1 ARBI TRARY RATI O | MAGE RESI ZI NG IN THE DCT DOVAIN [0001] The present

I nvention relates generally to image or video franme conpression. Mre
particularly, the present invention relates to arbitrary ratio inage
resizing in the 5 frequency domain. [0002] The spatial resolution of a
source imge or video frane is often larger than the screen size of a
handhel d device. Consequently, image downsizing or video transcoding wth
spatial resol ution down- sanpllng S perforned typically at the server side
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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 arbifrary
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 (PSNRY)



handhel d device, the spatial resolution of each source inage varies even

t hough the screen size of the device is fixed. Therefore, the resizing
ratio is not only arbitrary, but varies frominage to inage as well. For
each different resizing ratio, the first approach 10requires a |arge nunber
of different matrices to be calculated and stored in advance. The second
approach requires fast inplenentation of DCT and inverse discrete cosine
transform (1 DCT) operations at every possible length, which is nontrivial
even thoug e, “QQHQP [ 0006]
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scal i ng par anet er
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



according to the difference between the original imge nunber of bl ocks and
the first scaling paranmeter. [0010] According to further enbodi nents,
perform ng the non-uniformsanpling in the 15 DCT domain can conprise
perform ng an IDCT of the first IDCT I ength on a nunber of bl ocks
proportional to the first scaling paraneter; and performng an |IDCT of the
second IDCT |l ength on a nunber of bl ocks roportional to the second scaling
paranmeter. In addition, the method can further conprise performng a
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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 to 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



15resi zing of a conpressed inmage in the discrete cosine transform' OCT
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Figure 1, | ure I's an exenplary bl ock diagram of a node of a wireless
networ k; Fil6Qt+3d Iqa.fgrtlwr@sg@qt  eregnayrbe Iprcwgiada:t neﬁglngdrqmsn@darsﬁorca‘rbaaaMatno

systemyin ‘?Q'eﬁzﬁ%(ﬁf’@ k@l’hpregg ealﬁ ?@dlg%t tH?'ns% fl)@ %ﬁ-ﬁé%ﬁ%enet wor k of

Figure 3 and e nob ure gure r's a bl'ock diagram
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enbodi nment trary ratio resi
the quantized coefﬂcuent indices to reconstltute DCT coefficients for each component; a

scaling function to determine first and second IDCT lengths and first and second scaling

20  parameters in accordance with a desired scaling ratio, an original image number of
blocks and a target image block numbers; an inverse discrete cosine transform ‘IDCT’
function to perform a non-uniform sampling of the DCT coefficients of successive biocks
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.
[0014] 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.



15nmet hod; and Figure 8 is a conceptual diagramof an enbodi nent of an
arbitrary ratio resizing nmethod. DESCRI PTI ON OF PREFERRED EMBCODI MENTS

20[ 0016] Ceneral ly, there is provided a nethod and system for resizing

i mges or video franmes at arbitrary ratios. The term"inage" is used

t hroughout this description to refer to both still inages and video franes.
Enbodi nents of the nethod and system for pesizing inages wll be described
inrelation to their use for nobile wireless communication to a nobile
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an enbodi ment of a nofgwie &iew kieckidiadraamef antembadioentaf ad anbitratyaatio resizing
comruni cation systemyJdhe,adbitrary ratio resizing nethod and system can be
5 practiced within such a systemfor transm ssion of inmages to the nobile
devi ce 100. The nobi | Hgurevi is@ fioa@hed ohan embadimant nfithaiackitrarymatiterasizingwi t h
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of transceiver stati drigurehs amsibcepiualaiagramid@nearbodireentlofan avdirary ratio
comuni cati on capabi 'He&i&ﬁ@-mé?ﬁ@@”di ng on the 10 functionality provided by

t he nobile device 100, it~ can be referred to as a data nessagi ng device, a
two-way pager, a cellular telephone with data nessaging capabilities, a

wirel ess | I I m‘l@; cation device (with or
wi t hout te%ﬁi‘gﬁ?@gﬁﬁﬁﬁﬁ%&“ﬁ gg‘?&@l gure 1 is a block diagramof an
exenpl @y dAOHAI nent GenesaliyoiareisiBodded aenctbed arthsystarb fdraresizing ireagedOor

I ncludes a JuuEeimad at‘%‘?ﬁﬂ?ﬁgﬂf&b%g% V'{i@gﬂ%ﬁ%u?é@ﬁﬁéfg%roum% ée@"él}ipt%% Lrols

the overall operation o nobi 16 de
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,
laptops, 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. Weil-

35 known methods, procedures and components are not described in detail so as not to
obscure the described embodiments.



