1 ARBI TRARY RATI O | MAGE RESI ZI NG I N THE DCT DOVAI N [ 0001] The present
invention relates generally to i mage or video frane conpression. Mire
particularly, the present invention relates to arbitrary ratio inage
resizing in the 5 frequency donmain. [0002] The spatial resolution of a
source imge or video frane is often larger than the screen size of a
handhel d devi ce. Consequently, image downsj zing or video transcoding wth
spatial resolution down-sanpling is perforhred, typically at the server side
of the service provider, to reduce the spatial resolution of the source

i mage or video frame ARBITRARMRATE IMAGE RESHINGIINTHEPEEDAOMAINE end
device. Image or video frane resizing is conventionally perfornmed in the
pi xel , or spatial, domain through a | owpass filtering operation followed
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domai n resi zi ng 'of such conpressed inages or vi ranes requires
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ratios. _In practical applications ar |traﬁ¥ resi zing rati 0s ar required
si nce the sfrifmaiin hedenuencymiomayt ant tedepises IBRGINagerosdiraciEamangwst bes
arbitrary. 3@nkQRQ4ln t%t?'cbﬁx%’iééséé%rﬁwart eHue] %naﬁi&%ﬁ rédbitd 6 domai n
have al so been proposed. I'n" one such net he domn l ock is
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resizing is ach|eve by upsizing the inmage through zero d then
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these appitegsty 35 ratio resizing methods in the DCT domai n show good peak
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[0003] The computational complexity can be reduced by resizing the images in the

frequency domain as disclosed, for example, by Young Seo Park et al: “Arbitrary-ratio
image resizing using fast DCT of composite length for a DCT based transcoder”, “|IEEE
Transactions On Image Processing”, IEEE, USA, volume 15, number 2, 2™ February

25 2006, pages 494 to 500. Some of the suggested approaches use a filter matrix whose
entries depend on the discrete cosine transform (DCT) basis functions. However, these
approaches are only designed for resizing images by a power of 2 or a few specific ratios.
In practical applications arbitrary resizing ratios are required since the spatial resolution,
or the dimension of the source image, is arbitrary.

30  [0004] Arbitrary ratio resizing methods in the DCT domain have also been proposed. In
one such method, an 8x8 downsized block is reconstructed from neighboring input blocks
and corresponding shift matrices in the DCT domain. In another approach, the arbitrary
ratio resizing is achieved by upsizing the image through zero padding, and then
downsizing it through high-frequency DCT coefficient truncation. Both of these arbitrary

35  ratio resizing methods in the DCT domain show good peak signal-to-noise ratio (PSNR)



2 and | ower conputational conplexity when conpared with the spatial - domain

resi zing nethods. [0005] However, there are still two problens associ ated
with these previously proposed arbitrary ratio resizing algorithnms in the
DCT domain. First, they are still conputationally 5 expensive. Second,

bot h approaches are difficult to inplenent for practical applications. For
nost practical applications, such as web iomsing or video gane playing on
handhel d devi ce, the spatial resolution of“each source image vari es even

t hough the screen size of the device is fixed. Therefore, the resizing
rati o i s notanshpyenedsiputational eamplexityritesn chrrmr@dm@ethecﬁnamlg@mnmwng For
each differ %m53§|2|ng ratio, the first approach 10 requires a |arge
nunber of d| erent matrices to be calculated and stored in advance. The
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i npl emented for practical applications, but
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of previous inmage resizing nethods and syst i rst spect
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i mage i Rpt heedl é%rﬁéﬁe%%‘? of 8ﬁ8%n9ﬁ{é‘tnc@g{0 b&l Q4R Bted tbrel Waé@aﬂ@é e

deternlnlng frrst an second scal mn parane ers I n accoraance
scal i ng r at iS§c@iftarRicadyeghireg faptiagenrndion SO vukisversd deSCf%te g@ttme mage
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in accordance with the first and second sca g paraneters,
coef fi ci ent $oB® f§ﬁd@é?§ﬁﬂéat@r‘§éq{§0rfwoﬁilfféleégfﬁ'9ﬁé@"sed i mge to prOV| de
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each row or colum of blocks in the “conpressed image. T%e met hod can
further conprise maintaining synchroni zation between conponents conpressed
at differenigengALNg rates, maintaining consistency between the sanpling
rati o of conponents in the conpressed inmage and the sanpling ratio of
conponent s [#PO7hErefeabhelgeiprragat ingsntjcngnay otndaie caMipatoadapddingent s of this

aspect, oglet glsahHAMyd Srélib & infiRd 885AT thellf@si 4 systems.

[0008] In a first aspect, there may be provided method for arbitrary ratio resizing of a
compressed image in the discrete cosine transform ‘DCT’ domain, comprising steps of:
determining first and second scaling parameters in accordance with a scaling ratio and an
original image number of blocks and a target image number of blocks; performing a non-

25  uniform sampling in the DCT domain, in accordance with the first and second scaling
parameters, on DCT coefficients of successive blocks in the compressed image to
provide non-uniformly sampled samples; and performing a DCT operation on the non-
uniformly sampled samples to provide DCT coefficient blocks of a resized image. The
non-uniform sampling and resampling steps can be performed for each color component

30  of the compressed image, and can be repeated for each row or column of blocks in the
compressed image. The method can further comprise maintaining synchronization
between components compressed at different sampling rates, maintaining consistency
between the sampling ratio of components in the compressed image and the sampling
ratio of components in the resized image.

35 [0009] According to embodiments of this aspect, determining the first and second scaling
parameters can comprise determining first and second inverse discrete cosine transform



parameters can conprise determning first and second inverse discrete
cosine transform3 (IDCT) lengths as functions of the scaling ratio and a
DCT bl ock length of the conpressed inage; and determning the first and
second scaling paraneters as functions of the DCT block |Iength of the
conpressed i nmage, the original inmge nunber of blocks, the target inmage
nunber of bl ocks, and the second IDCT I engfh. Determning the first and 5
second scal i ng paraneters can conprise determning the first IDCT | ength
that is a closest integer |arger than or equal to the product of the DCT
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parameter. [0010] Acco I ment performn
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addi tiong t e PRIAAHagR nurfqgértmiocﬁggna 'tr%epregucft%ffﬂe%c@ncﬂ)ﬁfémkﬂbfh%d%ethe
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sanpl ed DCT sgestihb b maﬁ&%ncesga%gﬁméeor@,mhﬁa @n&rhsemmcﬁ%ﬁ@meme can
conprise regroupi ng the non-unifornly sanpled coefficients of

successi ve BFYERPAIME®E conpressed i mage into bl ocks of a predeterm ned

| engt h; and[@tﬂ@%%@&g&om&@nﬁ%@%&ﬁs tp@ﬁorrn%rg; % %am'g:)% :n%@”pl e,
perform ng he operation on the non-unif es can

conpri sé UFRTAYN CAR CABRLISHPERTIING AR Teef tb@:ﬁr&& Hg&' |‘Qﬂgé’h@%a afmber Of

successi ve blo@%ﬁraﬁaamohano@%wsfes%%ﬁﬁg b@@%térﬂ&:@d éeﬁc?fmmgearblméf thé@gcond
perform ng an poi nt DCT on each he regroupe | ocks. The nethod can

further corrH??E éenﬁéﬂ ] alnvmb&éefowfmj nrwm b8 seondeagling pareaetasr B t he

DCT coef fi chemtion, tRERHRAdandlirkle CoRiphSe Bérférhﬁn%%gﬁﬁ%ﬁ@rﬂoﬂtﬁ@ﬂﬁcﬁ@ﬂthe
conpri se en wshg%/q:decodl n t he conpressed i mage rovide 30 quanitized

coeffici ent gecong 13 Cd deneding ?‘"zqoff@”g tpe2 a%ﬁﬁf@éﬁdd}%ﬂﬂﬁ%P%ﬁ@hqmﬁil ces to
restor exd heP@@Eﬂnﬁ@@fﬁel SCEBbSEratifs SANE Mth- &eroY DéTs%lftﬁéd prhadiehRRhS oft he

nmet hod can furt her onprise quanti zing coefficient blocks of the
resi zed i nag&cessie @'H?*f%wh%SWH@SS%@%&WWWHW%@W tedin-BITgERY t o

provi de a reghgied DEINBIARGEHs bBdRessive blocks in the compressed image into blocks of a
predetermined length; and performing a DCT on each of the regrouped blocks. For
example, performing the DCT operation on the non-uniformly sampled samples can

25  comprise regrouping the non-uniformly sampled DCT coefficients of successive blocks in
the compressed image into 8-sample blocks; and performing an 8-point DCT on each of
the regrouped blocks. The method can further comprise partially decoding the
compressed image 1o restore the DCT coefficients. Such partial decoding of the
compressed image can comprise entropy decoding the compressed image to provide

30  quanitized coefficient indices; and dequantizing the quantized coefficient indices to
restore the DCT coefficients. According to yet other embodiments, the method can further
comprise quantizing the DCT coefficient blocks of the resized image; and entropy coding
the quantized DCT coefficient blocks to provide a resized compressed image.

[0011] Performing the non-uniform sampling in the DCE domain may comprise non-

35 uniformly sampling DCT coefficients of successive blocks in the compressed image to

provide non-uniformly sampled pixel domain samples, each block having an 8-point block



[0011] Perform ng the non-uniformsanpling in the DCE domai n may conpri se
non- 35 uniformy sanpling DCT coefficients of successive blocks in the
conpressed inage to provide non-uniformy sanpled pixel domain sanples,
each bl ock having an 8-point block 4 Iength, by sanmpling P blocks at a
first inverse discrete cosine transform'IDCT" length IPI and sanpling Q
bl ocks at an IDCT length IQ; where IPI and I|Q are integers between 2 and
8 that are functions of the DCT bl ock | ength of the conpressed i nage and
the scaling ratio, the first scaling paraneter P is equal to the
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corrpressed BRSOt DC P bA\EaEl ofid thohéREnse8blokrd ent i ndices for each
conponent; a dequanti zer to dequantize the quantized coefficient indices
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paraneters in accordance with a desired scaling ratio, an original 1 nmge
nunber of BPBHEIRCHANHPIPGSget i mage bl ock nunbers: an inverse discrete

cosine trangseasmin & Rirher abpiteithe@ hay PEHIRIEHR BOBMY WaheEdNe? ArRIrbifan Fhtid he
DCT coefficients of successive blocks 1n the conpréssed inage, in
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my s
pi xel donai i pf%'ﬁﬁ%ééntﬁ%ﬁ&osﬁ@@ﬁ&'nelpe‘ﬁf%reéa'ét?@m?m %ﬁwanazmdﬁw'%n
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bl ocks of a r ed |rra e; a quantizer to )}Buantl ze DCT coefficient

bl ocks of tﬁ%‘*r‘a Ynglign %%j@"m*aﬁar%ﬁn%ﬁ?%ﬁ Qad%mg%an%wtsiéwswé%ﬁ@g
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L0014] O “el; oRRDET 51306 itags B0tk nombers: ah mverse discrete cosna ranstorm IDCT
apparent to
function to perform a non-uniform sampling of the DCT coefficients of successive blocks
in the compressed image, in accordance with the first and second scaling parameters,
and the first and second IDCT lengths, to provide non-uniformly-sampled pixel domain
25  samples; a resizing function to concatentate the non-uniformly sampled pixel domain
samples into blocks of a predetermined size; a DCT function to transform each of the
concatenated blocks to provide DCT coefficient blocks of a resized image; a quantizer to
quantize the DCT coefficient blocks of the resized image; and an entropy coder to
entropy code the quantized DCT coefficient blocks to provide a resized compressed
30 image.
[6014] Other aspects and features of the present invention will become apparent to those
ordinarily skilled in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.



