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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-wire or fiber-optical transmission) seemed impractical due to excessive

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.



Many conpression techni ques available offer significant |evels of
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herein by reference. The 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 image 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  format, 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 conponents. WO 01/56298 PCT/ USOL/ 02751 3 Usi ng ABSDCT, a video
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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.



technique may be difficult. WO 01/56298 PCTI USO1/ 02751 4 SUMVARY OF THE
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such a coding rate based pmgﬁ‘\wmmgﬁfﬁ%@ﬁz@ep sel ection of
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bl ock is adaghifd tdock sizeniniais corapiesddn Mabtitandependi ng on its nean vaI ue and
then the variance of the 20 block is co ared with a thresho nd if the
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on t he bl oCilansfam csaffieibhtodaksarsicd @.&ﬂx@;dbasbdi quaytiziti cdcalei faeoa sA ibjprkeritpixel he
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contrast, coertficlent ount rat distorti Sl ze
assi gnifent assigamdhtas bised tonshabariaheest afitise inguigdack zﬁmlafuﬂhﬂgsub'dylchﬂéﬂ)ocﬂm In
utilized tggengr%.{ Ia?gals Zwelth larger variances are subdivided into smaller blocks, and areas with
smaller variances 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 is sent through a

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

display.



the data to produce a streamof data. The stream of data may be coded by a
vari abl eW3001I5628§t h coder in preparation of transm ssion. FA®&8USAC@A#Bd dat a
is sent through a transm ssion channel to a decoder, where the pixel data
is reconstructed in preparation for display. WO 01/56298 PCT/ USOL/ 02751 5
It is a feature and advantage of the in\éenti on to provide a quality based

i mage conpression system It is another feature and advantage of the
invention to allow flexible imge quality control thyough managepent of
the bit rate ol %f%@@gf@a agiag] e BVPRANSIOaRRVHSy @ KAk Y r o dmage
advant age QfyB&id%eRk. on to allow flexible imge quality control through
managenent of the bi't rate on a bl ock by block basis. It is another feature
and advant age df istanethenfeetiré aml ddvantagadfiihe igualtioh yo ialfegdlexidbimiprags ghaity and
bit rate control of data acco nyi.ng actiyities _such as bursts of notion.
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and advantage o invention to ut e a quantization scale factor that
adj ust s wi ¢dntrobthpeeh managdeent ofitiredst racf ort hidockrbygblock basis anot her feature
and advant age QIf .the jnvention to utili zeftgFguantj zation.scale .15 factor
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invention to utilize a quantization scale factor that adjusts with respect

to the di smoniti.on and bit rate between frames. It is another feature and

advant gge of t e.inv?nti ntoutilize a ﬂ anti z tiOF scale .20 factor. that
t %

adj ust¥ wi th redpettothey fpafue vaDtags gh the Vet fo s sigsl §2 /n9issgigtio
PCT/ US01/ OgafBrhetefd tgg{lgﬁif?gg@ &HLQN OF THE DRAWNGS The features and

advant ages of the present inventicdn will become nore apparent
It is another feature and advantage of the invention to utilize a quantization scale

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 detail ed description set forth bel ow when taken in conjunction

w th thewo®id6msi ngs in which |ike reference characters iRENUSIN2751
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 vari ance based bl ock size assignnmeng systemand nethod of the present
invention; 10 FIG 2 is a block diagramof a decoder portion of a quality
based i nage processing i r i i a d bl ock size
assi gnnment system and %ﬁ@fﬁﬁﬁgﬂ’g‘?@&&ﬁ &ﬁiﬁfbkﬂge@l@f§ is aflow
diagramillustrating the processing steps involved in variance based bl ock
size assignnent; 15 FIGS. 4a, 4b, and 4c illustrate an exenplary bl ock size
assi gnment, t h@hededties poddivigitaguadf thegReABE aiNRaAGLHE WOID becditt hbBR apparent
corresponding PR data. FIG 5 is a graph illustrating the relationship of
t he quant ifief the sewiled dessrinfion sqieforthy belaye Whepstalser ipj seajunchere wWith ¢he 6 i s
a flowsch : -zer > coefficient count
20 of Bor Bages b IR YEE e RERLT dhRi el 1BRGY EhAPo At E I ER s hasea
on rate diveegifisi on. FIG 7b is a continuation of the flow chart of the

gquanti zer scale_factor based on rate distortion in FIG 7a. WD 01/ 56298
PCT/ USOL/ 02751 F1G- pempsap 1beskpEReRmPrf @1 ercopeiE PPRERERRED IENBODPAENTSAZS n

order to faci.ld: i, Qi . 1SSl i gital: si j t he
5 cor r eapdndiit perpinpiobipp BRI S50 Sl BLeia? SRR GSER g oy
si gnal comwtbsbofathe plgedhveanienhi gh conpression in a resulting imge, it is
al so inportant that. high quality of the inmage be naintained. Furthernore,

conput'dti onal &#Fi Tiserlyck Sagrass dfadlecodsy peripate dvaligviased imrse eressenrg on,
L, B L B S TOEPGAEHAE GBS
t akes i nt prasentoumdntiont h t he i nage quality and conput ati onal
FIG. 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. 5 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 1s 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.



efficiency in performng image conpression. Controlling the bit rate of a
truly van@e#lsssr at e system based on the goal of maintai nipggRei/erget bit
rate inhibits the purpose of maintaining a quality inmage. |Instead, the
present invention addresses rate control strategies based on quality.
Qual i ty-based i mage conpressi on systens _nay be on a 15 block level or on a
frame |l evel. The bl ock | evel systenlgengrally uses a greater nunber of
encoded bits per frame than frame | evel control because the block |evel
systens use nore overhead bits for identification of the particul ar
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to the details of the 20 construction and the arrangenent of the
conponents set forth in the follow ng description or illustrated in the
drawi ngs. The ilnvenkt an ifilitapabighalotraniniesiog nbP diigiahtsignaBndndir éhjear theed
out in various ways. Also, it is understood that the phraseql ogy and
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Vari ance Based Adaptive Bl ock Size DCT.lmage Conpression”, Serial No.
09/ 436, ogafa OF FTRRRCH arﬂ&@éﬁwmeraem&%gwha@wg%@% ] H’én.‘ééeﬁ’ ligalens. of t he
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to be 30 processed Iint n IS conpose ata divided
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DCT may be performed on each block. The nmensi onal deflned by
Che T ol | ovfHECRS! BIEAERINS: Mo PHRELES. PR 2 75aatg oa ktylﬁg Yerigie
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pi xel at |maatinorg @nquajityvimbgen dnstdad\ tﬁlbop:ﬂeserandlventlon addresses rate control
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 generally 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  construction and the arrangement 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(k,lI) is the corresponding DCT coefficient. Since pixel values are

