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i nvention relates to i nage processing. Mire specifically, the present
invention relates to a quality based conpression schene for inage signals
utilizing adaptively sized bl ocks and sup-blocks of encoded discrete
cosine transformcoefficient 10 data. R "Description of the Related Art In

the field of transm ssippAAFTY BAREDTMAGECOMPRESSIORh as are used

for 15 projecting "fil or "novies", various iInprovements are being nmade
to i mage conpression techni ques. Many of the current and proposed video

systens nmake use of digital encoding_ techniques..  Diagltal _encoding provides
a robustness for the COMKQRQH&ID mﬁéﬂ%‘@ﬁﬁa ai rments such as
mul tipath fading and jamm ng or signal interference, each of which could
ot herwi se seriously degrade inmage quality. 20 Furthernore, digital

techni qugs flack|dd af felliGettish Si gnal encryption techni ques, which are
found useful or even necessary for governnental and nany new y devel opi ng
commercial broadcast applications. H gh definition video is an area which

benefits fromi oved i mage. conpressi. |.qu sl ed,
over-the-air trgﬁéﬁip&sﬂﬂn FURR at&%?‘)l lﬁ{& F goﬁgglégxgbqggﬁe%géﬁgéﬁ ﬁtt%é\iélﬁbégermﬁl =e
or fiber- optihgatioh! A ®Sh Quhligebired domprésion Cahere efot dmege signaly autilizing
bandwi dth requirenments. Typical wireless, or qther, transm ssion systens
bei ng desi cdlentivaly sized blqsﬁa ang, subcblogkroRfaneoded SliRsretn SORRG BRRS 0%\%%%@?'5"“% t
has beegld'e Lzed that conpression of digital video signals nay be
achieved to a TI'evel that enables transm ssion using reasonabl e bandw dt hs.
Such | evel s of signal conpression, coupled 30 with digital transm ssion of

the signal, may enable a_video systemto transmt with less power and with
greater i mmﬂ'rt?e’t‘&l’&?arﬂﬁéﬁ'eﬁﬁ?&% ts while occupying a nore desirable

and useful bandw dth. WO 01/56298 14 JUL 2004 PCT/US01/02751

In the field of transmission .and reception of video signals such as are used for

15 projecting “films” or “movies”, various improvements are being made to image

compression techniques. Many of the current and proposed video systems make use of

digital encoding techniques. Digital encoding provides a robustness for the

communications link which resists impairments such as multipath fading and jamming or

signal interference, each of which could otherwise seriously degrade image quality.

20  Furthermore, digital techniques facilitate the use signal encryption techniques, which are

found useful or even necessary for governmental and many newly developing commercial
broadcast applications.

High definition video is an area which benefits from improved image compression

techniques. When first proposed, over-the-air transmission of high definition video (or

25 even over-wife or fiber-optical transmission) seemed impractical due to =icessive

bandwidth requirements. Typical wireless, or other, transmission systems being

designed did not readily accommodate enough bandwidth. However, it has been realized

that compression of digital video signals may be achieved to a level that enables

transmission using reasonable bandwidths. Such levels of signal compression, coupled

30  with digital transmission of the signal, may enable a video system to transmit with less

power and with greater immunity to channel impairments while occupying a more

desirable and useful bandwidth.
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conpriession, but result in a degradation of the quality of HHEUSHATS!
signal. Typically, techniques for transferring conpressed information
require the conpressed information to be transferred at a constant bit
rate. 5 One conpression technique capable df offering significant |evels of
conpression while preserving the desired level of quality for video
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This technique will
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of the imgezguald.ty, The, ABSDCT t ni que may be used to conpress elther a
bl ack and m‘f’@’éﬁ él € ”’“%f‘iﬂ”‘ﬂ’ﬁﬁg’é' @@%ﬂm Sysegt, e Assignedgror the, assignepe of Thee
col or input pregmtinveRtoadiiRcdiporhled hemid BY Lt e BleNde LPGhel MBI e,
or brightness, sanple, and 1.| Og%% Q l%lgllirlll{g&(@rg%égbm naﬁ'ggl,c '%F °g§1"o‘kp‘,gb§gﬁﬁ| es
for eachlYx4tepliugue ifcopibination withhe Differential {Qundtrées Tamsform aschinlife Yi Mscad6hiCy

or RGB for . _Because of the |ow spatial sensitivity of
the eye t ong%‘ﬁéigi *ﬁ%é?ﬂ?'gsg‘ééaﬁ @ﬂ‘ po ho‘%‘ff’f'ﬁa&oﬁl Stip /aasmemsresting fv&s&rq}/ |
conponent s byndSysaen,0Oralef adsipuied ko) the Bssipabd 6?%@%:-:@8@ iffrtiofi ddinEcﬁrgHa?éﬁs 'S
reasonabl e. 30 _A;corfdl ngly, a video signal may be represented by ur
| um nance Cofﬁﬁgfc‘}ﬁ BT e‘é’r‘?ﬁe-tm systems disclosed in these patents utilize what is referred to as
“intra-frame” encoding, where each frame of image data is encoded without regard to the
20 content of any other frame. Using the ABSDCT technique, the achievable data rate may

be reduced from around 1.5 billion bits per second to approximately 50 million bits per

second without discernible degradation of the 1mage quality.
The ABSDCT technique may be used to compress either a black and white or a
color image or signal representing the image. The color input signal may be in a YIQ
25 fom]at, with Y being the luminance, or brightness, sample, and I_and Q being the
chrominance, or color, samples for each 4x4 block of pixels. Other known formats such
as the YUV, YC,C, or RGB formats may also be used. Because of the low spatial
sensitivity of the eye to color, most research has shown that a sub-sample of the color
components by a factor of four in the horizontal and vertical directions is reasonable.

30 Accordingly, a video signal may be represented by four luminance components and two

chrominance components.



chrom nance conmponents. | t WO 01/56299 3 14 JUL 2001 PCT/ USQ /027514 JuL 2004
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pi xel s for processing. For each block, the |um nance and chrom nance
conponents are passed to a block interleaver. For exanple, a 16x16 (pixel)
bl ock may be presented to the block interleaver, which orders or organi zes
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(DQT), may be used to reduce the redundancy among the DCT coefficients.

For the 16x16 block and each sub-block, the DCT coefficient values and the DQT
value (if the DQT is used) are analyzed to determine the number of bits required to
encode the block or sub-block. Then, the block or the combination of sub-blocks that

20  requires the least number of bits to encode is chosen to represent the image segment. For
example, two 8x8 sub-blocks, six 4x4 sub-blocks, and eight 2x2 sub-blocks may be
chosen to represent the image segment.

The chosen block or combination of sub-blocks is then properly arranged in order
into a 16x16 block. The DCT/DQT coefficient values may then undergo frequency

- 25  weighting, quantization, and coding (such as variable length coding) in preparation for
transmission. Although the ABSDCT technique described above performs remarkably

well, it is computationally intensive. Thus, compact hardware implementation of the

technique may be difficult.



well, it is wowpséegionally intensive. Thus, conpact hardware 14 Jul 200
i mpl enentation of the technique may be difficult. WO 01/56288TASaL08TH

21004 PCT/ US01/ 02751 4 SUMVARY OF THE | NVENTI ON Al ternative techni ques

t hat make hardware inplenentation nore efficient offer certain advantages.
Some systems utilize adaptively sized bl ocks and sub-bl ocks of 5 Discrete
Cosi ne Transform (DCT) coefficient data. Al though portions of DCT based

systems utilize quality as a cSMMARY (OFANHEINVENTIGN'ti ons of the
data are based on the encoding rate, as opposed to using a quality-based

metric. An exanple of such a coding rate based paranter is the

quanti zation step RRLAGHEY : ontrast based . adaptive bl ock size
i mge conpression al g@ﬁ%ﬁ%cgg%&#ﬁggtp&@g% A arHRRIGReTEtion mor Fifipient offer
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subdi vi ded bl . ln neral, areas with |arger variances are su
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subdi vi ded, pdcﬁpﬁfkﬁﬂo&l&&zehhﬁggc&ﬂ#e&%%%nean values fall into
us

di fferent predetern ned ranges. , f1TFst the variance threshold of a

bl ock i s Vodi fi edrer @raseRts rvsntioml isval qualite peasdd ngysem i kisd r}ﬁaﬁod/aéﬂj%a%@nd
t hen the vari t bl ock i.s conpgred with a threshold, and if tThe
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transf or m dateferhdieNwhRh i hrough quantizafion_and _
serial i zati on. Q%%n'fwi zaﬁlgﬁ‘ég[?qtﬁﬁéﬁﬂtaﬁgf Pl g‘”i Brogersing; 2 dde phledd sig an
i mage qudPbi t yassigument is based omtheavasiandes of gRtifgut bk aﬁ&ﬁﬂﬁ'&ﬁmﬂdﬁﬁfed lﬂﬁ«ﬂ&?tlnt 0
contrast, coefficient coyunt, rate distortion, density of the block size

assi gnnent s, gaeﬂ_ ofpast vanances are spbdivided dntaramatier blagksaland dreas with
utilized to sefallél va#fnces are not be subdivided, provided the block and sub-block mean values

fall into different predetermined ranges. Thus, first the variance threshold of a block is
modified from its nominal value depending on its mean value, and then the variance of the

20  block is compared with a threshold, and if the variance is greater than the threshold, then
the block is subdivided.

