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physically and indistinguishably merging into single devices. In the
process of creating formatted nedia files, the file data is subjected to
various | evels and types of digital conpression in order to reduce the
anount of digital
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Internet and stored separately in the digital memories of computers, cell phones, digital

video recorders and on compact discs (CDs) and digital video discs DVDs). Many of

20  these devices are physically and indistinguishably merging into single devices.

In the process of creating formatted media files, the file data is subjected to
various levels and types of digital compression in order to reduce the amount of digital
data required for their representation, thereby reducing the memory storage requirement
as well as the bandwidth required for their faithful simultaneous transmission when

25  multiplexed with multiple other video files.

The Internet provides an especially complex example of the delivery of video
data in which video files are multiplexed in many different ways and over many different
channels (i.e. paths) during their downloaded transmission from the centralized server to
the end user. However, in virtually all cases, it is desirable that, for a given original

30  digital video source and a given quality of the end user’s received and displayed video,

the resultant video file be compressed to the smallest possible size.

Formatted video files might represent a complete digitized movie. Movie

files may be downloaded ‘on demand’ for immediate display and viewing in real-time or
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End-user satellite dishes are also used to receive broadcast video signals. Whether the

end-user employs video signals that are delivered via terrestrial cable or satellite, end-

20 user digital set top boxes, or their equivalents, are typically used to receive digital video

signals and to select the particular video signal that is to be viewed (i.e. the so-called TV

Channel or TV Program). These transmitted digital video signals are often in compressed

digital formats and therefore must be uncompressed in real-time after reception by the

end-user.

25 Most methods of video compression reduce the amount of digital video data
by retaining only a digital approximation of the original uncompressed video signal.
Consequently, there exists a measurable difference between the original video signal
prior to compression and the uncompressed video signal. This difference is defined as
the video distortion. For a given method of video compression, the level of video

30 distortion almost always becomes larger as the amount of data in the compressed video
data 1s reduced by choosing different parameters for those methods. That is, video

distortion tends to increase with increasing levels of compression.

As the level of video compression is increased, the video distortion eventually

becomes visible to the HVS and eventually this distortion becomes visibly-objectionable



for the blocks or by requiring a priori know edge of where they are | ocated
in each frame of the video. The problem of attenuating the appearance of
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y P The problem of at’grnuating the appearance of visibly-objectionable artifacts

is especially difficult for the widely-occurring case where the video data has been

20  previously compressed and decompressed, perhaps more than once, or where it has been
previously re-sized, re-formatted or color re-mixed. For example, video data may have
been re-formatted from the NTSC to PAL format or converted from the RGB to the
YCrCb format. In such cases, a priori knowledge of the locations of the artifact blocks is

almost certainly unknown and therefore methods that depend on this knowledge do not
25  work.

Methods for attenuating the appearance of video artifacts must not add
significantly to the overall amount of data required to represent the compressed video
data. This constraint is a major design challenge. For example, each of the three colors
of each pixel in each frame of the displayed video is typically represented by 8 bits,

30  therefore amounting to 24 bits per colored pixel. For example, if pushed to the limits of
compression where visibly-objectionable artifacts are evident, the H.264 (DCT-based)
video compression standard is capable of achieving compression of video data
corresponding at its low end to approximately 1/40th of a bit per pixel. This therefore

corresponds to an average compression ratio of better than 40x24=960. Any method for



characteristics of the video scene. In particular, the nature of the
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20 visually important and therefore bits must be allocated to ensure their fidelity, as in all

MPEG, DCT-based methods.

As the level of compression increases, and in its goal to retain the above
mentioned fidelity, the compression method (in the so-called encoder) eventually
allocates a constant (or near constant) intensity to each block and it is this block-artifact

25 thatis usually the most visually objectionable. It is estimated that if artifact blocks differ
in relative uniform intensity by greater than 3% from that of their immediately
neighboring blocks, then the spatial region containing these blocks is visibly-
objectionable. In video scenes that have been heavily-compressed using block-based

DCT-type methods, large regions of many frames contain such block artifacts.
30 BRIEF SUMMARY OF THE INVENTION

Systems and methods are presented for compressing digital video signals in a
manner that minimizes and can even prevent the creation of block artifacts and Improves
compression efficiency using the selective removal of data representing visually

imperceptible or irrelevant detail. Bandwidth control is improved through prioritized



I n one enbodi nent, the concepts discussed in the above-identified

co- pendi ng patent applications entitled SYSTEMS AND METHODS FOR | MPROVI NG
THE QUALIWY 200/ @ENMPRESSED VI DEO SI GNALS BY SMOOTHI NG BL ECK/GARTI9HPS, and
SYSTEMS AND METHODS FOR | MPROVI NG THE QUALI TY OF COVPRESSED VI DEO SI GNALS
BY SMOOTHI NG THE ENTI RE FRAME AND OVERLAYA NG PRESERVED DETAILhnay be_usgd
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i nperceptible detail as the threads on a fast-spinning ball so that it does

not consune Hﬁﬁﬂﬁfﬁ?%mPHDFﬁgmdaﬁﬁﬂ@§§éﬁnWWQ@Ub?@%@@@%ﬁ@afméﬁsmﬁﬁ”a@é@tion
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characteristics may be leveraged to increase conpression ef |C|é%€y._Fpr a
gi ven bandwi dedirepefrtbeiY8avhichodlewopignifidayt tiwate brvingptd I awbigvishfopa gioen t i zi ng
t he tfans”‘S%k&@gﬂkmhaﬁybﬁBﬁhakﬁl%%&%th%?ta"S in a video sequence. So,
ta g

for exanple, s Ionary-or slo vin etails will generally have higher

priority than fast-nmoving details. Simlarly, for
One important observation is that the HVS is relatively fast at perceiving the

overall structure and motion of objects, but is slower to ‘focus in’ on fine detail. For

20  example, a baseball batter can perceive the motion of a pitcher and ball sufficiently
quickly to initiate an appropriate reaction and hit the ball with reasonable reliability, but
will have little or no perception of the fine details of the threads or scuff-marks on the
ball as it moves and spins in its flight. On the other hand, if that ball were stationary and
placed a few feet away from the batter, he/she could perceive and describe these details

25 quite precisely. Advantage is taken of this characteristic of the HVS by suppressing the
appearance of such imperceptible detail as the threads on a fast-spinning ball so that it

does not consume bandwidth in the compressed video representation.

In addition to the reaction rate characteristics described above, other HVS
characteristics may be leveraged to increase compression efficiency. For a given
30 bandwidth, perceived video quality may be optimized by prioritizing the transmission of
the ‘most relevant’ details in a video sequence. So, for example, stationary or slow-
moving details will generally have higher priority than fast-moving details. Similarly, for
most types of video the details near the centre of the video may be more ‘relevant’ to the
viewer than details around the periphery of the image. Bandwidth may be utilized

35 accordingly to convey the central details with greater fidelity than the peripheral details.



nost types of video the details near the centre of the video nmay be nore
‘relevant’ to the viewer than details around the periphery of the inage.
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the spirit and scope of the invention as set forth in the appended cl ai ns.