non- negavowesebhie DCT conponent X(0, 0) is always positiwer/usdrardl usual |y
has the nost energy. In fact, for typical imges, nost of the transform
energy i s concentrated around the conponent X(0, 0). This energy conpaction
property is what nakes the DCT techni que such an attractive conpression
nmet hod. The i mage conpression technique®utilizes contrast adaptive coding
to achieve further bit rate reduction. It has been observed that nost
natural inmages are nmade up of 15 rel ativeI% slozvzva;)gri]ng flat areas, and
busy areas s S @B fn ar i es | gt H)7gh na re.yCont rast
adapti ve codigﬁg"gc’hwi émﬁﬁf%séwggﬁamgﬁ)%}gé?gj\rqicgg nor e
bits to the busy ar&as and™ I"éss bits to the I'ess busy areas. As desicribed
in the aforenenti oned pendi ng patent application Serial No. 09/436, 085,
contrast adaptive coding i?i g}fo Ogseful for reducing the bl ocking effect.
The 20Q bl ocking effe t end 8 be re perceptible in busy areas of the

i mage. 2HoWRRFET | i@‘zkﬁégy‘b:egggrgq{lgge&%hat the bl ocking effect is reduced
when a smal |l er sized DCT i's used. The bl ocking effect becomes virtually

i nvi si bl e when a xg%2) RGhe pikelsi@decatidhtdroygiithifen NixM bletk, anidxel performance
may suffer. Further, contrast adaptive nmethods utilize intrafranme coding
(spatial processi¥§) is 88 qorrssronding D¢ hcesfficieRt codi ng (spati o-t enpor al
processing). Interframe coding inherently requires nmultiple frame buffers
in addition to nore conplex processing circuits. In many applications,
reduced conpl exjihdt pifel RelReEse hon-nagdtiva) the M eommtcabhtoX(0, () it alsfayapesitivdi ng
is also useful in a situation that can make a spati o-tenporal codi schene
br eak 1§owrandaisgalhe hroihe BEsT REISYFoAn dainirdyPisal Hpaghs ‘Bgyt %g&’ana 'és can

fall into this.cate j j I Ofid LB ey GYSpiQioh t
mechani calengfﬁ?tl?g‘?@&?‘?‘ﬁ%ﬁ?é@gw%yéogﬁggrn?ﬁteg{]@)'shorlt I %}t/egr gt I 1(())nrbts}iorr)r%r }z]il | ows
a hi gher degmaemakestteDO Tadeckaligassuoly an Theactisscomptressiomafethodnme t o WO
01/56298 PCT/ US01/ 02751 9 franme correl ation breaks down for. rapid, notion

as it becomes jEickimagt sompressAR EHMIMY VEIZeh QBTEYSIEPIYD cofing 4 _r?:ﬁh%ev\hen
both 50 Hzeang bqpliatgreﬁﬁ)% It pgs ﬂ%eﬁ%@%b@a@%st e Y8fes bR BYESHPBS
el't her or 60 Hz. Th f an

currently ﬁuransm s signal's a e use o _
i nt r af rsanerektivelyesloweiangng fidi gichg| andpiprspamrbas wah aacpxct touldries 50d Highand 60

i 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). Interframe 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 fall 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



5 operation, or even to 24 franme per second novies by trading off frane
rate verwo1sm8i al resolution. For inmage processing purpopEsq/era DCT
operation is perforned on pixel data that is divided into an array of
non-over | appi ng bl ocks. Note that although block sizes are discussed
herein as being NXN in size, it is envi sdoned t hat various bl ock sizes may
be 10 used. For exanple, a NxM bl ock size may be uti I i zed where both N and
M are integers with Mbelsrfg) ei t her _(?reater than or | ess thap N. Anot her

i nport ant Hapecprrelatiombreaksfowiyfop £3p1 @OBPQ?%VI?F%OW?'&JSr t g Ei‘m%ﬁ% Pglfel of
sub- bl ocks, 5uahcas, Mailalze MhidNobn sH M 60 a0 (Bhr (HRCH&endad ofe ar e
i nt egers. urt ernor e, e exenplary block size as scussed ereinis a
16x16 pi xelnvbl\@dkMetfhlcﬁmumﬁnpndnmtstﬁxgmks ardheuid By oc&® Haf DETuskSof an
coefficients. is further envisioned that vari ous i}gt}ler Gglte%e(gj1 glch as
both even Wagél@e scheragebeing B EgIHAPPRRAChs 63 adapy. t 20

illustrate t sed
compr esai of g & B R e
100 conpr rsemtian. encoder 104 that conpresses a received video si gnal The

conpressed 20 signal is transmtted us transm ssi on. chapnel .108,  and
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di vided into b of pi xe processing. A color signal =~ may be
convert ed ﬁfeainda@d &p&«trEastlmmgGiIﬂz is piacet lssnwgloaecRKBBt Yamou@hztozk (smasr aralyéJe 25

116, where Y js the nce, bri ght nes
the cht®ni Héﬁ%éoraa F’c?r X%Wﬁ%%‘ﬁ? Y ehrutlized i 541

sensi tivity, metp Gnd ¥ithek ea?e?ltﬁ)zﬁr ol RV AN N eosﬁlow bt mﬁctcas @Rd tHe2

conponents by a or 0 four In the horizontal and vertical directions.
However, t Ibk)ckumdmm’mm inngat kasicmerectss arkyblosékst ghi¢h aerénN/{a,tN@d\V!,r?é’gé\,’Uj,knovm
as 4:4:4 for t, be either very_useful neces me 30
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representation, ich WO 01/56298 PCT/USOL/ 02751 10 are well known
in thelart coéfﬁclestsalltslsﬁpﬂmemleloncﬂ thapvaripus other iintegeonsurh astwthyexen or odd

integer values may be used, e.g. 9x9.
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FIGs. 1 and 2 illustrate 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



representation known as YCbCr. In a preferred enbodi nent, each of the Y,

Cb, and {p fgpenents is processed w thout sub-sanpling. pdByge1@hsi Nput of
each conponent of a 16x16 bl ock of pixels is 5 provided to the encoder

104. For illustration purposes, the encoder 104 for the Y conponent is
illustrated. Simlar encoders are used for the Cb, and Cr conponents. The
encoder 104 conprises a bl ock size assildhnent el enent 120, which performs
bl ock size assignnent in preparation for video conpression. The bl ock size
assi gnnentareeetfeltovdi2th titetaar nines alsbepdssibek tadeapiposi taranonfoft the Y6R16

bl ock based on the perceptual 10 characteristics of the inmage in the bl ock.
Bl ock si zdSRISSPHERBANOWHRY YN dds each 16x16 block into smaller blocks in a

quad-tree fashipp depg %ago&&egh%a&c&feﬁ%tw M thiancAcdd én@eméolsoﬂscesm

bl ock size assignrent el enent 0 generates a quad- tree data, called the
PQR  dat a,witttons sul-eamgglinge dThuse ab édpae e edctacein@inebi dfa 18hiésblock obpiaek isi ze
assignment determnes that_a 16x16_block is to be divided, he R%

the PQR da¥@vifled tethesppsoder 184 diar HESTa3iPnF BRIPOSEIditRS GREACh;! é foF t 5%\

correspondi,ng.h o Eﬁﬂu%tpat'tg]dé @éﬁ‘gﬂﬁ%‘oc <§rs Q}eqfsgé or thd CB! &KCHl bgﬁg@&%'tsg gt

determ nes that any o Is to e subdi vi ded four
addi t i onalentides 164 céingaie o bivcleaed a&i@uﬂmlnoelemnbm(luvdndl perforagddack size

