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MATRI X COVPRESSI ON ARRANGEMENTS Thi s invention rel ates
to utilising i mage conpression and reconstruction
w@b@ent2bns for transm ssion and recepti on of PEI/AULINEN00759
can be represented as a nunerical matrix or a sequence
of nunerical matrices in bandw dth [imted channels.
The met hod and al gorithns described herein nmay reduce
data size to such an extent that data that was
considered too large to be practically transmtted in
a useful tinme frame can be transmtted in real or near
real ti mMMATRDeCONMPRESSION ARRANGEMENTSat a 4
communi cations for a variety of sensor, electronic and
oy [ t ems.. BACKGROUNDOE THE | NVENTI ON Thi s
i R B B e G R ¢ b el s e on
alg i LR RedrsHeib4i0A aBf r@@é&ﬁi&ﬂ@ d&a Qhéﬁ’ﬁ#ﬂ?é feﬁzr@&nted asa
represented as a matrix Oor a sequence of matrices.
nunieyidal megtrioormsequience bEnweprieslant adcegria pandaliish bk
dat.a s typjcall nal ysed and represented in one or
chappgle. %@#@ié@%ﬁgqrﬁ ssdesgribed hereinimany bsducertlatasize
d to.provide.assistance in.such
to sfch i SURLHRS: SR PRI B R 00 158 D L ety
trar@Biitted $n alusefdl nk FrénSdtddBd trhASMIREQD R 1dal ©r ARRURL Afne,
data col |l ected by one or nore sensors tf]e nor e
Thesdgonithnes eadbeapplied tddatmrminysiuiaitionsdbr 8 tsietydbfsensor,
infornaéiggfn will be. Therefore, it is one thing to
elecranicand ifosmeken sRiedsanal ysed coul d be of use, the
chall enge is often how the data collected is going to
be communi cated to where it can be anal ysed and then
BACKEROUNIDOMPSE MPPERAIORE © manner. Low data
communi cati on bandw dt hs exi st for one or nore reasons
for many communi cati ons systens and the data to be
.transmtted can_ thus take

This specification describes an advance in the compression and reconstruction
of data that can typically be represented as a matrix or a sequence of matrices.
Each matrix may then be represented graphically. Such data is typically

analysed and represented in one or more ways to assist in its interpretation by

a human or a computer programmed to provide assistance in such matters.

Such data could relate to a multitude of matters.

It is a truism that the larger the amount of data collected by one or more

sensors the more accurate and useful the analysis of that data into information
will be. Therefore, it is one thing to collect data that once analysed could be of
use, the challenge is often how the data collected is going to be communicated

to where it can be analysed and then used in the most appropriate manner.

Low data communication bandwidths exist for one or more reasons for many
communications systems and the data to be transmitted can thus take

inordinate periods of time to transmit because of the low data rate achievable
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inordinate periods of time to transmt because of the
| ow data rate achi evabl eon the channel. Even when

weornrugs26at i on channel s of adequat e bandwi dt h BE€BAU2006/000759

avai l able, the priority of the data nay be such that .
it 1s not of adequate benefit to devote that avail able
bandwi dth to the task of communicating the data to
where it may be of greatesx value. In this
specification a potential solution to this problemis

on tHE SRAkRe dEd v hief @BnBATRIcasESh @hafnels bt adegiitediandmvidth
algorithns to enable the transm ssion of data that can

are denitabie, eseptietitynof thendamemapbe sach that dt isaios ©f adageatsf
i mages, this is true for any data that. can be. .
benefigPaisatathaevalH RRREA ORI e tore of SEpEmic g the
trices. Th [ jscl osed may reduce data
datag%)ng %erltgzﬁygbeg%%ﬁe@g%ggﬁ@efo such an extent that
sensors or electronic systens that were considered to
provi de so nuch data as to be inpractical for
In this apsecitisatiomna potentiil lsahitnciodhisgpoblemas desfribiedt thatuses
frame can_now transmt their data in real ting or
comyiresfion apd secomgtratstienalgryithepy W@Mﬁ%l% data

br oad f. ' ' .
that PSP Gt & € B gReRe: o EluEny oty le facls

trud #dr %hgwmr—ﬁ%hn 'mtlﬁgi‘eseﬁﬁzicﬁa§ £RLARSIA PG ©8 Alsahtiei@
scal abl e data, the nethod consisting of the steps of:

of mdtrices dhierdgarittens dsehtsad invay tfdumeskodd sizadengimae ed
Wth said first nunerical matrix, and b) conpressin
appdigpidonti i ush aepdenicihins sefoat PrlegiroRisisystempsthat wer

A | cal tri i,atin ion. of
congidFied Bt 1 ol EBAsP R Leatle Rl SR % on
avagaﬂﬁ%]aﬂﬁeﬂs h& ol (HeRNLHAR FAMBEAPHORS triGANThEN akd)Eh real

Igita ata representative of a first nunerical

time®k frixhiaem sdcaptaplstialeabl e data, the nethod consisting

of the steps of: c) receiving conpressed data
representative of said

BRIEF DESCRIPTION OF THE INVENTION

In a broad aspect of the invention a method of compression of digital data
representative of a first numerical matrix, said representation containing
scalable data, the method consisting of the steps of: a) creating a

representation of a scale associated with said first numerical matrix, and b) »

compressing said digital data representative of said first numerical matrix and

associating a representation of said scale with said compressed data.

In a broad aspect of the invention a method of reconstructing digital data
representative of a first numerical matrix containing scalable data, the method
consisting of the steps of: ¢) receiving compressed data representative of said
first numerical matrix and receiving a representation of a scale associated

with said first numerical matrix representation, d) decompressing said data
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first nunmerical matrix and receiving a representation
of a scale associated with said first nunerical mtrix

WO epraseat ati on, d) deconpressing said PCT/AU2006/000759

dat arepresentative of said first numerical matrix: and
e) mapping said deconpressed data with said
representation of said scale to reconstruct data
representative of said fiPst nunerical matrix. In a
preferred aspect of the invention the step of creating
représen®RiRSEMNadd Fiedt rifme@riGd ah&trixd ehd @psdpping baipl of
determ ning the maxi num and m ni num val ues of said
decothpiessed dataavith seikrepresantatiart obsdid sealese recomshet fdata
and creating_a representati on of those val ues, which
repregestatiee ob3aid SritHBIRNIAIMYTS ratio of those val ues.
In yet a further aspect of the invention a nethod of
reconstruction of the first numerical matrix according
Ina §9ef‘é£1%kiras%etm|tlclé* asveritor thetshas oSéepting a raFmsyntmgioma@fch
al ues thenselves or the ratio of those values to each
scal drehupesethe stbpdef deterhining che maxinem and nrigimese Helbies vé