Comuni cation functions, including data and voi ce comruni cations, are
performed through a conmuni cati on subsystem 104. Data received by the
nobi | e devi ce 100 can be deconpressed and decrypted by decoder 103,
operating according to any suitabl e 20deconpressi on techni ques, and
encryption/ decryption techni ques according to various standards, such as
Data Encryption Standard (DES), Triple DE®, or Advanced Encryption Standard
(AES)). Image data is typically conpressed and deconpressed in accordance
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decompressed and decrypted by decoder 103, operating according to any suitable

20  decompression techniques, and encryption/decryption techniques according to various
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 thatthey 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 link connecting the communication subsystem 104
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necessaril yJ29ound by any single physical nobile device. The SIMRU M card

126 can st qp@fddi ti Afihe 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



subscriber information for a nobile device as well, including datebook (or
cal endar) information and recent call information. Alternatively, user
identification information can al so be programed into the flash nmenory
108. 15[ 0023] The nobil e device 100 is a battery-powered device and incl udes
a battery interface 132 for receiving one or nore rechargeable batteries
130. In at |east sonme enbodi ments, the bagtery 130 can be a smart battery
wi th an enbedded m croprocessor. The battery interface 132 is coupled to a
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100 communiTdetbt=dteni itterface 132 is coupled to a regulator (not shown), which assists the battery
130 in providing power V+ to the mobile device 100. Although current technology makes
20  use of a battery, future technologies such as micro fuel cells can provide the power to the
mobile device 100.
[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.
[0025] The subset of software applications 136 that control basic device
operations, including data and voice communication applications, will normally 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



[ 0026] The software applications can further include a device state nodul e
140, a Personal Infornmation Manager (PIM 142, and other suitabl e nodul es
(not shown). The device state nodul e 140 provi des persistence, i.e. the
device state nodul e 140 ensures that inportant device data is stored in
persistent menory, such as the flash nenory 108, 10so that the data is not
| ost when the nobile device 100 is turnedgoff or |oses power. [0027] The
PIM 142 includes functionality for organi zi ng and managi ng data itens of
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i ncl ude games, cal cul ators, uti
communication protocols that are reqwred for the mobile device 100 to communicate with

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
3%  modify the configuration of the device 100. Alternatively, in some cases, the IT policy

update can also be done over a wired connection.



5[ 0031] The additional applications can be | oaded onto the nobile device 100
through at | east one of the wreless network 200, the auxiliary 1/0O
subsystem 112, the data port 114, the short-range comruni cations subsystem
122, or any other suitable device subsystem 124. This flexibility in
application installation increases the functionality of the nobile device
100 and can provi de enhanced on-devi ce fupctions,. comruni cation- 10rel at ed
functions, or both. For exanple, secure comrunication applications can
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overal | opd@@34lon of THesshordbiahge demmoricddhs 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 I/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 I/0 subsystem 112. The



I's substantially simlar, except that the received signals are output to

t he speaker 118, and signals for transm ssion are generated by the

m crophone 120. Alternative voice or audio |I/O subsystens, such as a voice
nmessage recordi ng subsystem can also be 10i npl enrented on the nobile device
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desi gnat ed amplification, rdguency down conversion, filtering, channel selection, and analog-to-
256  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 fransmitter
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



[0041] Figure 3 is a block diagramof an exenplary inplenentation of a node
202 10 of the wireless network 200. In practice, the wirel ess netwrk 200
conprises one or nore nodes 202. In conjunction with the connect nodul e
144, the nobile device 100 can conmunicate with the node 202 within the
wirel ess network 200. In the exenplary inplenentation of Figure 3, the node
202 is configured in accordance with Genemal Packet Radi o Service (GPRS)
and d obal Systens for Mbile (GSM technol ogi es. The 15node 202 includes a
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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 allocation 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
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ot her nodes. [0044] For all nobile devices 100 registered with a specific
net wor k, permanent configuration data such as a user profile is stored in
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| ocation of a nobile device. The MSC 21018s responsi ble for a 15group of
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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 frack of the
location 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 IP 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



10[ 0046] Once the GPRS Attach operation is conplete, a tunnel is created and
all traffic is exchanged within standard | P packets using any protocol that
can be supported in |IP packets. This includes tunneling nethods such as IP
over IP as in the case with sone | PSecurity (IPsec) connections used with
Virtual Private Networks (VPN). These tunnels are also referred to as
Packet Data Protocol (PDP) Contexts and tihere are a 15limted nunber of
these available in the network 200. To maxi m ze use of the POP Contexts,

t he networ ' ' ' t. ermne if
there is al@feg\gge W@ﬁ@??’g‘é%? Haéﬁrr%%rifv?](ré (%%\%F%{%&%O ﬂ%&? Eg@ I%e, %ts POP
Cont ext, t Hegisabpoxmastienis esabliskedisorn|a mobitecdevined! A0h throughdlie PS8 520k enditeal t o

the | P addigesnpask, SRABARL PuinNBIPR) 9RhifRhe &&aN 206 CRAAP WlliBechid 5 2

bl ock diagramillustrating conponents of an exenplary configuration o
host syst erediGa epdl ohadt dnnelibatmsipi dibetescese dite Injamet eompatibisasesvices or

conj uncki o ri%t%hme%b@rk%BHﬁE‘&iEnM‘é‘/ﬂﬂl\}%P rgﬂgg&ﬁg% %ﬁrﬁtﬁ%ﬁ@ni%'f& thypi cal ly

be a corporate enterprise or other |oca t can al so
be a hone delwak 280npsaferaseachgnebiletdeyicefi00vagst beassigngd foornecorangreAPNs:
variant i 4at 4.0 J . kRS 4 aPre t
system 258%“?%%‘?368@@%;62(:{%@ %?cﬁag‘@égdn\&z a}tﬂ?gﬂﬁpﬁ’%ﬁ%@nag use'?\ﬁ]%rTﬂ t’? he
mobi | e deviagARMthayélhaadeen Fythiotzad ip use. pheiARN aap bsfcamsiditeas td deisireitardan

comruni cat %n%{eﬁ{eegggk%%n%%nﬁe %ltg% %@ﬁﬁgﬁé}%gﬁml&@c%@ one or nore nodes

202 of the wre e host system 250 conprises a
nunber 16f 18Q4@r k corPmedhe SPRE Abasteenasatiands sampletr, ladunmg) iscraatedamnkd afl60.