ordinarily skilled in the art upon review of the follow ng description of
specific enbodinents of the invention in conjunction with the acconpanying
figures. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0015] Enbodi nents of the
present invention will now be described, by way of exanmple only, with
reference to the attached Figures, wherein: Figure 1 is a block diagram of
an enbodi nent of a nobile device; 5 Figure 2 is a block diagram of an
enbodi mrent of a communi cation subsystem c%nponent of the nobile device of
Figure 1; Figure 3 is an exenplary block diagram of a node of a wreless
network;  FiRfRiFE DESCRIETHONAK BHEARMNINGSst rati ng conponents of a host

X . . . . , K of
H gure. 3 andio Y ARG YA Bh U oW dekicdholl bR oraR B o
of a JPEG t rahs vl eeferaniog te thegtiashed bigarsie, whergiram of an errbodl ment of an
arbitrary ratio resizifg, .transgaiess rgrh%lf’ ﬁfgndo%i oPX‘ﬁﬁ)%Eé d8ic@n

met h an

enbodi nent of the arbit ary ratio re fgure'8 is a
concept uél di agram of Fagureri?b@ammiftdiagfaramfanbmmamerﬁafaoommuc@tmg met hod.

DESCRI PTI ON OF PREFERRED @@@b%gﬁ&%@ﬂ&gg@kﬁ(&?r@lﬁ tTher e is provided

a nethod and system for resizing | mages or £ arbitrary
rati os, The term "i madegurgs lage@xempbugtwomdia@nam ofesnedemfiaomiraless madfverk; t o

both still images and gy agmg

for resizing images vvléft‘ﬂ@ DS SUER aescrl ﬂlugg %}m%&%nﬁ%%‘?&g@%&%ﬁmgﬁ e

Wi rel ess communi cat i orexmp@mmflgéram &rass M@ﬁh@lmfre@tss oatwely didaguraet aruf t er

referredpto as a 25 qpé) Bild 8L GEof ,J—@%}@\qer the description is not to be
e

considered as |imtin e scope o descri bed enbodi nents, and they
are explicitly not Ii !Qté@l 5tl%a@§@kldrﬁgﬁ%blolfé%ﬁsﬂrmodﬁémmmm cati on.

Exanpl es of appl i cabl %1%@\3“@3%@@(%&%}@@%Hﬁgmgﬁ ftgf;% érlt':'ntFHry P:R%Q@sﬁzmg

cel lul ar smart - phones, rel ess organi zers, persona Igital assistants
conputers, | aptops, frangensles wi r el ess comuni cation devi ces,

wi rel essly-enabl ed notghpok ,§$ AIGRERUH & a9 @Rbdifient ch'f‘fl‘??1 %Pfir;ﬁra‘h%r}ééugﬁ%dl cat e

appropriate, ref erence nuneral s are repeated anon gures to
corresp&ﬁadl ng or anal o¥dtRd;i@énents. In addition, numerous specific

details are set fort hF‘ngﬁJrQW@é cBr‘?ce?;’h%YHQge UBPQH QMSBﬁH%‘F\%fSér@élﬁlt@% Qhiot he

descri bed enbodi nents owever, It nder st 0o those o I nary
skill in the art resizing method.

DESCRIPTION OF PREFERRED EMBODIMENTS

20 [06G16] Generally, there is provided a method and system for resizing images or
video frames at arbitrary ratios. The term "image" is used throughout this description to
refer to both still images and video frames. Embodiments of the method and system for
resizing images will be described in relation to their use for mobile wireless
communication to a mobile wireless communication device, hereafter referred to as a

25  mobile device. However, the description is not to be considered as limiting the scope of
the described embodiments, and they are explicitly not limited to use in mobile wireless
communication. Examples of applicable mobile devices include pagers, cellular phones,
cellular smart-phones, wireless organizers, personal digital assistants, computers,
faptops, handheld wireless communication devices, wirelessly-enabled notebook

30  computers and the like. Where considered appropriate, reference numerals are repeated
among the figures to indicate corresponding or analogous elements. In addition,
numerous specific details are set forth in order to provide a thorough understanding of the
described embodiments; however, it will be understood by those of ordinary skill in the art
that the described embodiments can be practiced without these specific details. Well-

35  known methods, procedures and components are not described in detail so as not to

obscure the described embodiments.



that the described enbodi ments can be practiced w thout these specific
details. Well 35 known net hods, procedures and conponents are not descri bed
in detail so as not to obscure the described enbodinments. 6 [0017] To aid
i n understanding the structure of the nobile device and how it

communi cates wth other devices and host systens, reference will now be
made to Figures 1 - 4, which depict an enpodi nent of a nobil e device 100,
and its associated w reless communication system The arbitrary ratio

resi zing nmethod and system can be 5 practiced within such a system for
transm ssi orl0817) nagesTe 8idtinendespiandingdig sleuctge of theemobiisirlavisedadihew 1100 i s

a two-way C%Wﬂbrﬁ@étb@@:tﬁ%ﬁle@@e%é&arﬂfjwﬁft‘%%eﬂgtr%fer@%ﬂ'n@@tﬂec?ﬂadebto

capabilities_including the capability to comrunicate wt

devi ces or dOBYEEdr % WicBEPidh B egIPORintEY Wh? Knobile dpves EeF.vard lt§taé§¢<zbatgd The

mobi | e  devigigedQbmah Vv Ay
Dependi ng on the 10 fu%@%a?%rqg?igt?? g}“g\%{%ed b?/“ocl%yzﬁ@ rﬁ?tgéggb? %%s‘%ém C?n i can
e

be ref er Ped Rracticed yitgit tchesyaiginhipr traasmission &f imagegdy theagebile devicel 10G) ahe
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The comuni gadde@Sorsioabt RMrdR4nd s\@alvsﬁeraﬁ*&ns@vgﬁé nfdbﬁémavnée sends messages
to a wrel ess network 200. In this exenplary enbodi nent of the nobile
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standards, such as Data Encryption Standard (DES), Triple DES, or Advanced Encryption
Standard (AES)). Image data is typically compressed and decompressed in accordance
with appropriate standards, such as JPEG, while video data is typically compressed and
decompressed in accordance with appropriate standards, such as H.26x and MPEG-x

25  series standards.
[0019] The communication subsystem 104 receives messages from and sends
messages to a wireless network 200. In this exemplary embodiment of the mobile device
100, the communication subsystem 104 is configured in accordance with the Global
System for Mobile Communication (GSM) and General Packet Radio Services (GPRS)

30  standards. The GSM/GPRS wireless network is used worldwide and it is expected that
these standards will be superseded eventually by Enhanced Data GSM Environment
{EDGE) and Universal Mobile Telecommunications Service (UMTS). New standards are
still being defined, but it is believed that-they will have similarities to the network behavior
described herein, and it will also be understood by persons skilled in the art that the

35 embodiments described herein are intended to use any other suitable standards that are
developed in the future. The wireless iink connecting the communication subsystem 104



(EDGE) and Uni versal Mobile Tel ecomuni cations Service (UMIS). New
standards are still being defined, but it is believed that they will have
simlarities to the network behavior described herein, and it will also be
under stood by persons skilled in the art that the 35 enbodi ments descri bed
herein are intended to use any other suitable standards that are devel oped
in the future. The wireless |ink connecting t he communi cati on subsystem 104
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8, a microphone 120, short-range communications 122 and other device subsystems

124,
[0021]) Some of the subsystems of the mobile device 100 perform communication-
related functions, whereas other subsystems can provide “resident” or on-device

25  functions. By way of example, the display 110 and the keyboard 116 can be used for both
communication-related functions, such as entering a text message for transmission over
the network 200, and device-resident functions such as a calculator or task list.
[0022] The mobile device 100 can send and receive communication signals over
the wireless network 200 after required network registration or activation procedures have

30  been completed. Network access is associated with a subscriber or user of the mobile
device 100. To identify a subscriber, the mobile device 100 requires a SIM/RUIM card
126 (i.e. Subscriber ldentity Module or a Removable User Identity Module) to be inserted
into a SIM/RUIM interface 128 in order to communicate with a network. The SIM/RUIM
card 126 is one type of a conventional “smart card” that can be used to identify a

35  subscriber of the mobile device 100 and to personalize the mobile device 100, among

other things. Without the SIM/RUIM card 126, the mobile device 100 is not fully



30 been conpl eted. Network access is associated with a subscriber or user
of the nobile device 100. To identify a subscriber, the nobile device 100
requires a SIMRU M card 126 (i.e. Subscriber Identity Mdule or a
Renovabl e User ldentity Module) to be inserted into a SIMRU Minterface
128 in order to communicate with a network. The SIMRU M card 126 is one
type of a conventional "smart card" that can be used to identify a 35
subscri ber of the nobile device 100 and t08personal i ze the nobil e device
100, anong other things. Wthout the SIMRU M card 126, the nobil e device
100 is not fapergtiogal fopegramininationfusith themyiteldssaeivark B0 Byt ineeniing HleeSIB1/REIMOr k
200. By | nsetdd g higns R nfidtiafle 128 18 chbg SHMAEUM alkSthage 128, a
subscri ber can access all subscribe Services. Services can I nclude: web
br owsi ng andemdegsa§enisesah inolude: wab lbyowsing endvetiebsagirghsich avEsgabeoBermaite
SMS), and ' ' ' Ser vi Vi ces

( SMVB) N (TBSH e'&?ﬁ@&#%) Ghy Wﬁﬁnédﬁ}@e&gﬁ@?éwﬁgggﬂt g . Wbt

can include: point of sale, d service orce tron. The
SI M RUI Mbcaragivan@d seevicrtesandnpvd ooid of salel fisshearyicé end sales farge avbomatian.i on.

Once the S 1:Snyd ' it
is coupled t%ﬂet (@ﬁ grn!ga&{i ga%%%géig%@%@%gﬁ%grgagﬁ% t@%ﬁ#ﬁ‘%}/’l{“ g%fﬁéngégﬁ)ﬁséra?%er
t he SI M RU Nhe SI/RLIB aosh 126 isdhasieddaindhel SEY/RbAMantetfeses 128 ¢Hs agupded to the

| nternatl onahailfBilcCacPHBECH L b AR tho GLORHiber, 1 ﬁ'ﬂﬂ/ﬁgﬁ@:&%ﬁpﬁ%bﬁéanug ng

the SIMRU M c 6is that a s I's not necessarl nd by any
si ngl e physiitaidenssing dsad araresterprisicBlaMaRUNerEdotal il Sivbserdres Ideddivt (B
subscri bgr i '%ﬂfa!.g A i X Lol oy ol i k (or
cal endalr;'?)6 iﬁ%{ mat | g%f gﬁgg @i‘gm/hgé‘nﬁﬁgﬁﬁoﬁéﬁgn@b ﬁ\d g‘rj%larﬁtllg\?g%,ggﬁger

i denti fi cat ibeHNd AY enyaindigrPhyainal radhkile dswicer b SIMYBY IMernd 1 2fecdn slete adsitong!