_.of a version of said first nunerical matrix erein N
saidjdjgial@atpirgPigsenativg of syithRrmeHEa) r@%ﬁn’%ﬁ‘&a SrSHHES? ar e

th . e . T el v
repsRAar oY B valid PHRIF Bl drEceliosNHEARBERE O o of
thoslgjéualhilé%_ of the same size that represents the conpressed

first nunmerical matrix file of N and aand bare the
maxi mum and mninumentries of A respectively, the

matrix P, the reconstruction o trix Nfraomt .
In yebarprabeeaspegirirthe anveniion %H}set{le O Frecumirclrn of D fire

construct.ed so thaf it s ' m entry
nurieral T efotelg E%lﬁg@zzt‘%‘gl‘%dggﬁg‘?%ﬁ%‘%&ﬁg}%g( Z, ),
appglih Isa RN Falubs themdBlvdshirZthelrhtio @F thosedRludstoyeach Create

nfnerical matrix substantiall y the same as the _

decormipgegsatl data value to provide data representative of a version of said
first numerical matrix wherein N is a matrix with real number entries, and x
and y are the maximum and minimum entries of N respectively which
represent the first numerical matrix, A is a matrix of the same size that
represents the compressed first numerical matrix file of N and a and b are the
maximum and minimum entries of A respectively, the matrix P, the

reconstruction of matrix N from the compressed numerical matrix A, of the

same size can is constructed so that its i-th row and j-th column entry are:

= AGDDE)

such that P has the property of max{P(, ), all i and j} = x, min{P(, j), all i and

j} =y to create a numerical matrix substantially the same as the original.

In a further aspect of the invention a method according to any preceding

claim wherein said first matrix consists of a plurality of data points the
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In a further aspect of the invention a nethod
according to any preceding claimwherein said first

woraiosi12826onsi sts of a plurality of data poi nt SPCT/AU2006/000759

t henet hod consists of the further step of determ ning
the quality of the reconstructed data neasured by the
mean error and standard deviation in a set of data
points of the difference 6f an data point fromthe
first nunerical matrix conpared with a reconstructed

metHRE @or@its bf tHfatHeystdpest dapanining thhqualityeoftthen t he
nmet hod consists of the further step o (gqredeterm ni ng
recohsteucied daty nfeasumd by)thetmeam errer anslstn

e T AR e A
the dat t it f t
B he e e

consists of the further step of predeterm ning the
quality factor for the conpression so as to allow the

In a futhemaspecbof e ideertiahtteughtlodrasite oﬁtheef@rﬁ@r atep of
transm ssi_on band\g@dt h_and predet er.m ni n‘t%] t he

prede%e%@l%&t@ delypdactor fad CPWHTE%%? Qyé %\H#’Fsr?é Pl
fact

o e At ottt t%rg&watggnd

deteglﬁﬁﬁ rg AR of BeaBith rétRlstiurtd PR iOr the @hosanpuslityi 0

first nunerical matrix based on the | argest
factelat a transm ssi on bandwi dth avail able for transn ssion

of data representing the conpressed first nunerical
rratri X. In a further aspect of the invention the

Ina, glft gg fis?%ernc gﬁﬂfc’q inve 1816, Fﬁ'e{ ﬁl@?%cnf &fs of ?ﬁ@fdﬁﬁ@r%@eﬁ BF

qual’i Tor conpr essi on o
dderrhidifl tAE BRANGAactBR S ’éheb:%@;ﬁire@ﬂoﬁfs@(i\%tt@ alfbiethe
pre upplér ) %n sqg lﬁgjan error and ‘standard devi ati on of
trantshﬁs&ta]h oé dafa thrdaglaapoedeteimined daterisansmeissian biandwidth
and predetermining the quality of the data reconstructed with the

predetermined quality factor.

In yet a further aspect of the invention the method consists of the further step
of: determining the largest quality factor for compression' of the first
numerical matrix based on the largest data transmission bandwidth available

for transmission of data representing the compressed first numerical matrix.

In a further aspect of the invention the method consists of the further step of
determining the largest or smallest quality factor for compression of the first
numerical matrix based on predetermined upper bounds of mean error and
standard deviation of the value of a data point in a reconstructed first

numerical matrix.
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nunmerical matrix.ln a further aspect of the invention
the nmethod consists of the further step of:

wa@ledoenza2ni ng t he size of the conpressed data; BOIAU2006/000759

determ ning the bandw dth of the data transm ssion
required for transm ssion of data representing the
conpressed first nunerical matrix. In a further aspect
of the invention the dataSconpression algorithmis
JPE&000. In yet a further aspect of the invention the

Ina Hﬁﬂ?er%E@é’csdf&h@ finPertRAUEBGRethibdswbeBtofSthieur tleestep of:
each sub-data set can be represented as_a nunerical

determining thmsize af the apmyaesaed date; endlsteseraaining thpbandwidth
transmtted to a reno user Ln.reak tjme _or near

of theglala rREISHIRN FRAEGS o SADPREROR &F SRl TeRRCssRangdhe | n
conpu 1.0N. . I: ..conmuni cati ons al gorithns such

Comgges%%({]og%étgﬁr%{\%é%%gﬂs O t nmessages which are the
subj ect of a separate patent application in the nane
of the sane applicant and filed on the sane_day under

In a flnehér dsipectodf thiessaerition Vet ded camprassios plgsirithawisi on
and which is incorporated herein by reference. A

JPEGHWO; fi ¢ enbodi nent of the invention will now be
described in sonme further detail with reference to and

~as illustrated in the acconpanying figures. This

In y@ﬂ%’ﬁﬁ%ﬁ@%gb@t dflthe Sk @itiorerhanthth tosdists|od aetuémst ofistb-
the scope of the invention or its application in other

dateesens, were eheh sub-alapd setatin besepBwgytest asompumedical matrix
descri ptions of other engodinents be i ncl uded '

and\gpelypab-data setdpintendedho beigREMS egi Ef¥ arFRteHSTiBrede

. iIIustratﬁg i n-the acconpanying figures or

UmMe,p} BHAEFVRIY f eat ures of the invention may be shown
in the figures but not described in the
speci fi cation. BRI EF DESCRI PTI ON OF THE FI GURES

The methods described herein can be used in conjunction with data

communications algorithms such as those utilising short messages which are
the subject of a separate patent application in the name of the same applicant
and filed on the same day under the title of Messaging Method as this

specification and which is incorporated herein by reference.