Referring now to FIG 3, .a fl ow di agram sho tails.of theo on of
the bl ocKSYBHECTIE PISREHEN B HeqCOmPEFSSION &%98@@@ 24 R igReTd AleEIer f%d bl ock

I's used agjefmis % rd16cK 'ae&l}gpd%ﬁfdns bPNhi 016?('11@ dlBlMélQ %a@ecplo(ﬁc kne BefiepRiang at

step 202, a 16x16 of pixels is read. At step 204, the variance, V16,
of t hd016xhérabkeosticsios thmnmgeenﬂtheleieckzaBl(Eh(sezel sssxg@unpumémlnaéEESf aich dAs16 2
N1 N1 NI N1 var

= S box o, 1.x>,, 17, i=0 j=0 1=0.i=0,.25
N-T6,  and Blogk it STRUeTAIRE it A iired TS, Sepioninapr R AEEY e AR bl ock.
At step 3% fT'hE%iock@?ze‘é?srl efeﬁi’eﬁﬁﬂﬂ %nﬂa@:s'a@quﬁ@-@ﬂef:'d%ﬂi tAlANRY PR @ new
threshold T'16 if the rrean val ue of bet ween two predeterm ned
val ues, t hiata, tiesbllongth \can i tenb@wieen lcmdpaﬂ edtsagdihms;t ift bleckheizet hyseheht],
T 16. determines that a 16x16 block is to be divided, the R bit of the PQR data is set and is
15  followed by four additional bits of Q data corresponding to the four divided 8x8 blocks.
If 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 variance of a block is used as a
20  metric in the decision to subdivide a block. Beginning at step 202, a 16x16 block of pixels
is read. At step 204, the variance, vI6, of the 16x16 block is computed. The variance is

computed as follows:

1 N—l N 1 ) N-1N-1
var = N_q_l ) Y X% [N’*‘%;X”)
25
where N=16, and x;; is the pixel in the i row, /" column within the NxN block. At step
206, first the variance threshold T'/6 is modified to provide a new threshold T°76 if the

mean value of the block is between two predetermined values, then the block varnance is

compared against the new threshold, 7°/6.



WO 01/ 56298 PCT/ USOL/ 02751 11 If the variance v16 is not greater than the
t hr esholwlOT1/66298 hen at step 208, the starting address ofPQIEs018X56 bl ock
is witten into tenporary storage, and the R bit of the PQR data is set to
O to indicate that the 16x16 bl ock is not subdivided. The algorithm then
reads the next 16x16 block of pixels. If the variance v16 is greater than
the threshold 5 T16, then at step 210, the R bit of the PQR data is set to

1 toindicate that the 16x16 bl ock to.b t f
bl ocks. The fo&gthgx‘émﬁll“‘(?c‘ﬁé 1S nmi%%ategrsﬂéarggﬁgfhaéggdlvzg%&gI A ou @ﬁgﬁrt her
subdi vi si ngu?fad(ﬁ&?wmenlé@\tlgglo%ﬁ% whi&En %ﬁ@&n&@@ar@lsg&gge Eﬁ'&th\éeﬁ bangehe V8, ,

i's conpute step 214 step 216, first the variance threshold T8 is
modi fi ed tP@Rndatsm idl @etaton@ o trhlnceﬁmhhdthf' Bxilf bidel id 0onreshdiwdddueThé atghathst ock

bet t det the blo d
e e L R U I S AL g
threshel d 78, ulfien st SiERMRDit be FORdatd 8 s@gﬁf €38 1Hcﬂ10§t@@ha3xt§e blered i s

witten into tenporary storage, and the corresponding Qb Q, is set to
0. The netlod®xd8tdbaaibdividedhen fprrde8ddedts. 1 f t he vari ance v8 ‘is gr eat er 15

t han t he thres at_step 220, the cor

set to 1 to Hg’ieg‘é‘f %xtsﬁi’g‘fc :l'g %‘ptﬂo{}%ﬂerfeg S?Odleﬁrﬁgp%(ﬁ%&%:ég F%ltvi)mgoﬂ% 4x4
bl ocks. TQEO\W% s@ﬁél@l @6k§ach18’x§%lc§c’k HebvRRAS, J81 %dc&xgﬂiﬂ&ﬂtat @iebYZIf40rAt
further subdivision, as shown in step 222. For each 4x4 bl ock,

vari ance, swepy216i ﬁrstdwpm‘lenhe thteslanléﬂ" 8agmodpied tg peqyidsnew ‘thrs?ahoiché” &/érth%mce
threshold T4 is nodi d.to OVI e Wthreh 20 nean
val uquf t‘ﬁeé‘nB’IaB‘@I??'t %Ctlﬂ/\}éé’ﬁ qB'lpe%rg ?W?lﬂeé @‘éffsu&ntb %g Bi6¢
variance i@mpafiRaied nb® thRkiolnew threshold. 1f the variance v4 1 |s not
greater than the threshold T4, then at step 228, the address of t he 4x4
block is wittdh thmm@mb&w&olsrr@smrrtga@ﬂm threshold {8, then atostep 2A%e thext

4x4 Dbl ock th h 4
v eshol o SHn RCRt B8 G iods MR EF ekl it B e PR,
1 to indi qabg, Ol set 100 4Rtk RIxO8AS bidck & hen poeusicdi dgthd {?drﬁn&d)bﬂ’ i@ ¥ekatel OCKs.

In addition, thé address of the 4 2x2 bl ocks are witten into t enporary
st or adé. Than titer tsesbblis 78,1then B8 stepn220p 2herepripwopdiag @ dririGredisc6hd ante .

This is kr}gmate that the 8x8 block is to be subdivided into four 4x4 blocks.