The foregoing has outlined rather broadly the features and technical

20 advantages of the present invention in order that the detailed description of the invention
that follows may be better understood. Additional features and advantages of the
invention will be described hereinafter which form the subject of the claims of the
invention. It should be appreciated by those skilled in the art that the conception and
specific embodiment disclosed may be readily utilized as a basis for modifying or

25 designing other structures for carrying out the same purposes of the present invention. It
should also be realized by those skilled in the art that such equivalent constructions do
not depart from the spirit and scope of the invention as set forth in the appended claims.
The novel features which are believed to be characteristic of the invention, both as to its
organization and method of operation, together with further objects and advantages will

30 be better understood from the following description when considered in connection with
the accompanying figures. It is to be expressly understood, however, that each of the
figures is provided for the purpose of illustration and description only and is not intended

as a definition of the limits of the present invention.



The novel features which are believed to be characteristic of the
invention, both as to its organi zati on and net hod of operation, together
wi th furtwenromyoeshvs and advantages wil|l be better understraxdodovoomod he
foll owi ng description when considered in connection with the acconmpanying
figures. It is to be expressly understood, however, that each of the
figures is provided for the purpose of ildustration and description only
and is not intended as a definition of the limts of the present
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under standi ng of the present invention, reference is now made to the
follow ng descriptio k thth conpanyin drawnngs
in which: FIGURE 1 sﬁgﬁ/\sﬁo%%}n% edm d%'ﬂ@%&?@ lﬁseél Ven leorrllto%\(er{lﬁg{/slngeo
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enbodi ment of ,a nethod. f or decodi ng video franes according to the concepts
di scussed her&FHn gsar'fHWEF%JRE 3 shows one enbodi nent of a systemin which
the encoder and decoder concepts di scussed herein can be advant ageously
enpl oyed. DETAI LED DESERIIPT Il@b\ﬂ:on'EHﬁlbbﬁMEhfrdf%éﬁh(ﬂBEenbo($1hg)\lz\ﬁie@ﬂ@mes

enbodi rn=3n1£9 10 of éthd for encodi nge conpressing video franes according
to the co cepﬁcgorﬂingé% SoNORRE dispussepfieitet hod can be used, by way of
exanple, in system 30 shown in FIGURE 3. Methods 10 and 20 can be, for
exanpl e, software rUHIGIDIEEizthme%ﬁfbb&nﬁﬁhﬂf,arﬁe@hd&fof&a&@ﬁﬁ%bﬁd@dffaméi so, the
met hods can be in firmmare or ASICs if desired. FIGURE 1 illustrates an
enbodi ment  of2CEPTERH BE EPRsRPE Asessy! MRS ANY eal i zes the advant ages descri bed
above, and which achi eves inportant goals of an effective video

transmi ssion or stor agEURY SkBIWs drRChbediRGnt T8 syfen o wHieh Yhelea¥bdo} dngat es for
a given perceptual quality while maintaining a satisfactory imge quality
in | ow bandwiEPles eents %‘écuSSPHé‘e@Vls‘taéﬁ? Adentapeougly saplavpdy of supporti ng
preci se single-pass control of

15



conpressed video stream bitrates while having robust handling of

"difficult' scenes such as high-notion, variable-notion, or chaotic video
wi th a mwormmvods4obj ecti onabl e or distracting artifact ecT/ihecowome of the
conpressi on/ encode process is a pair of video streanms 102 and 103, denoted
the 'carrier C and 'detail D streans, ré%pectively. These streans are
conveyed to decoder/deconpressor process 20 in FIGJRE 2 which shows one

enmbodi ment® of a met hod f HETAEBRIRSCGRIGEON OiEE BECBNEIAN to the concepts

di scussed herein. As will be discussed, process 20 illustrates a

deconpr essi on procesgiGeRERk 1ledbb @rdeRE! (G ARERIR3 (e R RS Stnyfbssfilk CURE
1, which decodes and reconstructs the video while sinmultaneously m nirm zi ng

t he per cept i biideodipea pesarkngP thi eoperpts Bvegssed hereinj Thistmeetirad| can belused, yhe

hi ghly conpr [ . ' .GURE 1,
process 11 eifgggfgﬁ&géﬁ%gﬁgégg)ﬁﬁgﬂgﬁg%§2§§?h¥£P%§§P@%@ﬁ%ﬁ%@bgég?ia|
conponent s ofextihplej sofonatengnninglia@raessemrdi2t 1o 3pl oatsietivetyar Alse thesmethadnoan 102.
The | ow %%atth Pandmﬁdtg gf.éhis arrier streaminplies that it has
limted inforivat TERYESAE RICS B3PS t hus highl'y conpressible. The spati al
bandw dt hs retai ned nust be | ow enough to ensure that the carrier stream
when deconpressed, abiGiERE blilbskatas dn dnstotiBuent bits @pgiréssibn panesindiidhaedlztai ned

must be hi gh gno to ensure that the carrier.stream when cqnpr.essed,
v s b v B deR PR e Bich AT L kB R G e R Uity
vi deo streamuhinieséd @GidraR s9fterth OMeIhidiBEHRRSY o GRAPIBR MLl Slisequent
conpr essi on/ encodi ng descri bed above may be achieved in any of a nunber of

wel | known metPREERU2IGHRI MAH MeinRiriRg st enpisres ARl ndewbartyidéomai n
downsanpliisng.scd@8HY. ThdGsteth 1Bs HRHRERL br %g@rﬁffﬁ fn%[:is@%ﬁ%%ﬂ%bgs@tcoxﬁmf ession /
encodi ng. An exanple of" a suitable frequency-domai n down-sanpling process
woul d be to pempresiedaidOCTudagi kirates whibolwiving robuanisimdling of odifiBx8’ {wenwsksclof t he
source vi deo, gjﬁg&ﬁ% 3R o TVLo s [-J eT o F P % | ock of e resulting
coefficients ,as séal e H’géarlflgﬁtt?otngg’t%rgf%oug%le g%tp gi ﬁwm%cnlnb%? Ofgooé?cgl?%%%lee nts of
t hat 2x2 subsigtradognvirds Tie sipugbf thy commgusc®ntenghiefpregusens yair sff videsat i on,

streams 102 and 103, denoted the ‘carrier C* and ‘detail D’ streams, respectively. These

20 streams are conveyed to decoder/decompressor process 20 in FIGURE 2 which shows

one embodiment of a method for decoding video frames according to the concepts

discussed herein. As will be discussed, process 20 illustrates a decompression process,

complementary to the compression process of FIGURE 1, which decodes and

reconstructs the video while simultaneously minimizing the perceptible appearance of

25  distortions or artifacts related to the highly compressed nature of the encoded video.