For instan ' ] W | e
D64 for ¢ naetncls BEanged G RIS Slo AR i) BBRSARAMAIACIOBEAN |
cradl e 264 if Bt padgketsnbbislircliesitueneliog meihodscsuch @s|IB @verdPrasdn thmgasesyitte62a by

a serial or RUE i X ' . er

dser compuiars BeYeBEY S cBhnctnt o wif DR bAtke NI TRAT can
be equi ppedurB®li ars alge refareddaagifagketRath £rotedol (RRB) Covlékis ahe4hdraare at at es
the |1 0adin i | : [ IV | tion
keys t 2gf agﬂalg? QP @%%g%bg&cé%w%imeonsgork%?bf ?%ﬁq%ﬁ%[s%é 8‘::@?}3{9% 262a
to the nobiGonteks;ithenateork 2000wl sun be idkatimecior aatty PREd anitext do détefriine if

i nf i _ e a g _ . . 100
For Cuse.  TRISIBIES Boker bORAThEh TPHIB defice Bb i hOtebiBH B COARRLAEE
certifi cat @RiCentekicantee docslinvatps arfd thedid agdress faiaed Ite thei IPladdeesapdel st ood

by persons I i t he user conputers 262a-262n are
n%ﬂagla@ (BK élilh %Q%tngetorY%'%b.

typically also~con er peripheral devices, such as printers,
etc., @A cHORATd not iguirediis byplashaliagram ilfistratirg dompanentesirarexenpldry a
subset of . CO ; : t . | I 4
For ease of S UREEbth JsDRae T e Uy RE A oD SR oG 1 '
art that t keenjnostionsyifit thencediechiniddutsotrt. iThe hbdtasydienm BSlvilldypipaliydetas t hat are

not explici L 1 _FI 4 t hi ont.l guration, ..Nore
general l vy, CP%@%% sré/rﬁs]steedﬁ% i%cgﬁlgfegpr{réé@%rﬁ;fﬁgﬁg%r?agnrﬂ%)%rgg ag}omée ?fg eger
net wor k ( nepmphtame) sahe bhrer prigataisgsiemofor eaadipleaim \aoiapt inpéeroerftatemsnin the

commonght MBI FRANEE, b A Bl R AR S
of the nobitd whitb\a wser dDheanabileltevise 1@l deoNgs. 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)



comuni cati on of nessages and nessage-rel ated data between the nobile
devi ce 100 and conponents of the host system 250, a nunber of wreless
comuni cati on support conponents 270 can be provided. In sone

i npl ementations, the wi reless comuni cati on support conponents 270 can

I ncl ude a nmessage nmanagenent server 272, a nobile data 20 server 274, a web
server, such as Hypertext Transfer Protoggl (HTTP) server 275, a contact
server 276, and a device nmanager nodul e 278. HITP servers can al so be
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can pr ef er @bhpelmeadiioathatpresgides tHednhdetmnaRy of bothithe I T policy editor 280 and the IT
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 [T
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 related 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



(TCP)/ 1P or User Datagram Protocol (UDP)/I1P connection for delivering the
nmessages directly to the nobile device 100 in this alternative

i npl ement ati on. [ 0053] Messages i ntended for a user of the nobile device 100
are initially received by a nessage server 268 of the host system 250. Such
nmessages can originate 25 from any nunber of sources. For instance, a
nmessage can have been sent by a sender fri@mthe conputer 262b within the
host system 250, froma different nobile device (not shown) connected to
the wirel espenel Poritter 28 Qofie |ﬁ1pﬂirﬁérﬁ§t@ﬁ5 t%rd‘é{aet?tére%&’&rnlﬁ rf%rt ' oRe of

di fferent conputing device, or other device capable of sendi ng ssages,
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[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 ™



[ 0056] When operating the nobil e device 100, the user may wi sh to have
e-mai | nessages retrieved for delivery to the nobile device 100. The
nmessage application 138 operating on the nobile device 100 can al so request
nmessages associated with the user's account fromthe nessage server 268.
The nessage application 138 can be 25configured (either by the user or by
an adm nistrator, possibly in accordance Wwith an organization's IT policy)
to make this request at the direction of the user, at sone predefined tine
interval, oOgelROBy %ﬁ}ﬁh&%ﬁéﬁlgﬂ%‘ﬂ s%f'veg ; IIQB%Q%B@Q?Qe%HﬁFHnmAH?. IR 88
i npl ementations, the nobile device 100 I's assigned Its own e-nall agdress,
and message¥nRigfoerigtiong. thedwist sustam 250 ean gemptissi multigleuhessatoGervers 268. The