The block size assignment is provided to a transform element, which transforms
the pixel data into frequency domain data. The transform is performed only on the block
and sub-blocks selected through block size assignment. The transform data then

25 undergoes scaling through quantization and serialization. Quantization of the transform
data is quantized based on an image quality metric, such as a scale factor that adjusts with
respect to contrast, coefficient count, rate distortion, density of the block size
assignments, and/or past scale factors. Zigzag scanning may also be utilized to serialize
the data to produce a stream of data. The stream of data may be coded by a variable

30 length coder in preparation of transmission. The encoded data 15 sent through a

transmission channel to a decoder, where the pixel data is reconstructed in preparation for

display.



the data to produce a stream of data. The stream of data may_be coded 4byutallli
vari abl e 3YOR36A%B coder in preparation of transm ssion. TWb@ﬁ@Hﬁ’é’ﬁ' dat a

i's sent through a transnission channel to a decoder, where the pixel data
is reconstructed in preparation for display. 14 JUL 2004 WD 01/56298
PCT/USQO /02757 5 It is a feature and advamstage of the invention to provide
a quality based inmage conpression system It is another feature and

advant age of theqj v i f i i pg&gh' Y, : ugh
managenent of theﬂ&%@érag?g aI(-)lérPl agur"(ra:gfcreéfﬁt&?égﬁg g(gis. 5é fatquiag@g%s’?%eu?ﬂeo
feature and athpredsigesysfeni he i nvention to allow flexible inmage quality

control through nmanagenent of the bit rate on a bl ock | ock.basis.,.Jt is
anot her feature dhi§ 2aethanieayes and adkantagnal e GyeRRPn Y, ‘ﬂ?’g‘i He’ﬁlﬁﬁlwgf Ci"ﬁgée

conpr essi on aflolhloleffarfigdihdnbe ME bit3ad oA A GRARRAN e B&1S VI LI €5 such as

bursts of notion. 1 S anot eature and advantage of the invention
to use siygnal to Iniianethenfeainre peradmmitagesofithe qyantionf tp allosyy Bexjble irhage. quiaittyi s

anot her feature and advantage of _.the.invention.to ytil.ize a quantization
scale fact o‘ionfrﬂg't}" d’é‘i"é‘g%“’tq’i°fé‘§$ dEeO8 & Ckcbgr#?‘é%t_fasﬁf the image. It is
another feature gpds GANER AgRrObnd AevanBe BF iR idventidd It Afaiftaii gindlity dinbgs
scale 15 factor that adjusts wth respect to the AC coefficient count of

the DCT bl océsmprassion endnpiti sée apntroleefedats raceampanyingeactiviigs (fueh 2 PWES aft age
of the inventiagn to utilize a quantization scale factor that adjusts with
respect to tF&"8stortion and bit rate between franes. It is another

feature gnd advankagendthert BguiensRinidvamageoofithel inzentidngo auski sigial an neisalratio 20
factor that adjusts with respect tg past quantization scale factors. WO
01/ 56298 PCTpasgmeteptppantify Amagg quaits~~~ ¢ 6 BRI EF DESCRI PTI ON OF THE

DRAWNGS The feat yreg aid rad%a3had8santize LB hePheSRIch th HGRE b QfadZation SaTe

nor e appar ent '
factor that adjusts with respect to the contrast of the image.

It is another feature and advantage of the invention to utilize a quantization scale
15 factor that adjusts with respect to the AC coefficient count of the DCT blocks that
comprise an image.
It is another feature and advantage of the invention to utilize a quantization scale
factor that adjusts with respect to the distortion and bit rate between frames.
It is another feature and advantage of the invention to utilize a quantization scale

20 factor that adjusts with respect to past quantization scale factors.



fromthe detwblpskaglescri ption set forth bel ow when taken in conjunct{énjulL 2004
withthe 5 drawings in which like reference characters i dent PEJ/US01/02751
correspondi ngly throughout and wherein: FIG 1 is a block diagram of an
encoder portion of a quality based i nage processing systemincorporating

t he variance based bl ock size assignnent system and nethod of the present
invention; 10 FIG 2 is a block diagram of a decoder portion of a quality
based i mage processing syBRIEF DESGREPTION OF PR g@igfrgl ock size
assi gnment system and nmethod of the present invention; Fl a flow
diagramillustrating the processing steps involved in variance based bl ock

si ze assignnent; IfdHH nd illustrate an exenplary bl ock size
assi gnment, the corres pger?ﬁl&rdlgaﬁgﬁna =P nghcd%"fﬁ)"r%d’%ﬁ’qm% wilh hgcameemore apparent

cor r espondi ngfre@RhdadesaileB| dasciption 8etd RN belgut! tiRgn ihe.dglatl onship of
the quantiger scale factor vs. the average bi ?é”°§e¥“ﬂg?>ég|°°flé‘{“8¥'°’h“@ éhe s
a flow chart %r?wglg&dﬁn‘fl?‘ﬁlérllk§cr§feé‘-‘ﬂpa@ﬂléwaclbas'eldn@fy aorrddGordinglli GrQiphosO R
20 of DCT blegéein: FIG 7a is a flow chart of a quantizer scale factor
based on rate di sthE}tﬁialgn. FIG 7b is a continuation of the flow chart of

t he quantizer scal ion tadediagram rofit® dhdider b i neF :
01/55298 7 1 gﬁgé 2004 PCT/ USOL/ 02751 DETAI LE %Ebgc%fpdrﬁb@&:i’afggme
PREFERRED ENé%B R YT RMogRPoryng k¢ |veriance basedi blatk sizanssigmaémnysém and
digital signahsthaddf @ejpRetttBventionOr r €spondi ng benefits, it is generally
necessary to enpl ?Fﬁgsorre form of signal conpression. To achieve high

compressi®®n in a FaGul isiatjoskdiggrami of aidecades portioh OF b fklity aked %pﬁgéési&gy

of the imge i ined. . Furthernore, conputational effici
desired for 5?%%‘%2‘6@’%’?@@%9‘8 "F‘?‘&‘l"@%@é&l? 12€,ASPigRImEnt systpor audrnethod nhthe
appl i cati ons.prdseet gpavearihi | Nnventi on provides a quality based system or

appar atus and net . _ )
rf:?g 3 is a flow diagram illustrating the processing steps involved in variance
based block size assignment;

15 FIGS. 4a, 4b, and 4c illustrate an exemplary block size assignment, the

corresponding quad-tree decomposition, and the corresponding PQR data.
FIG. S is a graph illustrating the relationship of the quantizer scale factor vs. the

average bits per pixel rate.

FIG. 6 1s a flow chart of a quantizer scale factor based on an AC coefficient count
20 of DCT blocks.
FIG. 7a is a flow chart of a quantizer scale factor based on rate distortion.

FIG. 7b is a continuation of the flow chart of the quantizer scale factor based on
rate distortion in FIG 7a.



10 of image conpression that takes into account both the inmage qualHy‘UhM"
conput at i owal01/56898i ci ency in perform ng i mage conpressi on. PCAMSOYNITBhg t he
bit rate of a truly variable rate system based on the goal of rmaintaining
a target bit rate inhibits the purpose of maintaining a quality inage.