Turning now to FIGURE 1, process 11 extracts, compresses and encodes the
low frequency spatial components of the incoming video stream to produce ‘carrier
stream C’ 102. The low spatial bandwidth of this carrier stream implies that it has
limited information content, and is thus highly compressible. The spatial bandwidths

30 retained must be low enough to ensure that the carrier stream, when decompressed,
avoids block artifacts. The spatial bandwidths retained must be high enough to ensure
that the carrier stream, when decompressed, provides a visually satisfactory low-detail

representation of the original video stream.



and then performan inverse DCT on the resulting 2x2 bl ocks to generate a
spatially down-sanpled image with frequency characteristics anenable to
ef fi ci entwoanpvmesswon by a conventional DCT-based encodecprace®aoosbhe
remai nder of process 10 is devoted to creating the 'detail D output stream
103. Conceptual |y, the detail stream mayl®e thought of as the 'renainder’
of the video such that the sumof the carrier C and detail D streams, if
| ossl essl Y encoded, Thpeduaice afhev-treieinpatompodeds aldsupsegatntce, it is the
met hod for pr ' nani h.n he, detail.streamthat create many of
t he advant agecgg%fésélﬁ?/g&ggl rIa é%sﬂl)%fnébﬁgff%@g?e tPloe(‘:’%dslél aﬁogge%% & Ofwgﬁ'encoded
carrier stredmoivnortipdeoc@ssexbinpleméthel is angerfoas hifequasy-dbmwnldowbe decoded in
process 20 (Figure 2).. .This produces an_.apptoximation, of the original
vi deo. Proc essggggn% {f‘)ﬁ‘t‘]]tlﬁ% s IPWé(Pegqﬂi %FEH’& For\??%?é%’t SYPRIETHOD/ FRYMNEn T
"appr oxi nat e"exyhpleof 5 uiRBIdemcy-ddRhia d@ﬁvﬁdh&ﬁﬁlﬁlgtﬂ?&:eg%xﬂ@B@H pefofie@ data

i | d be sent to the decoder w thout |oss, would allow for the

which, if it ¢ S /
exact r ec](9nstl?(gﬁﬁqI%FFt%?OS{nﬁéraﬁ?fPI&})ﬁ’_alng% Plaels dihafercaaidspialispdall banthe por t ant
point to not Qoﬁ—l%fttjigﬁal(}cﬁ ef fh@\ﬂésgﬁih@'cé)efﬁl@}&ﬁs,'séh%)ﬁl@%gﬁtg ﬁﬁto}rﬁ hd ﬁ(ﬁ{ogglq%;t for

any artifacts that maé have been I'ntroduced int carrier enco rocess,
because it wegcieienty ebithrthsubret darnwaeds tp slighida ceduge hiple fisqurecyvamformstiors done
on the decodef, [ t 1,0 n the encoder. t hat can
subst ant 1 al 151" eP S TER LIS T on AR AR 422 Boll b Pt U i e e
decoder. The rdawngempled invigdeathdatqaerfcy oharpnatassanicdabls td ¢ffitibe chaprsgdn si gned

I t d about. z typj cal using signed 8 bit representation for
each conmianeny “<arSHieRERRT Y Glee rster r opr ;

each conponen representations are equally
valid. The detail data is also generally of small magnitude, especially in
regi ons of the origi fiaremhilder df paicesarie isfeabieatd greSinp @ichdamdDt bugutwe! |

appr oxi mat ed t carrier stream. Processes 14, 15 and 16 pertain to
sel ective detsg%(qm E@péﬁ’&gﬁiﬁ&ﬁ‘ya%ﬁﬁ?@b“fea%% Redhoneht ofiag & “epreanden; o fheni nat e
i mper cept i bl @ideb s@hhRdt\Mes@m JfHR) AUAN T Metidthll O PreRhOIUER1Rsly encoded,

reproduce the original video. In practice, it is the method for producing and manipulating

20  the detail stream that create many of the advantages of this compression method.

Process 12 decodes the encoded carrier stream from process 11 in the same
fashion as it will be decoded in process 20 (Figure 2). This produces an approximation of
the original video. Process 13 subtracts the original video stream V from the
“approximate” video stream Cye.. This produces the raw detail video data which, if it

25 could be sent to the decoder without loss, would allow for the exact reconstruction of the

original video on the decode side.

An important point to note is that the raw detail data incorporates
‘corrections’ for any artifacts that may have been introduced in the carrier encode
process, because it was derived from the carrier in exactly the same way as is done on the
30 decoder. This constitutes a feedback loop on the encoder that can substantially increase

the quality of the video regenerated by the decoder.



"trimmed’ detail stream The detail suppression processes generate
suppression coefficients corresponding to areas of the detail streamto be
suppr essesoanivebEdned. An exanpl e detail - suppressi on meChaA20®/00egp esent ed
by process 16 in which the source video is anal yzed via conventi onal
notion-estimation techniques to find the |ocation and nmagni tude of notion
in the original video in order to deternlhe areas where the magnitude of
the notion begins to approach the response rate limts of the HVS. In areas
where littl e or no nibh¢ W detildedeochdront precesspprses diedmmtofsignied vaness are set
to preserve t r ndi ng_,detai |l . st areas (na. suppression)..ln
arens wher o (AreRgrbSRPAR RN, Be ot FRTBOEBRal S E R LERR B el
suppr essi on cheairel, thoaph stharreprseitationselre equaly ealidh@he detn 4o dilsogzetkahlai |
stream areas (full suppression). .Mtion ni.t.uges, between these limts
esult in codt PRl ERFBRLF GuR Ity ibenar! e puBLSsh Tt S e F FRebnd ng
detai | st reanmakReSell \Wgfirvkidatddgihd @it BRE@sSi on to full suppression
according to the magnitude. Note that the notion estimates required for the
above process nmay be_derived in ny ways. For. exanple, nption_estinmates
may be o %ai ned fronf ‘ﬁoﬁ%gsﬁalgri%?‘l_rggﬁéﬁﬁ%‘wo ?eﬂ‘ecflﬁeedeéﬂ% BRESH W 2RPhidge Khas ed
encoder that d&@Sid¥0dh@Ro QfhiniBiheRcdpRbR LR ahbdvise iRbRviadethin® péRet hcal
effect of reducing the anmount of encode time spent doing notion estimation,
but is not stHnped; detalsirqaet . heetail gerpagspiopRrpsefeeRessne8 g SpREESSiodn met hods,
such as faci abefieeAgRbddsshdmy to 4RaEIMNATd A QaR8P hP | ails, or
enphasi s/ de-err%hlasi s of Sgt hé‘% ?egiaons o? énowﬁ1 I—fé/g %%?elssea()?%taq&td'
sensitivity/insensitivity, or of relative interest/disinterest can also be
used al one or in condpaxRIndetehapPEspen yrthed Suppesesisi bnpoeesflo &l ehitls to be
appl i ed 18 ! i SefRlvles 1Y AR AN PLAS ERfndi inodehAERRioh oS AAY a2 _OF
may wel | - known processes for applylng suppression coefficients to preserve
or elim nat e leetien indangagude@iengios in the ougissl videooh viesr idatpineineratess phdreat i on
g{oa??;ﬂ ;V;?L;k:ljeﬁréagl%ﬁ'tugeumﬁee Rotioh e%glgftc}c Ap%lroeagltl axerrees (r)nes% ?agé[: ﬁrcrilitgjl cs)f the HVS. In

areas where little or no motion is detected, the suppression coefficients are set to bfeserve

t he

the corresponding detail stream areas (no suppression). In areas where the motion

20 velocity exceeds the HVS response rate limits, the suppression coefficients are set to
eliminate the corresponding detail stream areas (full suppression). Motion magnitudes
between these limits result in coefficients signaling partial suppression of the
corresponding detail stream areas, varying from no suppression to full suppression

according to the magnitude.

25 Note that the motion estimates required for the above process may be derived
in many ways. For example, motion estimates may be obtained from the carrier encoder,
if the encoder is a block-based encoder that uses motion estimation internally. This has
the practical effect of reducing the amount of encode time spent doing motion estimation,

but is not strictly required.