aut omat i cal i ' ' S, - ecei ved
by the rress?égéa?eérs{?g%%g%%gfégg%% @%}sﬁggx&%ﬁagen&ﬁ@néﬁeﬁg% can be
used to spe®rF$acs mynggeniEny encliipmine managementrafdaie assncialéd witk salgndars endh
as e-naig NRIRAUESor LMpI@r € to be handl ed by nobile devices. Generally,
whil e nessages are still stored on the nessage server 268, the nessage
managenent B8pGkr 272When mrssagesiaregeesivrd by t sape serpu26s thewareessages
are sent t owhlagy®brcdsn Q%‘ék§&o%%so&g%d%ﬁ§tﬁ9?né§§§§%§§$ 26?Berlﬁ/?tgle€?§%om%8

also facilitates the handling of nmessages conpose . e nobi vice
100, whi ch @pbodjmgnts; herdpia peEseriebeasoparazgRrdwaresinis suphers date siove 284,

[ 0058] For ?egmhfcﬂ thd e BBRRAGVFBRB YD RN o teﬁégﬁescc% @mb%@@um? user’ s

“mai | box" . g. e nessage store associate e user s account on the
messagel® sweingyved 2p8 deliverethiowsersly acepssivg fesmessagegsmey 268 erordestancehbe
filters to i : g i rel.ayed to
the user’ o Topi e B R Dn RbERL B e o e e Ray I ) o5,

t hrough an '"BRewGes appaniatetvith thad sisers agcednt gienedwintthe dslarieresssosiated gdthdat a,
usi ng any S ' j (

cCompr eas, on R e R Ay e e imtfe Bota fore and
encrypt nes¥agddogadly gn thestcorgputar 26@s: Fpe ideta stererassogiated weth the nidstage server

Encryptison sgsandad S)., ' ; ' d
(As) § Poan o fPiorelcapiss of Qabiblree dhag indlis AyPEBred it mEithotg odlBe 18
i nf rast r uct Mfesnaiivelyathe daie sigre assssiatetviffothe MedagTiserver268igan stareaajofaimg
server 272 I j 0 ' '

(o b encr yeesics for 1R€ Gk FRERBERSI R ANEEAEhiY 3nfHRE! o il e igsfalibe,
messages, reantks statedtandhe ombile devine 4 8¢ eoriseruggnemedy. For inktance, by masst |

appear to h%\é@nt%é&iaﬂﬁgg. fhrogg}éééﬁ/e%ﬁEH%?%géie%%&thgpgﬁgg?Efé%% %Qe

conposed messages to the nessage server LVery.
pr oper tA0es sieredesithe oabdedevise 389.at ed wi t h nmessages that are to be sent

from and/ orpopsge! ved RnehRBeERRY e MM E A dtR thePfoe? ildy6ish (Pndle 2haft”

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



20 admi nistrator in accordance with IT policy) and enforced by the nessage
managenent server 272. These may i nclude whet her the nobile device 100 can
recei ve encrypted and/ or signed nessages, m ninmum encryption key sizes,
whet her out goi ng nessages nust be encrypted and/ or signed, and whet her
copies of all secure nessages sent fromthe nobile device 100 are to be
sent to a pre-defined copy address, for eganple. 25 [0060] The nessage
managenent server 272 can al so be adapted to provide other contro
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syst em 250device 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

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



[0063] 1t will be understood by persons skilled in the art that the nessage
managenent server 272, the nobile data server 274, the HITP server 275, the
contact server 276, the device manager nodul e 278, the data store 284 and
the IT policy server 286 do not need to be inplenented on separate physi cal
servers within the host system 30 250. For exanple, sone or all of the
functions associated with the nessage nanagenent server 272 can be
integrated with the nessage server 268, or sone other server in the host
system 250. ernati ; ' i_pl
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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



each component channel is split into 8x8 blocks, if the data for a channel
does not represent an integer nunber of blocks then the preprocessor 302
pads the inconplete blocks, as is well-known in the art. [0067] The 8x8
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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 components 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,



35an irreducible fractional nunmber. For exanple, if downsizing the spatial
resol ution of an image from 464 to 320 in one dinension, then UM = 320/ 464
= 20/29, and M= 29 and L 22 = 20. For the purposes of this description
standard bl ock |l engths of 8 are assuned, though it is fully contenpl ated
that a different standard unit block Iength could be used. Although the
resi zed image can take an arbitrary spatiaff resolution in the pixel domain
through the present arbitrary ratio DCT domain scaling nethod, the basic
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| ar gest i nt 'é'gféFOﬁdﬁa?e Wih plogk "t-"ﬁlaﬁ"sd-r angMeandcithe )scaf[ng(yalj_q UbCTr 1823 depreding
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on Q blébCkSargdS éneJ) na11m get t?loglgmgtggp vlvltG?mEJt g clommon factgr gr;r?aater than one (i.e.,, LIM is
an irreducible fractional number). A non-uniform sampling, in the DCT domain, is then
applied 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
all blocks are not sampled af the same rate. More specifically, as described in detail
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 block
length to |Q according to a |Q-point IDCT. The non-uniformly sampled and transformed
pixel domain samples are then regrouped into a predetermined biock 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 will 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/IM = 320/464 = 20/29, and M = 29 and L



distortions, a permutation schenme can be used to determine the order in

whi ch bl ocks are transformed according to 1P1-point and 1QT-point |DCTs.
Such downsanpl ed and transforned bl ocks are referred to herein as P-bl ocks
and O-bl ocks, respectively. Any 23 pernutation or interleaving schenme can
be used, including pseudo-randominterleaving of the P-blocks and Q bl ocks.
If P and Q have a common factor, the M blgxcks can be further divided into
smal | er groups according to the conmon factor and each snaller group can be
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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  [Ql-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