Instead, the present invention addresses yate control strategi es based on
quality. Quality-based inmage conpression systens nay be on a 15 bl ock | evel
or on a frame |evel. The block | evel systemgenerally uses a greater nunber
of encoded bits per franme than franme | evel control because the block |evel

systens use [yRYATIOEY bg?@bimﬁ];lf@ O¥THE PREFERHED'EMBODIMENTS

bl ocks. Before one enbodi nent of the invention is explained in detail, it
is to be wunderstood that the invention is not limted in its application
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Vari ance Based Adaptive Block Size DCT Image Conpression”, Serial No.
09/ 436, 085 fi | ed The pPreseatipzent®n provides aquilifsdisechsystrmn g% apppfeiss apd method
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strategies based on quality. Quality-based image compression systems may be on a
15  block level or on a frame level. The block level system generaily uses a greater number of
encoded bits per frame than frame level control because the block level systems use more
overhead bits for identification of the particular blocks.
Before one embodiment of the invention is explained in detail, it is to be
understood that the invention is not limited in its application to the details of the
20  conmstruction and the amangement of the components set forth in the following
description or illustrated in the drawings. The invention is capable of other embodiments
and are carried out in various ways. Also, it is understood that the phraseology and
terminology used herein is for purpose of description and should not be regarded as
limiting.
25 The image compression of the present invention is based on discrete cosine
transform (DCT) techniques, such as that disclosed in co-pending U.S. Patent
Application “Contrast Sensitive Variance Based Adaptive Block Size DCT Image
Compression™, Serial No. 09/436,085 filed on November 8, 1999, assigned to the assignee
of the present invention and incorporated herein by reference. Generally, an image to be
30 processed in the digital domain is composed of pixel data divided into an array of non-
overlapping blocks, NxN in size. A two-dimensional DCT may be performed on each
block. The two-dimensional DCT is defined by the following relationship:



x(mn) is toeideadg at | ocation (mn) within an NkM bl ock, and x( 161)JUL004
t he corresponding DCT coefficient. Since pixel values are notHEHORBE the
DCT conmponent X(0, 0) is always positive 10 and usually has the nost
energy. In fact, for typical inmages, nost of the transformenergy is
concentrated around the conponent X(0, 0). &This energy conpaction property
I s what makes the DCT techni que such an attractive conpression nethod. The
i mage conpression technique utilizes contrast adaptive coding to achieve

further bit rate_reducti trhas been e, t natural i mages
are made up of X&KAkF ('}?”is Q}GPBEI% i %Mb@&l&rﬁaﬂ such
as obj ect boundaries a hiyhr=cont r ast ~ tlext Ve, r@dY adaptive coding
schenmes take advantage of this factor by assigning nore bits to the busy
areas and less bits to the | ess busy areas. As described in the

af orement i oned pendi ng pat ent{ pppki=c@ti on Serial No. 09/436,085, contrast
adapti ve codi WBETFs apéh. Bder Iﬁ(}; redudridng the bl ocking effect. The 20
bl ocki ng effect tends to be e'pkefg)epti ble in busy areas of the image.

However, it has beenygenlii ardifdnat ok 3,{,"0 L I.s reduced when a
smal | er sized DCT is uéeo‘l. The E{oc Forll1 é’P]Nélc g%@%%’%“’@‘fﬂ ally invisible
when a 2x2 DCT is us¥&,) althdonmgpspdddindDCTresfficinkel perfornmance may suffer.

Further, contrast adaptive nethods utilize intrafranme coding (spati al
processing) 25 instead of interframe coding (spatio-tenporal processing).

I nterfrane codi ng Sindasigéltvabies 4@ Hoh/n@gatid fh TR | ddi t.J.on
to nore caonpl ex processli ngacﬁcui ts. ??1 nﬁ%‘f,@(%rpﬁl catetlgc?r@,% ?sedclgfég%gosmve
conpl exi ti? i sandeksgally thes thecmost enengy. e de fecat foprtypikalt infzemiostostl thg trar®fdths 0

useful in a sj | e a spatiosle al coding schene break;
down and per%ﬂtgﬁ%g%ﬁ%@t&%r °'é?<n§ %ﬂmﬁﬁw&%@eﬂgg‘ﬁnsswdcwcagneaww|
into this catiegdaymalessthe DET techridiech ah @ftrabii vsonthEssio :ﬁé‘LF?drechani cal

shutter, is relatiyely short. The short integration tine allows a higher

degree of tenpor al 1% FHR8F FEMPIREEOR SeehminucoMiliges fcontest tadaptivaDcdding 62 ABhidvel 4
T N
both 50 HZ ammla@@elyizslpowaryihg flet freas)whd Bue$ 828 such as object boundaries and high-
contrast texture. Contrast adaptive coding schemes take advantage of this factor by
assigning more bits to the busy areas and less bits to the less busy areas.
As desicribed in the aforementioned pending patent application Serial No.
09/436,085, contrast adaptive coding is also useful for reducing the blocking effect. The
20  blocking effect tends to be more perceptible in busy areas of the image. However, it has
been realized that the blocking effect is reduced when a smaller sized DCT is used. The
blocking effect becomes virtually invisible when a 2x2 DCT is used, although the bit per |
pixel performance may suffer.
Further, contrast adaptive methods utilize intraframe coding (spatial processing)
25  instead of interframe coding (spatio-temporal processing). I;ter&ame coding inherently
requires multiple frame buffers in addition to more complex processing circuits. In many
applications, reduced complexity is needed for actual implementation. Intraframe coding
is also useful in a situation that can make a spatio-temporal coding scheme break down
and perform poorly. For example, 24 frame per second movies can fail into this category

30  since the integration time, due to the mechanical shutter, is relatively short. The short

integration time allows a higher degree of temporal aliasing. The assumption of frame to



I nvol ved. Television currently transmts signals at either 166 Jll%_'i[lﬂt
CRybuiin,

The use ofWEAVS¢288 r af rane scheme, being a digital approachf to
both 50 Hz and 60 Hz 5 operation, or even to 24 frane per second novi es by
trading off frane rate versus spatial resolution. For image processing
pur poses, the DCT operation is performed on pixel data that is divided
into an array of non-overl appi ng bl ocks. Note that although bl ock sizes
are di scusse r.ei ' ] ' el de i § $ro € thitalft@ine \Cading Us
Bl ock o1 zes. e B B o e B B eyt | e
where both Nalahcadikratee siandadize swhasi bbthNVshdingnéitOhBe poveert bne fraaueneies |28% s

than N. Another inportant aspect is that.th bl,ock.is diVi$l b [
| east one | eV’é‘PIVGfrI-p;E]BY'é}OBcPPE"F“@XJWSHEtSIﬁ?gnﬁﬁlﬁf “ EQHS or 6&”%( I\/Jl'rjﬁc ug%ﬁggl]iet C.
where | and loffmb NoRGEE Sheife! b | dIGEapBroati CcX AMAPE a0Ybth O M2 2Rdash Hz

pl xe

di scussed herein is a 16x1 bl ock with correspondi ng bl ock and .
sub- bl ocks obpddiion] br evenfth 24 ifrntesper becond moyres g trading) off AE ratA FETSYH SPAIRS

ot her integers such as both even or odd integer values nay be used, e.g.
9x9. FIGs. | '#AWU9N; || ystrate an i mage processing system 100 incorporating
the quality basef,CE $eciefiing piipdiespithé DEDopeation i penfbrined. ol pieli datge
processi ng system 100 “conpri ses an encoder 104 that conpresse recei ved
vi deo si gnal thaThe dividedrintosaacarpey inWVCF@PRIWAHE’W-t@ﬂteu@i‘héa‘&“g‘? E]r?glﬁisk@?on

L O Rl R e Py i

recei ved si g ¢ e displayed. In
general , 18N iB&ROFdr exathpledeNxMbloclbkiae kmydfe yiilized swhermrbath &t ewbMhare integers or

signal may be converted from RGB space. .to YCLC2 space using a 0
YCIC2 conver tiith Vb eias githesygEeaser YiamOF 58 i aATRtheD ngps t%@%‘%‘%*‘ the

component . 2odkls SISt &t LS, GHRE BASbi0nks SRl NORIROURDIS N/BBAUS e

of the low s ial sensitivity of the eye to color, mang systens .
sub- sanpl e t hadGlc. angréandigipe ireegess. bfurthermeneothesxemplary black pige a3 sliscpgisda

d tical di i : , . th b- N ' |
asol uti on i R oL PIeh Btcko MRl ComapoRinG ok, B, G83Iaag) ¥ et

necessary s N SQFRiGHE. AR fafRdr cAPSioned thatSariolo sther eftegeresichas doticoxcardrmgd
"digital Cinena. wo possible YCIC2 representations are, the Y1Q

represent at i cintegerdvaluee mdlbe uegsk egeMat i on, both of whi ch WO 01/56298 14,
JUL 2004 PCT/USO 1[-119}%.7155:1'nd Flustrate an image processing system 100 incorporating the quality

based compression system of the present invention. The image processing system 100

comprises an encoder 104 that compresses a received video signal. The compressed

20  signal is transmitted using a transmission channel 108, and received by a decoder 112.