30



scal ar values ranging from0.0 to 1.0. In areas where detail is to be fully
suppressed, the correspondi ng suppression coefficient value is 0.0, while
areas whewe 2dsvmp34oi s to be fully preserved have a corr espaatnovg00999
suppression coefficient of 1.0. Partial suppression is achieved by
coefficient values greater than 0.0 and l&ss than 1.0. The nature of the
detail data (zero-centered values of generally |ow magnitude) is well
suited to?2all ow si npPéesdgipt merdgonefsupmipssion ypsghodpuel! asdraigltrecognippr Essi on
met hod coul d - ' ' .t j - hat areas
fo be fully 1 eebryoyeparbedt b oy denf il e - EarL AT M oF g

| um nance andmewn bk Seneoevigdiosensityipy, onbil telstiwr ipsest/disiberesugpais dedsedr e

guanti zed nore coarsely.according to. the |evel of.su ssion.. In this
case, the most¢ 851rns°é)fn¥)mc?§3rhtefmzhe p@@?“éisﬁ‘pp\r/ea?flﬁlégoeé‘?lcéergg{oei}eélp&ée%? H’Fn sone
situations ( skt sasansbyplocespa®s vi deo encoding for bandw dth-limted
channels), it is desirable to limt the bitrate of the encoded detail

stream |I.n one enbodjinent,_after the detail vjdeo stream has been 'tri med
by pr oceslré 14 but bef'8FES SAEHRTGY OBF %gg%ysw‘ilg I YRTeSEs fUAPRIZER frame

bei ng processgshrbiah chbdTacieRIRY R0 0eBEARRE ol REhs. SOEEsuLS plob &8 intolves be.
For nost encodi ng nethods, this can be estinmated with fair accuracy (-15%.

G ven this estipapeltiplippionpE ey valves besvrpaseiry epsfiicientstspresentcdngspaiellof  dat a

to be enCOde@a?ﬂfg@c&lQﬁIalﬁeg ﬁan?glf@g@rm ®btd b e a?ea? ﬁ&él{ef%ade?aﬁn% ¥RGury he

zero-centered formof the de data i s such etail suppression

met hods can éuAr¢syedytheappspentinghvepwssancopicidnevabenie 0 dewhild argaspyieessi on
met hods qgs c rd%{%ﬁ & t@t?)g\ﬁﬁlgtrp?ef's%weﬁ% ! taeco(fr%poﬁﬁgg é;gpgegilcrér? n%%{cier;rl?cr)ﬁlg&c%aﬁﬁal

conpressi bl e) | ower-pri y portions o I rocess
det er mi ne t heugprésoion isyacbievaibyaeticaht théiteaigteaicnthuadi0aud lesathsn 1.6 Shepl e

metric such as_aver n i.e. standard devjation) of a detail area is
one exanpl e. "B efﬁ%tg%ﬁigl (glfag(g%rgﬁe?tﬂeﬁSgbu?toéﬁatgfaéhﬁ%\‘f piditepisellsaied 1ittl e
percepti bl e ef dlest simpletshigpreision @€ thivype OAn HttnatdRpPreQE@SBetBAI ol kb r educe
the amount of data.to _be encoded until it falls wthin the target.

bandwi dt h. MIPEUEHEsHi A fheclstad gt g3t tychdhat Bisanietrildly, rewend as qartird poi nt
anal ysi s 20r RewifRRE (3. HIBYHERrH8: BRIRNASE shd cﬂﬁhiﬁérﬁ@a&ﬁra@ﬁ?@hﬂe areas to be

suppressed are quantized more coarsely according to the level of suppression. In this

case, the most coarsely quantized detail values are set to zero.

In some situations (such as single-pass video encoding for bandwidth-limited

channels), it is desirable to limit the bitrate of the encoded detail stream. In one

25  embodiment, after the detail video stream has been ‘trimmed’ by process 14 but before
encoding, process 18 estimates for each frame being processed what the
compressed/encoded output size is likely to be. For most encoding methods, this can be
estimated with fair accuracy (~15%). Given this estimate, the system can retroactively
adjust the amount of data to be encoded such that the target bitrate is better achieved.

30 The zero-centered form of the detail data is such that detail suppression methods can
casily be applied. These can be the same detail suppression methods described above to

eliminate (or otherwise render more compressible) lower-priority portions of the details.



Process 19 enconpasses the actual encoding of the detail video stream The
encode nethod should ideally be well suited to encoding high spatial
frequencywoizdemoggva, and need not be the sanme encode neChah20m®/006®d i n
process 11. After encoding each frame, the achieved bitrate can be conpared
to the target bitrate, while feeding bacp<3any bitrate error to process 18

to inprove subsequent conpression estimates. Wth this feedback and the
ability td arbitrari Pipeesdjlsen dayeminedhgpriosity efeanzirda of detail inovapieus weysi ded,

fine control s@ﬁﬁlﬁé _rrf@hqc%%h Qaﬁv&%&@e&% (p.@. st r@ﬁg\th}é&nﬁ M&etﬂ%ﬁ&ﬁ? gﬁé l y

resorting to miltiple encode passes.” An achieva ar get trate is | /100
of a bit per gpimple. ElapipjtingNetae withdew standahdkdayzien ufill W4m¢epmidﬂﬁﬁ¢c$,
process 190 i ace to suppl epent or el ate the
f eedback | ooﬁia{%%%go%ﬁﬁd cflg’(r)%ugt e)}o(f\?ﬁsg%% Fy q‘ﬁ%@?é%(ﬁgecﬁlg afnﬁu?tﬁg]d%%&(’e “at ed out put
stream unti | entrelethamiii flllwitlnn shiertadgettandwidthmore beghéstiaged pridriti@ation

- t d t f .t detail strea kes it possible to save
bandui di by TFPSCTI-baT B RP5H AT EOMIEH SLr deoREBH Y JIEFSE! ocks

until bandw dth targets are met. Such content zeroing would be invalid in a
conventi onal DCT- baskdcantoeadmphdseatie aiteal bacolhg of it@hclT veRrpt@stn. THai s

post - adj ustment detail. trimm makes it possible to achieve target .
bandwi dt h |iﬁfl?<§‘e\me?*r?dﬁlt1%gﬁe&&1§%‘ﬁl_ W%@&flch@bﬁ}m frgtighiieargsre vidghensi ve
encode passesiata4HdeROSdt bR IRGERS bRGdE McliBA & ehed {d HHdeks T hakkdr Qﬁcoding
preprocessing of process 18 because the encoded bitstream nust be

par sed/ deconsedirnc theapligeedbiteatotandekompired ivehe Breet bitraief whit feelinpback f y

| ow pri onisty r ol , teher L& ieve ter
per [ e py A SRARIAR R AR, IoE Mph RS il Bkl PR IRENE VIR s 1 &

t hat despi t e feddbackehdthewnbiliyy toawbitvirily adjest (reainatunve dewiltdamtio borenidedyfieequi r ed

to represent s_at tgéa iven re quiLagOé it is immune to bl ocking
effects even CH&?‘é‘éﬂé’H@S 2 ﬁgaengb % ﬁ’BV%C‘W- Eléeﬁes(sf%?-rﬁaglé‘a)tq MRIBEKi ng
occurs when agode pasestaar dobicoabistat gt Bitrate Godlem iorage phepigel [(bppy.| € or no
detail within thembut have different DC |evels. Since in the detail stream
i S. - [ sentially no DC
every enpOdedma‘C" obl I@(%tlﬁ( HaPindfe s gft}sg’i’-%géedaerqgodgrg,e Igrgcelsss 19 S1s used as a p%/st-
i nformation present, er
20 process to supplement or eliminate the feedback loop above and directly modify
macroblocks in the generated output stream until the bandwidth constraints are met. Here
again the zero-centered nature of the detail stream makes it possible to save bandwidth by
effectively zeroing the contents of low-priority macroblocks until bandwidth targets are
met. Such content zeroing would be invalid in a conventional DCT-based encoded
25 stream due to the high DC content. This post-adjustment detail trimming makes it
possible to achieve target bandwidth limits with high precision without requiring multiple
expensive encode passes. This post-processing is more difficult than the preprocessing of
process 18 because the encoded bitstream must be parsed/decomposed to expose

macroblock information, modified to nullify low-priority macroblocks, and then

30 recomposed, but it achieves better per-frame precision.