24 [0074] To sinplify inplementation the original inmge can be scal ed down
by 1:8 prior inplenenting the present resizing nethod, if 8*UW1l. This can
be easily inplenmented by perform ng an 8-point DCT on the DC coefficients.
This 1:8 resizing process can be repeated until 8*L/MM 5[0075] Si nce both

t he JPEG standard and nost video standards permt different sanpling ratios
for the | um nance conponent Y and chrom rnce conponents U and V, steps can
al so be taken to prevent the possible displacenent of, or |oss of
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Xa{N)a- The permutatlon 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 x4(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 vq(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.



not increase. 25 As wll be appreciated, for practical applications, the
present resizing nethod in the DCT domain only requires the inplenentation
of N-point |IDCT operations, where Nis from2 to 8, and an 8-point OCT. The
matrices required for these inplenentations are well-known and readily
avai |l abl e, such as through open source resources such as JPECGcl ub. org.
S5Further conplexity reduction is achi evablge by making use of the
orthogonality and symmetry properties of the DCT for each N- poi nt |1 DCT for
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luminance and chrominance components, respectively. Adjusting the original or target

I.

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 origina! 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 |Q] remain unchanged. Thus, the computational complexity does

not increase.



35 inpl enented based on DCT/ | DCT equations while any fast DCT/ I DCT

I npl ementation 26 could reduce the conplexity for both nethods
proportionally. It can be seen that the present method dramatically reduces
the conplexity when conpared to Park. The execution tinme for the DCT
operations of the present nmethod is only proportional to the dinension of
the resized image. On the other hand. Papg's nethod depends on the 5val ues
of Mand L, which in turn depend on the dinmension of the original and

resized i g@% vl b-e”aﬁg e%fa?c{ g gfaé{@a Ilﬁtgm; and phe P sehh%sﬁl?\rg%&ﬂg@mtﬂé il 1y
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L 19 and readily available, such as through open source resources such as JPEGclub.org.

5  Further complexity reduction is achievable by making use of the orthogonality and
symmetry properties of the DCT for each N-point IDCT for N<8 and 8-point DCT
combinations, as described in Dugad, R., Ahuja, N., "A fast scheme for image size
change in the compressed domain”, IEEE Trans. Circuits Syst. Video Technol., vol. 11,
no. 4, April 2001.

10 [0077] Compared with pixel domain scaling methods, the present method reduces the
complexity for the full DCT/IDCT operations, eliminates low-pass filtering in the pixel
domain, and eliminates any necessary color space conversion. Testing on actual JPEG
images show that overall, the present method needs only half the time consumed by its
pixel domain counterpart to resize a JPEG image to a downsized JPEG image, and

15 achieves better visual quality. Compared to previous arbitrary ratio resizing methods,
such as described in Park, Y., Park, H., "Arbitrary-ratio image resizing using fast DCT of
composite fength for DCT-based Transcoder”, [EEE Trans. Image Process., vol. 15, no.
2, Feb. 2006 (hereinafter Park), the present method requires far less complex IDCT and
DCT operations, thus significantly reducing the overall computational complexity. In

20  Park's arbitrary ratio resizing method (CASE 1), the restored DCT coefficient blocks are
uniformly upsized by zero-padding to form L-sample blocks. An L-point IDCT is then
performed on each block, resulting in M L-point blocks. The M blocks are regrouped into
L. blocks, 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 directly

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



25 19 11 25 Park's method 1.15 2.01 1.45 0.65 2.60 Present nmethod 0.06 0.10
0.22 0.28 0.35 10Table |I. Execution tine in seconds for the DCT domain
scal ing operations of Park and the present nethod for 512x512 gray-| evel
Lena on a Pentium PC [0079]In the preceding description, for purposes of
expl anation, nunerous details are set forth in order to provide a thorough
under st andi ng of the enbodi nents of the igvention. However, it wll be
apparent to one skilled in the art that these specific details

could reduce the complexity for both methods proporticnally. It can be seen that the

present method dramatically reduces the complexity when compared to Park. The

execution time for the DCT operations of the present method is only propotrtional to the

dimension of the resized image. On the other hand, Park’s method depends on the

values of M and L, which in turn depend on the dimension of the original and resized

images. The larger the values of M and L, the more computationally complex is Park's

method. Cropping the edges of the source image may reduce the values of M and L for

certain cases, but cropping the source image too much is generally not acceptable for

most applications.