The four 4x4 blocks, j=1:4, are considered sequentially for further subdivision, as
shown in step 222. For each 4x4 block, the variance, v4;;, is computed, at step 224. At
step 226, first the variance threshold 74 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 not 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 74, then at

25  step 230, the corresponding P bit, P, is set to 1 to 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 74 may be predetermined constants. This 1s 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 2Nx2N blocks, where N can be 8, 4, or 2. Thus, functions of the

mean pixel values, may be used as the thresholds.



as the hard decision. Alternatively, an adaptive or soft decision may be

I npl eneniyRlg1s68d8 For exanple, the soft decision varies thecyjsgshesds for
t he vari ances depending on the nmean pi xel value of the 2Nx2N bl ocks, where

N can be 8, 4, or 2. Thus, functions of the nean pixel values, may be used
as the threshol ds. WO 01/56298 PCT/US01/02751 12 For pur poses of
illustration, consider the follow ng exé?rpl e. Let the predeterm ned

vari ance thresholds for the Y conponent be 50, 1100, and 880 for the

16x16, 8x8, andFatx4ulgioseksof ribspetivny elopsidém tb¢ hédlowmra sgxamp. = 3@t T8 =

1100, d T4 880, Let t | b 0 d 1
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subdi vi ded into four 8x8 sub- bl ocks. “Suppose the conmputéd variances for
t he 8x8 bl ¥k citte radG0of 1985, vagﬁa@beéﬁdndzm S@msethewomprhtedrv@nm fbt ek s

h hat , th t furt bd
roduce a Taugblotgrs 6 cRacelys T bE o DR rFen Selih Bes BRE A es of
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Sona vt dedhevsdaggrte’ Mal kSt LG aheck R pks A forther Suwdtiiad @ edle a

assi gnment oﬂeg%lﬁ BRYBuB-Blobk G Findh: s-[lli}?o@ﬁfee@d?@ﬁ&'s% i &ght 4:@6p16860P@30,t i on
is shown in G 4b. Additi onal 15 PQR data generated by this block

si ze aldki ghikiHi/0j 61051 38N525n 9F®,@nd4@0 Nothecarfesporaling mﬁm&rvqblm(%hldﬂé 180,used
t i f h d
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Addi ti onal i bm%rédhatT A00audbh B 1egkhsd 880, a5 kiR mﬁﬂl%ld&&vﬂﬂ%nsuﬂéﬁz‘?dedbed
as a top 20 down approach, in which the Iargest bl ock (16x16 in the

present exanipéleds the sevenithdxeblocki Ry, resultvag blogk snpe apgroeeth inghpWwmist M40 be
or esent  exhpl B o eeR PR o s BROHicieisalS R T G iRl onafpen E -
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Note that 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, a 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 blocks. 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 corner 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.



25 performdi screte cosine transforns of the appropriate sizes on the

sel ect edWal @298 Only the sel ected bl ocks need to under geCDCS0pR2081€SSi Ng.
The i mage processing system 100 nay optionally conprise DQT el enent 128 for
reduci ng the redundancy anong the DC coefficients of the DCTs. A DC
coefficient is encountered at the top I3eft corner of each DCT bl ock. The
DC coefficients are, in 30 general, Iarge conpared to the AC coefficients.

bl o e e Dbt S ReBn kR et cyms.ziﬁ'lié‘é%wé%eigéa&%ﬁ?%nﬁié & e
r edundancxm?egg%tgmhg %@Pzﬁpsfotk§wﬂﬁ§4x4vwoaés/ 206298 PET4 ?ggarlrﬂ%?éi]-thelf%ufr he

bQr el enent fornms 2-D DCTs on DC coefficien taken 2x2 at a
time. Stamd nngafﬂmeﬂxts 2YBxstlx®d’:)($T wdahemthémffd:rhmquuachtree Dam@drm, sor;Ié@Toofned on

the f DC ffi ts. | t i ff tial
Uad- L1 oo 1% EREHSE FoeBeisir, oK. bt arTBent Bbihe Bt bne ol 1 fsenc
coef fi gi erﬁ% ﬁﬂg%rﬁxgkeﬁz@gge@c% Wikt af RS BQEEQreﬁJSQ@iMdt@@)e %x@@@élfD@Tent S

within an are use to conpute the next level DQI. Finally, the
DC coef f i dimnblys thef DCheodfBeient8x8 thd dakes8xsi bllbcks mthﬁ‘ﬂxa%blﬁ)blochraee useldtd o

conput e the .. Th [.h a 16 there is etr ff|C|ent
and t he r(—?QFIII:’)C{g rthe Résrco LA RAE ’é%@g‘P‘i?‘egtf&} i o T ﬁﬁ %%1‘3
transf or mycOgtfdoeitRiings ddisPoddine BNHe BEM aR¥ BQRT OVi ded to a quantl zer for

10 quantization. In a preferred enbodi nent, the DCT coefficients are
quanti zed usi n§he trapgfoencyefiieicytat(boty Iaﬁ§ka31d(mﬂ7&)areapmvaleqUaratqlmauzemrfoscal e

fact A FVWM tabl h di :
e bilBok BRMAGE. DETe GBERTF BOG et el Phch, SR RBR o SLABAS T or ent
vei ght s tqréqh&qcsmef@{tﬁfgtmm{ (ORSEd) 26l @NfuintiZHin SORE IS, SAF WSS hgmmet 0

enphasi ze the input sanples having frequency content that the 15 human
vi sual or ozﬁpftaquaicysy@glamqfshmaree slensisiang eisttbe bdondt efoingat é}%agefflelemanpl es

Sensi {1 ve 1. oA e GRS sral difSeiias RoeibERan DY ARt as
et hod S'ﬁ%gé‘?? O S Ay ROl ot it A
di scl d§ed humahSGUREE qQpTiCallsySem1io ase Senzmlvé IDD gintd4b deemmbesis¢ samplag haviendi ng
of conti mt?uqlslergc?/nc%ntse%!c hllat theAsual or (?ptlcal syste lglfessesgrilasqtlve to. The weights may
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/IEC JTCl 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* DCT(, ])
fwm(,j) *q 2

DCT, (i) = {

30  where DCT(i,j) is the input DCT coefficient, fwm(i,j) 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



and guidelines,” International Standards Organization, 1994, which is
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the quality and bit rate of the quantized coefficients. Thus, each DCT
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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:

20

2
where R; is the number of bits for the i* type of block, O 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 illustrated 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 number of bits

necessary to describe a pixel. As shown, the quantizer scale factor increases as the



according to the BSA as given by the follow ng relationship: R =Rtlog 2 Q
1< i< 4 WO01/56298 k=1 where R is the nunber of bits for tm/US.(h/OZ‘&spe of
block, 6i2 is the variance of the ith type of block, and p, is the
percentage of the ith type of block as obtained formthe block size
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M=

15 where T is threshold, X (k,]) represents the DCT coefficient at location (K>!) within an

NxN block, 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 7.,

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

incremented (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 is illustrated in FIG. 7 (400).