An important feature of the detail encode process is that despite the relatively
low bitrate (relative to that normally required to represent frames at the given resolution),
it is immune to blocking effects even if the encoder used is block-based (DCT-based).
Blocking occurs when adjacent macroblocks in a decoded image have little or no detail

35  within them but have different DC levels. Since in the detail stream every encoded



can be no DC offset to produce blocking. As a practical matter, it should
be noted that nobst conventional video encoders cannot directly handl e

si gned i npotodemas40l n such cases, an offset val ue (typi earica20®8060p | mage
data with a bit depth of 8) nust be added to the signed data to produce
unsi gned val ues suitable for conpressionl!4This does not affect the 'block

i muni ty' advant age described above, as every macrobl ock becones

128- cent ered PEeldockiihaoereedand reeds essﬁémﬁy he D&t informatipmenmeserat) thyreno
source of DC/JaHWeBB%U&ﬁ%b/to%‘}(fd%‘ééblb&i@%()duce bl ocking effects. It should be
noted that since the detall 'streamis Very strongly conpressed, it is to be
expected that conpression artifacts will be introduced. This is indeed the
case, but those arti faetrsctieq shatter, Hehonbd ke ruudsk thet nast eraventionalhvadeot he

hi ghl y-vi si bl g o if Ly f high onpregssed video using
DCT- based techﬁ?dc?%e%. g?%héﬁg&el? 5‘%%{&5@ éggﬁ& %Qhrr%as?% S’%r 85%16?5%?6 artifact
occurs when t(heroelly $2§ fos ififge clhe ntithhandlepdi df 8) musiedddeevo eetsiginkd dai @ for a

macr obl ock, and i nstead the dec r.sinply duplicates the sane macrobl ock
contents lg)s éjf‘i)sceéan%%?e{i ﬁ%uf)srsélgi%gﬁgor ﬁ?ﬂés.smﬁhé@ga‘f@?p‘i‘oéa%%gﬁomo k
contents, whiimengepeidaddiypeliasiribgd Aokt |ae evdiRBRCIBPBEIIYacofEL RIS chRRdirRELSSI ON
of a 'haze' that renmains stationary even when the_underlying carrier inmage,

and ot her parf@ 75ro-tanerefler Liere 1 prHykss@tialhgro soprcg of PCAaw fisawrsey offest tof he
present inverddbe beckif@brrdchy s kind of artifact can generally be detected
and renedi ed on the decode side, resulting in a nore subtle | oss of detail
rather than a sharp highly-visible artifact. The process for detecting and
treating this type of qulﬁl baated hatginge theglewilisieanhis vawstdeely panpiessoh it
descriptign Beloo.exbdoddiat 2oRHVSoORERETRATLRRb AR Of nidis TR e?(ggl fc%% the
decodi ng of video data previously conpressed according to ne 0d .
Process 2 1 detdpysrasifaets tepd ta heemorssnlgkrn GitaG2hanfthomeHYy-GiREe Blpckingl pr ocess

22 ecormr essadEtk SRR Aol L1, BY ATl LG RSCT SR

stream, the most prevalent artifact occurs when there is insufficient bandwidth to send

new detail data for a macroblock and instead the decoder simply duplicates the same

20 macroblock contents as existed on the previous frame. These copied macroblock

contents, while generally having little image energy, create the impression of a ‘haze’

that remains stationary even when the underlying carrier image, and other parts of the

detail image change. A critical benefit of the present invention is that this kind of artifact

can generally be detected and remedied on the decode side, resulting in a more subtle loss

25 of detail rather than a sharp highly-visible artifact. The process for detecting and treating

this type of artifact is discussed in the decode operation description below.

FIGURE 2 shows one embodiment 20 of a method for the decoding of video
data previously compressed according to method 10. Process 21 decompresses carrier

stream C 102 (from FIGURE 1) and process 22 decompresses detail stream D 103 (from
30 FIGURE 1).



stream (and subtract out the (e.g.) 128 offset that may have been applied

for encoding), resulting in a displayable video stream This is a viable

appr oach wonoreloagsbvel y hi ghbitrate encodes that do not pslmau2e0smiogredf i cant
"haze' artifact (as described previously), However, for those situations

wher e hi gher conpression has caused a pe#éeptlble haze' effect, an

addi tional_cl eanup process, such as process 23, may be applied. Process 23

exam nes both the deéd@féﬂdeﬂélﬁla?qlm%éelﬂérh‘&tél@db%ié’?fo qapreey adl the detpimes t o

find copi ed detahladmereRt ogks (E@a}tug 8 &4 that Maf Hﬁ/eﬁe ngflffjdeﬁ} en -(l)-ﬁ'lﬁgé are

many possi bl e enbodi ments of such'a process, but t tral to use
i nformation fieawingia awdesplaaﬁﬂgwﬁﬁcgﬁreamdé]hlsns;a eiable aprrosshreramiaticelyleigler ni ne

where the |owgrafi I(;L%hé J){atgi‘étngl Jho r?léaﬁ'tf ﬂgﬁa%'é\?a t (a8 dés?n Oerd][p?gvtiouofyP es of

unreliable. A pre erre process _
tests as deschlevbser, el thwe sifiheons WImet bighareompyebsi@chat oastde faceptibli'kebs in

h di I f the carrier video
wgngg al}f g%ftegég({%é@% ﬁ?ah‘é&?rﬁg{sg’gﬁ O%Ipl'i%%ss XI%HQE%‘appE‘Ffs contents are

nul l'ified (| .e. there is no detail, and only the carrier is retained in the
correspondi ng | ocat i BropessRdteearhinest botthihe béa@d&sdeﬁaﬂ]v@am deh@s@cdreat, ar e

lied sh I b d t d ode/ decode net hod
32 gdl 1? or St ﬁg ?é?egltcfpgcf?oé’éeacd%%l “Iﬁr‘]ig’bifglt‘%tgat r%l&’é ﬁﬁﬁlf“ rTéle’f?é‘E? B¥ocks as

bei ng copi ed,pokdiisi etnbeiibbas KﬁsuEE§bﬁﬂeéﬂe{ﬁl@t&f&@ﬂ{fﬂj1&9[Srt§§§éq{iﬂ>ng&tfo%qwn¥ to
t hose macr obl ock If the method allows for partitioning macrobl ocks into

sub- bl ocks t HY feil%me pigh Rl garrigitiim Gadqtgrming whespie igver fidelitis detelk strqamst ed
here shoulsd GREFBSRARINEGrdPE Slmbl Ofé\xiﬁﬁcfellrtt,d énﬁioﬂﬁﬁ&hm ;ﬁoge% 23 DR EH! t S Of
a block test to be inconclusive as wel