A specific embodiment of the invention will now be described in some further
detail with reference to and as illustrated in the accompanying figures. This
embodiment is illustrative and it should not restrict the scope of the invention
or its application in other environments or applications. Suggestions and
descriptions of other embodiments may be included within the scope of the
invention but they may not be illustrated in the accompaﬁying figures or -
alternatively features of the invention may be shown in the figures but not

described in the specification.
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Fig 1 depicts steps for the conpression of a data
matrix. Fig 2 depicts steps for the reconstruction of

w@2@atz826mt ri x. Fi g3 depicts an enbodi nent of PECEATURWE000759

di agram of the nethod of the invention. Fig 4
illustrates an exanple of the original, conpressed and
reconstructed data sets using the nethod of the

i nvention. DETAI LED DESCRPPTI ON OF AN EMBODI MENT OF
THE I NVENTION I n this specification, the disclosure
describes a way to reduce the quantity of data sent
fromsensors or electronic systens that can be

BRIEF DESORIPEIDNAPIHE SI1@URHSEt ween t he nodes of a
networ k through use of nunerical matrix conpression
and reconstruction steps that use one or nore

. caqnpression and reconstructj I Lthms., T bl
Fig | deBictert RAANGESTBIvSIonYt § JaRdieBi by a sensor to

. : : ; i R h
Fig P ReBRR el Tng PERHDLERHP RSP 2 dfntdni?, DeCEnar Ty enc

Fig3epif8 ahictbaiithdriten thé flaWl diagrhaa of ke awthod of dee dat a
is'received at the other recelving end of the link to

invendioon st(rjugt the original data fromthe conpressed

. receive ata and th ual.i ty of the recqnstruction

Fig & Hipagateii PORRBIE SdPaoBEFE FRBTeSred ABGCtTBI U5 T he

dato”ggéh%' tﬂ@h?etﬂgd%? {nJeﬁ%ﬁduc“ on having acceptabl e
adseeftl I'eRci es rteferre 0 as a quality control factor
that can be set by the user to suit the purposes at
hand. The link is left to ensure that all of the

DETAHER SHESCRIRTHONOFaNEMBOPBMENT OFaidRiINEING AN
the link and in the event that the quality of the link
causes errors or om ssionsof data received then the

In tfS %lpieéﬁ"icﬁgor{, Afie GRCRIILL HELL RS Wa? %o taliddighe Wﬂﬁ?}d of

data sent from sensors or electronic systems that can be distributed across to
and between the nodes of a network through use of numerical matrix
compression and reconstruction steps that use one or more compression and "

reconstruction algorithms.

To enable less data than was originally created by a sensor to be sent over a -
communications link it is necessary to firstly compress the available data at
the sending end of the link and then finally once the compressed data is
received at the other receiving end of the link to reconstruct the original data
from the compressed received data and the quality of the reconstruction can
be controlled between faithful reproduction of the original data to useful
reproduction havihg acceptaBle deficiencies referred to as a quality control
factor that can be set by the user to suit the purposes at hand. The link is left
to ensure that all of the compressed data has been accurately transmitted over

the link and in the event that the quality of the link causes errors or omissions
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A ratio of the quantity of sent data over the quantity
of original data is preferably as | ow as possi ble and
wob@n/1242681 descri bed net hods and al gorit hns ar ePCEaU2006/000759
the low ratios obtained are such that quantities of
data that were considered to be too |arge to be
practically transmtted to other users or systens in a
useful tinme frame can now’be transnitted in real or
near real tinme while retaining the critica
of d&H3EAGYEd Hsdr 8 (Rfalityef tHd @eonstraleticn mihdertertheds
di scl osed are applicable to data comruni cati ons
reduapgdl i cations for a variety of electronic and
informati on systens. Statistical analysis of the
nmet hods and algorithns is provided in this

A xeB Rk FELRE ke AR oY RE et SLOTeRRLIERT: e

pref@¥dily 8Pl ab pobablegiil WhenThe Mefiribigmetligilstdrel mai n
the end user 'is referred to herein but this is not

algorithasded used | thelow rhdios objpénat ardmchdbat quantiiessi dae

that aRSIEPaY T ey DRI DU (PaDe BERCHA G BPPETOREY BIer

) o b/ gt eyt
useryd PR i wRR LT gt R R BB HOH el B Rear

real tBAY GHiRNRtaili BRPIhB G ritita K at te ik tiExsf e rpiAdl data.
control reductions could affect the usability of the

recovered data even though the smaller data sizes are
nore anenabl e to the_avail abl e comuni cati on

Thepraadwdgidisclosedeare appliablato data FRMABHYCAHNS ARPYICAHARS
resented.in this specificati ' :
for £ERRBL St pBa Stk PRl St anslysis st the
metﬂ%dts RRqE&HiiRhs HHrdvidid iphheepdificationeo epanmbettes
the maxi N"im and mni mum si gnal reading | evels of a
diffsemeebetwien {heasiginal datn aokl thieirscangpricped data that become
characteristic in a sensor data coll ecti

d
avaglablerattshe ranoferyetess opHpeuEn Hhemady thRend Hetiariesied
her%iﬂj?&%sl GalPLRsEsS: DoRNA %ﬂe%%loge 3k ui BEIPE RGeSO

claims appended hereto when the end point could be a remote system).

Various values of quality control factor can be applied in the compression
alogorithms described herein so as to achieve various data size reductions,
keeping in mind that extreme quality control reduétions could affect the
usability of the recovered data even though the smaller data sizes are more

amenable to the available communication bandwidths.

