein said classifying content means comprise

means for determining complexity of the multimedia data, and wherein the selected

multimedia datais encoded based on the complexity of the multimedia data.

19.  The apparatus of clam 18, wherein the complexity comprises temporal

complexity or spatial complexity.

20. The apparatus of claim 18, wherein the complexity comprises temporal

complexity and spatial complexity.

21.  The apparatus of claim 15, wherein said encoding means comprises means for
encoding the multimedia data so as to allow decoding of only the first data group or
the first data group and the second data group into a single combined data group.

22.  The apparatus of claim 16, wherein the first differentia refinement indicates a
difference between a selected video frame and frame data resulting from decoding the
first data group.
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wherein the encoder comprises a bit rate component configured to
determine a bit allocation based on the content classification, and

vhereinTine PRERHIBSCERRPIS R i6s ﬁ@fwﬁg%m@m@etwer and the

selected multimedia data using the bit allocation. 32. The apparatus of
cranendglalaieseen SReMFREEoNtdAYRomprises determining complexity
of the multimedia data, and wherein the selected multimedia data is

%Odeq‘ﬁ&ﬁ%@fu% STRPIB e ASHOBHURAR AR cBfnpHBs means for

apparatus of claim 32, wherein the complexity comprises temporal
cenopdexitinacreplac headep iskaynammans apgbaravestor kkarmamrvnéheifirst
tﬁgtg Fgalexity comprises temporal complexity and spatial complexity. 35.

e ;)%pa?'atus of claim 29, wherein encoding comprises encoding the
multimedia data so as to allow decoding of only the first data group or the
fipSt datd hgrepyparatod oh el siee dBoveaa greaigh encodans) nugans dunthierexbithat ese
group. 82 36. The atus of claim 30, wherein.the first differential
s on e e N AR 1S SN S0P g seoond
figiagbRig dessabne s SRcoFin@ihmeltipi dria §¥eaRd S&cohbiStep size are
aggratus of claim 29, wherein the first data group is a base layer and the
S

Be RyBSEAI8URCISTan enhancement layer. 38. A machine-readable
medium comprising instructions that upon execution cause a machine to:

cissify penipphetis WiBng el dajmdpaiian Brdmwmeaia Baihiriheans for
first data group and a second data group based on the content

clistimbainera linseaeantizetivarnacneisi Hasne ed isgddanigation Sp-Rivaden use
ratio; e 5 i i S (o) i
T e U B e e B0 oramete
imdhediratssetac quaptizditnestep sizesecarss datengodung ¢heresgamoddate group,
the bandwidth ratio. 39. The machine-readable medium of.clajm 38

G 11 1 556 BBHH QB P ADGHTE Bt et ULl e prtent
GRTEmMREOH dpeSsal ddrlidifipfentiidd, and wherein said first quantization step size is

coarser than said second quantization step size.

27.  Theapparatus of claim 15, wherein said encoding means comprises.
means for encoding the first data group using I-frames and P-frames,
and
means for encoding the second data group using I-frames, P-frames,

and B-frames.

28.  Theapparatus of claim 23, wherein said encoding means comprises.
means for selecting the coefficient from one of an origina base layer
residual error coefficient or an original enhancement layer residua error
coefficient; and
means for calculating the first differential refinement based on the

coefficient and the original enhancement layer residua error coefficient.
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classification, and wherein the encoding component is further configured

to encode the selected multimedia data using the bit allocation. 41. The
r@gphing-ﬁ?égﬁg, ' ' TGRS ifyd Nt

comprises etermiﬁiaf?gf %ﬁgﬁ%e multimlg(ﬁ?%z%ﬁ%%v?her_ein the
selected GORIRHEARs DARY Ievie gedfiguExtto sl ase fyorapientisf eiulienedia data
n%ﬂgpp&gge%maﬂ%' %ﬁ %p'l%a,readable instructions of claim 41,

wherein the complexity comprises temporal complexity or spatial
complesityar@8ond. fhiak padititing theadakhimédsardatizoimsood ¢lestrddta, group and a

whereip the complexity ,comprises temporal. complexity and spatial ... . .
LR AT OND, PR BT T g B e ptitioning is
naleliinag i statiag Reatiipiahetrelisngstia data into a first data group and a
second data group based on the content classification, wherein the