108. 15 [0023hschper ﬂ%@hbﬁ?ﬁjﬁamgrg%ﬁr@gﬁf%e%swlﬂ @EMH%"%&%‘E&%Q?&%‘&%@SQ%' o

includes a battery interface I receiving one or nore rechar
batteri es 13Uormaiiogtand eeant sahivforaatioiAernadively sebisientficptianofermatipe can

smart batter 1 ! r. The battery interface 132
aksobd HroaRmfARPHTefe Hhsh A ARHAEPI58 y

is coupled to a regtlator (not sl . ch assists the battery 130 in
provi di 19 pddA3] v+ t o Theeneriisidericd P dea balery Mowemsteviagransnncludesha biitery

makes 20 USgQfa@ @tf%ﬁr;eﬁei%g}o:ﬁé%rwg%{%@&F%’fri é@é.% % feH&l sl IS can

provi de the power to e device . mobi'[ e device 100
al so i ncl udégbadinasds. dhe brjtesy $8Qpan B agmbrt kafervwitle as 6mbedded 81icrgFOEessR6

whi ch are d (W o i I ; t he
Sof tviar e comonany HEER R7EBluea% aa s CRPLMTdnEN Stgi biodltny |
102 are typiqg&m provigimpaewen V4 tp#rsmabindevitent®. Afbeugiscurigst feichreiogiemekss

108,  wh chygapr é‘bét?ér?ﬁhf-u\@{ééhp oies @Etlfjr]' ?é;!&%rmﬁéﬂls(c{%%?ﬁée HeBdvir to the

&
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[0024] The mobile device 100 also includes an operating system 134 and
software components 136 to 146 which are described in more detail below. The operating
system 134 and the software components 136 to 146 that are executed by the main

25  processor 102 are typically stored in a persistent store such as the flash memory 108,
which can alternatively be a read-only memory (ROM) or similar storage element (not
shown). Those skilled in the art will appreciate that portions of the operating system 134
and the software components 136 to 146, such as specific device applications, or parts
thereof, can be temporarily loaded into a volatile store such as the RAM 106. Other

30  software components can also be included, as is well known to those skilled in the art.
[6025] The subset of software applications 136 that control basic device
operations, including data and voice communication applications, will normaily be
installed on the mobile device 100 during its manufacture. Other software applications
include a message application 138 that can be any suitable software program that allows

35  auser of the mobile device 100 to send and receive electronic messages. Various

alternatives exist for the message application 138 as is well known to those skilled in the



and the software conponents 136 to 146, such as specific device
applications, or parts thereof, can be tenporarily |oaded into a volatile
store such as the RAM 106. O her 30 software conponents can al so be
included, as is well known to those skilled in the art. [0025] The subset
of software applications 136 that control basic device operations,

i ncl udi ng data and voi ce comuni cation appéications, w il normally be
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the wireless infrastructure and any host system, such as an enterprise system, that the
mobile device 100 is authorized to interface with. Examples of a wireless infrastructure

25  and an enterprise system are given in Figures 3 and 4, which are described in more detail
below.
[0029] The connect module 144 includes a set of Application Programming
Interfaces (APIs) that can be integrated with the mobile device 100 to allow the mobile
device 100 to use any number of services associated with the enterprise system. The

30 connect module 144 allows the mobile device 100 to establish an end-to-end secure,
authenticated communication pipe with the host system. A subset of applications for
which access is provided by the connect module 144 can be used to pass IT policy
commands from the host system to the mobile device 100. This can be done in a wireless
or wired manner. These instructions can then be passed to the IT policy module 146 to

35  maodify the configuration of the device 100. Alternatively, in some cases, the IT policy

update can alsc be done over a wired connection.



bel ow. [0029] The connect nodul e 144 includes a set of Application
Programm ng Interfaces (APIs) that can be integrated with the nobile
device 100 to allow the nobile device 100 to use any nunber of services
associated with the enterprise system The 30 connect nodule 144 allows the
nmobi | e device 100 to establish an end-to-end secure, authenticated

communi cation pipe with the host system A _subset of applications for

whi ch access is provided by the connect mdful e 144 can be used to pass I T
policy commands fromthe host systemto the nobile device 100. This can be
done in a wilP@3lss orOther baesransrsivara peRlisationstoancisabrsingtatied brie thebwolplessed
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i nstal | at i o Mfdhekiscievicre O0anetdapmapvids enhsinced enwisisice @rw&oma:@omwnmaozman

provi de1gnhangsed ranstdRY i ®oftlReE ELMsnle %%Umo%%waatﬂoﬂ g,l &&sﬁs %#m&ﬁébfws

or both. For exanple, secure connunlca I on plications
el ectroni c EEFHERIEEOMMREEs Binstiensdnstaieer sslebﬁanfﬂrﬁr@naactrpnahsta@;wr@@eﬁo be

perforned uysihBghd Aeoi®bili& fgyi ce 100. [0032] The data port 114 enables a
subscri ber to set preferences through an external device or software
appl i cat i on [@¥F] ext endéetdséa eebAbd pRaklessa sebscrberiplset erefrsences throggh e by

provi di ng f @kielit aENES bPébff’Naré abbivafion %A@itgﬁtﬂsthg%abg’ﬁw’é%mf 1 HEMile v?c%o

ot her than through a w reless comruni cati on network e alternate downl oa

path cah® f dP0 byReawsiing fopinfereadion or pofiwpradownioagpta be meljlesieviset!Rg ofsti | e
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provi de secure device comunication ta port be any
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parallel port. In song instances, the po can B port that
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port 114 can be a serial or a parallel port. In some instances, the data port 114 can be a
USB port that includes data lines for data transfer and a supply line that can provide a
charging current to charge the battery 130 of the mobile device 100.
[0034] The short-range communications subsystem 122 provides for

25  communication between the mobile device 100 and different systems or devices, without
the use of the wireless network 200. For example, the subsystem 122 can include an
infrared device and associated circuits and components for short-range communication.
Examples of short-range communication standards include standards developed by the
Infrared Data Association (IrDA), Bluetooth, and the 802.11 family of standards

30 developed by |IEEE.
[0035] In use, a received signal such as a text message, an e-mail message, or
web page download will be processed by the communication subsystem 104 and input to
the main processor 102. The main processor 102 will then process the received signal for
output to the display 110 or alternatively to the auxiliary 1/O subsystem 112, A subscriber

35  can also compose data items, such as e-mail messages, for example, using the keyboard

116 in conjunction with the display 110 and possibly the auxiliary /O subsystem 112, The



[ 0034] The short-range comruni cati ons subsystem 122 provides for 25

communi cati on between the nobile device 100 and different systens or
devices, without the use of the wireless network 200. For exanple, the
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communi cati on standards i ncl ude standards1qeveloped by the Infrared Data
Associ ation (IrDA), Bluetooth, and the 802.11 fam |y of standards 30

devel oped by | EEE. 003;% In use, a received signal such as a text nessage,
an e-mai | meRBHGH SWORYSIREL 15458 VA GRFSRISUED B dicyEl 8YEEN YO se track ball,

comuni cat i aRfraebsigéemtlddecididol ARMEr iReelWii® dREMICERERS YO sinkPepabils. TRE N
processor 102 |1, then l\p(/%rocess t he received si'gnal for ‘output to the

I
di spl ay 110 'S¥PaarddrRat pigfargbly an@irbanuwers kexpopfarrdiprdplepaanertype kaypad.

subscri ber 3%owsieraltisdr tpRERA%ey SRl ds t4rBABo bE USEY. BScdinpiiels ilBRS&RARS, for
exanpl e, _using the keyboard 116 in conjunction with the display 110 and

possi bl y 5t hd RERGCRVeT ey istiersyratuik 208 thrprgh the comipunipatiop bpeyare dff112
can incl ude [desgices suwdt vare BrinQuidatisRS 88N ovdrBUSSaralidraskhdMdbile dbniEd aGed
fingerprint detector, or a roller wheel wth nam ¢ button pressi

r, o ith d
capabi | i ty. SREPstEGbesian frcend thit dietegpived a'ﬁ?‘/%’ls &F%ﬁﬂ?ﬁé?tiodh%éWQF %T%nd/ or
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the communi CHEIOIMP SUBYSEMSPYEYas 2 VBie8 51eSEage (RSP L BIRFEFAERbARO PEhe
overal | 10penapleaieneld dhdemdbikledREi108. AHdugh SocdBS badb isgjnkYodbiid ar ,

except that the received s,!ygﬂal S a%e[e output to the speaker 118 and
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[0038] Signals received by the antenna 154 through the wireless network 200 are

input to the receiver 150, which can perform such common receiver functions as signal
amplification, frequency down conversion, filtering, channel selection, and analog-to-

25  digital (A/D) conversion. A/D conversion of a received signal allows more complex
communication functions such as demodulation and decoding to be performed in the DSP
160. In a similar manner, signals to be transmitted are processed, including modulation
and encoding, by the DSP 160. These DSP-processed signals are input to the transmitter
152 for digital-to-analog {D/A) conversion, frequency up conversion, filtering, amplification

30  and transmission over the wireless network 200 via the antenna 156. The DSP 160 not
only processes communication signals, but also provides for receiver and transmitter
control. For example, the gains applied to communication signals in the receiver 150 and
the transmitter 152 can be adaptively controlled through automatic gain control algorithms
implemented in the DSP 160.