Target dimension | 152x152 200x200 304x304 352x362 400x400
Value of M 64 64 32 16 32
Value of L 19 25 19 11 25
Park’s method 1.15 2.01 1.45 0.65 2.60
Present method 0.06 0.10 0.22 0.28 0.35

10  Table I. Execution time in seconds for the DCT domain scaling operations of Park and the
present method for §12x512 gray-level Lena on a Pentium PC
[0079]
are set forth in order to provide a thorough understanding of the embodiments of the

In the preceding description, for purposes of explanation, numerous details

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 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.
20 [0080]

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

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 similar 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



15are not required in order to practice the invention. In other instances,
wel | -known el ectrical structures and circuits are shown in block diagram
formin order not to obscure the invention. For exanple, specific details
are not provided as to whether the enbodi nents of the invention described
herein are inplenented as a software routine, hardware circuit, firmare,

or a conbination thereof. 20[ 0080] Enbodi mgnts of the invention can be
represented as a software product stored in a nachine-readable nediun1(a|so
e o s flerh SRR B llhunf SUOESS ABARAA BB o
a conput er usa un1haV|n a conpu e rea an1co odi ed

t herei n). Thadahie hediwy e@rdatﬂrfecawhmwumtmaer’émm tbeudesmlbedtl@akgl bI e medi um
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can contai f i i
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per f or m st egch is defined soely oy dioes daimp appendedhbeth.nent of the invention.

Those of ordinary skill in the art will appreciate that 30ot her
instructions and operations necessary to inplenent the described invention
can 27 also be stored on the machi ne-readabl e nedium Software running
fromthe machi ne-readabl e nediumcan interface with circuitry to perform

t he described tasks. [0081] The above-descri bed enbodi nents of the invention
are intended to be exanples only. Alterations, nodifications and variations
can be effected to the particul ar 5enbodi nents by those of skill in the art
wi t hout departing fromthe scope of the invention, which is defined solely
by the clains appended hereto. 28 Clains: 1. A nethod for arbitrary ratio
resizing of a conpressed image in the discrete cosine transform' OCT
dormai n, the nethod conprising steps of: 5determning first and second
scaling paraneters in accordance with a scaling ratio and an original inage
nunber of bl ocks and a target inmage nunber of bl ocks; determ ni ng
first and second inverse discrete cosine transform |IDCT | engths as
functions of the scaling ratio and a DCT bl ock | ength of the conpressed

i mage;



performng , in accordance with the first and second scaling paraneters and
with 10 the first and second IDCT | engths, a non-uniform sanpling on OCT
coefficients of successive blocks in the conpressed i nage, and an | DCT
operation on the non-uniformy sanpled OCT coefficients, to provide

non-uni formy sanpl ed pi xel domain sanplﬁg; and performng a OCT
operation on the non-uniformy sanpled pi“fXel domain sanples to provide OCT
coefficient_ blocks of a resized image. 15 2. The nethod of claim1, o
wher ei n det@iMsii ng the first and second scaling paraneters conprises steps
of : determning the first and second scaring paraneters as
functions of the OCT bl ock |length of the conpressed i nage, the original

i mge nunbek 8fmethgd Ker, ambiteary satiperesizinggel 2 momprasediimbyedkihe dinereteheosinecond
| DCT | engt ransfrm HETERINAA tHE ik Bopridhief bt gfet ermining the first and
second scaring paranmeters conprises steps Of: determ ning the
first |BCT | engtdetarmining sfirst endsesend acaligerparamgiers irhaccopdansquaith ascalinghe

product of %W% g@@ﬁéﬁ iaqs&gmna&doftbﬁtﬁckggﬁb gggpamﬁgwmw of BI6&E! M Nni ng
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perflcj)rlm' ng@gn II 6?)1‘0 8%35@&%5%%@%fﬁ%%%§1§%d e’%lpg?rﬂ%)lpggﬁ-l les; and
proportional to pelermingsa DEJaeneanafignaoraietren:unifaunly sampledmixel domaingsaamplésDCT
of the secqy rd‘%lD%?Egéthi%g @%{RE%?SQ?Q%‘?&%%ES proportional to the second

scal i ng parafneter. od o alm4, further conprising a step
of perflerming a pernutation of the IDCT at the first and second | engths

di t ' LOn.: , .
one of the Br crEEATEHRAIR A el hinc Btbiret anc perSng SESrhanafletth fo”
non- uni f or reoNpsisepsteps sfanpl es conpri ses steps of: regroupi ng the
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performng a he "regroup
length of the compressed image, the original image number of blocks, the target image

20  number of blocks, and the second IDCT length.

3. The method 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
25  the product of the DCT block length and the scaling ratio;
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
30 of the second IDCT length and the original image number of blocks; and
' 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 the non-uniform sampling and |IDCT
35  operation comprises steps of;



157. The nethod of any one of clainms 1 to 5, wherein performng the DCT
operation on the non-uniformy sanpled sanples conprises steps of:
regroupi ng the non-uni formy sanpled sanples into 8-sanple bl ocks; and
perform ng an 8-point DCT on each of the regrouped bl ocks. 208. The net hod
of any one of the preceding clains, furtggr conprising partially decoding
the conpressed inmage to restore the DCT Cb0efficients. 9. The nethod of
claim8, wherein partially decoding the conpressed i mage conpri ses steps

of : 25entropy deR&S@MGotand DEIngfitee sesd IDGhngthoopeswmber gliblaekszyaportional to

coef fi ci entynk Rel S€5ing dRFLSRGUERGT zi ng the quantized coefficient indices to
restore the DCT coellI1 ?’c?aents.' 10. The method of any one of the preceding