I's situation,
results of t Hecrigppddesiseasdescybesl hedavai H@@I@ @ﬁtemefaplaimé to blotlsanfpixelsfin thebl oc k was

assessed to th%taflh/ﬂfeg fraflids (EIQF(PQ E(ﬁ}/esﬁolﬂﬁl A o"%rﬁje ctaQ1eer 51%3'[ frgn ! gtéxu ﬁeé{sent

frame is inconclusive, we retain VI OuUs "assessnen t hat
the block is dhameinematﬂnieblok:kaasn‘hazas ll\ﬁlebﬂtentﬁlrﬁrhhlﬁﬁbd/(i el thert hendd etk aias not

f the test for
haze on the I gvi Ous nme assessnent }ﬁyret ai gglol t

the current fr faén?rﬁ%%‘ﬁaéqeﬁé?% CcorgspoRqing logationy. ;Note that t cks to which

20 these tests are applied should be chosen according to the DCT-based encode/decode
method used for the detail stream. If the method marks only entire macroblocks as being
copied, then the blocks tested here should correspond directly to those macroblocks. If
the method allows for partitioning macroblocks into sub-blocks that can be marked

individually for copying, the blocks tested here should correspond to the sub-blocks.

25 It is possible for the results of a block test to be inconclusive as well. To deal
with this situation, the results of the ‘haze test’ are retained from frame to frame. Ifa
block was assessed to be ‘haze’ on the previous frame and the test on the current frame is
inconclusive, we retain the previous assessment and assume that the block is haze on this
frame as well. Similarly, if the block was not haze on the previous frame, the same

30 assessment is retained if the test for the current frame is inconclusive. For the very first
frame in a video sequence, it is assumed that all details are valid (and the ‘haze state’ for

every block defaults to ‘not haze’).

The tests require access to both the current carrier and detail video frames and
to the immediately previous carrier and detail frames (for change detection). The tests

35  are as follows (execute for each block):



frame in a video sequence, it is assumed that all details are valid (and
the 'haze state' for every block defaults to 'not haze'). The tests require
access tovbavtvwobsocurrent carrier and detail video framres/@roosooowhe

i mredi ately previous carrier and detail frames (for change detection). The
tests are as follows (execute for each block):1) If the detail block
contents were not copied fromthe previous franme, the block is not haze .
(end test). Note that the determination of whether the _contents wer e copi ed
may be explicit or inpl)ci tIftlildc}emialwmm cpoisst bl I{OOC(prigftfdm thla@rivgdgfys/ ];rla;g;e
irectly fro t et ai o] con

gorrpar eé bet mr?éen Frg’%g R azte?f%ndetggﬁr%g?t%/gﬁp‘gﬁg‘ftelﬁﬂm’é‘?ﬁé’ Whetherihg rrpl | es
that the det aiohtehs ok w@&dmpmedxpl&)t okimﬁlbﬁ ﬁhﬂPdapﬁksm%th@btaﬁnhé)fco

Kk t hi ., .stron textured), the block is
(rjrgtsf1 | : i Elelo;cl Onifﬁ‘f%tfy(%%{} ﬂfegjﬁxljdgel‘ l%%lﬁem%’i%l&éle ‘%Bgi%ka%ﬂ%w@t@nwamdat

(i.e., standaetvedtYiadbs R1ih He a2@hDlion Haldh &Q&'ﬁ&ych'ﬂlph&ethgltﬂ)ecci%tatl s R 1 Pl
that it is not an artifact. In addition, true 'haze' | ess obvious in

areas whéle tREeimage has a | ot of natural texture so even if we mss sone

haze due to this rule Q)t 'SIfkqe%?ahMaraae\g&o% ?&%rcﬁail b-llzpzﬁlcorﬁerg%ﬁl;es %Shm dis

specified as a decoder ‘control paranete Ical d val ue
t hat has beeni¢.osirhglydextored), the bhyckds inoe hkslyaptﬁraw(enmeei)yl\&)% ‘biizet BlBclsOt al

avail abl e bri the detail block
contents is ?%%gﬁard{’? zrltg?nengf%nélardctevﬁé%n%ngmﬁ‘ulélﬁhgﬂeégbvE‘j PRk ERHdP dered to
be haze ( end 1mp]sytﬂ)at itTdnmot aheoifiar In ddbitieshaledhdz8” iS RECOEVIRR iRSres WREOMEST
control ranet er mean val ue .t hat has been found to work in

practice | s ABpFdR Fnl;f’tt Fg}a%f% (UL o SLE Ve gyssisP s Iharestup ghibisasls iviakikely 4a)

If the carri wbmbsalreccomeeﬁ@ﬁnMdamomgsbmﬁéatars@%eéod@} &Qﬁol%ﬁn%&” ed ,
S|gn|f|cantI% f the last frame, then the bl ock nost likely is 'haze

and should b |111311 desheldyajue dhay hastreen fognd el wark ampristice isaperhohadely s
specified as g cREOLRY a2QMSIE Blightness range.

3) If the mean value of the detail block contents is ‘too far’ from zero,
20 it has too much energy to be considered to be haze (end test). The ‘too far’ threshold is
specified as a decoder control parameter. A typical mean value that has been found to
work in practice is approximately 4% of the total available brightness range.
4a)  If the carrier pixel corresponding to the current block has changed
‘significantly’ since the last frame, then the block most likely is ‘haze’ and should be
25 nullified (end test). The ‘significantly’ threshold is specified as a decoder control
parameter. A typical ‘significantly’ threshold value that has been found to work in
practice is approximately 0.5% of the total available brightness range.
4b)  If motion estimation on the carrier indicates that the Image in the
vicinity of the current block is moving, then the block most likely is ‘haze’ and should be
30 reset to zero (end test). Note that this test may be prohibitive for inexpensive decoder
hardware, and therefore may be considered optional.
5) Test was ambiguous: neither carrier nor detail has changed, and

energy is fairly low. Reuse the assessment result from the previous frame.

Process 24 sums the carrier stream Cge and the ‘de-hazed’ (1.e. cleaned)

35 detail stream to produce the final reconstructed video V 201.



parameter. A typical "significantly' threshold value that has been found to
work in practice is approximtely 0.5%of the total available brightness
range. 4byol2bimobison estimation on the carrier indicat eeCriaotheodserage in
the vicinity of the current block is nDV|ng, then the block nost likely is
'haze' and should be reset to zero (end tlést). Note that this test may be
prohibitive for inexpensive decoder hardware, and therefore may be

consi der e opt i onal . FEYUREStshopsongrasibgdiowst 3(hefithavese of the chprmeptadiscuietdai | has
changed, and gnst gy, s‘g§tex§1%'0rvhc§éo l(ﬁl\ﬁauggyﬁﬁ)f&v%d@(??ﬁ%?@t ThiH %om 0,t he

previous franme. Procéss 24 suns the carrier strea ¢ and e-'hazed'
(i.e. cleanedycaletorigk, ot shosm owem‘@dlﬁmal 4 Nided dartzadtream(sr))ﬁsmrammladowtldﬁodv 201
. FIGURE 3 sh enbodi nent 3 f concepts di scusse
herein. In sys I%ngﬁm&ﬁ eo 'tand” ﬁ@‘ ‘?%%ngi é@“ﬁﬁggﬁﬁﬁ¥o%f ®This can
cone from | ocik asd maﬁgepremoﬁlp&b&wmm beiag edcved By altb@erB2 dBacHdat ®, St rean( s)
from anot her Iocaélon This video can arrive in many forns, such as t hr ough