35 [0039] The wireless link between the mobile device 100 and the wireless network

200 can contain one or more different channels, typically different RF channels, and



[ 0038] Signals received by the antenna 154 through the wrel ess network 200
are input to the receiver 150, which can perform such comron receiver
functions as signal anplification, frequency down conversion, filtering,
channel selection, and analog-to 25 digital (A/D) conversion. A/D
conversion of a received signal allows nore conplex conmunication
functions such as denodul ati on and decodiqg to be perforned in the DSP
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time periodd"PEBEA 188 go 8@:%'5&08@9‘&%‘&a%ﬁr@‘éwnﬁﬁﬁ”efa‘
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commonly used in communications through the network 200.
[0042] In a GSM network, the MSC 210 is coupled to the BSC 204 and to a
landline network, such as a Public Switched Telephone Network (PSTN) 222 to satisfy
25 circuit switched requirements. The connection through the PCU 208, the SGSN 216 and
the GGSN 218 to a public or private network (Internet) 224 (also referred to herein
generally as a shared network infrastructure) represents the data path for GPRS capable
mobile devices. In a GSM network extended with GPRS capabilities, the BSC 204 also
contains the Packet Control Unit (PCU) 208 that connects to the SGSN 216 to control
30  segmentation, radio channel aliocation and to satisfy packet switched requirements. To
track the location of the mobile device 100 and availability for both circuit switched and
packet switched management, the HLR 212 is shared between the MSC 210 and the
SGSN 216. Access to the VLR 214 is controlled by the MSC 210.
[0043) The station 206 is a fixed transceiver station and together with the BSC
35 204 form fixed transceiver equipment. The fixed transceiver equipment provides wireless

network coverage for a particular coverage area commonly referred to as a “cell”. The



20 This list of conponents is not neant to be an exhaustive |list of the
conponents of every node 202 within a GSM GPRS network, but rather a |ist
of conponents that are comonly used in comrunications through the network
200. [0042] In a GSM network, the MSC 210 is coupled to the BSC 204 and to
a landline network, such as a Public Sw tched Tel ephone Network (PSTN) 222
to satisfy 25 circuit switched requi remen];3 The connection through the
PCU 208, the SGSN 216 and the GGSN 218 to public or private network
(I'nternet) 2 4 (tal so referred to herein generally as a shared network
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Further, the VLR 214 al so ﬁ}iﬂs information on nobile devices that are
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use of computing resources.
[0045] The SGSN 216 and the GGSN 218 are elements added for GPRS support;

namely packet switched data support, within GSM. The SGSN 216 and the MSC 210

25  have similar responsibilities within the wireless network 200 by keeping track of the
focation of each mobile device 100. The SGSN 216 also performs security functions and
access control for data traffic on the wireless network 200. The GGSN 218 provides
internetworking connections with external packet switched networks and connects to one
or more SGSNs 216 via an Internet Protocol (1P) backbone network operated within the

30 network 200. During normal operations, a given mobile device 100 must perform a
“GPRS Attach” to acquire an IP address and to access data services. This requirement is
not present in circuit switched voice channels as Integrated Services Digital Network
(ISDN) addresses are used for routing incoming and outgoing calls. Currently, all GPRS
capable networks use private, dynamically assigned |P addresses, thus requiring the

35  DHCP server 220 connected to the GGSN 218. There are many mechanisms for dynamic
IP assignment, including using a combination of a Remote Authentication Dial-In User



t he permanent nobile device data transmtted fromthe HLR 212 to the VLR
214 for faster access. By noving additional information froma renote HLR
212 node to the VLR 214, 20 the amount of traffic between these nodes can
be reduced so that voice and data services can be provided with faster
response tinmes and at the same tine requiring |l ess wuse of conmputing
resources. [0045] The SGSN 216 and the Gﬁgu 218 are elenents added for GPRS
support; nanely packet switched data support, within GSM The SGSN 216 and
the MSC 210 25 have simlar responsibilities within the wirel ess network
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one or aAP% U3 ile devices 100 cannot exchange data w thout first

per f or i ?’é% Hh?%’ avgablpip thedietyerk¢R8. B‘ég}?x@?ﬁ%%? oldhefPRise. The

APN can be TR XEE HRON St RE200I Wil |r@h'arﬁ Qﬁe ffel fBF B5EHEPDPUBMdXt RRORSHA ifas
"nmyconnect i a{nqﬁw rel ess. com d’VE\?fgj Once the GPRS Attach operation is

conpl et e, fiffet 14cK Of ety a&"'qb"ethé'P? i1e0 |'Ss”fé>klé'rﬁ‘§rﬁ*§é:’d3’° Atext &teandar d
| P packets wsiMQomtayt @ihWeCfbiidchRl HAKO P S4NBSS Ftbed b e IPGKRES podhi s

i ncl udes tunnelin such as |P over IP as in the case with sone
| PSecurity mqﬁé‘@‘é‘?bmgélgﬁéveugéa with Virtual Private Networks (VPN).
These panngdmi7are al wgdr@hegé@dx;k@:@aﬁam&@éur@%@nﬁn@h@wlan(e?mMaGpnt exts
and there are a 15 limted nunber of vail able in the network 200. To
maxi m ze us&° rgfgqq{@n host system 258wn}1 W%IC% ﬁe mobile device 100 can communicate in
conjunction with the connect module 144, The host system 250 will typically be a
corporate enterprise or other local area network (LAN), but can also be a home office
computer or some other private system, for example, in variant implementations. In the
25  example shown in Figure 4, the host system 250 is depicted as a LAN of an organization
to which a user of the mobile device 100 belongs. Typically, a plurality of mobile devices
can communicate wirelessly with the host system 250 through one or more nodes 202 of
the wireless network 200.
{0048] The host system 250 comprises a number of network components
30  connected to each other by a network 260. For instance, a user's desktop computer 262a
with an accompanying cradle 264 for the user's mobile device 100 is situated on a LAN
connection. The cradle 264 for the mobile device 100 can be coupled to the computer
262a by a serial or a Universal Serial Bus (USB) connection, for example. Other user
computers 262b-262n are also situated on the network 260, and each can be equipped
35  with an accompanying cradle 264. The cradle 264 facilitates the loading of information
(e.g. PIM data, private symmetric encryption keys to facilitate secure communications)



Contexts, the network 200 will run an idle tinmer for each PDP Context to
determne if there is a lack of activity. Wien a nobile device 100 is not
using its PDP Context, the PDP Context can be de-allocated and the IP
address returned to the I P address pool nmanaged by the DHCP server 220. 20
[0047] Figure 4 is a block diagramillustrating conponents of an exenplary
configuration of a host system 250 with MQ|ch t he nobil e device 100 can
comuni cate in conjunctlon with the connédt modul e 144. The host system
250 will typically be a FTEorate enterprise or other |ocal area network

(LAN), but  dEgin ﬁ]es‘@ebéo'apw@ 035t pitee mobdergayies 100, asdwan betpartiogiany aseful for
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Fi gure 4, the host system 250 is depicted as a LAN an or?anl zation
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nobi | e devi cee@ha@”bf@@éggg@é§at e wrelessly wth the host system 250 through
one or nmpre nodes 202 of "the wirel ess network 200. [0048! The host system
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initializi ng@gge nobi | e devi ce 100 f use. i nformati on Iooa ded

the nobile £ &e ftren%%%mlq'f@%éowwﬁs V@atﬂé@ slta@wa in Wet%mp@ac ﬁ@ﬁg@m@m
nmessages. 50E9@&&34It wi |l be understood by persons skilled in the art that

t he user co t rs S_a 262n are typically also connected to other
peri phe =Y eriagiitats the papr@tion phthe mofle devise d OR gnd dgwireless y shown

in Figure 4cor'ﬁbl’fdnhﬁhd5@6ﬁne§é&|g}és anémgag@kmsau@fa&ae@wmm%nﬁfson@fdems1b@st
system 250 are shown in Fi ase of exposition, and it wll

under st ood 693 FEMBBRRNS RS fhgé‘asfi %5/8{%2%9@ rﬂqﬁa@erméﬂrﬁ@% C%rgﬂgwr?a swnort

conprise  1@omgehdriOnad c&OPPPRRIMEE. hdindindIdNént8idNs HletvidelSRUMMMMhiEtigH' €
4 for this exerrpl ary configuration. Mre generally, the host_system 250 can

represent aSYIRAT QTRAARTISGH Ugan|inglyle a MesiRaMaRBICRIN RAN e R7 2 Hemobile data
or gani zzg i 0Bervan2ly &; arweosaNdrs Sudh 4<f 19y RIMexCPRRSRE Pictoc (T TF) fpverioiyanged in
different t Ognotlagt%le?vsertﬁg nantdhaaéevslcheon\qgnlagnertn?c?du?ex% lHal"r seenri\?é)rs |Cg1§ g%so be
located outside the enterprise system, as indicated by the HTTP server 279 attached fo
the network 224. The device manager module 278 includes an IT Policy editor 280 and
an IT user property editor 282, as well as other software components for allowing an IT
25  administrator to configure the mobile devices 100. in an alternative embodiment, there
can be one editor that provides the functionality of both the IT policy editor 280 and the {T
user property editor 282. The support components 270 also include a data store 284, and
an IT policy server 286. The IT policy server 286 includes a processor 288, a network
interface 290 and a memory unit 292, The processor 288 controls the operation of the IT
30 policy server 286 and executes functions related to the standardized IT policy as
described below. The network interface 290 allows the IT policy server 286 to
communicate with the various components of the host system 250 and the mobile
devices 100. The memory unit 292 can store functions used in implementing the IT policy
as well as refated data. Those skilled in the art know how to implement these various

35  components. Other components can also be included as is well known to those skilled in



of Figure 4. 15 [0050] To facilitate the operation of the nobile device 100
and the wireless conmmunication of nessages and nessage-rel ated data
bet ween the nobil e device 100 and components of the host system 250, a
nunber of w reless comunication support conponents 270 can be provided.
In sonme inplenentations, the wireless comuni cati on support conponents 270
can include a nessage nmanagenent server 272 a nobi | e data 20 server 274, a
web server, such as Hypertext Transfer Protocol (HTTP) server 275, a
contact servgr 27 and, a devi ce manager nodul e 278, HITP servers can al so
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250 and t he(TCP)/IP or User Datagram Protocol (UDP)/IP connection for delivering the messages
directly to the mobile device 100 in this alternative implementation.
[0053] Messages intended for a user of the mobile device 100 are initially
received by a message server 268 of the host system 250. Such messages can originate

25  from any number of sources. For instance, a message can have been sent by a sender
from the computer 262b within the host system 250, from a different mobile device (not
shown) connected to the wireless network 200 or a different wireless network, or from a
different computing device, or other device capable of sending messages, via the shared
network infrastructure 224, possibly through an application service provider (ASP) or

30  Internet service provider (ISP), for example.
[0054] The message server 268 typically acts as the primary interface for the
exchange of messages, particularly e-mail messages, within the organization and over
the shared network infrastructure 224. Each user in the organization that has been set up
to send and receive messages is typically associated with a user account managed by

35  the message server 268. Some exemplary implementations of the message server 268

include a Microsoft Exchange™ server, a Lotus Domino™ server, a Novell Groupwise ™



nobi | e device 100. The wireless VPN router allows a VPN connection to be
established directly through a specific wireless network to the nobile
device 100. The wireless VPN 15 router can be used with the Internet
Protocol (IP) Version 6 (1PV6) and I P-based wireless networks. This
protocol can provi de enough | P addresses so that each nobile device has a
dedicated | P address, making it possible tg push information to a nobile
device at any tinme. An advantage of u5|ng a wreless VPN router is that it
can be an off-the-shelf VPN conponent, and does not require a separate
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messages retrieved for delivery to the mobile device 100. The message application 138
operating on the mobile device 100 can also request messages associated with the
user's account from the message server 268. The message application 138 can be

25  configured (either by the user or by an administrator, possibly in accordance with an
organization’s IT policy} to make this request at the direction of the user, at some pre-
defined time interval, or upon the occurrence of some pre-defined event. in some
implementations, the mobile device 100 is assigned its own e-mail address, and
messages addressed specifically to the mobile device 100 are automatically redirected to

30  the mobile device 100 as they are received by the message server 268.
[0057] The message management server 272 can be used to specifically provide
support for the management of messages, such as e-mail messages, that are to be
handled by mobile devices. Generally, while messages are still stored on the message
server 268, the message management server 272 can be used to control when, if, and

35  how messages are sent to the mobile device 100. The message management server 272



e-mail client application operating on a user's conputer 262a can request
the e-mail nessages associated with that user's account stored on the data
store associated with the nessage server 268. These nessages are then
retrieved fromthe data store and stored locally on the computer 262a. The
data store associated with the nmessage server 15 268 can store copies of
each nessage that is locally stored on th%srmbl | e device 100.