One feature of the methods and algorithms presented in this specification is
that the reconstruction process preserves predetermined aspects of the
original data, which could in one example be the maximum and minimum
signal reading levels of a sensor. The preservation of this type or characteristic

in a sensor data collection and distribution process allows the end user to
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t hough the data size of communicated data is
substantially | ower than was the prior case, the user

weloms/1zRaf1 treat the data any differently to previ/dB200be00759
same end result as if the original digital

representation of the original data was available to
them The analysis provided in this specification
shows that when the data s a nunerical natrix which
has a plurality of data points wherein the nunerical
und &@ilkd thel t?pliceﬁ phdGessingiavaiableiat & netwonk nodet seothat even
nunerical matrix representation is not substantially

though‘tbelfhh? size of lgemanitgicated dpte is sehstaatiallyalovss than ¢

. ri ol e . .

the PHOTH7ise; te 4ok 9aeS Bt Rea e ot B, FitFifhgrdo sHOYIds 1R ©
sam%%ﬁh LE&kE 9k fﬁﬂg %églgeﬁsc%igﬁﬁt&g%’s%h%{ﬁcﬁ{ of43e rori%ﬁélrda&a

npressi on an uction Conpression an

waslagafiaslertgghé@n al gorithns for any data set that can be
represented, as a matrix or a sequence of matrices is
descri bed. Such data can for exanple be represented as

The ZralsPerotLor i S rginratimenovis SRE et LY
nun{l{llgca([: ﬁgagﬁ% apfi'ﬁtchq{ag .agﬂ?lra%f? ndath f)Qlﬂté PHerdinehe sQBSrRal

nventi gorous  statistical analysis

matPiik rePesehtsdbintakts @ ridorishectahpiersicanmatriix representation
reconstruction algorithns is also provided with

is noteibsteattiadlyl diffeaenirte $he¢ origined deta mpsesandatieral Hied
again analysis is use 0 assi t he reader..t o .b er
nur el et SeHBe BRI, S 1 B REROs SO g e
i.hed gﬂg@ i ' A i on. The
to tﬁregﬁﬁt{acr?a | %%e\/{rrg%%ﬁ{eés esicD? iﬂég 5&2?23 t?syﬁgér%% O'r\/\&sl%s’tﬂll nt ended
tolimt the scope of the clained :
i nventi on. Conpressi on and Reconstruction of Data

Matvix CooyyreBsionandReepnstpickiont wo t ypes of data are
considered: i) single data set that

Cc;mpression and reconstruction algorithms for any data set that can be
represented, as a matrix or a sequence of matrices is described. Such data can
for example be represented as an image or a sequence of images. Image
compression and reconstruction algorithms are discussed to assist the reader
but are not intended to limit the scope of the claimed invention. A rigorous
statistical analysis of the errors caused by the compression and reconstruction
algorithms is also provided with mathematical measures for the errors
provided and again analysis is used to assist the reader to better appreciate
the benefits of the methods and algorithms described by way of example in
this specification. The mathematical measures described are in no way

intended to limit the scope of the claimed invention.
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can be represented as a nunerical matrix; and ii) data
that consists of a sequence of sub-data sets, where

w@2wh/1326t dat a set can be represented as a nunkCT/auR006/000759

matri x; each sub-data set is intended to be

transmtted to a renpote user in real-tine or near

real -tinme; wherein the received sub-data set nay or

may not be mani pul ated to9enerate desired data forns.

If one can transmt, without any errors, a data set
Coniprebsi6ARAndeR éiriseartioncofData Matsieascal matrix produced

by systemA to a renpte end user Blthen end user Bwi ||

have the same inf ti t he Syst A As

By et 0GrxaBtpIPROTO PR Ol v 96 SAMB PR PRl caiss b
Il th ired data f t act

cn B ST LB O L SR o bl o

sequdhBOLELISAblYset8lWhbrd &Eﬁ'sgb%té B& QY refpfr@Rnted as a

nunerical matrices, the end user Bhas exactly the sane

numedtcar fatiigreaal subalay steminhteatied ¢obe dtaasnitted o aeeinede
matrices. This would be the ideal case when there is

userimyeal-dmerarmesa redHimenheIRIA tb%ﬁ%fnﬂdewboaaﬁarﬁe& may or

ur gose between system A and d, user B. However, for
maﬁ%wﬁoea@ampel‘ﬁ%egn@, geﬁﬁéatééﬁﬁlﬂﬁ? g‘&ﬁ O nawi dth i S
often limted, which requires exploration of the

possibilities for reducing the size of the data to be

If ohd @IstFhhdral, withasit bay@eices, f datatsbetlan abh delrepresented as a
conmuni cati on bandwi dth, at the sane tine, maintainjng
nunpdrécafmaitiix profluced by systened taarremase gnlaiser Bathessngnser

to the_end user.. In.an exanple, .a n rical i X, K

o e S i o D S A S Py BN it B
i ' | PRIl IRk IHRRILRALY as the

Wﬂlzl%aéllteﬁgé é?%é?gdﬁ%&}e%gﬁglg%%o the data re pr eéc e ntyi ng
infdriftiolBgetdtdr hhsistemsarahh €o. Yhastlworeticalye aftemrpeeivang

be transmtted through the comuni cation_channel to
the ehwr-free numerical matrices, the end user B has exactly the same
information as the system that generates the numerical matrices. This would
be the ideal case when there is ample communication bandwidth available for
this purpose between system A and end user B. However, for many
applications, the communication bandwidth is often limited, which requires
exploration of the possibilities for reducing the size of the data to be
transmitted so as to cater for the available communication bandwidth, at the

same time, maintaining the quality of the received data to a level acceptable to

the end user.

In an example, a numerical matrix F can represent an image in system A or
generated in system A. An image compression algorithm can be applied to
reduce the size of the data representing the image and thus a smaller version
of the image can be transmitted through the communication channel to the
end user. Upon receipt of the compressed image data the end user could then

convert the received data back into a numerical matrix G.
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end user. Upon receipt of the conpressed i nage data
the end user could then convert the recei ved data back

w0 nioe/12828Lneri cal matri x G However it is not ePOUdl20106/000759

nmerely conpress the image by applyi ng known
conpression algorithnms because this process is
typically a lossy transformation which discards
information in the origin® data that is not
recoverabl e when the transformation is reversed by a
deconpression and by way of exanple it may be that one
or nore signal levels contained in the imge are | ost
Hovervediitsis oot eough tameselyrromnpress Hie ippagedasaprlying kaown

lied so as t \ h .i nf tion then th

com S B BRSPS I SEATRE Pk e

trangt%lr&\é%%hvbﬁfcﬂrdi?gaké?ﬂiﬂfaﬁﬁlgﬁoﬁ g gﬁe Bhgﬁf%i dKROIMAL igREte
conmpressi on al gori ne owever 0O Nno di scri m nate

recoRBlIMEE W HRAGH &ainsfirn@dtidrmsgeveared dyet deonspressioneand by
be a possibility that signal reading |evel wll be
wayadffexatgrle #mdap be shat ome ecovaze signel leFglstdeataiped in the