Generally, the rate distortion quantizer operates in a similar manner to the coefficient
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scale factor associated 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 again
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 ! l
i

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).



coefficients exceeding the threshold T. After the first block of data
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15 used and still maintain visual quality. Thus, for each frame a BSA algorithm is

performed, and the scale factor is based on the following:

n
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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. In a 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 quantizer
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 is

30  determined, and used along with its corresponding scale factor. That s,
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Note that the zigzag scan serializer 152 may be placed either before or after the
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 run-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 run-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. It 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 had 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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data. The pixel” data may then have to be interpolated, converted to RGB

f or m l8nd noti¢rahlesiegradationoef ifmagaiqenlidy,spilidy m rcings MovangPctwrenExpertsret hod
is presented f i e conpr.essi on. t hat ... performnms block si assi gnnment
based on iTXEP WEHERERTPERHPL e INERd DB TS Sl T RRMICABPRL
sever al ady@dsan ek arfesrisel tinemi screte Cosine Transformis performed
after block sizes are determ ned, efficient conputation is achieved. The

conput at i onal | Witlhdigrigli videot in frgdf dpmand epithcyng § sqywup dréadr digitad watdymagdengct ed
bl ocks. In aaddi triton,r thl% blnpﬁ)‘l; stel ectio tplrlg]cess Iilts ed‘ Liscil??ntVen%s We
vari ance oF 2i"RRITARL ERUTeMENt  (REE PPN OLPREPEY L ISE A APIIS Ay
anot has adx/@a&rﬁg@ndg)i‘s d6AE InPRER JFARMak DK aki %eceplbBSSaaNemAt variandetiked t 1S
perceptual | y based. Pixel variance is a neasure of the activity in a
bl ock, andlgpkeidedesigimelit dsa naswrabsandigeteforuseris avagfrmetkigs, textures, etc. It
tends to capt Urife 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 readily apparent to those skilled in the art, and the generic
20 prnciples 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:



the details of a block nmuch better than neasures such as the average of

pi xel vawvoaes56290 01/ 56298 PCT/ US01/ 02751 20 Thus, the vardHUsE/RZSed
schenme of the present invention assigns smaller blocks to regions with
nore edges and | arger blocks to the flatter regions. As a result,
outstanding quality may be achieved in,the reconstructed i mages. Anot her

i nportant advantage is that the block size assignnent is nmade regardless 5
of bit rate and relative to several eﬂg&i' tion scale factors, allow ng
for greater accuracy and clarity in ling image quality. By allow ng
for a quality based quantization scale factor, inmage conpression is at a
truly variable bit rate. This allows the imge conpression systemto
preserve detaills i n Anletdedsompetssiag e dahol enjagstheroage eabpresing/pigelpdatd, t y

t hreshal d. r : iance based inmage conpression provides a

| ess 10 nc}%]?g{gg I@ecgg{gﬁfﬂg gﬁ%ﬁggﬁ i mge quality, unlike nmethods such as
Movi ng Pi ct ur e TE3dbes 2 Blockpimipeldita=G) conpression techniques. This is
particul arly crgsgérdind ®blRRPixC adsighngent 81 Clhvids blodkd BE pikeB antofsubib@odkalof
cinema. Wth %illﬁtgl tal video in high demand, piracy is a serious threat.
Digital wali®f8Pking is an inportant requirement to deter copyright

i nfringenment, armsfoasmgahe rsav-bhanks ofgixel dawaings rarrkipogding fekapendyndanaas of
an i mage trkga;tes(%rtﬁioggrﬁjl%pti bly significant, variance based block size
assignnment’ s a natural candidate for use in watermarking. The previous
descri Bti on of scalimgphefiequandy alobwili reprassntponsy iotd detrern endddt.ewasigin ther son
skilled in,ckBescafile & PadRR L4uaiBEmbhR BHERAM with YRN8 oftHE ind&del OUS

nodi fications to % hese enbodi neénts will be teadily apparent to those
skilled in the art, and the generic 20 principles defined herein may be
applied to ot he enbndmehodd oficiaino Ui whdreinulseacdbf tdaéing furttentcomprifeachd dcy.
Thus, the present invention is_not intendedﬂgcjp be limted to the

enbodi rent & HAGARSHeFeqUIBUE ejghtedgnagk tﬁcsé‘_tﬁir Ipfies of El_é%lt daga el dhpthet ent
with the @é@gﬁwfagg%g%{ﬁovm%951&%&&5%%ﬁiﬁ&ﬁgnﬂgtgg pp%%tn%thé Gkt €S

and advantag on are Set forthint ng 25 clains.
What wet cl abunl bgster\B dre56298vyaid PEHAdB3AZSIemphasis to the portions of the image

that the human visual system is less sensitive.

3. The method of claim 1, wherein the act of scaling further comprises the act

2 of quantizing the sub-blocks of pixel data based on the quality of the image.

4. The method of claim 1, wherein the quality metric is the signal to noise

2 ratio.

5. The method of claim 1, wherein the act of transforming performs a

2 Discrete Cosine Transform.

6. The method of claim 1, wherein the act of transforming performs a

2 Discrete Cosine Transform followed by a Differential Quad-tree Transform.

7. The method of claim 5, wherein the act of scaling is on a block by block

2 basis.



21 CLAIM5 1. A nethod of conpressing a digital inage, the inage conprising
pi xel dawe,1/5298 he net hod conprising the acts of: readi ngPG/BSQBORTSHf pi xel
data; 4 generating a block size assignnent to divide blocks of pixel into
sub- bl ocks of pixel data; 6 transform ng the sub-bl ocks of pixel data into
correspondi ng frequency domain represepfations; and 8 scaling the
frequency domain representations into a streamof data, wherein the act of

| based | tr th th |
rage, 2. The et hod i TETaR A Sy Aoy BRI PosIcl BF EdaHg PP gt

conpri ses g affblodk 8f piREIM4tdi Ng a frequency wei ghted mask to said
sub- bl ocks of pi xel data such that the frequency weighting mask provides

enphasis to the portions of the inmage that the human 4 visual systemis
nore sensitive, and row asis. to h he i e
That the human %1 sual ioyeterer S5 dsbsans b et OfsBhhe iirbam S ard
wherein the %@ c%t‘,fﬁ%% ks RGthidrat RES- bfb@ﬁpﬂ]‘aﬁe&céeﬁe 1@%agn2tu@5 ﬂ??éi‘l‘éte?—x’nﬁﬁdt he

sub- bl ocks of pi xel data based on the quality of the inage. The net hod
of cl ai m lthresheldei n the quality metric is the signal to noi se 2 ratio. 5.

The met hod of c aim [ he .act, of. transfo erf

Di screte Cosine 0Tr anilF%F‘r‘?ﬁmg 0 ‘Ieltllaé CHEE B S A ‘H{Taﬂl%ngs E}Sﬁ Pﬂéﬁ%étean
transfor m@aﬁqg&gﬁ&eaub%lgkscret e Cosine Transform followed by a
Differential Quad-tree Transform 7. The method of claim5, wherein the act

of scaling is on a bl ock by block 2 basis. V\D 01/56298 PCT/ US01/ 02751 22

2 ool 500, 0! 8 GG R Rk e 293Kk BRI e
2  basis.