Alternatively, the data store associated wi'th the nessage server 268 can
store all of the nessages for the user of t he nobil e device 100 and only a
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and/or signed messages, minimum encryption key sizes, whether outgoing messages

must be encrypted and/or signed, and whether copies of all secure messages sent from
the mobile device 100 are to be sent to a pre-defined copy address, for example.

25 [0060] The message management server 272 can also be adapted to provide
other control functions, such as only pushing certain message information or pre-defined
portions (e.g. “blocks”) of a message stored on the message server 268 to the mobile
device 100. For example, in some cases, when a message is initially retrieved by the
mobile device 100 from the message server 268, the message management server 272

30 can push only the first part of a message to the mobile device 100, with the part being of
a pre-defined size (e.g. 2 KB). The user can then request that more of the message be
delivered in similar-sized blocks by the message management server 272 to the mobile
device 100, possibly up to a maximum pre-defined message size. Accordingly, the
message management server 272 facilitates better control over the type of data and the

36 amount of data that is communicated to the mobile device 100, and can help to minimize
potential waste of bandwidth or other resources.



10 and encrypt nessages (e.g. using an encryption techni que such as Data
Encryption Standard (DES), Triple DES, or Advanced Encryption Standard
(AES)), and push themto the nobile device 100 via the shared network
infrastructure 224 and the wireless network 200. The nessage nanagenent
server 272 can al so receive nessages conposed on the nobile device 100
(e.g. encrypted using Triple DES), decryptgand deconpress the 15 conposed
nmessages, re-format the conposed messages |f desired so that they wll
appear to have originated fromthe user's conputer 262a, and re-route the
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given contact, the contact server 276 can include the name, phone number, work address
and e-mail address of the contact, among other information. The contact server 276 can
also provide a global address list that contains the contact information for all of the
25  contacts associated with the host system 250.
[0063] It will be understood by persons skilled in the art that the message
management server 272, the mobile data server 274, the HTTP server 275, the contact
server 276, the device manager module 278, the data store 284 and the IT policy server
286 do not need to be implemented on separate physical servers within the host system
30 250. For example, some or all of the functions associated with the message management
server 272 can be integrated with the message server 268, or some other server in the
host system 250. Alternatively, the host system 250 can comprise multiple message
management servers 272, particularly in variant implementations where a large number
of mobile devices need to be supported.
35 [0064] The device manager module 278 provides an iT administrator with a
graphical user interface with which the IT administrator interacts to configure various



routed through nobile data server 274 and then to HTTP server 275, through
suitable firewalls and other protective nechani sns. The web server then
retrieves the webpage 10 over the Internet, and returns it to nobile data
server 274. As described above in relation to nmessage managenment server
272, nobile data server 274 is typically provided, or associated, with an
encoder 277 that permts retrieved data, %@Ch as retrieved webpages, to be
deconpressed and conpressed, using any suitabl e conpression technol ogy
(e.g. YK conpression, JPEG MEG x, H 26x and other known techniques), and
encrypt ed 15366@9@ forjae ﬁ@b&%d@%&smq & neentinned e éTuﬂm'aW@Escaw%lTepqﬂes
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t he host system 250 can conprise nultiple nessa mahagenent servers 272,
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provides an | T a trator wt hi cal_user interface with

the I T admi APSErefeoren $0 r“élf?%“’?“éﬁsééﬁg? frire ey RerdoFeeero BlusdRGEHgoMPereathe

nobi | e devi ef%atlBixeSF th@ MadNafd optiéhally caslEritedrh AbRY the MGRISSIo dpdkelihtey
ehavj ors of certaln applications on the nobile device 100

rules to defg}e;f p p/
that are VY e LORFhCAR' $6%e! N VISPIRRSRACP UPRS PRHte RIS ERIPT BRoEe
The I'T pol i Wthéuésasafmesam@nbaowée& tre cﬁe%br@é@ietébl'ﬁm@uééadré@&tétﬂ’é to other
conflguratlonI settin t hat an or%eaqj \8\2 requir 5 on the rTDI%
devi cos 100°QREFPERES THUSIE GRAITALE. (b2 (Y U BN SRSFPPoRRYES APTIgEREIYS §nU and
V. The Y component represents the brightness, or luminance, of a pixel, and the U and vV
components represent the chrominance. The preprocessor 302 can also downsample, or
chroma sample, the chrominance components to reduce the file size of the compressed
25 image. The ratios at which the downsampling can be done in JPEG are 4:4:4 (no
downsampling), 4:2:2 (reduce by factor of 2 in horizontal direction), and most commonly
4:2:0 (reduce by factor of 2 in horizontal and vertical directions). Downsampling of the
chrominance components saves space taken by the image, and the resulting loss of
quality is generally imperceptible to the human eye. For the rest of the compression
30  process, the Y, U and V componenis are processed separately. After downsampling,
each component channel is split into 8x8 blocks, if the data for a channel does not
represent an integer number of blocks then the preprocessor 302 pads the incomplete
blocks, as is well-known in the art,
[0067] The 8x8 blocks are then fed to the DCT block 304, which converts
35  components to the frequency domain using a two-dimensional forward DCT. The output

of the DCT is a set of DCT coefficients in the frequency domain. The first, or lowest,



security requirenents (e.g. encryption algorithns, password rules, etc.),
specifying thenes or applications that are allowed to run on the nobile
device 100, and the like. [0065] The arbitrary ratio resizing nethod and
systemw || now be described. For the purposes of explanation, a JPEG
imge format is assuned throughout the rest of this 10 descri ption.

However, the described techniques are suitahle to inage or video frane
conpressi on using any DCT conpression technique, including JPEG MPEG x and

H. 26x. For i J , rhitrary, . i 0 resjzing of inmages or
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represents thesgprdighdpgss, or lumnance, of a pixel, and the U and
conponents represent the chrom nance. The preprocessor 302 can al so
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conpr essjzon 9565%, - . ents ar ocessed separately.
After downsa IS??] X eacgh gén‘ggen%e%?éjdcﬁéﬁ%g%%ﬂgggﬂ?? gﬁqﬂ{qu a8y rgeReeder ¢
the data for3 iffrasodietes method pbpressiant pravide attegey resihe bf #tompeeksd t hen

t he preprocesggt i I bl acks, as .is | | -known in the
art. [0067] _Thgéé@%%b?%gEg%grﬁék{?ﬁg‘an%fseég?dosﬁaﬁag B@F”’tﬂt%réfl\gﬁi@ 3R Aetgrmined
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B auant | rer 4o e L or), K P e nErin BT icBER S Beep
size for t ha’tpphed to coefficients of successive blocks in the compressed image in accordance with
the scaling parameters. As used herein, "non-uniform" means unequal or uneven, in that
alf blocks are not sampled at the same rate. More specifically, as described in detai
25  below, P blocks are sampled and transformed from a given block length to |P| according
to a |P|-point IDCT, while Q blocks are sampled and transformed from a given biock
length to |Q[ according to a |Q[-point IDCT. The non-uniformly sampled and transformed
pixel domain samples are then regrouped into a predetermined block size, and
transformed back to generate the DCT coefficients of the resized image. In an
30  embodiment, the transformation can be done by applying an 8-point DCT to regrouped 8-
sample blocks.
[0069] The method and system wiill now be described in greater detail with
reference to a downsizing operation, where the image is downsized by a scaling ratio
L/M. However, upsizing by a scaling ratio of M/L is equally applicable. The scaling ratio is
35 anirreducible fractional number. For example, if downsizing the spatial resolution of an
image from 464 to 320 in one dimension, then L/M = 320/464 = 20/29, and M =28 and L



frequency, and then rounding to the nearest integer. The quantized
coefficients are then 5 entropy coded, at entropy coder 308, using

t echni ques such as Huffman coding or arithnetic coding, to arrive at the
conpressed bit stream output. Deconpression of a conpressed inmage proceeds
in reverse at the decoder 103 (see Figure 1): the conponents are subject
to entropy decodi ng, dequantization, |IDCT,,and restoration to the RGB

col or space. 10 [0068] A resizing transco 320 for resizing conpressed
images in the inis shown in Figure 6. The resizing transcoder 320
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determined by the scaling function 326 based on the scaling ratio and standard block
length. When the standard block length is 8, IDCT lengths |P| and |Q, and scaling
parameters P and Q are calculated as follows:

| Pl=ceil(8* L./ M)

| Q= floor(8* LI M)

P=8*L-|Q*M

O=M-P

25

where L/M is an irreducible fractional number; the function ceil(x) returns the smallest
integer that is greater than or equal to x; and the function floor(x) returns the largest
integer that is less than or equal to x.
[0071] IDCT 328 then performs a |P{-point IDCT on P blocks of the image, and a
30 |QJ-point IDCT on Q blocks (step 406) to downsample the image. To reduce scaling
distortions, a permutation scheme can be used to determine the order in which blocks are
transformed according to |P[-point and |Q|-point IDCTs. Such downsampled and
transformed blocks are referred to herein as P-blocks and Q-blocks, respectively. Any



though it is fully contenplated that a different standard unit block I ength
could be used. Although the resized imge can take an arbitrary spati al
resolution in the pixel domain through the present arbitrary ratio DCT
domai n scaling nethod, the basic unit in the DCT 5 domain is generally an
8x1 or 8x8 bl ock dependi ng on whether the operation is perfornmed in one or
two di nensions, To sinplify the descriptiﬁg, the inmage is assuned to be
formed of 8x1 sanple blocks in both the rizontal and vertica

directions. The original inmage is assuned to consist of rows and col ums
of M bl ocks, Peamdtatine of istgriseding salkrpme sambe uped indyingppssiuge-randanaideriaading of
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function 326, baSed sca ratio andard

bl ock | engt EXpaysigst AfdA)S '3"9% thqncﬁ R @rﬁﬁteﬁmlm basgd 0|an18 gate @Fsend B@dlaskaed
by the scal iad@fdied bPBnaPthibdsed on the scaling ratio and standard bl ock
I ength. Wen the standard bl ock length is 8, IDCI lengths IPl _and 1Q, and
scaling pal®¥@ers P Figide & shpws saneantualiydrowdhe Rl @'O%&HPOP’UQCEQPPT(GQONS L/
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perfornms a API - point bl ocks of "the I ma | Q - poi nt
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whi ch bl ocks are transforned accordi to IPl-point and | Q -point |DCTs.