~althaough non-1I os conpressi Qn techni ques_exi st the
ima e LIS U Giofari<eb 14 PGB ICHAR FEOFSF 1t PREARRL b 10
the real. [t I ' '
e 58] e, A RS LSRR ALy o
dischi@ tHetdlQn® infob@atiBnantthe firstislhed Ehoaapintb ggcompression
sel ected algorithmand its associated quality control

algdrithirer hawel drivh 0ot disciminatedeiwreen PnapartGf aaf inegge and
reconstructjion (recaq resgi on) @r oc&ss
&

anoghsspaheiegvilbbea pesebility that gnlaep Seileveigviihhe afferted

and4Ser Vélh”% 1 gglrevi ng critical signal |evel values. A
el %on‘%r ession algorithnms as described herein

may be utilised to conpress digital data represented
in image format. |mage conpression algorithns
Furtiidrhicre afthd@Eka08d ogshotorhpRissicogeaphiquesryist they output

data files still too large for transmission in the real or near real time periods

desirable.

With appropriate selection of the compression algorithm, the method of the
invention includes applying the selected algoritﬁm and its associated quality
control factor and the difference between F and G, after the reconstruction
(recompression) process, can be controlled to a level that is acceptable to the

end user while preserving critical signal level values.

A number of compression algorithms as described herein may be utilised to

compress digital data represented in image format.

Image compression algorithms utilising JPEG2000 (Joint Photographic Experts
Group 2000) format have been widely used in the compression of many types

of images with great success. It employs the mathematical tool wavelets
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G oup 2000) format have been widely used in the
conpression of many types of images with great

weoweasRs1 It enpl oys the mat hemati cal tool PCT/AU2006/000759

wavel et si nstead of discrete cosine transforns.

Wavel et s have been applied in a nunber of areas taking
advantage of their inherent power of exam ning the
details of a signal at mutkiple levels. Wen
conpressing an i mage using JPEG000 that is just a

insteAHBIdi6@btd @hIetramsiPaha wheeleaahdvecbdnalpfliediact or
(QF) can be set. This QF will determine the |
numberpf ass takinghdyantagetofi their irherant peyenef etpanining the

el oo el R RS A e AL
k) B R Gl g o R e

(QF RSt RItEPIRE \(5F Gvill Hetdinifit g@bornpy@sion falke andrthueshed
I mage has scal ed signal -readi ng val ues ranging fromO

quality XRhe seccaanpregfedimeage. @F eart tangsihetwgen thevagesgf U and

There are nany, ot her usabl e inmage | r.ession
100. o B FIQORMRCSEHETRBA AHALRY RIS Wi AP AR et ol e F

hi cs a.F bCqk c FF
usec pAE sl SRR R B D R AR T
i festRId@itical E@Ralleedist tho/@riptbssd) iméfd Ras
mvef%o?ﬁ?%%g%tﬁ; ram d V\&vel%ﬁﬁ Coder), Hconpress (V\gj%ael et
scalddrigeal aeapiresedloe) ramgindEOng Dits F érearGoQEnehere p is the bit-
Transforns) algorithns. Referring to the flow chart of
deP’Fh@ﬁlec.Lte@he steps for the conpression of a data matrix
are illustrated. The first step, Step 2 is to select
the matrix Nto be transmtted, where N represents the

TheP& hi¥ ﬁ\a_hz dhé Eablavthdit CARpRsEIDndaEeifehécEne Sf erhidh
Is to find the maxi mum and m ninumentries x = max (N)
are BNG yPortabla Network Graphics), GIF (Graphic Interchange Format),
TIFF (tagged Image File Format), PDF (Portable Document Format), BTPC
(Binary Tree Predictive Coding), EPIC (Efficient Pyramid Wavelet Coder),
Hcompress (wavelet image compression) and DCT (Discrete Cosine

Transforms) algorithms.

Referring to the flow chart of Fig. 1 the steps for the compression of a data

matrix are illustrated.

The first step, Step 2 is to select the matrix N to be transmitted, where N

represents the original data set which contains data points.

Step 4 is to find the maximum and minimum entries x = max (N) and y = min

(N) of scalable data in the matrix.
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(N) of scalable data in the matrix.Step 6 is to sel ect
the i mage conpression algorithmand associated quality

wo awboes2and if required the bit depth. Step 8 PGI/ADG2006/000759

conpress N using a selected i mage conpression
algorithmto obtain a conpressed inmage file A. Step 10
istotransmt X, y and Ato a receiver being a renote
user, node or system Theldnvention deals with the
potential |oss of predeterm ned essential informtion.
Step Bk S0 béladistteantpe doexredias algarithed ynd assgiated quality
reconstruction, which involves the mappi ng of certain
factqureedeif cequiined thaabiddeptlsuch as for exanpl e maxi mum and

m ni mum si gnal | evel readings) of the conpressed inmage
back into the range of those of the original data

Iyl ' ' '%!{%Jd'o‘in R6iBHY Sorkitdh t&an
Step@%é{%éf)wg&gf{)ﬂi%g% g%glﬁgﬁe?lulctl n process of§%ny
obtaﬁ@HEbﬁﬁﬁ@Qsedﬂ&ﬂ%aelﬂMA.Sl ng an image conpression

al gorithm The ppi ng Procedurefor the Reconstruction
of a Conpressed Image: Let N be a matrix with real

nunber entries, and | et x and be the Xi mum and
Stepmi e (0 RN 27 SRR o8 PRSI DEYPE £ BT AB eCR et FF
S st? the sane size that represents the conpressed i nage
Y% e of N and let a and b be the maxi num and mi ni mum
entries of A respectively. The matrix P, the

reconstruction of matrix N fromthe conpressed jnmage
TheAnvaftidrhéealanetls theepetentishloss beprssletermised @ssantiaich a

infoF bt ighe s F keI Tt Dby BAGoe, TPERPIRsErition
4 Fif bl Tl AR b M
exafMPIY mikEm8ii 8h8 minimum signal level readings) of the compressed
image back into the range of those of the original data matrix. The following
is a generic procedure that can be applied to the reconstruction process of any

compressed image utilising an image compression algorithm.