The decoder 112 decodes the received signal into image samples, which may then be
displayed.

In general, an image is divided into blocks of pixels for processing. A color signal

may be converted from RGB space to YC,C; space using a RGB to YC,C; converter

> 25 116, where Y is the luminance, or brightness, component, and C, and C, are the

chrominance, or color, components. Because of the low spatial sensitivity of the eye to

color, many systems sub-sample the C, and C; components by a factor of four in the

horizontal and vertical directions. However, the sub-sampling is not necessary. A full

resolution image, known as 4:4:4 format, may be either very useful or necessary in some

30  applications such as those referred to as covering “digital cinema.” Two possible YC,C;

representations are, the YIQ representation and the YUV representation, both of which



are wel | kneygoigyéghe art. It is also possible to enploy a vari at|0n1émer2@m
YIN ‘representation known as YCbCr. In a preferred enbodi menfCTHEHMEN t he
Y, Cb, and Cr conponents is processed w thout sub-sanpling. Thus, an input
of each conponent of a 16x16 block of pixels is 5 provided to the encoder
104. For illustration purposes, the encoderd0 104 for the Y conponent is
Illustrated. Simlar encoders are used for the Cb, and C conponents. The

encoder 104 cosmwellsksoven bh alik afi 2@ &S 8ls8 PREbleClL BRRI0y12G, g(r’\T/B
bl ock size assignment |n pre%aratlon forﬁg\?l deo cgﬁrrl%rogs& (?H\mqrﬁ ﬁﬁoc i ze

assi gnnent el "ENEF2HOH kngepas ks the bl ock deconposition of the 16x16

bl ock based on th I St of .,the image in the bl ock.
Bl ock size asm}gﬂrfr%ﬁﬁ{rgﬁﬁgl Vi é@m(eéggﬁgﬁ%?{l% %C@’ck’mfi TCAmRANERts 15| R5RIEsSadh a
quad-tree fashihont delpsardpling. oThushén it \Of teXchW drki dh

bl ock si ¢ asswgdr%nt el errent 120 %:Eigr ates adalumadc?r%@%igtm%k?fe%hﬁws
PQR data; whsR2hiyihe ensadgellfet iosrillustetion urboses, tiEhensoder 104 dok tiei Xe
assi gnnment  qdgk@bie , the R bit_of
the PQR data |§$setn@gfllgﬁ%}§arteldg Sfjngfi? Qé%iﬁlgo&u g’&g}et&b ﬂ i fampanepss § e

cor r espondi ngneasier @4 fomprists i ek SaBadsignedent eletbntol 20C hithZRrResi %[HEE Rize
det er m nes tt;at a the 8x8.blocks is to be subdivided, then four

additional bi%t é/"ﬁ"blﬁrteBarPB‘r‘“ for ¥1dea campressin.s Thablorldsize assignmedieclement 120

Referring nowy feﬁnﬁhﬁ he,bleck oper; at i
the block si §e assi gtnrrent ehéear?eﬂﬁ?g{%%g”ﬁmmggldﬁdgﬁ&#hgﬁggr|£ g Byre %Prb%]ock

is used a8 ac haractegistics of ithe image thethie dilank. tmosmbdemdmmlsnb&wrﬁele}QGat

t 202, |er S i d. At s 204, the variance, v16,
3f ef he 16x16 J“E( P§‘9§§n33ﬁk§ %fg-%ﬁ%d?@né@gﬁﬂd%aﬂa@t}'f‘alth!@wslﬁwﬁ3
N- I N1 N- I \blm:k The bléick sxz%ésm@ﬁ:eﬂbﬁétﬁeﬁ\‘:l:ﬁﬁ ’geli’c'?ﬂeg(a Eu.d@m%ch&atp | 48l {1 Et(gﬁ

nce

“h row, | col u within the NXN bl ock. At step I rst t e vari
threshol d Tléaﬁas & fength can chh?F‘ﬂ@nalm ThbisshoThusT'ifl bldck sike assigmnent

val ue of -t he dibfithed aPSUBRRIHNO.ML WOHGIIN 100 RV B P S BRGNS, BLOSK

variance Is conpared agal nst the newt
01/ 56298131 followed by four additional bits of Q data correspondmg to the four divided 8x8 blocks.

[f block size assignment determines that any of the 8x8 blocks is to be subdivided, then
four additional bits of P data for each 8x8 block subdivided are added.

Referring now to FIG. 3, a flow diagram showing details of the operation of the

block size assignment element 120 is provided. The varance of a block is used as a

20 metric in the decision to subdivide a block. Beginning at step 202, a 16xi6 block of pixels
is read. At step 204, the variance, v/6, of the 16x16 block is computed. The variance is

computed as follows:

=0 =0

where N=16, and x;, is the pixe! in the /" row, /' column within the NxN block. At step
206, first the variance threshold T16 is modified to provide a new threshold 7'/6 if the
mean value of the block is between two predetermined values, then the block variance is

compared against the new threshold, T/6.



PCT/ USOL/ 02751 |If the variance v16 is not greater than t%'r}lﬂ &{3&] d’ #féu 2004
then'at sWOPIB698 the starting address of the 16x16 block is witten into
tenporary storage, and the Rbit of the PQR data is set to O to indicate
that the 16x16 bl ock is not subdivided. The algorithm then reads the next

| 6x 16 bl ock of pixels. If the variance M16 is greater than the threshold 5
T16, then at step 210, the R bit of the PQR data is set to Ito indicate

that the 16x16 Igltl(PeCl?ariaﬁcé P1R oY lgiavdr dRgh ittt thréshuld BX@ théroak step THS, tlour
8x8 bl ocks, i=1:4, are considered sequentially for further c?ﬁlgﬂipﬁl Si o as
shown in st eprtiagaddesy ofdhe h6xgA1dskde KTitten ant sFMRATAT, SIAFAES, AL ft&f they
step 214. At __step.216, first .the varia t 2ale] i+i8edTORLd IaRErithen
provi de a nBRR{#AR &35t o P18 ‘qucat[%g’aigleng%ﬁ(ivdgcﬁzgglfo gts‘%%l‘g %{rﬁq}?és %gt ween
two predet epgh ds U2 4425161 B BIbck BEpIREISC Kf tavidunce viGis goaampaancthe chrestiodd new
t hr eshol d. the variance v8; is not greater_than the t hresgﬁltd T81’6 wen
at step 218716 then st step 210, ted bis of gre PAR dalpinieh ik Lite RAICHE SRRt T 5O

tenporary storage, .and fhe corr ' Qbit, Q, is set to 0. The next
8x8 bl ock iél"Fﬁg‘ﬁOﬁF&g@é%‘gﬁ‘flﬂhgﬁﬁg{%g%hce v8; is greater 15 than the
threshold T8, theRe fur 8kEBlodR)i=1t4)are arnsiteredrsdiugti@ih far, fucther, supdivisgqn, g§ 1

to indicate that the 8x8 block is to be subdivided int outf&)uart of 4 H oglfs.
The four 4x4hdwmiukstep 212:1For, cagh Bx&Black dbg xanavsgends 8PPV PG *u L e

subdi vi sion, as. . showa in. {s thédiNedteorblids K neiwhRrestovid a1 &, the 4y,
i s comput ed,StcB?lgt@S%ﬁnﬁcgagtg%émZg%,s TSt ﬁllpe vari ance threshold T4 is

modi fi edqt O pRiaR VhKie ofthadlsckis Batvetn tWo pradetermined yatusarihemhgePloRk YaRaNS| 1§k
i s between two predeterm ned \‘l\% ues, then the block variance is conpared
to this newcompaisgde this pew thyes i ance v4+1 is not greater than the

threshold T4, thgpguat "%{"ﬁ& #28s not Breatendishineths thfeshdld P 4héd at lsteps 24%.i theen,
and t he correspondi ng It, PV, is set to 0. The next 4x4 bl ock is 1Inhen
processed. Istartileaddressafite Sx8\plaok lQMF’éFm?FP&FPst%?‘@sﬁ‘Eﬂ H‘efﬁ?"?ﬂ%ﬂ 8t 25

step 230, the, correspond] P bj ' t @r ihRafi@ice vBhdtgrédhe 4x4
block is to @8t Qy e%/?"caj‘td f:n"t'%{ #xc?u@o%&%g?%ﬁotg?ss%% g%lglligtion, t he a%%ress

of the 4 2x2u0l QK rashBIdMIB ! thed at isfep0220g niso carrgsponding 6k bitTEe , tih setstol d8
T16, T8, and T4 may be predeterm nedb%onséant E%T‘hhi’ iﬁgknown as the hard
deci si on. Al indicatatthat éhe8x8diockdniojeaubdivided aato lurAxt BIOCKS:y e i npl enent ed.