a live brdhdciue s prachises gPcusellsren prcesss ﬂ%‘ﬁld??eﬁ%’i“‘é vadrsPeEd éf prior to

bei ng recei vagdodysoeBEdehe SeputlteRbaEr BZouldHeRda hia:%to%geczﬁ%%@&lo%h%%%ec’
herei n processes the video frames under control processor

out put of enctsiisiredss xudgartrenirsaps vip actsody Byt ed@evpd,ee uploas d@h«zﬂm%olm
delivered as cﬁw%h&@&ﬂ% 3 @éss@@%ﬁﬁ%eék%&%ﬁﬁ}?a@%@r32ta§d§m% A8lousch as

decoder 34. In one e ment, proces encoéér 32
and process Z@rfmﬁddaybbcm?@r $‘brTlenisnb§sunhdumﬂé1e dBrzbder'I'tbahmsemb&Rr cah h‘er omthe

decoder ta t der formed in nown manner. usi ng
wireline 1§r \%% ees s f ?}évr‘{é;}rlglé3| TR 'Ilséngc%lﬁeglél%\s’f Waelﬁgﬁmla’tsﬂo%w{“tl

transm ssi on coeghirving bantlwitibh en thh aandiigion Meust ream i s delivered to decoder
34 then the various channels of the digital streamcan be selected by tuner

382,101 decos g kUSRS SRS RR L REARRRT R oIS L0, o
encoder 32, ehafreBrRf diefdigtabiicaln@aabé Msied®9tueh M fordd€oding according to the

processes discussed herein. Note that the various video channels can be sent from a

20  single location, such as from encoder 32, or from different locatiohs, not shown. The

output decoded video stream(s) can be stored in storage 35 or displayed by one or more

displays 36 or, if desired, distributed (not shown) to other locations. Also note that the

carrier stream and the detail stream need not be transmitted at the same time or on the

same transmission media, provided that prior to recombination the two streams are

25  properly coordinated.

Although the present invention and its advantages have been described in
detail, it should be understood that various changes, substitutions and alterations can be
made herein without departing from the spirit and scope of the invention as defined by
the appended claims. Moreover, the scope of the present application is not intended to be

30 limited to the particular embodiments of the process, machine, manufacture, composition
of matter, means, methods and steps described in the specification. As one of ordinary
skill in the art will readily appreciate from the disclosure of the present invention,
processes, machines, manufacture, compositions of matter, means, methods, or steps,
presently existing or later to be developed that perform substantially the same function or

35 achieve substantially the same result as the corresponding embodiments described herein

may be utilized according to the present invention. Accordingly, the appended claims are



out put decoded video strean(s) can be stored in storage 35 or displayed by
one or nore displays 36 or, if desired, distributed (not shown) to other

| ocat i onswoAbBwopsabe that the carrier stream and the detaricabemamoneed not
be transmitted at the same tine or on the same transm ssion nedia, provided
that prior to reconbination the two stredfs are properly coordinated.

Al though the present invention and its advantages have been described in
detail, it> shisighdedde inghnde mdthinoleit srape sushipousssehamagesss, mabsicatrest | ons and
alterations ¢ . I i fh departing fromthe spirit and scope
of the invent?%ﬁggg&%ggpﬁgégk@mﬁkéﬁgg%%%ﬁgﬁmcIains. Mor eover, the scope of
the present application is not intended to be limted to the particul ar
enbodi ments of the process, machi ne, manufacture, conposition of nmatter,
means, nethods and steps described in the specification. As one of ordinary
skill in the art will readily appreciate fromthe disclosure of the present
i nvention, processes, nachines, manufacture, conpositions of matter, neans,
nmet hods, or steps, presently existing or later to be devel oped that perform
substantially the same function or achieve substantially the sane result as
t he correspondi ng enbodi nents described herein may be utilized according to
the present invention. Accordingly, the appended clains areintended to
include within their scope such processes, machi nes, nmanufacture,
conpositions of matter, neans, nethods, or steps. CLAIMS What is clainmed is:
1. Anethod for delivering a digital video stream said nmethod conprising:
subtracting identified | ow frequency conponents fromsaid digital video
streamto produce an AC-only video stream and a | ow frequency data stream
encodi ng said AC-only video stream encoding said | ow frequency vi deo
streamat a bit rate sufficient to avoid block artifacts; and delivering
both of said encoded video streans to a |ocation renote fromsaid



encodi ng | ocation. 2. The nethod of claim 1 further conprising: decoding
sai d encoded | ow frequency and AC-only video streans at said renote

| ocati on wo 20mmembe said digital video signal. 3. The merhadowiooedoai m 2
further conprising: algorithmcally elimnating undesirable artifacts from
said recreated video signal. 4. The net hbd of claim 3 wherein said
undesirable artifacts are created, at |east in part, by copied macrobl ocks
across franes of said video stream andltMMdPein said copi ed macrobl ocks are
determ ned by: exam ning both said decoded | ow frequency and AC-only video
streans, and using inwhatigekigdaif.romthe | ow frequency video streamto
determ ne when information contained in said |ow AC-only streamis
unreliable. 5. The method of claim3 wherein said bitrate can be as | ow as
1/1 00* of a bit per pi¥thaddppielivering arhgiguidroream, sidmathod somarisere:

conprising: eV tlaérﬁﬁg@ro@a ﬁréquéﬁc@%ﬁﬁb&né%oﬁmayd eﬁgﬁa@%d%s Eﬁ&m @grior

to said encoding of said AC-only video Stream said renoved details being
such as to ha&ysduge irodCionpyaddeosiream Ahalew/irsiiory siygsapan;;HVS) . 7. The met hod

of cl ai m@ wherei are selected using criteria from
@ an%ﬁfng 3518 '}Rygrq ?%%@Lt}’e%

the |ist of notion estinmation,” facia étectlon peri pheral area
detection. 8. Theelmetlingdaidﬂovcfreqm‘n@ Wideotshream atcmtptna&i snfficigar foawbidibtdcRg Sai d
detail renovi g, based on a particular transm ssion bitrate. 9. The net hod
of claim6 wieraih*8aid particular bitrate is in the range of 1/100 th bpp.

10. The nethod of dﬂivamig Botlh bf alBdnc 6RRARIdes kiidimsanh 1ehiRa eMBtedoxPIRI €ssed
out put size for video streamat a point in tine;, and

encodlng location.
15 2. The method of claim 1 further comprising:
decoding said encoded low frequency and AC-only video streams at said remote

location to recreate said digital video signal.

3. The method of claim 2 further comprising:

algorithmically eliminating undesirable artifacts from said recreated video signal.

20 4. The method of claim 3 wherein said undesirable artifacts are created, at
least in part, by copied macroblocks across frames of said video stream, and wherein said
copied macroblocks are determined by:

examining both said decoded low frequency and AC-only video streéms, and
using information from the low frequency video stream to determine when

25  information contained in said low AC-only stream is unreliable.