The Mapping Procedure for the Reconstruction of a Compressed Image:

Let N be a matrix with real number entries, and let x and y be the maximum
and minimum entries of N respectively. Let A be the matrix of the same size
that represents the compressed image file of N and let a and b be the
maximum and minimum entries of A respectively. The matrix P, the
reconstruction of matrix N from the compressed image A, of the same size can
then be constructed in such a way that its i-th row and j-th column entry are - -

as follows:

P(i, j) = (A(i’ J)a_—b?) (x - y) +y. (1)
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i ntroduced by the conpression algorithmand the
quantisation process. Equation (1) defines a linear

worappitzg2swhi ch does not i ntroduce any additi one€T/ap206/000759

In the whol e i mage conpression and reconstruction
process, there are only two stages involved, nanely,
conpression wth quantisation being part of the
process and reconstructi ol using equation (1).
Therefore, non-zero entries of B are.the result of the

Wheé Pyl KASREEhBYropRetiernhesB(py), all gand jlwy, whn{R{, i)s all
the 1 oss of informtion due to the conpression

i anchj} goy andiB aded Bt therdifferance ioé Niaind Psjopsaing ggly the errors

. consequent quantisation of data_.in the.original
intrqghice %}’ the CRMRrepsigR &gt ?’6351?'13 ‘é‘ﬁ?fletﬁfﬁlro% HORE" al so
contain errors caused by the communi cati on channel
used for the transm ssion. The flow chart of Fig. 2

Equididripl) (iFigss 8lRRGr heippiie witelodsks Hot irtrodiceardat a
matrix. The first step, Step 12 is to receive x, y and
additiopebempeskethe whgke ifndge)contenessipr ang]|repeptEaEipsPROSEss,

scale in the original data set N. Step 14. is where.the

therp arpRlar MRS BER HESIY %ﬁ AR RPRRESHP R i AT AP,
. = = . [ e t

being g} obfte3f randietghoe Bt Rt daRaRD), Miereloye,
noniA3€o ERERBTIB &L B reful® of HEUresSs @dusedrby itk@tompiedsiort 0

obtain a matrix P the reconstruction of matrix .
algohithvat, inéhiel isctile IbeneiinésrmiatiorQduate Hlyd eognprrssonf ér'lﬁﬁaléﬂlf!é

The dj fference hetween.the reconstruct.ed. matfi X _an
used Hrreshicgitha ﬂa%ﬁlﬁ?fﬁfﬂﬁ%‘@ﬂ%s%ﬂ&ﬂm ﬂ%ﬂ%ﬁ%b%eé%% iR he
ori al gorittmlg(m enpl oyed and the quality control factor

ISH™pr ovi ded bel ow are mat hematical measures to
guantify the difference. Let

If N is transmitted to an end user, B-may also contain errors caused by the

communication channel used for the transmission.
The flow chart of Fig. 2 illustrates steps for the reconstruction of a data matrix.

The first step, Step 12 is to receive x, y and A (compressed image file) where

[x, y] represents the scale in the original data set N.

Step 14 is where the receiver determines the maximum and minimum entries

a=max (A) and b = min (A).

Step 16 is where the receiver applies the described mapping procedure of the
reconstruction of a compressed numerical matrix to obtain a matrix P the

reconstruction of matrix N.
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C = abs(B) = abs(N - P) (2) that is, a matrix of the
sane size as Bwith each entry being the absol ute val ue
w@Roobhes2sor r espondi ng entry of B. C gives absoPci/au2006/000759

error of the signal reading value for each pixe
between the original inage and the reconstructed one.
Then it is possible to calculate the nean and vari ance
of the entries of Cthat Hre the nean and variance of
the errors in a pixel. If there are a nunber of inmages

MatlémhtiealMensiirep fornQuiaintifyimg the Diffgencebl e to go
through the conpression and reconstruction process for
al | inmages avai] able and then cal culate nean.and .

The Jifer qtoieenithe gepopsEgctsd mpfrot ﬁ%é 'al?F‘a@régmaéFﬁ’?gé‘xt he

0 es trol
depdfiiascsr nysadb 14T 5 T s ot ARy contro

factcﬁ%%lsecﬁ RbvidRAPEN MaYndtBefatithN@ebdifesltd ﬁﬁﬁﬁﬁf},&he

etween the original data set and the one obtained

diffdréd®. 1.6 reconstruction of the conpressed data is to
define a neasure B = N-P. (3) It is possible to
eval uate the mean and standard devi ation of the

entries of B gg ents the difference betvveen(z)
t he orlﬁl “halps( onstructed data sets. The
statistical distri butl on of the entries of B can be
estimated. If it is approxinmately a nornal

that ‘i‘é stmbfut b0Mhe shiif 9rOhaBiwithieash thay belre frerabsolutearalue
dat apoi nt (which for exanple using an inmage as_the

of theearesspohdirtpeentuyrof Be & givas absoleigearasofdhgisignal yeadieg
RNERLEC LN R LIENN T RN T
B
are the mean and variance of the errors in a pixel. If there are a number of
images of the same type available, it is possible to go through the compression
and reconstruction process for all images available and then calculate mean
and variance for all entries of all the images. Since the number of samples is
much larger, the mean and variance are expected to be more statistically

consistent.

Another way to examine the difference between the original data set and the
one obtained from the reconstruction of the compressed data is to define a
measure

B=N-P. 3)
It is possible to evaluate the mean and standard deviation of the entries of B
that represents the difference between the original and the reconstructed data

sets.

The statistical distribution of the entries of B can be estimated. If it is

approximately a normal distribution, the probabilities that the error in a data
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respectively for k =l , 2 and 3. Let V be nunerical
value at a pixel in the original data, then V the

woeeseneeal val ue at the same pixel in the recoPGI/AuURM06/d00759

data set satisfies Vtm- ks V V +m+ks (4) wth
probability 0.6827, 0.9543 and 0.9973 for k =1, 2 and
3 respectively m- . ks , m+ ks and the upper bound.
that is defined as max{ |- ks | , | m+ ks I}for k -