partitiorAR §EQNEri Rl igEest imRpeads tha RuliBrediagatad Adhe ftiskaingroup and
mwﬁw@ga!aneaaaéya L OPLR %Q#Brﬁfi‘&% he/RSERNTEaBFP WP data in the

based on the partitioning, wherein the amount of data in the firstdata
ofiessislaksl gricapteel ativesiodbadadand datag adgressrsnoropioibaedzandwidth ratio.
ratio. 45. The processor of claim 44, wherein the first data group

pri icient e r ' irst -~
cHbron A e S e F e GRSt fcen
odirclaive shdomchaatzigring congerssesra $i fetr thEf et Ay refecbioerd essoti aiedanbih the
ag(c?)ﬁ? tion based on the content classification, and wherein the encoding
c [ﬁﬁ'@tﬂ is further configured to encode the selected multimedia data
using the bit allocation. 47. The processor of claim 44, wherein the

pBecesshdsyfpaiarIsednfigned, iwhaelanmewpcniexityi sistheimreltcsianent
data, and wherein the content classification is based on the complexity of

tReNaitHe i adstaaNIAg. 2 Y Akbocal ) BRsadiona e FRstaTk fassification, and
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processor of claim 47, wherein the complexity comprises temporal
multimedia data using the bit allocation.

32.  The apparatus of claim 29, wherein classifying content comprises determining
complexity of the multimedia data, and wherein the selected multimedia data is
encoded based on the complexity of the multimedia data.

33.  Theapparatus of claim 32, wherein the complexity comprises temporal

complexity or spatial complexity.

34.  Theapparatus of claim 32, wherein the complexity comprises temporal

complexity and spatial complexity.

35.  The apparatus of clam 29, wherein encoding comprises encoding the
multimedia data so as to allow decoding of only the first data group or the first data

group and the second data group into a single combined data group.



36.  The apparatus of claim 30, wherein the first differential refinement indicates a
difference between a selected video frame and frame data resulting from decoding the

first data group.

37.  The apparatus of claim 29, wherein the first data group is a base layer and the

second data group is an enhancement layer.

38. A machine-readable medium comprising instructions that upon execution
cause amachine to:

classify content of multimedia data;

partition the multimedia data into a first data group and a second data group
based on the content classification, wherein the partitioning is defined according to a
bandwidth ratio; and

encode the multimedia data in the first data group and in the second data group
based on the partitioning, wherein the amount of data in the first data group relative to
the second data group corresponds to the bandwidth ratio.

39.  The machine-readable medium of clam 38, wherein the first data group
comprises a coefficient and the second data group comprises a first differential

refinement associated with the coefficient.

40.  The machine-readable medium of claim 38, wherein the instructions to encode
comprise instructions to determine a bit allocation based on the content classification,
and wherein the encoding component is further configured to encode the selected
multimedia data using the bit all ocation.

41.  The machine-readable medium of claim 38, wherein classifying content
comprises determining complexity of the multimedia data, and wherein the selected

multimedia data is encoded based on the complexity of the multimedia data.

42.  The machine readable instructions of claim 41, wherein the complexity

comprises tempora complexity or spatial complexity.



43.  The machine-readable instructions of claim 41, wherein the complexity

comprises temporal complexity and spatial complexity.

44. A processor being configured to:

classify content of multimedia data;

partition the multimedia data into a first data group and a second data group
based on the content classification, wherein the partitioning is defined according to a
bandwidth ratio; and

encode the multimedia data in the first data group and in the second data group
based on the partitioning, wherein the amount of data in the first data group relative to
the second data group corresponds to the bandwidth ratio.

45.  The processor of claim 44, wherein the first data group comprises a coefficient
and the second data group comprises afirst differential refinement associated with the

coefficient.

46.  The processor of clam 44, wherein the processor is further configured to
determine a bit allocation based on the content classification, and wherein the
encoding component is further configured to encode the selected multimedia data
using the bit alocation.

47.  The processor of clam 44, wherein the processor is further configured to
determine complexity of the multimedia data, and wherein the content classification is
based on the complexity of the multimedia data.

48.  The processor of claim 47, wherein the complexity comprises temporal

complexity or spatial complexity.

49.  The processor of claim 47, wherein the complexity comprises temporal

complexity and spatial complexity.