5. The method of claim 3 wherein said bitrate can be as low as 1/100" of a
bit per pixel (bpp).
6. The method of claim 2 further comprising:

removing certain details from said AC-only video stream prior to said encoding of
30 said AC-only video stream, said removed details being such as to have a low impact on a

human vision system (HVS).



using said anticipated output size to control an amount of detail renoved
fromsaid video stream 11. The nethod of claim 1 wherein said subtracting
conpri seswodenowpiag sai d encoded | ow frequency vi deo st irearasaznad/medddract i ng
sai d decoded | ow frequency video streamfromsaid digital input video
stream 12. The nmethod of claim2 furthefconprising: delivering said
recreated video streamto a display such that an HVS view ng said display
is minimldy distUdrbedTBymgted of dppveuhereinmnid agmovied defpils/dre sddecstdrusimn by sai d

encodi ng of  s@jdiAfen® e YisVdrd€ 0 Jsﬁl‘%gtlion]; ﬁfciaﬁié&%&xﬁ?&eﬁ@&eré{ Lde el HAM
conpression, said systemconprising: a processor I Separating an
avail able video streaminto first and second video streans, said first

vi deo stream cont & ni nghexethad pidpin ¢ fuhercegpesioy: data obtai ned from sai d
avai | abl e vi deo stt.eam. . 53l j . nt aj.ni |
remai ni ng dat a ob&%ﬁﬁg%&$%%§%%gpggggg?F%%?ggsﬁﬁégﬁgﬁgégﬁgmg%?%a%rocessor
further operative for suppressing certain details fromsaid second video
streamto produce 9 t hilheimeihdéof drimeawhanpintsaid particdar bimdte ismatlicomgeoiit ent ;
and a traﬂﬁniﬁI@WW%ﬁr sending both said first and said third video streans
to a renpte locationh in conpressed format. 14. The system of claim 13
further conprising: decoders for independently deconpressing both said
first and third edBodedhsindbod sf d@nnsiurtherdomprisivgler f or conbi ni ng sai d
deconpressed first system of claim 14

nd. third vide qgta.strea . 15. The |
further conprising?&%gﬁ%€%f§§p?%?88? %ﬁ5§ﬁ?ﬁf{g%oﬁﬁg%ﬂﬁVH%’td%gﬂﬁﬁwgssed
vi deo streans to asiug eidantRipatedohpiit Sz td conit@MeR andbunk of RERI é@odedSthd | ar
vi sual experience, as that provided by the original video stream even though
sai d conbi ned®Vi'¢¥8 S8¢4%am i s ni ssing data
15 11.  The method of claim 1 wherein said subtracting comprises:
decoding said encoded low frequency video stream and subtracting said decoded

low frequency video stream from said digital input video stream.

12. The method of claim 2 further comprising:
delivering said recreated video stream to a display such that an HVS viewing said
20  display is minimally disturbed by data removed from said input video stream by said

encoding of said AC-only video stream.

13. A system for video stream compression, said system comprising:

a processor for separating an available video stream into first and second video
streams, said first video stream containing exclusively low frequency data obtained from

25 said available video stream and said second video stream containing all remaining data

obtained from said available video stream;

said processor further operative for suppressing certain details from said second
video stream to produce a third video stream with reduced information content; and

a transmitter for sending both said first and said third video streams to a remote

30 location in compressed format.



representing certain details. 16. The system of claim 15 wherein said
certain mssing details pertain to at | east one of the foll ow ng:

f ast - noviwQ 2devmp34e, peripheral details, non-facial det&CraA2000/000492 system
of claim 14 further conprising: a storage device for storing said first and
third video streams. 18. A nethod for cofbressing an input digital video
stream said nethod conprising: spatially filtering | ow frequency
conponent & from sdfd i Apusysigmadslesmdeé dpheocammsiaing: an encoded carrier

St ream deCOdI ng %@dOQCIg%IrIg&%Cé&CfI COIB I% Ml@dl({%‘% ?ttgﬁ‘d n\éb&ie%qllcﬁe ream
by subtracting said decode arrier str om sal €0 St ream _
producing a tstteamedndlet ai | vi deo stream by appl yi ng suppression to certain

details in said raw det deo strea rlm'red det ai |
vi deo stream 19. aﬁ'ﬂgc{%r?rco tmfngc@?lgldﬁ?o rffsﬁefdtfﬁé 8%&“‘20@“&%?? ng both
sai d encoded trimmed detail video stream and said encoded carri er stream
20. The net hod of 18l ai Trhelﬁstﬁsmrctfhmimdé)fmmméangmsmguncati ng said trinmed

det ai | VI eo strea mto itrat The met hod of

cl ai m 18 \her ei n 3? Saﬁgﬁ FS‘H%’L%’ n§r‘?a1§8%‘ﬁ ng(ggeco’&‘BWésre t"?qff@ SEBEPR? B VENES
relative to cecH @itnaidspeet sildfecéivya aRlastisiRBRpeSaict aamPEGbSddIastRE Ning to
at least one attrjhute of a vi geo stream selected fromthe |list of: facial

detail's, noti°GRMBSHIRTYR SV PrrysheridiconBingd Yideo Sramthpispgg H¥A of cl ai m 18
further conprégédRbtingdefmiathiid ng both said encoded trinmmed detail video
stream and sai d encoded

16.  The system of claim 15 wherein said certain missing details pertain to at

15 least one of the following: fast-moving details, peripheral details, non-facial details.

17. The system of claim 14 further comprising:

a storage device for storing said first and third video streams.

18. A method for compressing an input digital video stream, said method
comprising:
20 spatially filtering low frequency components from said input video stream to

create an encoded carrier stream;
decoding said carrier stream;

producing a raw detail video stream by subtracting said decoded carrier stream

from said video stream;
25 producing a trimmed detail video stream by applying suppression to certain
details in said raw detail video stream; and

encoding said trimmed detail video stream.

19. The method of claim 18 further comprising:

storing both said encoded trimmed detail video stream and said encoded carrier

36  stream.

20.  The method of claim 18 further comprising:

truncating said trimmed detail video stream to conform to a desired bitrate.



carrier streamto a decoder. 23. The nethod of claim22 wherein said
decoder perforns the nethod of: decoding each of said transmtted video

st reans; woaomoawhi4ni ng sai d decoded video streans i nto ROTAA2PAKT00ET9 eam

24. The nethod of claim 23 further conprising: presenting said output
streamto a display such that a viewer of2 sai d di spl ayed out put video
streamw || receive a simlar visual experience as that provided by said

i nput vi déo st r eadl-evehha hethethoisddin @mrm%iﬂcbwpw*@mn @emvnsqsr eamis mssing

data representi ngéalaeg% RURRAESRS 1486 & deainBSnood AP URED Atk 58 ABLE4

further conprising: ning sal vi deo ream prior
to said conbipnitatigingﬂﬁatléﬁhtamﬁmtthbde ofamﬂ(a]sme%salbmamﬁmsmﬂmldtmt dauklng renoves

haze effects dfe Al 1o %on e 1%;[1 p\é}’lp R 2™

22.  The method of claim 18 further comprising:
10 transmitting both said encoded trimmed detail video stream and said encoded

carrier stream to a decoder.

23.  The method of claim 22 wherein said decoder performs the method of:
decoding each of said transmitted video streams; and

combining said decoded video streams into an output stream.

15 24, The method of claim 23 further comprising:
presenting said output stream to a display such that a viewer of said displayed
output video stream will receive a similar visual experience as that provided by said input
video stream even though said combined output video stream is missing data representing

said suppressed details.

20 25.  The method of claim 24 further comprising:

cleaning said decoded trimmed detail video stream prior to said combining.

26. The method of claim 25 Wh(e_rein said cleaning removes haze effects from

said output video stream.