12. The method of claim 11, wherein the act of scaling is based on the number

2 and size of block size assignments per frame.

13. The method of claim 11, wherein the act of scaling is based on the scaling

2 factor of the previous frame.

14. The method of claim 1, wherein the act of generating further comprises the
2 actsof:
determining a variance of pixel values for said block of pixel data;
4 comparing said variance with a threshold;
making a decision to subdivide the block based on a result of the act of comparing;
6 if said decision is to subdivide said block, then repeating the acts of determining,
comparing, and making for each sub-block until a predetermined criteria is satisfied; and
8 designating as the block size assignment each block or sub-block that is not
further subdivided.

15. The method of claim 14, wherein the step of making a decision calls for a
2 block to be subdivided if the variance is greater than the threshold.

16. The method of claim 15, wherein the threshold is predetermined.



9. The nethod of claim7, wherein the act of scaling is based on the nunber
2 of AC weafifskmgent s within a sub-block that exceed in MepRT A6 G02851
predeterm ned threshold. 10. The nmethod of claim7, wherein the act of
scaling is based on the nean 2 square error of the sub-block. 11. The

met hod of claim5, wherein the act of scaling is on a frame by frame 2
basis. 12. The nmethod of claim 11, wherdin the act of scaling is based on
the nunber 2 and size of block size assignnents per frane. 13. The net hod
of claim1l, wherein the act of scaling is based on the scaling 2 factor
of the previ ousl7f r anehe rhéthod heclniet hhdvlm‘reinlthﬁ thrskhoMhea dingtivhef thetmeah of

generatl ng . f 2 acts determ ning a variance of

pi xel val Lféée f"é e%%ﬁctgng[%g&rﬁf P%}Pel%?‘ﬁtua% conparing said variance with
a threshol d; making a decision to subdivide the bl ock based on a result of
the act of conparing; 6 if said decision is to subdivide said block, then
repeating the 31(8t s dfhadettodiafictugn 15¢ erpeein thg, theasbloldedamygs ffor eaaclavel of
sub- bl ck ugé a predetermned criteria is satisfied; and 8 designating as
t he bl ck YPIYISINs| gnnent  each bl ock or sub- bl ock that is not further
subdi vi ded. 15. The nethod of claim 14, wherein the step of making a
decision calls for a 2 block to be subdivided if the variance is greater
than the threshél d. Te mEthedmétchad 1df \Adller;:iirmhta;redd’umr@ad triterid forewhlohgeri s
pr edet rm ned. 01/56298. PCT/ USOL/ 027531 2 The ahod of claim 15,
Bher of 1 + HEDEHRE IO EDS Lo FSTHENT G OB e e 150%5d eI G HTGEEEF t he

bl ock or Sﬂgl@h&%&%ﬁi&%fﬁmlyﬁﬁed 18. The nmethod of claim 15, wherein the
t hreshol d changes for each level of 2 subdivision. 19. The nmethod of claim

14, wherein the predetermned criteria for no | onger
20. The method of claim 1, wherein the act of scaling the coefficient data into

2 astream of data further comprises zigzag scanning the coefficient data.

21. The method of claim 21, wherein the act of zigzag scanning is performed

2 using an 8x8 pixel block size.
22. The method of claim 1, wherein the act of scaling further comprises the act
2 of coding the stream of data into a serialized stream of data in preparation for

transmission.

23. The method of claim 22, wherein the act of coding comprises a Huffman

2 coder.

24, The method of claim 23, wherein the Huffman coder employs multiple

2 look-up tables to code run-length and non-zero values.
25. The method of claim 24, wherein there are three look-up tables.

26. The method of claim 1, wherein the act of generating is based on the

2 perceptual characteristics of the image.



2 repeating the steps of determ ning, conparing, and naking is based on a
pre- sel entoegl/semgni mum bl ock size of pixel data. 20. The np¢Redo@hr&l ai m 1,
wherein the act of scaling the coefficient data into 2 a stream of data
further conprises zigzag scanning the coefficient data. 21. The nethod of
claim 21, wherein the act of zigzag scanning is perforned 2 using an 8x8
pi xel bl ock size. 22. The nethod of cl af 1, wherein the act of scaling
further conprises the act 2 of coding the streamof data into a serialized
stream of data preparation for transm.ssion. 23. The nethod af claim
35 Caherei n thet hot . GRUE G o< Bihge RBETESIRG Py Forsobgder el Fha. HBt hod
of cl aiim 23,siephespikitdie Huf f man coder enploys nmultiple 2 |ook-up tables
to code run-length and non-zero values. 25. The nethod of claim 24, wherein
there are threeblbdokizepstigivhes . meds tJavide bhols of poichiimo Isubwhedksiaf pike act
of generati Q% is based on the 2 perceptual characteristics of the imge.
WO 01/ 29%a CT/ USOL/ 02751 24 27. A quality based i nage conpressi on system

for conpressi ngrfskfin ARLR tol Hensfdn® MRt QID-BIOERY bBipd& dAlOfo SoAspindingnment
means to divide bl ocks of pixel into sub-blocks ofp pi xel 4 data; transform

means tfo tfrequshoy demine reprbsebiagioks andd pi xel data into corresponding 6
frequency domai n representations;. and scaling neans to scale the f uency
domai n represent’ {‘?%ﬁlgaqsﬁ? Bcaée@‘Frf'é@g}lr?r&f"(@ _aéffq repéﬁsemﬁtr‘(éﬁ_sﬁmpﬁes@éﬁll ‘?%(gaq?mans
i s baseyl ORherefUBt bda¥ingBlefihsGis 6CA 8hat dudditpMrcRid &fretiidb iidh B qualty bBge.
28. The system of claim 27, wherein the scaling neans further conprises a
2 frequencynagei ght ed maski ng neans to said sub-bl ocks of pixel data, such
that the frequency wei ghted mask provi des enphasis to the portions of the
i mge that the human

28. The system of claim 27, wherein the scaling means further comprises a

2 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
4  visual system is more sensitive, and provides less emphasis to the portions of the image

that the human visual system is less sensitive.

29. The system of claim 27, wherein the scaling means further comprises a

2 quantizer to quantize the sub-blocks of pixel data based on the quality of the image.

30. The system of claim 27, wherein the quality metric is the signal to noise

2 ratio.

31. The system of claim 27, wherein the transform means performs a Discrete

o

Cosine Transform.

32. The system of claim 27, wherein the transform means performs a Discrete

2 Cosine Transform followed by a Differential Quad-tree Transform

33. The system of claim 31, wherein the scaling means scales the data on a

2 block by block basis.