S S SR 4 Al ety ot e,
or 2. Thus, {HéR&tinQHp 220, Fbeeach 4x4 block, the variance, véy, 15 computed, at step 224. At
step 226, first the vanance threshold T4 is modified to provide a new threshold 74 if the
20  mean value of the block is between two predetermined values, then the block variance is
compared to this new threshold.

If the variance v4;; is DOt greater than the threshold 74, then at step 228, the
address of the 4x4 block is written, and the corresponding P bit, Py, is set to 0. The next
4x4 block is then processed. If the variance v4; is greater than the threshold T4, then at

25  step 230, the corresponding P bit, Py, is set to 1 10 indicate that the 4x4 block is to be _
subdivided into four 2x2 blocks. In addition, the address of the 4 2x2 blocks are written
into temporary storage.

The thresholds 716, T8, and T4 may be predetermined constants. This is known
as the hard decision. Alternatively, an adaptive or soft decision may be implemented.

30  For example, the soft decision varies the thresholds for the variances depending on the

mean pixel value of the INx2N blocks, where N can be 8,4, or 2. Thus, functions of the

mean pixel values, may be used as the thresholds.



mean pi xel égéygg qay be used as the thresholds. WO 01/56298 12 14 T4uUL 2004
2004 PCT/ U 8289 For purposes of illustration, consider poeUSeId208 Ng
exanple. Let the predeterm ned variance threshol ds for the Y conponent be
50, 1100, and 880 for the 16x16, 8x8, and 4x4 bl ocks, respectively. In

ot her words, T16 = 50, T8 = 1100, and T4 =12880. Let the range of nean

val ues be 80 and 100. Suppose the conputed variance for the 5 16x 16 bl ock

is 60. Since 60 isSFgf h d e.90 is between 80
and 100, the 16x16 bl ocE Sleg gﬂblg?l%aﬁﬁ |$n({hgldgﬁatﬂe8§(§y§'ﬂb- H8RRE:  shebode
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simlar proce a ock zes for e ¢ conponent s
Ct and Czl}hThg(%%;?;g%& glgtr:\%ntglihg{i sglgp%seec ‘f’Bﬁ“‘:ﬁ%P B’Grﬂ‘%‘: I4‘§F4 blogky a0 v,
or both di 1 61,0, 580,65250 880, adnki 6900 Withl el sFondfio 35&he a

descri bed as o 20 down ach |g whi ch ?.p;dg Igrgestr‘}g{a Igb ?6 9125

the present exa?rrp?‘é‘ € “é"\?ﬁl"g]ﬁfé’gtheffp?‘s‘lx“ béqud‘ﬂﬂsdmﬁmmmam)naythreﬁoaﬁd
be used. The WDIBOBWERAIOTT AN Wil is i Bo té& thi”%ﬁ]@ﬂ b';ggg di'f‘é‘?fb

the present exanple) first. Referri ng o FI

with the addrassdkasohe speentiefietblodk. ﬂhe(rk«mlmgrtﬂoqkrme d;@@m&;enﬁs I@E‘{J’W@Il@mt
data.to perform di screte cosi ne

124. The DCT SRR, 124 ses th
t ransf or ns ofﬂt he apprEPpPH'é‘Feq“%ﬁig"&E 8??”9%“@@I‘%é'@@8‘515@(§b Ghviditionaily, the

sel ect ed 15l 0dA3R da@Geherated B§thio bIIGE s%%ﬁgxﬁh?&s sH3Gm! I BEG 4 OCessing system
100 nmay optionall )&congrl se el enent 1 or T
ote

at a similar procedure is used to assign block sizes for the color
components C, and C,. The color components may be decimated horizontally,
vertically, or both.

Additionally, note that although block size assignment has been described as a top

20  down approach, in which the largest block (16x16 in the present example) is evaluated
first, 2 bottom up approach may instead be used. The bottom up approach will evaluate
the smallest blocks (2x2 in the present example) first.

Referring back to FIG. 1, the PQR data, along with the addresses of the selected
blocks, are provided to a DCT element 124. The DCT element 124 uses the PQR data to

25  perform discrete cosine transforms of the appropriate sizes on the selected blécks. Only
the selected blocks need to undergo DCT processing.

The image processing system 100 may optionally comprise DQT element 128 for
reducing the redundancy among the DC coefficients of the DCTs. A DC coefficient is
encountered at the top left comer of each DCT block. The DC coefficients are, in

30  general, large compared to the AC coefficients. The discrepancy in sizes makes it
difficult to design an efficient variable length coder. Accordingly, it is advantageous to

reduce the redundancy among the DC coefficients.




reduci ng the redundancy anong the DC coefficients of the DCTs. A pcl 4 JUL 2004
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coefficients are, in 30 general, |large conpared to the AC coefficients. The
di screpancy in sizes nmakes it difficult to design an efficient variable

| ength coder. Accordingly, it is advantaggous to reduce the redundancy
anong the DC coefficients. WO 01/56298 13 1 4 JUL 2004 PCt/US01/02751 The

DQT el enent 128 performs 2-D DCTs on the DC coefficients, .taken Z?Z%at a
time. Starting whhDODelpnerkk8aerRms -DETs ordhe LCropftistents, BReR X720 on
the four DC coeffi.cients,. i 2 [ | & i feb@HAAd balthe four
quad-tree t P f Wg&'{h[iﬁ QSaﬂz\?ﬁ%P%ﬁP&ﬁggcdogg P(t:tiq‘e%tgse. Next , thee oDC
coef fici ent pif cdepBciBNy. ThioNE2 WQThisthided the difefentiali quatoree ngnsformoert PRI: ht s

within an 8x8 bl ock are used to compute the_next |ev . Fi I he
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10 quantization. In a preferred L ment, the ffl&l
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I be desi d f
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met hod for designin N {BGENCDEST bedfaeibasi SThe
di sclosed in %%eﬁ'ﬁ%cgg%gf\&e&ﬂ@% , %ﬁgﬂ%gogiﬁ{égill _corrlrpr ession andsencodi ng
of conti NUOUReiohRars dsigned R erphasizeathe idput Rempies baving Sreaurucy GoRtent thats the

I nternational Standards Organi zatjion, 1994, which IS | I,N

by ref er Bhcebumsn yiswal ORPPUGRLEYSEARRAS TAQTE SRS vﬁﬁ%’(flgé?led eTc(%?p%%;ﬂgé u %ﬂﬁ{:@g
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sizes 2x2, 4x4*are

also be designed based on factors such as viewing distances, etc.
The weights are selected based on empirical data. A method for designing the

weighting masks for 8x8 DCT coefficients is disclosed in ISO/EC JTC1 CD 10918,
20" “Digital compression and encoding of continuous-tone still images - part 1: Requirements

and guidelines,” International Standards Organization, 1994, which is incorporated herein

by reference. In general, two FWMs are designed, one for the luminance component and

one for the chrominance components. The FWM tables for block sizes 2x2, 4x4 are

obtained by decimation and 16x16 by interpolation of that for the 8x8 block. The scale
25 “factor controls the quality and bit rate of the quantized coefficients.