Such downsaRPFEB#A samplertieckefed. b O‘é‘lséhc’r‘féfaéﬁ uedergenparRirppitdDBThl ocks
and Q bbp@cksssultingiePidaries peNPiblock, are labeled X1(nM)g; - Xp(n)p, and those that have

undergone a |QJ-point IDCT, resulting in Q samples per Q-block, are labeled x;(n)q, -
Xo{N)o. The permutation scheme used in this example is single block interleaving, as
described above.
[0073] Returning to Figures 6 and 7, the resizing function 330 regroups the pixel
25  domain samples into L 8-sample blocks (step 408). DCT 332 then performs an 8-point
DCT on each regrouped block to generate the DCT coefficients of the resized image
(step 410). The DCT coefficients of the resized image can then be optimally quantized
(step 414} in a soft decision manner or regularly quantized (step 416) in a hard decision
manner at quantizer 334 prior to entropy coding (step 418) at entropy coder 336. Figure 8
30  again conceptually shows the resampling and regrouping steps 406 and 408. The
regrouping of the pixel domain samples into 8-sample blocks x;{(n)s — x.(n)s is shown
conceptually by the hashed lines 424. The 8-point DCT operation is depicted by the
transition from the regrouped pixel domain samples 424 to the DCT coefficients of the
resized image 426, labeled as blocks vy(k)s —vi(k)s. Thus, in this example a 6-point IDCT
35  is required for 15 blocks and 5-point IDCT is required for the remaining 14 blocks. All the
DCT operations on the regrouped 20 blocks are of length 8.



23 pernutation or interleaving schene can be used, including pseudo-random
interleaving of the P-blocks and Q blocks. If P and Q have a conmobn

factor, the M blocks can be further divided into smaller groups according
to the common factor and each smaller group can be pernuted according to a
desired permutation scheme. According to a first exenplary 5 schene, a
JP1l-point IDCT is performed on the first B blocks and 1QL-point IDCT is
performed on the remaining Q bl ocks. Accoﬁﬁlng to a second exenpl ary

schene, P- blocks and Q bl ocks can be interleaved until one t%£e of bl ock
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quantized (aicRPsHGAd bé Osat ePktalfgad ﬁiéi’fﬂaﬂ&ﬁ@ﬁ‘émﬂfngrrﬁ%'bﬁi‘hbbrz@!ﬁ@ﬁma@@d
(step 416) in %ghard deci si on nmanpner guanti zer 334 prior fo entropy

codi ng (st ep™asy. He f%fﬁ??faﬁvb%faﬁéwos'sﬁsof qffegawecosﬂpgoea@an thedspigehtnpge y

shows the rers@n@b;sa%ea@dt ERBIsPHIWIG thé 8H$pditet 88¢ D Fﬂ'g;gratla_ hepr erxaﬁrféumsﬁt%g)f
into 8- | e bl ocks x1 - XL(n i S shown

Lhe pixel dopmip, sapleo, [0 £-cample, BLcke IR XUDE TS o
by the 2d r asrokiigihck bastké heearcfm@ém@d/ Plo¥elerd@rmbiRtaHatHel r@éu1f’e2142 i @arh?ﬁhg;:)cr
-?—ﬁﬁfsf ! ICIne? Lfaglgggpg |g§{ rgfrlggeggqf Hmﬁf)@frt e reéige%ellm%%eas%oglld%%ksset ¥01 (I)< ar?d -20 for the
luminance and chrominance components, respectively. Adjusting the original or target
number of blocks can be achieved by discarding samples or zero-padding the sample
streams, as appropriate.
25 [0076] Finally, if the sampling ratios of the luminance component and
chrominance components of the original image differ, the calculated M, L, P and Q for the
component sampled at the higher rate (i.e. the luminance component) should be
increased accordingly to prevent color displacement in the resized image. For example, if
resizing a 4:2:0 JPEG image from 408x408 to 312x312, M, L, P and Q, as calculated
30  above, are respectively 5, 4, 2, and 3 for both the luminance component and the
chrominance components. To prevent color displacement, the values of M, L, P and Q for
the luminance component (i.e., the component sampled at the higher rate) should be
doubled during the resizing operations. In other words, for the luminance component,
twice as many blocks will be downsampled and resampled as a processing unit. The
35  IDCT lengths [P} and |Qf remain unchanged. Thus, the computational complexity does

not increase.



35 is required for 15 bl ocks and 5-point IDCT is required for the renaining
14 bl ocks. Al the DCT operations on the regrouped 20 bl ocks are of |ength
8. 24 [0074] To sinplify inplementation the original imge can be scal ed
down by 1:8 prior inplenenting the present resizing nmethod, if 8*L/M1.
This can be easily inplenmented by perform ng an 8-point DCT on the DC
coefficients. This 1:8 resizing processnégn be repeated until 8*L/M?1. 5
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nunber of bl ocks tge resized i mage shoul d be set to 40 and 20 f(g;) t he

| uni nance aHBaQﬂf’rsg‘ﬁ’iJ“ ﬁ%‘é’%%ﬁrﬁ%ﬁ?%"t melRQsRgsAF Ay hakldhe dimerfyrewae Yd? nal

or target pu@bgsmanh cbbm@l@%nqameé@ AgPEEVRAgEYo QU@@@@%@QPE@ngé

zer o- pag ngpt he sa as ap PI’I ate. [ 0076]  Fi naIIy, if the
ra

sanplin yevestbet éV'FH%%‘&ﬁ‘éeCE'BHﬁ@HéﬂP AR %WF@%"ﬁ%Eﬁ‘é‘%’ﬁSﬁ@ﬂ% s of

the origi nabuwm@esdmbé@rn, Pérhevcabﬂumt"ﬁﬁbltﬁéw#an&n@@d f%:fz;ﬁ@ u%ﬂﬂ? fascs@moaent

sanpl ed at the h| g g é Ct e lum nance conponent)

i ncreased aCRBPETfFgpIet °f§? T/@ﬁ?e biagpeasies p (e MRS Wﬁqerf‘é‘OF%%ﬁ 2’8H1§n'écge

For exanpl e2, Féb. 2neswﬁeregaﬂer43a%kpthb%&emmhéd @@iuﬂ@s?vé‘ﬂié%stcamgﬂegxfﬁd;z agwi hL
, . an or bo

Pand Q as cuI ted re.re tively
ho - o nanDE oAt s S0 e B e o e ORI o4 SR col or
di spl acmrenparktsrwfbmw@ﬁo@ésamg ettddOASR 1), ahe rddirell DT NEGWTRIEA MRS Bie

(i.e., the gr?s%mvyet?;}s:z%% ylz%go—%gdémg toh#ogwq(Ersamaglg?)log}ps?%nqxpomt IDCT is then

performed on each block, resulting in M L-point blocks. The M blocks are regrouped into
L bfocks, and an M-point DCT is performed on each block. The high frequency
coefficients are then discarded to arrive at an L 8-point blocks in the DCT domain. To

25  provide arbitrary ratio resizing for practical applications, Park must implement fast IDCT
and DCT algorithms for all possible lengths L and M. This is non-trivial, and adds
significant complexity to practical applications.
[0078] A comparison between the present method and the method proposed by Park
follows. One of the advantages of the present method is the significantly reduced

30  computational complexity associated with the IDCT and DCT scaling operations, which
facilitates practical application of the method and system. The actual computational
complexity reduction between the present method and that described by Park depends
on the actual scaling ratio. Table | compares the execution time consumed by the DCT
domain scaling operations of these two methods where both DCT and IDCT are directiy

35  implemented based on DCT/IDCT equations while any fast DCT/IDCT implementation



doubl ed during the resizing operations. In other words, for the |um nance
conponent, tw ce as many blocks will be downsanpl ed and resanpled as a
processing unit. The 35 IDCT | engths I Pl and 1QL renai n unchanged. Thus,

t he conputational conplexity does not increase. 25 As will be

appreci ated, for practical applications, the present resizing nmethod in the
DCT domain only requires the inplenentaE%%n of N-point |IDCT operations,
where Nis from2 to 8, and an 8-point The matrices required for
these inplenentations are well-known and readily avail able, such as

t hrough opercstsliiegece Besorpsaity iRrbossMeidds Praposiagalls liFeant beeseen St t y
reduction is r@%ﬂt%’i’e@mcﬁdr@%a@%lyr}gd&b%% tﬁ’é cd ﬁfﬁfyt\pﬁ’&f) d6§r¥d ﬂiqlﬂarkS‘YHHmt ry

propertles of the DCT for each oi nt

conbi nat i onsSxeqstichdies faséhe pﬁTIRH’Qé?d'OWROf thamigsgnt igethodzds ﬂ@ﬂsmf@zﬂﬁ@mf foghe

i mge size &M@Hgsn bf‘thbh@s;féﬂ*ﬂa%%séﬂ tﬁ@&@ﬁbnﬁand' PSR TFn@%d o@péﬁ&g iphey St .

Vi deo Technol ., 11, 47 April 2001. 10 [0077] Conpared with pixel
domai n séal |‘ﬁ’{j16ﬁé?cf%@f%d Lt%@cfpmgmen%ﬂ lpodhe dimprepntdighe erigindl ard 1spizedr t he
full DCT/ | DGhageg ieiiger thelvallieB 2t ffarl PWtRERRDrd bbrhBlitafiShal] C&M@eméﬁérk-
dormai n, and el m nates any necessary col or space conversio estin

act ual JPEG Methagderoppingthimadoesal ihe sourgenismagedsantedier e ates & Moand L ﬁm f
the time conguapdab¥s '&ﬁcro@b?ﬁghhéj%@bé‘m%&%%htls bond By 8 cBodl iR, krRge
to a downsi zed JPEG i nage, 15 achi eves better visual "quality. Conpared

to previous ra?%uapp%ﬁayom%u o resizing nmethods, such as described in Park,
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(CASE 1), tharkestethasd DCT.toef fici 8! bl ockstdbe uni fQ)65ﬂ 'y up<|22€éh by
zer o- paddi sampte-btock An—-t=po} it +DBCT i hen—perforred-on
each bl ock, gjrr%ésénllt eﬁ%ddl-n I\g 6-e|ooi nt | bl ocks, Th%’ék/l bl ockis "ar e reqr?ugpséd into
L bl ocké® afaber. Frepition HDETN sscqpels farthe @ Cnd@aaih sbdalmglopeﬂéhienblbgﬁamraaque@cy
coeffici ent |nt bl ocks in the DCT
domai n. ?@eﬁ%&@ﬁ%dg{aifﬁz’ Q?E &t'?g\(’)erl rl‘éﬁ? ?R ﬁaﬁlefngg cti cal applications,
Par k rrust | rﬁQﬂ’t’@ﬂmnt f dsthd ;Deﬁedlmndeabﬁmlcai @mpummsfobex;aamatiposmmérew dafgtihis
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applicati ons% ,f%é%fm&%gﬂ 8 ’rr?\ga(;én gﬂ q‘\?\egg Ur?j%lrSté éﬂftﬂ%ﬁ%bﬁ)}égﬁﬁ%@s fﬁégmat hod
proposed by irRenkon. fHomleges it vahee apparaet tadmarsﬂ(digem e arhtbafphesesgecifietdetaisi s
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scal | opera
electrical structures and circuits are shown in block diagram form in order not to obscure

the invention. For example, specific details are not provided as to whether the
embodiments of the invention described herein are implemented as a software routine,
hardware circuit, firmware, or a combination thereof.