clai ms, further Restepningiand DCI0oY tremsacend JPEhéerptiTor 8 eumber efhlogis pegroriiinat he

resi zed i Ngehe &Mdnd scali Mh&ey coding the quantized DCT coefficient
bl ocks to prova de 2 rsg?sllng@% conpressed i nage. 11. The method of any one

of the Preceding clains, wherein the non-uniform sanpling, 35IDCT operation
and DCT opef atrh9meih i r”@rﬁn ; CSH :
conpr essedealv' nmage. &3%00§f1§§|ﬁlrﬁ’g{uhg%ho %@ncgle é;i%%plél},ﬁg Wﬁﬁ@??gﬁﬁgﬁéﬂgh@éﬁ on
bet ween conpbricithe irshandsesend lengtisfaceerding te amsedetgrminedpermiitationischémed.
513. The nethod of claim 11l or claim 12, wherein consistency between the
sanpling ratio of conponents in the conpressed image and the sanpling ratio
of conponerft sThe method eafi aryd oherenf ethe spreegdingiiclainis, whergin pgtiermieg héhe &ICTany
one of 4phe [ | s ' 0.t @#gcorrpressed I mage
are arrgnge eﬁ%ﬁ%??éﬁ%ﬂﬁnﬁoﬁﬂéﬂﬁﬁ n?# g%nnpllsag%?lm%bsﬁn operation and DCT
oper ati on st eps ragreupiegftbe mea-unifowaly Isanmied Sapleskigto blocks of a predetermined
length; and

performing a DCT on each of the regrouped blocks.

15 7. The method of any one of claims 1 to 5, wherein performing the DCT operation on
the non-uniformly sampled samples comprises steps of:
regrouping the non-uniformly sampled samples into 8-sample blocks; and
performing an 8-point DCT on each of the regrouped blocks.

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

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

25 entropy decoding the compressed image to provide quantized coefficient indices;
and

dequantizing the quantized coefficient indices to restore the DCT coefficients.

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

11. The method of any one of the preceding claims, wherein the non-uniform sampling,
35 IDCT operation and DCT operation steps are performed for each color component of the
compressed image.



15. The nmethod of any one of clains 1-13, wherein the blocks in the
conpressed i mage are arranged in colums, and the non-uniform sanpling,

| DCT operation and DCT 15operation steps are performed on each col um of

bl ocks. 16. The nmethod of claim 1, wherein performng the non-uniform
sanpling and | DCT operation conprises stggs of : non-uniformy sanpling DCT
coefficients of successive blocks in the“Conpressed 20 i mage to provide
non-uni formy sanpl ed pi xel domai n sanpl es, each bl ock having an 8- point
bl ock I ength, by sanpling P blocks at a first "IDCT length Il and sanpling

Q bl ocks atyoafnd Belhddeoodidiml ﬂi?w%ﬁgyhgkoﬁ%ic{nhqeé\?éﬁE%G&%ﬂ'f’s SrRSLL

and 8 that are functions of the DCIT eng e corrpresg(g-h I mage
and t he scdtifgranhsamplingtatesiis sraind@iaged.ng paraneter P is equal to the
di fference between the product of the DCT block |Iength and 25 the target

i mage nunber of blocks L and the product of the second IDCT |ength pl and
t he ori §i ndP- Thagethadmialainf Ipradais M, whesein sensisteasycbaelwaen the ssmmiing ratio Q

is the di ffo?rc‘éigﬁ%&ﬁ& YW eHE E&ﬁpﬁgéﬂ]%r?é %%ﬁ%@!n&%&?lo?%gﬁﬁ%mg il B

first scaling paraneter P. 3017. urther conprising
steps of : resizedimaggéumeinaingsy t he non-unifornly sanpl ed pi xel domain
sanples into 8-sanple blocks; and perform ng an 8-point DCT on each of the
concat enated bl ocks. 31 performng a |IPl-point IDCT on P blocks; and

per form ng 4 Tty -methed af pary eweQrb it kseceding  clegms, Thwhesirm dle dflockayinothe of
cl ai n5 446 ' f : e@a‘ﬁlfb C@Eﬁo . Of

t he cor1r%re?gggg?sﬁ%%gﬁg%%&%}h@b@ngﬁnh?ﬁégﬁgIﬂ%r ﬁn&gijgﬁl merei A’ﬁ%ylnc ré}%}ézté%qﬁ on
bet ween co@p8k¥nt eparatiny derfedreperfarmeder aactsiemnfibiarkeat es i s mai nt ai ned.
1021. The method of claim 19 or claim 20, wherein consistency between the
sanpling ratio of conmponents in the conpressed i mage and the sanpling ratio
of conponerfsThemgthodsif 28y dngeajsidirgs r‘}‘a{gt\l‘d’ierﬂiﬂi the blocks ipZhe Tompressérbinage any
one of clai colliSiEl ( i . DJ e
arranged iﬁ%oa&grggdn?tﬁ?e stsgp%otapge gg$%§?% S%ﬁﬁlenggﬁrﬁv%ggr %E%::%g D%gg.
The neflhod ogeratiny stepe ats perfaamed on@ach colpmnidlosks. t he bl ocks in the
conpressed i mage are arranged in colums, and the steps are perfornmed on
each colum of bl ocks. 2024. A resizing transcoder for arbitrary ratio