4 visual systemis nore sensitive, and provides | ess enphasis to the

porti onswa ot/dsees nege that the human visual systemis |esgrRgpsébive. 29.
The system of claim 27, wherein the scaling nmeans further conprises a 2
guanti zer to quantize the sub-bl ocks of pixel data based on the quality of
the i mage. 30. The systemof claim 27, wherein the quality netric is the
signal to noise 2 ratio. 31. The syste%?of claim 27, wherein the transform
means performs a Discrete 2 Cosine Transform 32. The system of claim 27,
wher ei n the tralfsf or fiarersiempef s’ Wiaenehe scaligogiears Ts dasddoom the
foll owed b i f.f.erent.i al ad-tree Transform 33. The system of claim 31
V\here;NrF? th%ngrégﬂqfﬂbe éﬂ%cg(gé”éeé d?ﬁ‘e data on a 2 block by block basis. WO
01/56298 PCT/ US01/ 02751 25 34. The system of claim 33, wherein the scaling
means is based on the 2 contrast of the sub-block of pixel data. 35. The

system of clai M533, Tkeesysiem effdaigcH, iwhgrave thescilmglassas isdrasedhen thempanber2 of
AC coef.fici wi t.hi n. a sub-bl ock,t hat ,exceed,in magni,tude a predet erm ned
Chr oahdl d OBAC e i & SecolodR' it TS8R, TR 5 SRER T e c o
on t he meagresBolgquare error of the sub-block. 37. The system of claim 31,

wherein the scaling neans is on a frane by frane 2 basis. 38. The system
of claim37, wherein the scaling neans is based on the nunber 2 and size

of bl ock size si g nts. per .frame., 39. The system of c¢lalim.37,, wherein
Che scal i ng. meais P BaSBlr ot CRERSRal TR ™ Berbargmars i B 206 bR ane.
40. The sysjueeplor 6F e RuB-Blockher ei n the bl ock size assignnment neans 2
determ nes a variance of pixel values for the block of pixel data; conpares
the variance wth a threshold; nakes a decision to subdivide the bl ock

based on a r esuht_ OfTﬁehs?'stem of claim 31, wherein the scaling means is on a frame by frame

2  basis.

38. The system of claim 37, wherein the scaling means is based on the number

2 and size of block size assignments per frame.

39. The system of claim 37, wherein the scaling means is based on the scaling

2 factor of the previous frame.

40. The system of claim 27, wherein the block size assignment means

2 determines a variance of pixel values for the block of pixel data; compares the variance
with a threshold; makes a decision to subdivide the block based on a result of the

4  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

6  for each subdivided block until a predetermined criteria is satisfied; and designates as the

block size assignment each block or sub-block that is not further subdivided.

41.  The system of claim 40, wherein the decision to subdivide calls for a block

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

42. The system of claim 41, wherein the threshold is predetermined.



4 conparing; wherein if the decision is to subdivide the bl ock, then
repeat s Me01/sd¥8er m nati on of variance, the conparison w Par/&ESgshol d,
and the decision to subdivide 6 for each subdivided bl ock until a
predetermned criteria is satisfied; and designates as the block size
assi gnnment each bl ock or sub-block that,ds not further subdivided. 41. The
system of claim 40, wherein the decision to subdivide calls for a block 2

to be subdivid if_the vari eater tha reshol d. 42. The

syst em of clai§g4 1&ﬁéygpﬁ‘$ﬁénpﬂieghﬂew' ﬂHFQﬁ%?@FH&H@H"I TrE6298

PCT/ US1/ g%c@%alue%@af%%}%lﬁlgoxss)d%tb%l?kq;eu&'e%ﬁhféé wherein the threshold is a
t

function nmean pi xel values of the block or sub-bl ock being
eval uated. 44. The system of cIa|n141 wherein the threshold changes for

each | evel of Vi si on. stem aof cl ajm 40, erein the
pr edet er ni ned é% te%ﬁ SHSEThOf ¢ Hbgr w r%‘ﬂﬁg% afraﬁ%ﬁg‘l X an@ﬁ%ﬁ% %ﬁh é\eve{](’f
pre- sebecgggth@ Lmum bl ock size of pixel data. 46. The system of claim 27,

wherein the scaling further conprises a zigzag 2 scanner. 47. The system
of claim 46, wherein the zigzag scanner enploys an 8x8 pixel 2 block size

for the zigzag scan : em of. ¢cJaimA47, t scal i ng
means further &3npri sgyétemzoggﬂ‘é‘{ i{’ Whesea JP%BT@F?E‘H}W&C“&B&E‘; °F B¢ Eo%er

seri al QZGQuﬁi%@ﬁngBas‘é@Bﬁa perlso@afﬂmlmmfmck {iZATpMsa@n. 49. The system
of claim 48, wherein the coder 1s a Huffrman coder. '50. The system of claim

49, wherein the Huffrman coder enploys multiple 2 |ook-up tables to code
run-1 ength and o val ue 51.._Th s em of clai,m 50, wherein there
are three | ook? 8 éﬁ’?esgs e%‘ZOfS‘fJﬁ’é“ gysf’vg‘ﬁﬁeﬁ? he, %fialﬂﬁgzblrh\ﬁﬁé:%’ipﬂsets hd 718238
gener abi ng.4pans i s based on the 2 perceptual characteristics of the

i mge. 53. A nmethod of conpressing a digital image, the inmage conpri sing
pi xel data, 2 the nethod conprising the acts of:

47. The system of claim 46, wherein the zigzag scanner employs an 8x8 pixel

2 block size for the zigzag scanner.

48. The system of claim 47, wherein the scaling means further comprises a

2 coder to code the stream of data into a serialized stream of data in preparation for

transmission.
49. The system of claim 48, wherein the coder is a Huffman coder.
50. The system of claim 49, wherein the Huffman coder employs multiple

S

look-up tables to code run-length and non-zero values.

51. The system of claim 50, wherein there are three look-up tables.

52. The system of claim 27, wherein the generating means is based on the

2 perceptual characteristics of the image.