Thus, each DCT coefficient is quantized according to the relationship:

8*DC’T(i,j)+lJ
fwmG.j)*q 2

DCT, (i, j)=[

30 where DCT(i,) is the input DCT coefficient, fwm(i,)) is the frequency weighting mask, q
is the scale factor, and DCTq(i,j) is the quantized coefficient. Note that depending on the

sign of the DCT coefficient, the first term inside the braces is rounded up or down. The



obt ai ned bywdrnisgmigi on and 16x16 by interpolation of that for the UL 2004
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the variance to the average intensity. Specifically, a quantization scale factor is chosen

according to the BSA as given by the following relationship:

1
R, =R+ log,
20 T g,

where R; is the number of bits for the i type of block, S/ is the variance of the i type

of block, and p; is the percentage of the i type of block as obtained form the block size
assignment function. The quantization scale factor is determined using a predetermined

25  relationship between the bit rate and the quantizer scale factor.
The relationship between bit rate and the quantizer scale factor is iltustrated in
FIG. 5. The relationship between the bit rate and the quantizer scale factor is pre-
determined by evaluating a group of images to determine the average onumber of bits

necessary to describe a pixel. As shown, the quantizer scale factor increases as the
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The quantization scale factor is determ ned using a predeterm ned 25

rel ati onship between the bit rate and thegiguantizer scale factor. The

rel ati onship between bit rate and the quantizer scale factor is illustrated
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enbodi nment, e threshold is enpirically predéetermned. Thén, the nunber

of AC coef fi cngnstaget hfithee prosess. i fin rmappefdartedeetibaslimepnte thet thrashobd i3 rempimeslly i s
determ ned by the follow rel atianship, £316)%ks .N-1 N-1 . .
i X(k, 1)1 11 xﬁ?‘%“i@“ﬁ% ¢ cryimper %Aé iﬁm}% ‘hﬁ‘i%‘bﬁrg‘sﬂ’&%‘?’d% B 1)
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N=l N-l
M= S {xwni|x @1}

k=G [=), k0l

15  where T is threshold, X (k,1) represents the DCT coefficient at location (k.1} within an
NxN biock, _and M is the number of AC coefficients within an NxN block of DCT that
exceed the threshold. A scale factor is then assigned (320) according to the number of AC
coefficients exceeding the threshold T.

After the first block of data within a slice is evaluated and assigned a scale factor,

20 the next block of NxN data within the slice is selected (324). The scale factor is
incrermented (328), and another DCT is performed (332). A mean square error (MSE) is
determined between the old and new DCTs (336). The scale factor is then decremented
(340), and another DCT is performed (344). The mean square error (MSE) is again
determined between the old and new DCTs (348). The two mean square errors are

25 compared, and the quantizer factor associated with the lower mean square error is
assigned to the block of data (352). Then, the cycle repeats for each block of data within
the slice (356). After a quantizer is assigned for each block of data within a slice, the next
slice of data is selected and the cycle continues (360).

Another block based embodiment of determining the quantizer scale factor is a

30 quantizer scaler based on rate distortion (134), and 1s illustrated in FIG. 7 (400).

Generally, the rate distortion quantizer operates in a similar manner to the coefficient
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accor di ng>t o petfermadn(#36). oA MSE ex0déteintined betwess eRslioRD abd el DESRO{ 0] An
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(428). The S@edl@fafcﬁﬁta%cﬂa&d with the MSE rate in step 440 is then determined (444).

The scale factor is then decremented (448) from the scale factor of the previous
block, and another DCT is performed (452). The mean square error (MSE) is agaim
20  determined between the old and new DCTs (456). An average distortion D and an average
bit per pixel rate R corresponding to the quantizer scale factor associated with the MSE
rate in step 456 is then determined (460). The difference between the two average
distortion rates D and the difference between the two bit per pixel rates R are determined
(464). Then, the two scale factors are determined (468) by taking the ratio of the change

25  in pixel rate and change in average distortion rate by the following:

scale factors = l d l

The scale factor resulting in the maximum absolute ratio is chosen for the current
block (472). Then, the cycle repeats for each block of data within the slice (476). After a

quantizer is assigned for each block of data within a slice, the next slice of data is selected

30  and the cycle continues (480).
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performed, and the scale factor is based on the following:

n
L= '°,n8#0
ng

where n,¢ represents the number of 16x16 blocks in a frame, ng represents the number of
8x8 blocks in a frame, and L represents the ratio that exceeds a threshold. Ina preferred

20  embodiment, the threshold is empirically predetermined. The scale factor is then chosen
based on the value of L and the number of 8x8 blocks for a given frame.

Alternatively, a frame based quantizer scale factor may be based on the guantizer
scale factor of a previous frame (148). In this embodiment, a current frame is compressed
using the scale factor of the previous frame, the scale factor corresponding to the scale

25  factor index of the previous frame + 1, and the scale factor corresponding to the scale
factor index of the previous frame — 1. During the compression of the current frame, the
actual scale factor is determined from the BSA information as described with respect to
the frame-by-frame visual quality method discussed above. The compressed output
corresponding to the scale factor closest to the actual scale factor of the current frame 1s

30  determined, and used along with its corresponding scale factor. That is,
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quantizers 132, 136, 140, 144 or 148. The net results are generally the same.

In any case, the stream of quantized coefficients is provided to a variable length

15  coder 156. The variable length coder 156 may make use of run-length encoding of zeros
followed by Huffman encoding. This technique is discussed in detail in aforementioned
U.S. Pat. Nos. 5,021,891, 5,107,345, and 5,452,104, and is summarized herein. A run-
length coder would take the quantized coefficients and separate out the zero from the
non-zero coefficients. The zero values are referred to as nun-length values, and are

20 Huffman encoded. The non-zero values are separately Huffman encoded.

A modified Huffman coding of the quantized coefficients is also possible and is
used in the preferred embodiment. Here, after zigzag scanning, a rup-length coder will
determine the run-length/size pairs within each 8x8 block. These run-length/size pairs are
then Huffman encoded.

25 Huffman codes are designed from either the measured or theoretical statistics of
an image. [t has been observed that most natural images are made up of flat or relatively
slowly varying areas, and busy areas such as object boundaries and high-contrast texture.
Huffman coders with frequency-domain transforms such as the DCT exploit these

features by assigning more bits to the busy areas and fewer bits to the flat areas. In
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The coefficient block is then provided to an IDQT element 186, followed by an
IDCT element 186, if the Differential Quad-tree transform bad been applied. Otherwise,
the coefficient block is provided directly to the IDCT element 190. The IDQT element
20 186 and the IDCT element 190 inverse transform the coefficients to produce a block of
pixel data. The pixel data may then have to be interpolated, converted to RGB form, and

then stored for future display.
Accordingly, a system and method is presented for image compression that
performs block size assignment based on pixel variance. Variance based block size
25 assignment offers several advantages. Because the Discrete Cosine Transform is
performed after block sizes are determined, efficient computation is achieved. The
computationally intensive transform need only be performed on the selected blocks. In
addition, the block selection process is efficient, as the variance of pixel values is
mathematically simple to calculate. Still another advantage of variance based block size
30  assignment is that it is perceptually based. Pixel variance is a measure of the activity in a
block, and provides indication of the presence of edges, textures, etc. It tends to capture

the details of a block much better than measures such as the average of pixel values.
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quanti zer 176quality/Bay 885bhick8d i .esponding to the quantizer used
in the encoder 104, %or I15 u}lnd@%ﬁ%c%ﬁﬁgfcg{d(}@éiggﬁ'ng due to the use of the

quanti zer scal e f abnatheramgortime alivantaperis yhat Wed Blakk Bg q&gﬁﬁﬂ : ef figjent
bl ock is %henDof%Tritq_\ﬂede to.an | DQIr el ement 186, foll %we yenla-n%em%%éfééerﬁié:%ent
f