=1, 2 and 3 can be evaluated with the estimted m and

poing (whith fr@kyepldaiiagariiaige dsithe sonpreasthe nuaratical
reconstructi on process can be applied to the data set

matmix eqlihtes hepiselbradiae to & data peink valus) fallsinto varges sitegran
Th dfile si f Il th S, b .
be opBau P BPOERB NGt BCrhei P rO B 1 P Rgint
. h..t.hat t ' '
g e e R S S R
respéafi@elg ek =(PD%E)3. ekt P bdRaMeARa Silandan pixtdvh dhé on
between the original data set and the one obtai ned

origfriab dlatd)ehee Y0 tisd numicrioal vélue hethosgme psetiinititea may

al so be derived. |f the communication bandw dth is
recopawatedodata saisatisHes t he | argest QF val ue such that the

file size of the cap sed,data using JPEG2000 with (4
that QF vz:{)ljﬁé‘_ilgalsce}/gglt?%a’ﬁgtk e known bandw dt h. Then @)

iSO S8R TR TSR T i St egeabiap o

val
ko ?u kBeanl BRE u §%01mtmxs gefinePRemAgndikst hap +ar e
ppropriate f a particular application on the nean
ko | §folr &= an2land Srdarbe erelieed ovith theestanatedoi and 6pi xel )
In the reconstructed data. One may find the small est
QF val uesuch that the nmean and standard deviation in a
For dagivem dit fofmiaxehy compressiors and ceehstuichph prafessican bige
set bounds. One can then find out the mab
applied to the data set or all the sub-data sets with a suita

e range of QFs.
The compressed file sizes for all the QFs can be recorded and used for the
selection of appropriate QF such that the compressed data can be transmitted
using a communications link with a particular bandwidth. The data point
(pixel) error mean and standard deviation between the original data set and

the one obtained from the reconstruction of the compressed data may also be

derived.

If the communication bandwidth is known, one can find the largest QF value
such that the file size of the compressed data using JPEG2000 with that QF
value is less than the known bandwidth. Then one can find the mean error’ :

and standard deviation in a pixel in the reconstructed data for that QF value.

On the other hand, one may set upper bounds that are appropriate for a
particular application on the mean error and standard deviation in a data

point (pixel) in the reconstructed data. One may find the smallest QF value



10

15

20

25

conpressed data size that can be used to identify the
comruni cati on bandw dth requirenent for this

wa@ppbiizeaasi on. That is, the algorithns can be ceGI/am®edo0759

for specific applications. The flow chart of Fig. 3
illustrates the steps for the conpression and
reconstruction of a data matrix. Step 18 is to sel ect
the matrix Nto be transm@ted, and then find the
maxi mum and mni numentries x = max (N) and y = nmin

such(thht e inlen S@dl sahdardaleviatiorn rea data | p})] oint Gpiepl)20 is to
sel ect the i mage conpression algorithm and associ at ed
recogstaticteyl foantiowithid the setdwpuindsdOnksapither élpsdrputéhe mean

Step 22 is to co s N, usi. .essi on

comar?g%éﬁ%% kA sige %tgﬁ%eméeéa %Eé’fg&hﬁ ﬁﬁﬁ’éﬂ 20 step
) ’

banc%éudt? rteﬁuﬁreﬁﬂe rtn(fj(ér t)(f)nrls %@ﬁ!ﬂ%@hg’fg‘a& gs‘é‘ﬂ'lé’ 1 0er i ﬁgn be

cumﬁﬁﬁﬁkﬂﬁ&s@@&ﬁk@hﬁﬁ@aﬁ@@;nHXInunland m ni numentries a

x (A)"and b'= mn (A and applies the described
napplng procedure of the reconstruction of a

conpr esse i cal tr be .represent ed
The il oL B Pibgsae Tuntapn Gt thecPrpeosg and” " o

recon ti trix N.In an enbodi nent a net hod
TeCogPts ?ggglcgarjﬁag igital data representative of a

nunerical matrix such as an i nage contai ning scal abl e
data is used and the nethod consists of the steps; a)
Stepctmttosgleat thepmeasinNatol entrathsmaittach kadabeo Eingt the maimum

the nunerical matrix onpr es t.he di dat
and TapHBYERCAILCRX SIMEh bR rcla}mmgﬁ %Fﬁ{'ﬁgﬂés datathe

SOC|at|ng a representation of the scale with the
maftrix

Step 20 is to select the image compression algofithm and associated quality

factor and if required the bit depth, etc.

Step 22 is to compress N using the image compression algorithm to obtain the

compressed image file A.

Step 24 is to transmit x, y and A to a receiver being a remote user, node or

system.

Step 26 is where the receiver determines the maximum and minimum entries
a =max (A) and b = min (A) and applies the described mapping procedure of
the reconstruction of a compressed numerical matrix, which may be
represented as a digital image, to obtain a matrix P the reconstruction of

matrix N.
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conpressed data. In the above enbodi nent the nethod of
reconstructing digital data representative of a
woeesen2eal matri x containi ng scal abl e data, coPGI/aU%006000759
the steps of a) receiving conpressed data
representative of the nunmerical matrix, b) receiving a
representation of a scale associated with the
nurmerical matrix represent/ati on, c) deconpressing the
data representative of the numerical matrix and d)
In ar@&RBbAfMEREa Saithodiok Bopeesskpr eSdinitat data repredentatoml of a
to create a version of the data representative of the
numerica@rinetix sl axan Thagecapaiping sedeblgglaga is used and the

trefresenta i.on of a .scale includes, the s
me

&t eriae At RECREA) (TRAIRSE TRPRCTRNA VA Bfeg Bt pigciated
wit g S ER B OB e e R R e

creating a rep hose values, which
the RifefiBA HMatrBe antihg BBSI VR o0 répregdritation of Hesscaleivithsthe
An example is provided belowto illustrate the effect

compfesséd datet.r i x conpression al gorithmon an i mage which
can be represented as a numerical matrix M having 90
rows and 160 columms. The entries of Mare all positive

real nu .\ ' ol QY& 9.76
In e GRE Sl B R B P R o e
reprefQWRL P of Auhd&idal hantex sbaminingtelablpdatef tomdistt of the

Fig. 4 (marked "original"), which is a graphical )
stepp o aprecatving coinpvessedelata pepreggritapye of thg mllgn_emggl matrix,

(marked "conpressed") is_the conpyessed i mage.file of M
b) reseivigs IRERITEDIAHIHO @131%359%"%{ i progrierical matrix

i ndicated.op the scal e on.th ' ' ‘
reprediiALSSen SR Sres IR e dephh R b Ahd fyerlcl?
mat%ﬁrlﬂﬁ?%)f ﬁl%gggl% fheZ@fa Wille tROtdREdt&ion Bf fickscalk to create a

mar ke recon

tructed") shows the reconstructed
versiah bf thelddta repedsehmtvesdithe alinerichbngdris. as t he

original data matrix M since the nmean and standard of
t he

The step of creating a representation of a scale includes the step of
determining the maximum and minimum values of the digital data
representative of said numerical matrix and creating a representation of those

values, which are the values themselves or a ratio of those values.