[0080]

stored in a machine-readable medium (also referred to as a computer-readable medium,

20 Embodiments of the invention can be represented as a software product
a processor-readable medium, or a computer usable medium having a computer-
readable program code embodied therein). The machine-readable medium can be any
suitable tangible medium, including magnetic, optical, or electrical storage medium

25  including a diskette, compact disk read only memory (CD-ROM), memory device (volatile

or non-volatile), or simitar storage mechanism. The machine-readable medium can

contain various sets of instructions, code sequences, configuration information, or other
data, which, when executed, cause a processor to perform steps in a method according
to an embodiment of the invention. Those of ordinary skill in the art will appreciate that

30  other instructions and operations necessary to implement the described invention can



facilitates practical application of the nethod and system The actual
conputational conplexity reduction between the present nethod and that
descri bed by Park depends on the actual scaling ratio. Table | conpares
the execution time consunmed by the DCT donmain scaling operations of these
two net hods where both DCT and IDCT are directly 35 inplenented based on
DCT/ | DCT equati ons while any fast DCT/ | DCT. glnplenentatlon 26 coul d reduce
the conplexity for both nethods proportlo | It can be seen that the
present nethod dramatically reduces the co IeX|ty when conpared to ParKk.
The execut i P P AOreHeN fﬂ?é“%ﬂ%i?é‘ﬂé‘?'?@ﬂ%d"ﬁﬂ $piivase S4uYNY D Msamashised y

proportional reb@aﬁlé‘ﬂweoﬂ]nﬁ@%!n%a‘éé vﬁt'ﬂ%irﬁﬁiﬁkﬂ Qer'fd}‘ﬁf%e d%‘cﬂblé@ tgdiger hand,
Par k' s net hod depends on the val ues of in turn depend on

the di nensi df%81! t he of hgyRRRYe- da%‘i&”h’%%%‘&ﬂ‘m?ﬁ*ég%%he 'Wt’Paraé%Wtqﬂﬁiéd\P%P@les of

Mand L, t heex@ﬁfp@escmmt@r:au@ﬁglMmmh@énd §arPaa16Ks 8an H@Ieh@&ed Qtﬁ@@bﬁautahe
edges of the source reduce the values of Ma L fo certain

cases, bt ﬁ%‘fﬁﬂ"ﬁ@ntﬁwﬁ%@ﬁr%kwﬂm@@ qrbw*fhﬁa%ﬁewﬂwﬁ@mm Mﬂ@tofé&ec@watﬂne
for nost ap@hmﬁgkkﬂﬂ§dSJ@gq@ﬁh@b@ﬁﬂ§éﬁﬂm@éaﬁé§%)200X200 304x304 352x352
400x400 Value of M64 64 32 16 32 Value of L 19 25 19 11 25 Park's
method 1.15 2. 1- 1.45 0.65 2.60 Present nethod 0.06 0.10 0.22 0.28 0.35
10 Table I. Execution tine in seconds for the DCT domai n scaling operations
of Park and the present nethod for 512x512 gray-|level Lena on a Pentium PC
[0079] In the preceding description, for purposes of explanation, nunerous
details are set forth in order to provide a thorough understandi ng of the
enbodi ments of the invention. However, it will be apparent to one skilled
in the art that these specific details 15 are not required in order to
practice the invention. In other instances, well-known electrical
structures and circuits are shown in block diagramformin order not to
obscure the invention. For exanple, specific details are not provided as
to whether the enbodinents of the invention described herein are

i npl emented as a software routine, hardware circuit, firmvare, or a

conbi nation thereof. 20 [0080] Enbodi nents of the invention can be
represented as a software product stored in a machine-readabl e nedi um
(also referred to as a conputer-readabl e nedium a processor-readabl e

medi um or a conputer usable nedium having a conputer- readabl e program
code enbodi ed therein). The nmachi ne-readabl e nedi um can be any suitable
tangi bl e medi um including magnetic, optical, or electrical storage nedium



25 including a diskette, conpact disk read only nenory (CD-ROM), nenory
device (volatile or non-volatile), or simlar storage nechanism The

machi ne-readabl e medi um can contain various sets of instructions, code
sequences, configuration information, or other data, which, when executed,
cause a processor to performsteps in a nmethod according to an enbodi nent
of the invention. Those of ordinary skill j,n the art will appreciate that
30 other instructions and operations necessary to inplenment the described
invention capn 27 also be stored on the machi ne-readabl e nmedi um Software
runni ng frort®H8Sachi ne- readabl e medium can interface with circuitry to

perform the depchihed bRsksrar) 08fLlesiiy ébﬁVc%niiﬁééTsreUhﬁ‘@ ENHAKL BRREte %s%e

i nvention are |g}éne1nded to be exanpl es onl y Al'terations, nodifications and
vari ations dERsiEMePEdciueeit Fatsisperteradfar 5 enbodi nents by those of

skill in the art dﬂtérhﬁmhg qapar Flr'sﬂ%nﬁr@éﬂohaesc%@@@%a@émétﬁﬁs inN\e@Béri8Rce wii £h
is defined solely the cl ains appended hereto. 28 Cains: 1. A nethod

for arhbi rar3§a't“?§5t f%‘or%%q AN rRyi9dte! dAMeetpreRss of itlecke 3l prarast Jupee austeT 9
transf orm D@Jockgomai n, conprising steps of: determning (404) first and
second scal i ng par arret ers i n accor d?nce with a 5 scaling ratio and an
original image ndFHEIMIBE (AP LORHE %W%ﬂ"@f@’ﬂ‘gl'%ﬁ'&eDﬁErﬁ%‘Fa'W'“ JsrereRace with

perform ng (4dEst antheBedH Jo@rmq PR dt1g, b Dmeoda%éim éuccbgsn&,cs@ew&amq&e
with the first and second sca |ngré araneters, DCT coefficients of

successi ve SPBPRESSER MaRe ORRYdes ”'if‘?FB’ﬂ}\ései’Bplﬁ‘i‘ 6@"“8‘651*&‘:5?{’ uni formy sanpl ed

sanpl es;ipand 10 peHbehiRy r(gm)%OD)CEF &8kt ioat theNnéHuhilPmROBaMPiel OsdFhles to
sanpl ed sanples t efficient blocks of a resized inmge. 2.

0
The nethod &' $9\Tfoeﬁ5ﬁ‘éf‘hﬁggﬁé§é‘rrﬁ?'ﬁ?%ﬁnﬁ% first and second scaling
par aneters corrprl ses steps of 15 det ermning first and second inverse

di screte co transform' ths as functions of the scaling ratio
and a DCT bl rcfh Bloﬁ’ foc'al”ﬁe 66}?;5?‘8 éf‘df‘ﬁ'rflr%g‘e Haenussendisseing fE‘EHér%F ferst
and second semblises fepasreters as functions of the DCT block Iength of the

conpressed i mage,, the origipal nunber of blocks, the tar

number i? bl ocks ¢ %ﬁ’&‘”ﬁ%g@éé%ae? NYIRGAFCresp Cﬁ'“?ﬁ'@”ﬁ@ﬁﬁo@%ﬁ 4] '%rr?sz
wher ei nf det eurgtion g\ thé ecdling $&ticdrl § eTINslogCIBhGtR @ PRY HMiressed iFREBTdres
steps o determining the first and second scaling parameters as functions of the DCT block
length of the compressed image, the original image number of blocks, the target image

number of blocks, and the second IDCT length.

20
3. The methed of claim 2, wherein determining the first and second scaling parameters
comprises steps of;
determining the first IDCT length that is a closest integer larger than or equal to
the product of the DCT block length and the scaling ratio;
25 determining the second IDCT length that is a closest integer smaller than or equal

to the product of the DCT block length and the scaling ratio;
determining the first scaling parameter according to the difference between the
product of the DCT block length and the target image number of blocks and the product
of the second IDCT length and the original image number of blocks; and
30 determining the second scaling parameter according to the difference between the

original number of blocks and the first scaling parameter.

4. The method of claim 3, wherein performing (406) the non-uniform sampling in the
DCT domain comprises steps of:
35 performing an IDCT of the first IDCT length on a number of blocks proportional to

the first scaling parameter; and



determning the first IDCT |length that is a closest integer |arger than or
equal to the product of the DCT block Iength and the scaling ratio; 25
determ ning the second IDCT length that is a closest integer snmaller than
or equal to the product of the DCT block Iength and the scaling ratio;
determining the first scaling paraneter according to the difference between
the product of the DCT bl ock | ength and tj@e target inmage nunmber of bl ocks
and the product of the second IDCT | engthand the original inmge nurrber of
bl ocks; and 30 determni ??%Ié second scal.i araneter according to

di fference bet wedfiHaNg A" g, ddPCEq & 0B g YrHRer Pf P'gﬁkssrafaprfﬁ@na*

paraneter. 4o tAheedptResingfpeaabter.3, wherein perform ng (406) the
non-uni form sanpling in the DCT donain conprises steps of: 35 performng
an IDCT of the first IDCT |length on a nunber of bl ocks proportional to the

first scalirg paeahed of aaeh 29furper Eamphighey arstddDS T paHorinlig §Fé@rﬁl@laﬂrcmﬁ the
I.ng par anmeter.

| ength on a r, of pl ocks ortional ,  to the second, sca
5. The rrgt hd@%g?aqé*l‘%{”' 4 ?%PB% IHERACP o2 REdpieBR N PRBRHRTRY Seheme.
per nut ati on of the 5 IDCT at the first and second | engths according to a

' ' h f
Pt ccedi ng ot NE° MBI PhaRePrOPHFGPEAT0Y0 CinBcte 8RR BRIdH Tohige DCT
non-uni f or rﬂqpemmsﬁloadhéaﬁﬂuhﬁﬁorwmﬁéa séa’fnglé§ c@ﬁqpné%t@p@bmg t he
non-uni formy sary | ed sangl es into bl ock predet er m ned

€

and perforning a BEPUBRIE Ewogfuwfﬁgnlyeﬁ”b% aamp[g:ékrgto plocks, gf ﬁ‘e‘?rﬁeﬁteg\“'”ﬁﬂy
one of dbai f@ngth;tamdS, wherein perform ng (410) the DCT operation on the

non-uni formy sanpled sa s ste 15 regroupi ng the

non-uni formy sa%lrfgan'%%(giopﬁ? ﬁr?fﬁrBB‘Pﬁ‘g@Q% S-and perfornming an

8- point DCT on each of the regrouped bl ocks. 8. The nethod of any one of

t he precedi | ai rther artially, decodj t onpr essed
i mge to re of n@* a@éﬁé’f’?l :TE‘HP 1'}%@ yherminup ‘%'{fé‘f %%V‘&ﬁ?@f’ggﬁgf’%i n
partially dec:dhh: ngn-uh@rawrﬁss@dammgeoﬁ@ﬁpés §eps ofst eps of : entropy

d d 400) th d d, coef f
i cea®and 25 AGYGLATS S HOB) M eI 14TSREE EBRPrPEPEACHIRRLS. to

restore the DCT performing an 8-point DCT on each of the regrouped blocks.

8. The method of any one of the preceding claims, further comprising partially decoding
the compressed image to restore the DCT coefficients.