186, if the SRR ITatE 10 _several quankizationnschla fadsewsnallopibg €t grédidraciraes;,
the coeffici eamtd dd Kigtpa&y'q.géée' | vt he LDCT el enment 190. The

| DQT el enent 20 18rg9alrlpc? the I%DCT eﬁe‘fﬁg% ?508}031% 3 ﬂ%gngﬁaﬁ?d[lﬂl‘émﬂzanon
coef fici ents ¥ fpcierdmage dsimprkssivhn ispatxe trutlevariablhBit Rhes e THIS tafloWR A e
have to be irbtog{pgé%i%esgmecorgverted to FF\i;% form and then stored for ure
di spl ay. Accordingly, H Syt &Y feterda insalhragess rihatd areoebovenjjst noticeable
conpr essi on tvigbilinptrdsholds Hur@ekndkZ | ' n.pixel variance.
Vari ance @ased .blagék size. 25 assi gnrr_gﬁft%ﬁ%%?(ragragédsev "?g‘r“?%‘&%é?ﬂ Brj’é'ges Bgﬁséuse
the Di scréte "eYSS dr@rafation:of imageauality. rmadike ftetiiods sostkasSMoO TgPiSture Experts

determ ned, e&fbbsiRIBES j: | $ achieved.. The. copputationally
i nt ensi ve transfgr%eeﬁe%f’%g%(gﬂ]ﬁég@%ﬁsedﬁﬁ lstf@r%%'l?"’éb’t eyci] ukapplications
addi tion, theul asdk thearaacifidaitapeinegss is efficient, as the variance of

pi xel values is hematical Ly sinple to calculate. Still another
advant age of vari %&E%é’b&ﬂl%!?%hggﬁ’én@@@% isgraeions theeat. hBigitat witermarking
per cept ual | 'y ibas afiporbink @bquiihkRNeC dd iriRlenten® G hed Ly J 0 2
bl ock, and provides i n_d?%:q;t.i on of ?%tgr g?@ﬁge BreB e 2nd lasy ﬁg&@l& cAS| t
tends toleapthtematking igdeond ingras ofiab image thatcite perictgibiy @%Bjﬂ‘&%k* é%bj%d as
the average @f,Ris¥el YAl ueei. V\On.g%l/ 56%3%? 0 14 JUL 2004 - PCT/ US01/ 02
Thus, the variance 6%5@5"9 K&hegs an AI§E 11 Wytemearleng.assi gns snal | er
bl ocks to The previous description of the preferred embodiments is provided to enable any
person skilled in the art to make or use the present invention. The various modifications
to these embodiments will be readity apparent to those skilled in the art, and the generic
20  principles defined herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent with the
principles and novel features disclosed herein.
Other features and advantages of the invention are set forth in the following
25  claims.

What we claim is:




regions with nore edges and | arger blocks to the flatter regions. Asl& JUL 2004
resutt, outstanding quality may be achieved in the reconstructed i mges.
Anot her inportant advantage is that the bl ock size assignnent is nade
regardless 5 of bit rate and relative to several quantization scale
factors, allowing for greater accuracy &id clarity in controlling inmge
quality. By allowing for a quality baseﬁj‘éﬂ&&nti zation scale factor, imge
conpression is at a truly variable bit > This allows the inage
conpression systemto preserve details in all areas that are above just
noticeable visibility threshold. Furthernore, the variance based inmage
conpr essi on provi Bet we ciags ag gunipydngiend: e degradati on of image quality,

unl i ke net hods sugh as ! i - ) SR € o) - ﬁﬂﬂ:p L on
techni ques. This ip's afra{\{i9 EédJPgro r'cs@%eg?lg%a%?&éﬁﬁa?%gﬁ g‘ﬁgg@%uc E@S?lhgt he
“area of di gi 88f tB§ ﬁ'éﬁ'&EjCW‘Pﬂ“ﬂ% et3gts fi deo in high demand, piracy is a
serious threat. [}egﬂihghb\r&k@f@mbk&mﬂ is an inportant requirenment to deter
copyright infringenent. a l,0ss of . revenue,. 1 t er par ki is done in
areas of an irrageg"t"l’?iﬁf’t"hﬁray%(r%@pﬁswe fﬁ’n‘i"f’égé’mc,is\\ggﬂ"ﬁﬂaﬁ‘éo B'gg'BIHCka?tgck
si ze assi gnnpmel daga:a natural candidate for use in watermarking. The

previ ous descripty L h Y i i i e any
person skilled i nirﬁﬁg&gnrlé" ?18Rprgflgggcggggggp{)ﬁdetygﬁégggﬁ%p%@e{%?@ %&g*ﬁgﬂegri ous
nodi fi cati onEPresentatsea¥nhodi ments will be readily apparent to those
skilled in the ardcalidgthetfreguereyiontai® tppdskitad ¢Hs @ BtodestieaRCof BRI L iwheERY tHee

applied to o gmbodiment s W t hout the use.of t I nyentive faculty.
TR0, L e pr 2k b EGhe L4 el ot Rpge withios s LG SUH e
enbodi nents shown herein but is to be accorded the w dest scope consi stent

with the principtes ange mewel of eRIMIewheiesrine SedofRapA g furleNESmpradt tees
and advantages of the invention are set forth in the followng 25 clains.

Vhat we cl ai #tio§ providing gyfreggeneysyeighted maskirasaideuteblarkn efpival datan sughithein | s:

1. A nethod g SSii06t LG b Al . g .

data, the net hofgéalgg& ri%gﬁb@tlﬂg@a%‘?sldgwmagghﬁgth; %I 8@%@?‘"’35“5&? H gfﬂ ae;
human visual system is more sensitive, and provides less emphasis to the portions of the

image that the human visual system is less sensitive.

3. . The method of any of the preceding claims, wherein the act of scaling
further comprises the act of quantizing the sub-blocks of pixel data based on the quality

of the image.

. 4. The methed of any of the preceding claims, wherein the quality metric is
the signal to noise ratio.

5. The method of any of the preceding claims, wherein the act of

transforming performs a Discrete Cosine Transform.

6. The method of any of the preceding claims, wherein the act of
transforming performs a Discrete Cosine Transform followed by a Differential Quad-
tree Transform.

7. The method of any of the preceding claims, wherein the act of scaling is
on a block by block basis, the contrast of the sub-block of pixel data, the number of AC

coefficients within a sub-block that exceed in magnitude a predetermined threshold, the



generating a bl ock size assignnent to divide blocks of pixel into 14 JuL 2004
sub- bl ocks of pixel data; transform ng the sub-bl ocks of pixel data into
correspondi ng frequency domain representations; and scaling the frequency
domain representations into a streamof data, wherein the act of scaling

is based on a quality netric correlati32g with the quality of the inage. 2.
The method of claim1l, wherein the act of scaljng further conprises the

act of provi A SQUaTF EHQE REyheeityPleek ankame by $ame batib-tht sumEeORd iz Of

data, such t Ay shBRsSERANRIGY MBI SnTBAnPERU AP ReSRNAR Pud@ € he

portions of the image T human vi sual silstem IS sensitive, and
provi des | ess enphasis to the portions of the |mage that the human vi sual

systemis less sepsitiye. 3. The nethod of an edi ng. cl ai s,
Wherein the. act of scal i geiotal ARF oF BrgraceRBy et sthelit o SrAH b

" sub- bl ocks"” offurmggg,mgﬁge@trga@%obfon the quality of the inmage. 4. The net hod
of any of the preceding claims, wherein the quality metric is the signal
to noise ratio. Sdemiwiningtansdande adpyxedfalutrcfopsasd blork gf pixelidaa: wherein the

act of transformn erf r ine Transform 6. The nethod of
any of the pr ecedr i £-| Sg'dr%\lf\lﬁnceé&ghéesgg "of transformng perforns a

Di screte Cosine TaaRskod rdetigidnowesutidvide thd bricknbdsed oQuadtesuly of tHe atsbbr m
7. The nmethod of any of the preceding clainms, wherein the act of scaling is
on a bl ock by°BPHEIE-basis, the contrast of the sub-block of pixel data, the

nunber of AC Coefffshfa'&eisﬁm% EdeBdﬁm%Lklaldtletl{eh%pe%ﬁ&gaﬁ%@ akdd oFH&EhﬁnHQ@, a
predeterm ned threshold, the 14 JUL mean square error of

sub- bl ock, acémasmingsynd rmeakinghfesiesch sthteblngkﬂyenl apeedstermingd critdriacis sgu&feed
"assignrrents E% frame, and/or the scaling factor of the previous frane. S
The nethod of "any of the preceding clains, wherein the act of generating
further conpri sesdésignatng aasahe bibek esizw mtggmmveerehatﬂoﬂc of syb-kekk \iedtiesof or

sai d bl ock offu Ic)lsglllbdwl;[i&{ conparing said variance with a threshol d;

9. The method of any of the preceding claims, wherein the step of making a

decision calls for a block to be subdivided if the variance is greater than the threshold.