53. A method of compressing a digital image, the image comprising pixel data,
2 the method comprising the acts of:

reading a block of pixel data;



readi ng a bl ock of pixel data; WO 01/56298 PCT/US01/ 02751 27 4 generating
a bl ock wo2a/56298i gnnment to di vide bl ocks of pixel into subchUswkg7af pi xel
data; 6 transform ng the sub-bl ocks of pixel data into correspondi ng
frequency domain representations; and 8 scaling the frequency donain
representations into a streamof data, yherein the act of scaling is based
on a quality nmetric correlating with the quality of the imge; 10 wherein
the act of scaling further conprises the act of providing a frequency

wei ght mask t i: - bl j : [ToVTcYal

wei ghtg‘cczljI mask oV é&ﬁﬁ%&eﬁg{gﬁ) tg¥?¢1£§%€%)?’§§£02?§%ehtéﬁ§%8e that(yft he
human vi sugikelsisgt em is nore sensitive, and provides |ess enphasis to the
portions of the imge that the human visual systemis 14 | ess sensitive;
and whé ei n t helrastorgingshs) ﬁuﬁd’l?‘ihstqfe?‘x%lo‘%ﬁ YR LRI RIS CHTARY fsi%’inﬁ‘é‘ t he
sub- bl ocks Bieﬁg&tﬁ(@dnsd @ based on the quality of the inmage. 54. The net hod
of cl ai m5r§, erelnthe quality netric is the signal to noise 2 ratio.
55. Thes net hod whlirg the MfregB8encyhdemeiim rdpheseatationd irtte angfeammohdatpewheensthe 2
Di screte Cosine T.ran,sforrHZ 56. The nethod of c¢laim53, wherei n he. act of

t r ansf or mi #g PertliEns basebomiaseabing Megias (farTsatRE M3 hnitco AR e amage;

D11 o1 AU Gho/CHotle LeGr TeANShAR BnorThS IELBOE: Blowlfl 1 uchheneiudine

act of scaling is on a sis. 58. The nethod of claimb57,
wher ei n t hmasicto @iid sdablonks ofSpikelsiath surhtthet denfre@sincy vepghtéchmasiuprdlidask of

pi xel data. 59..The nethod of_ claimb57, rein the act of.scaling..s based
b £ hel Duniiaphish BrhAGORSES T e AP TS Bl SRRl BRECRUs e

magni t ude 5’11(%51%@@6? [63% B&Phasi o8RO b SionVEr G mBeOhPE MBRA Ok kystéR is

14  less sensitive; and wherein the act of scaling further comprises the act of quantizing the

sub-blocks of pixel data based on the quality of the image.

54. The method of claim 53, wherein the quality metric is the signal to noise
2 ratio.
55. The method of claim 53, wherein the act of transforming performs a

2 Discrete Cosine Transform.

56. The method of claim 53, wherein the act of transforming performs a

2 Discrete Cosine Transform followed by a Differential Quad-tree Transform

57. The method of claim 53, wherein the act of scaling is on a block by block

2  basis.

58. The method of claim 57, wherein the act of scaling is based on the contrast

2 of the sub-block of pixel data.

59. The method of claim 57, wherein the act of scaling is based on the number
2 of AC coefficients within a sub-block that exceed in magnitude a predetermined
threshold.



60. The nethod of claim57, wherein the act of scaling is based on the nean
2 squar eV 016298f t he sub-bl ock. 61. The nethod of cl ai m BET/UsEG2E51N t he
act of scaling is on a frame by frame 2 basis. 62. The nethod of claim61,
wherein the act of scaling is based on the nunber 2 and size of block size
assignnments per franme. 63. The net hod q&gclain161, wherein the act of
scaling is based on the scaling 2 factor of the previous frane. 64. A

qual ity based image conpressi on system for conpressing pixel data, the 2
syst em conpr i sidégz ﬁf&cweipgé?ggagp&ﬂwﬁﬁreﬁﬂe Jlot 61 el Bvest RS thd el
into syb-hl.g f oPin¥lb-pihcdata; transform nmeans to transformthe
sub-block%qoﬁggpgefp%asa iﬁ?o'corresponding 6 frequency domain
representations; and scaling neans to scale the frequency domain
representations intg a stre f. data, 8 erein the scali ans is
based on a qualflty @%m@keﬁgﬁﬁrlgﬁwww st aﬁaqap%jlso?ne%gm%éw
wherei B thgscaling nmeans further conprises a frequency wei ghted nasking

means 10 to said sub-blocks of pixel data, such that the frequency weighted
mask provides enphasis to the portions of the inmage that the human vi sual

systemis nore sensitive, 2.and provi des | ess hasis to the portions of
the i mage that %he h cipod gifogySh SYRETS fede SRR © QaSaHR IRGREITt he
scal i ng megnsiAWrbek s IR S dYtd zer to quantize 14 the sub-bl ocks

of pixel data based on the quality of the inage. 64. The systemof claim
63, wherein the quality nmetric is the signal to noise 2 ratio. 65. The

system of cl ai m 63, erejn.t transformneans perforns a Discrete. 2
Cosi ne Transf or 1‘7‘@%‘2‘5@%@‘1‘7 @SW@‘*] acﬁé’?é%a.lm& ﬁ%b%gf‘/gtoéﬁf‘%FcakP%li m
63, wher eifgchhgr the pRSARERaaRans performs a Discrete 2 Cosine Transform
followed by a Differential Quad-tree Transform

64. A quality based image compression system for compressing pixel data, the

1397

system comprising:

block size assignment means to divide blocks of pixel into sub-blocks of pixel
4  data;
transform means to transform the sub-blocks of pixel data into corresponding
6  frequency domain representations; and

scaling means to scale the frequency domain representations into a stream of data,
8  wherein the scaling means is based on a quality metric correlating with the quality of the
image; wherein the scaling means further comprises a frequency weighted masking means
10 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,
12 and provides less emphasis to the portions of the image that the human visual system is
less sensitive; and wherein the scaling means further comprises a quantizer to quantize

14 the sub-blocks of pixel data based on the quality of the image.

64. The system of claim 63, wherein the quality metric is the signal to noise

2 ratio.

65. The system of claim 63, wherein the transform means performs a Discrete

2 Cosine Transform.



67. The system of claim66, wherein the scaling neans scales the data on a
2 bl ock WO obb69& basis. 68. The system of cl aim 66, wherekcT/USE/03TAl | Ng
nmeans is based on the 2 contrast of the sub-block of pixel data. 69. The
system of claim66, wherein the scaling nmeans is based on the nunber 2 of
AC coefficients within a sub-bl ock that,,exceed in nmagnitude a predeterm ned
threshol d. 70. The system of claim 66, erein the scaling neans is based
on the mean 2 square error of the sub-block. 71. The system of cl ai m 66,
wherein the scaling neans is on a frane by frane 2 basis. 72. The system
of claim 71, wherein the scaling neans is based on the nunber 2 and size
of bl ock size assignnents per frane.

66. The system of claim 63, wherein the transform means performs a Discrete

(¥

Cosine Transform followed by a Differential Quad-tree Transform

67. The system of claim 66, wherein the scaling means scales the data on a

2 block by block basis.

68. The system of claim 66, wherein the scaling means is based on the

2 contrast of the sub-block of pixel data.

69. The system of claim 66, wherein the scaling means is based on the number
2 of AC coefficients within a sub-block that exceed in magnitude a predetermined
threshold.

70. The system of claim 66, wherein the scaling means is based on the mean

2 square error of the sub-block.

71. The system of claim 66, wherein the scaling means is on a frame by frame

2 basis.

72.  The system of claim 71, wherein the scaling means is based on the number

2 and size of block size assignments per frame.