resi zi ng ofl@alke msthass off claimgb whenelve peliffgroting éhec aohnpifenraissinpling BETIDCT

domai n, corggé,iagwgémpﬁses stef@yfent ropy decoder to entropy decode conmponents
of a conpreSsed image to provide quantized coefficient indices for each

conponent ; non-uniformdy garplingt PE¢€ rcoetiicigstsuefraucesssiviadlepka i theecbmpressed
coef fi 6h eNimidiicCiavile nbRLRRSHIY Yhfplt Tive? 98/l SArfflts daRh b?&%'ha%ﬂgpa%”é”t ;
point biock length, by sampling P blocks at a first ‘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 to the difference between the product of the DCT block length and
25  the target image number of blocks L and the product 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.

30  17. The method of claim 16, further comprising steps of:
concatenating the non-uniformly sampled pixel domain sarﬁples into 8-sample
blocks; and
performing an 8-point DCT on each of the concatenated blocks.

35  18. The method of claim 16 or 17, wherein non-uniformly sampling the DCT coefficients
comprises:



a scaling function to determne first and second IDCT |engths and first and
second scaling paraneters in accordance with a desired scaling ratio, and
an original imge nunber of blocks and a target inmage nunber of bl ocks; an
i nverse discrete cosine transform'IDCT" function to performa non-uniform
30 sanmpling of the DCT coefficients of sgﬁcessi ve bl ocks in the conpressed
i mage, in accordance with the first and cond scaling paraneters, and the
first and second IDCT | engths, to provide non-uniform y-sanpl ed pixel

domai n sanpl es; performing a |?|exintilBg Tfamfe blogks; @dd concat ent at e t he

non-uni formy s%g%ﬁqn&%iﬁtp(g&qpbq mmﬂ]&'ﬁ?l nto bl ocks of a predeterm ned
each o

si ze; 35a DCT function ranstorm the concatenated bl ocks to
provi de DCT coefficient blocks of a resized inmage; 32 a quantizer to

guanti ze t f i-Cl L L .
ant ropy codgr TamEipushShg Bhe ¥ RS 36,14 18 JHERGAAe p{ERY e Plifrmer for oA
provi deSa rcespereht cbinercosweesseddnage.525. The transcoder of clai m 24,
wherein the first IDCT length is a closest integer larger than or equal to
the product of the DCT block Iength and the scaling ratio; the second | DCT
| ength i s &0cThessethodmfeipim thattesein shipehromizalipndietwesn bempensatsceorafressed DCT

bl ock 'engtapdf@%ﬁ%%ﬁ@:f%fég i{ﬁ\tain?rii_inéche first scaring paraneter is equal to

t he product 0 ength and the target image nunber of bl ocks
| ess the product of the second IDCT 10 |length and the original inmage

nunber , of . . 0 i 3 ' .
it ror Mce tertensHRAS SRTERR G0, Mhehd BgRincyboRu redefriting ratio
scal i ng pamchmemgenents in the @omprassed amegedwd the ssmyiling 2atioof chaipanads in a

wherein the LLDCT i s_confi gl to performan 15 IDCT of the first |IDCT
| ength on geéﬁ%%graa%%@%%&groporti onal to the first scaling paraneter

and neans to performan |IDCT of the second IDCT | ength on a nunber of

bl ocks propgr4y t sCAali ar er, . for
donns: 21 ng2a. s ARdLof .35 BFSaRiC upS AR e blocts e AyTBLER
rati o havi igageanesarfapged mpowseand thg stéps are phideineld amgacbrewof biokkd.ns 16 to
23. 28. A conputer readable nmedium storing conputer readable instructions
execut abl e by a processor of a computing device to cause said device to

i npl enment ReTlw athadf oft dny ome bddlavhs dhytodte witeraih dhenblocks i the GBnpressed
image are arranged in columns, and the steps are performed on each column of blocks.

20 24, Aresizing transcoder for arbitrary ratio resizing of a compressed image in the discrete
cosine transform ‘DCT’ domain, comprising:

an entropy decoder to entropy decode components of a compressed image to
provide quantized coefficient indices for each component;

a dequantizer to dequantize the quantized coefficient indices to reconstitute DCT

25  coefficients for each component;

a scaling function to determine first and second IDCT lengths and first and
second scaling parameters in accordance with a desired scaling ratio, and an original
image number of blocks and a target image number of blocks;

an inverse discrete cosine transform ‘IDCT function to perform a non-uniform

30 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;

a resizing function to concatentate the non-uniformly sampled pixel domain
samples into blocks of a predetermined size;

35 a DCT function to transform each of the concatenated blocks to provide DCT

coefficient blocks of a resized image;
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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 image.

25. The transcoder of claim 24, wherein the first IDCT length is a closest integer larger
than or equal to the product of the DCT block length and the scaling ratio; the second
IDCT length is a closest integer smaller than or equal to the product of the DCT block
length and the scaling ratio; the first scaling parameter is equal to the product of the DCT
block length and the target image number of blocks less the product of the second IDCT
tlength 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.

28. The transcoder 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
blocks proportional to the second scaling parameter. |

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
processor of a computing device to cause said device to implement the steps of the
method of any one of claims 1 to 23.