10. The method of claim 9, wherein the threshold is predetermined, a
function of the mean of pixel values of the block or sub-block being evaluated, and/or

changes for each level of subdivision.

L1 The method of claim 8 or claims 9-10 as dependent thereon, wherein the
predetermined criteria for no longer repeating the steps of determining, comparing, and
making is based on a pre-selected minimum block size of pixel data.

12.  The method of any of the preceding claims, wherein the act of scaling
further comprises the act of coding the stream of data into a serialized stream of data in

preparation for transmission.

13. The method of any of the preceding claims, wherein the act of generating

is based on the perceptual characteristies of the image.




maki ng, a decision to subdivide the block based on-a result of the adt{ ¢fl 2004
conparing; if said decision is to subdivide said block, then repeating the
acts of determ ning, conparing, and making for each sub-block until a
predetermned criteria is satisfied; and designating as the block size
assi gnment each bl ock or sub-block that3is not further subdivided. 9. The
nmet hod of any of the precedin | ai.ms, wherein the step of naeking a

deci sion calls forlga bl Slznetﬂ?)&o‘gczqﬁ'ﬂdli'\wha’é@b" e Stalnsysg %fh?%”"ieg‘)[éf?‘@ﬁ% er than
t he threshol detatidf3hiplhe nmet hod of claim9, wherein the threshold is
predeterm ned, a function of the nean of pixel values of the block or
sub- bl ock bei ng eval uated, and/or changes for Jeach | evel of subdivision.
11. The nethod of claim8 or clains; 9-10 ag:dependent thereon, wherein the
predetermned criteria for noRl-oRgetlogepeatt heé <steps of determ ning,
‘conparing, and nmaking is based on pr §+ &tied m ni mum bl ock size of

pi xel data. 12. The nethod of any of th [3 ecedi ng cl ai ns, wherein the act
of scaling further conprises the act of coding the streamof data into a
serialized streamof data in preparation for transm ssion. 13. The net hod
of any of thevipreRdditeguaibat obbitsvibemheihityphef Biotk 0 * @ enevaahddbf the"hgsed on
the perceptual characteristics of the image. 1 4 J UL 2004 23 14. The
met hod of cl &f otk, anidex isithe pdreensagsiof the i Sympi oféodly t he fol | owi ng
relationship: R =R+2log_ 1<i <4 | k-1 where R, is the nunber of bits for
the i "h type of block, cT,' is the variance of the type of block, and p,
i's the percentage16f tReqiality bysee iflagdkomlressién sydiciv@dri dompasRg fik@aRta,
conpressi on system-for conpressing pixel data, the system conprising:

bl ock size a$37 YAENIOMRERHE to di vi de bl ocks of pixel into sub-blocks of

pi xel block size assignment means to divide blocks of pixel into sub-blocks of pixel

data;

transform means to transform the sub-blocks of pixel data into corresponding
frequency domain representations; and

scaling means to scale the frequency domain representations into a stream of
data, wherein the scaling means is based on a quality metric correlating with the quality

of the image.

16. The system of claim 15, wherein the scaling means further comprises a
frequency weighted masking means to said sub-blocks of pixel data, such that the
frequency weighted mask provides emphasis to the portions of the image that the human
visual system is more sensitive, and provides less emphasis to the portions of the image

that the human visual system is less sensitive, and/or

17. The system of claim 15 or 16, wherein the quality metric is the signal to

noise ratio.
18. The system of claim 15 or claims 16-17 as dependent thereon, wherein

the transform means is configured to perform a Discrete Cosine Transform.




data, transform means to transform the sub-bl ocks of pixel data into 14 JULZ200¢
correspondi ng frequency domain representations; and scaling neans to scale
the frequency domain representations into a streamof data, wherein the
scaling neans is based on a quality netric correlating with the quality of
the image. 16. The system of claim 15, 2hherein the scaling neans further

conprises a frequency i ght ed ski ng ans to said sub-bl ocks of pixel
data, such that tﬁ‘g nggagﬁm o\ﬁgﬁgﬁtlgd‘_’r RS gbol/; ﬁe‘_%epéﬁﬂ‘?hgleéeof‘pwf'ﬁém
portions of {RerdlRES hiRs felSmUIMiscrate ?L‘é@ihe ¥ Sl &I ?HH\QE@ by QNSiffetehfial and

provi des | ess enphasis to the portions of the inmge at the human vi sual

systemis | eSvagemeilrangformand/ or 17. The system of claim 15 or 16, wherein
the quality netric is the signal to noise ratio. 18. The system of claim
15 or clains 16-17 as dependent thereon, wherein the transformneans is

“configured to perb@rm Fhdbpedrelot catfi 3eoraAmSIGL M asldeperdddht HROn2¢herd®. The
systemof claim15 or clains 16-17 as dependent thereon. wherein the

t ransf or m medsscpléng Beans sgaley i datacorcy 8logk bYbiaekihgpim if Gricg\aadhe gondrast of
Di fferential the %%’l%c{%(e@f @&91”%‘:%8%%%%9-%%@ n%?ﬁ%te? gt QxfC gAe‘i’ﬁH}r{]t? vﬁ{;ﬂnc 3,05
t n, t I ng ales the da

16- 19 as dependen ere erein e sca means sc a on a
bl ock by bl oblochasit sxceed ihameuninaia a fredetayminedIhresiiold,tib dased lon bhomicaroiquaiex el

data, is based o he nunmber. of AC caefficients.withjn sub- bl ock that
excoed | eGPt Adbe S Brers P e i e Pk 1 oasek B piher ARNPS Sar o
error of thepriRsREASHenhéntPPerdrdnicdARABY is§ BaBEE o Bl sTalidgStabds 66l tHeHréviSus
nunber and size of Dbl ock size assignnents per frame, and/or is based on

the scaling fl@®or . of the previous franme. 21. The systemof claim15 or
clains 16-20 as dependent thereon, wherein the block size assignnent neans
is configured to determne a variance of pixel values for the block of

pi xel data; conpatks t ke swtamanelamntiy a ddmedibelldys depkedenatideonswaereino

R J0 I SRR T S T
vari ance, theraRdpidck 5Opixel dafa; Jompares the variance with a threshold; makes a decision to
subdivide the block based on a result of the comparing; wherein if the decision is to
subdivide the block, then repeats the determination of variance, the comparison with a
threshold, and the decision to subdivide for each subdivided block until a predetermined
cnteria is satisfied; and designates as the block size assignment each block or sub-block

that is not further subdivided.

22, The system of claim 21, wherein the decision to subdivide calls for a

block to be subdivided if the variance is greater than the threshold.

23.  The system of claim 22, wherein the threshold is predetermined, a
function of the mean of pixel values-of the block or sub-block being evaluated, and/or

threshold changes for each level of subdivision.

24. The system of claim 21 or claims 22-23 as dependent thereon, wherein
the predetermined criteria for no longer subdividing is based on a pre-selected minimum

block size of pixel data.




t hreshol d, and the decision to subdivide for each subdivided bl ock unfliél Jif 200
predetermned criteria is satisfied, and designates as the bl ock size

assi gnment each bl ock or sub-block that is not further subdivided. 22. The
system of claim 21, wherein the decision to subdivide calls for a block to
be subdivided if the variance is greaté-‘r than the threshold. 23. The system
of claim 22, wherg n the threshgld is predeteégl ned, a function of the

mean of pi xel val tes - &F BYfEmOhEIiB 1 SnFIBMS %eﬁtsn@epsv%ﬂna&véwn HREEHY
threshol d ¢NeR0eRidedne ARAYrhS (BhnpAlesSHifleV 10540R8 theldlrea1ft SYSWEM Qlnafikal M 21
or clains 22-23 as dependent the|Peon wherein the predetermned criteria
for no Iongestr@ubcﬁdmdnnrpgepamtimsfeldrmmsmne sel ected m ni mrum bl ock size of
pi xel data. 14 JUL 2004 25 25. The systemof claim 15 or clains 16-24 as
dependent thereon. wherein the scaling neans further conprises a coder to
code the stream ofg dat Thd Bysterd ofIdiRl | Z686an P bf ERIMPI6-951A deaermeﬁpaqe%hon
for transm ssion. 26. The systemof claim 15 or any of clains 16-25 as
dependent t hahewin the sgpdingimeanhis bassd anihe peragpsual shasagserstiss of the ipagecept ual
characteristics of the inmage.