20
9. The method of claim 8, wherein partially decoding the compressed image comprises
steps of:

entropy decoding (400) the compressed image to provide quanitized coefficient

indices; and

25 dequantizing (402) the quantized coefficient indices to restore the DCT
coefficients.

10. The method of any one of the preceding claims, further comprising:
quantizing (416) the DCT coefficient blocks of the resized image; and
30 entropy coding (418) the quantized DCT coefficient blocks to provide a resized
compressed image.

11. The method of any one of the preceding claims, further comprising steps of
performing (406, 410) the non-uniform sampling and resampling steps for each color

35  component of the compressed image.



coefficients. 10. The nethod of any one of the preceding clains, further
conprising: quantizing (416) the DCT coefficient blocks of the resized

i mge; and 30 entropy coding (418) the quantized DCT coefficient blocks to
provide a resized conpressed inmage. 11. The nethod of any one of the
precedi ng clains, further conprising steps of performng (406, 410) the
non-uni form sanpli ng and resanpling steps.for each color 35 conponent of
the conpressed image. 30 12. The net hod oP claim1l, wherein
synchronlzatlon bet ween conponents conpressed at different sanpling rates
i s mai ntai ned: The methrd plelRiay b1 wherainnsynghionizelien hetzen wREWENENtE GARIPESEASY
bet ween t he aﬁ@ml,éd@gaﬁlgmé)rat& iohLaapegents in the conpressed image and the
sanpling ratio of conmponents in the resized imge is naintained. 14. The
met hod of any one of the preceding clains, further conprising steps of
repeating theTRORditd ardi@;ﬁqawbﬂ agmam@l W}?é@rmohﬂgte%ﬁ%)émfe@ﬁ tﬁé‘gzﬁ}nﬂm@{ afio
bl ocks in the conpressed 10 inage. . hod any one of

precedi n§ clCAiCREPONERTE H the 6RPPTESEEY mg@@q)gnfé)fther é@@almgn@tlowfecqwaﬁﬁwierthﬁ:
sanpl i ng andeggafggﬁgagh@nﬂéﬁ@@s for each columm of blocks in the
conpressed i mage. 15 16. The nethod of claim 1, wherein performng the
non-uni form sanpling in the DCT donain conprises steps of: non-uniformy

sanpl i ng DCH4cors Heﬂio%{rﬁf%n?fonél&ﬁ@r?eséﬂe\é@du% e&lhSs, Iflmﬁé?%o%mﬁgss&%@ of kdRGENG O
provi de non-uni forni pi xel dormain sanpl es, each bl ock having an 8-

20 point bl &%Werﬁeff%m W%'a&ﬁmi fesamming slkeps er %ﬁchufpwfubw&? g\ethauc:@@ﬂee@éed
cosi ne gpanghagen ' I DCT' length |1 PA and sanpling Q blocks at an I DCT |ength
1QL; where (Pl and 1Ql are integers between 2 and 8 that are functions of
the DCT bl ock I ength of the conpressed i mage and the scaling ratio, the

first scaling, prsa@eicRIofRnl an8didle hracdd Q|bfnﬁserfm Q@u NeiRy stche fpé Y
of the DCT bl ock Iengthoarrllgl nhe tzfrﬁe'? |ﬁ%ge nunb C tp gse@’ Y Mﬁé

product 25 &t° PRRUSERBhEATRINE PRAGIGh Pesradfd sters WlQﬁCHé?OELi% bﬂﬂ%ém ﬂaﬁ
bl ocks M argmbhgsed scaling paraneter Qis the difference between the
origi nal imge nunber o bl ocks M and the first scaling paraneter P. 17.
The met hdd of claim 16, further conprising steps of: 30 concatenating the

non- uni f or mhg, BT ebdObX Blaintl AR HESANTRI-RSMING the SiovA o8 sampling in the DCT
domain comprises steps of;:

non-uniformly sampling DCT coefficients of successive blocks in the compressed

image to provide non-uniformly sampled pixel domain samples, each block having an 8-

20 point block length, by sampling P blocks at a first inverse discrete cosine transform ‘IDCT’

length [P| and sampling Q blocks at an IDCT length |Q|; where |[P| and |Q| are integers

between 2 and 8 that are functions of the DCT block length of the compressed image and

the scaling ratio, the first scaling parameter P is equal tfo the difference between the

product of the DCT block length and the target image number of blocks L and the product

25  of the second IDCT length |Q] and the original image number of blocks M, and the

second scaling parameter Q is the difference between the original image number of

blocks M and the first scaling parameter P.

17. The method of claim 186, further comprising steps of:
30 concatenating the non-uniformly sampled pixel domain samples into 8-sample
blocks; and

performing an 8-point DCT on each of the concatenated blocks.

35



bl ocks; and perform ng an 8-point DCT on each of the concatenated bl ocks.
35 31 18. The nethod of claim 16 or claim 17, wherein non-uniformy
sanpling the DCT coefficients conprises: performng a |IPl-point IDCT on P
bl ocks; and performng a IQ-point IDCT on Q blocks. 5 19. The net hod of
any one of clainms 16 to 18, further conprising repeating the steps for
each conponent of the conpressed i nmage. 2%.1 The nmethod of claim 19, wherein
synchroni zati on between conponents conpressed 10 at different sanpling
rates is maint alx ned. 21. The nethod of claim19 or claim 20, wherein

consi st ency BetRBRERE FafBim n§ PatdaEM &f WBRISEhERDINITAMINSaRHIRG dhe daCT

i mage and t h@eFriEptd A@ngradkko of conponents in a resized inmage is

mai nt ai ned. 15 22. The. net hod of an‘ly one of clains 16 to 21, further
conpri si ng repeatiSGrTINE &IPEREnt BICT @AEPI9H 31 bl ocks in the conpressed

i mage. 23. The maidmeenpl a/ay-pone!ImET ehal BBckkd to 22, further conprising
repeati ng.the steps for 20 each columm of blocks in the conpressed inmage.
[

24. A reSizing transcoder (320) for arbitrary ratio resizing of a
conpressed i19RYRe inbthdtPof £HySsHebeci&iMS! 1etot 1R AFTHRE BbmPKding ARG the steps for

conprising: an_entro decoder (322) to entropy decode conponents of a
conpr essed i%ﬁaéomﬁeﬁ%/%ﬂgﬁmoa@(fa%ﬁﬁﬁﬂmf% coefficient indices for each

conponent; a dequantizer (324) to dequantize the quantized coefficient

i ndi ces to recqnstitut DCT coefficients for each conponent; a scalin
functi on (35@) T3 medacet o e 1o sther %/@eWﬁa'ZPmbWﬁgﬁwg@ﬁae@tﬁrcemp ed
second goal iangifersna BBl dafesds eRislangg W th a desired scaling ratio, and
an original 30 imge nunber of blocks and a target image nunber of bl ocks;

an inverse discrete cosine transform'IDCT" function (328) to performa

non- uni f or s hiefghdodf didie 19Cr airt 20 GitrnéiA BhsisleneLBsineen B Skhpling hbe
conpressed i accthdance w th the fld;ﬁtﬁt and second scalin

e, | .
parameters, ng?gmtpﬁaeﬂﬁﬁ 8IS fMPERTSRE MPBETEN FRMPING [3iB\Rf romponents in a
non- uni f or mMrysisanplagd iPmykiaitedrai n sanpl es; 35 a resizing function (330) to
concat e%at e the non-uniformy sanpl ed pixel domain
22. The method of any one of claims 16 to 21, further comprising repeating the steps for

each row of blocks in the compressed image.

23. The method of any one of claims 16 to 22, further comprising repeating the steps for

20  each column of blocks in the compressed image.

24, A resizing transcoder (320) for arbitrary ratio resizing of a compressed image in the
discrete cosine transform ‘DCT’ domain, comprising:
an entropy decoder (322) to entropy decode components of a compressed image
25  to provide quantized coefficient indices for each component;
a dequantizer (324) to dequantize the quantized coefficient indices to reconstitute
DCT coefficients for each component;
a scaling function (326) to determine first and second IDCT lengths and first and
second scaling parameters in accordance with a desired scaling ratio, and an original
30  image number of blocks and a target image number of blocks;
an inverse discrete cosine transform ‘IDCT’ function (328) to perform a non-
uniform sampling of the DCT coefficients of successive blocks in the compressed image,
in accordance with the first and second scaling parameters, and the first and second
IDCT lengths, to provide non-uniformly-sampled pixel domain samples;
35 a resizing function (330) to concatentate the non-uniformly sampled pixel domain

samples into blocks of a predetermined size;



sanples into blocks of a predeterm ned size; 32 a DCT function (332) to
transform each of the concatenated bl ocks to provide DCT coefficient

bl ocks of a resized imge; a quantizer (334) to quantize the DCT
coefficient blocks of the resized i mage; and an entropy coder (336) to
entropy code the quantized DCT coefficient blocks to 5 provide a resized
conpressed i mage. 25. The transcoder (320) f claim?24, wherein the first
| DCT length is a closest integer |arger t%an or equal to the product of
t he DCT bl ock Ien%hﬁ?d t he scalln r tio; the second IDCT |ength is a
closest integer stidd efUnatigh (332)dquEansiasm ety %Hﬁc?oﬂ?ﬁtqnﬁ?ddé@kfotcbp'@&ge

| ength and tbeTseafitivet Blatdswf atrBsizéd msdgescal i ng par amet er is equal to the
product of the DCT block, | ength and the tarqg;ﬁj |rra e nupber of bl ocks |ess

the product of tHRISVUBRU3DEEYREHER Wedifd ¢ '%?“téﬂ AeKP Of ihggesigrhiageppnd

bl ocks; and the S@C@ﬁﬁﬂopt}céddelﬁ%wrta@ﬂtr@by cb8e @faladtRed M TdcbdiBigmMaRocks to
betvveen he ori.gi nal 6([rcfgcﬁgnunber of bl ocks and the first scaling

par anet eP. 10Yge affziz E8R5C (™898) of claim 24 or claim 25, wherein the
IDCT is configuredto performan IDCT of the first IDCT | ength on a nunber
of bl ocks pr and neans to perform

tional to the first _scali arane
an 1DCT of (b 128 dBRac 1SS a2 VhRmBhe T PGEKENGRGp SRl e
t he secondhsa@l«ar fighnPar ag®dl ab th&@r&ﬂmt B¢ sr;esoelm bleEk st bm 003 ac@mgné@@sw
i mge in the an arbitrar scaling ratio aV|n
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IDCT length and the original image number of blocks; and the second scaling parameter
is equal to the difference between the original image number of blocks and the first

scaling parameter.

15
26. The transcoder (320) of claim 24 or claim 25, wherein the IDCT is configured to
perform an IDCT of the first IDCT length on a number of blocks proportional to the first
scaling parameter and means to perform an IDCT of the second IDCT length on a
number of biocks proportional to the second scaling parameter.

20

27. A system for downsizing a compressed image in the DCT domain by an arbitrary
scaling ratio having means for implementing the method of any one of claims 16 to 23.

28. A computer readable medium storing computer readable instructions executable by a
25  processor of a computing device to cause said device to implement the steps of the

method of any one of claims 1 to 23.