An example is provided below to illustrate the effect of the matrix
compression algorithm on an image which can be represented as a numerical
matrix M having 90 rows and 160 columns. The entries of M are all positive
real numbers with maximum and minimum entries 49.76.and 91.05
respectively as determined from the scale shown on the right hand side of the
top left plot in Fig. 4 (marked “original”), which is a graphical presentation of
M. The top right plot of Fig. 2 (marked “compressed”) is the compressed
image file of M using JPEG2000 with QF = 16 and bit-depth 8. As indicated on

the scale on the right hand side of the compressed image, the entries in the
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difference are 0.21 and 0. 27 respectively. The file
size of Mis 118 Kbytes while that of the
wo ewoens2sucted data is only 2.66 Kbytes. That PGI/AL2006/000759
conpressed data is approximately 1/50 of the size of
M equiring nuch | ess bandwidth to transmt but when
reconstructed hol ds the essential information that
makes the inage usabl e b;lgt he recei ver. These
techni ques can be applied to data generated by a

comptasdedtiile @ingsisan,0 # 256 Thabotandplatfio Figith (@rakgdt ens.
Thus potential applications of _th%gal ﬁor,i thns . v th

“recoetructedd)ishere fhe Tesensiuctsdimalrix dagn thatds eagentigly the.
exchangj ng .sensor, .el.ectronic _and in ' tens-

com R0 SR AR R, il QR PR Bl

differiiice 410 59 %Hw.fﬂéggecﬁ@ﬁsrheml% SYAS bOVSis 108Triteivinile
channel s may i nclu optit fibre or wire cables, RF

that bf tHeSeantttarte] Hatads oply 66K yitesk That tshthdicbfrgrressed data
availability, bandwi.dth and reliabil.i iy. Tha .

is appoominesai i 58 of thesisn of Micequinngrgech lesrbandnifdh to

tranging bHe e TG ST s Sermg oAk Ls
theig%%gﬁ]t%%ﬁ@b&%hg#g Systens inreal time or close to

east offer an alternative to current
techniques. It will be appreciated, by those skilled
in the art that the invention is not restricted in its

Thesesectiriquémcarabe applied tagpta geaeraiad dyscy 1Bty of R8N Her
is the present invention,.restricted in.it. r red
electspmis gngeRtormationy %ﬁgﬁ“&s%‘i%‘)tﬁﬁﬁ '%ptﬁrihcra hg)fle r?gﬁ%'rs and/

SaPe _ & et Btar “Eheents ana/
B D A P T

elecibhROMd iAeR@MAtiADsystams daea amongithé esdes of ametwork
i nvention. Therefore, the invention should be
connuntat gtrongh varibns katenahicaoe measdi The ¥arigns wi t hin

comﬁ@i}?&%ﬁ? él-lrag%e%r@algf/smc ulczfllel\gp%lcc; fi Hrlezz or %Ivvi%el\rgeliﬁe\:lsﬁﬁgliﬁl?s and
satellite up/down links with different availability, bandwidth and reliability.
The compression and reconstruction algorithms enable a useful reduction of

the size of data to be transmitted and hence make it possible for the exchange

of data generated by such systems in real time or close to real time or at least

offer an alternative to current techniques.

It will be appreciated, by those skilled in the art that the invention is not
restricted in its use to the particular application described. Neither is the
present invention restricted in its preferred embodiment with regard to the
particular elements and/ or features described or dgpicted herein. It will be
appreciated that various modifications can be made without departing from
the principles of the invention. Therefore, the invention should be

understood to include all such modifications within its scope.



1. A nethod of conpression of digital data
representative of a first nunerical matrix, said

WO e@rasReAt at i on cont ai ni ng scalable dat a, the PEL/AD2D06/000759
consi sting of the steps of: ﬁ.eating a
representation of a scale aSSOCI ted with said first
numerical matrix, and b) conpressing said digital data
representative of said first numerical matrix and
associating a representation of said scale with said

conprgETada Bt DERNINGEHIPINVENOON oS3t AG EOHLOWS:

data representative of a first nunerical matrix
according to claim1 wherein creating a representation
of a scale includes determ ning the maxi num and

mi nilaum vAmuetBodof seinpressien af digitad datprapsespnttiveols first
aid first I t t

3 o p BRSO by el Jea PEN A i s iably goips he method
theq§§$%%i_qﬁt egﬁ%ﬁgfof t hose values. 3. A nethod.

accor wherein the nmethod consi sts of

the furt h@f cfdatipgQf teppésededtiorndig Benlé Assoqissdd twith sedd dirst
for the conpression so as to allow the transm ssion of
dat a througmuampnebgﬁéﬂNﬁﬂéh data transni ssion

bandw dt a edeter uallt f t

reconstru rf’?‘?nf&%alﬁrdéagiﬂe&ﬁ?% a]%tv§; Q?ﬁ%ﬁgfﬁrﬁ numerical
A et hOd &raq{dnegssggaﬁhg'ameél‘c%ﬁﬁi& @@éaﬁjd Eéaﬂé tvith said

numerical matrix consis a urality of

poi nts the @@hﬁﬁ@g@@ﬂﬁﬁ§ts of the further step of

determning the quality of the reconstructed dat a

nmeasured by the

2. A method of compressing digital data representative of a first
numerical matrix according to claim 1 wherein creating a representation of a
15 scale includes determining the maximum and minimum values of said digital
data representative of said first numerical matrix and creating a
representation of those values which are the values themselves or a ratio of

those values.

20 3. A method according to claim 1 wherein the method consists of the
further step of:
predetermining the quality factor for the compréssion so as to allow
the transmission of data through a predetermined data transmission
bandwidth and predetermining the quality of the data reconstructed with the
25  predetermined quality factor. |

4. A method according to claim 1 wherein said first numerical matrix
consists of a plurality of data points the method consists of the further step of:
30 determining the quality of the reconstructed data measured by the

mean error and standard deviation in a set of data points of the difference of
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30

mean error and standard deviation in a set of data
points of the difference ofan data point fromthe
wo poostizg2emeri cal matrix conpared with a reconspeaU26/000759
data point. 5. Anethod according to claim1l consisting
of the further step of: det&0m ning the | argest
gquality factor for conpression of the first nunerical
matri x based on the |argest data transm ssion
ahatatap it feomithefits ritonetical msatrssiconpareddaith a reconstructed
representing the conpressed first nunerical matrix. 6.
dataypeiéd according to claim 1 wherein said first
nunerical matrix consists of a plurality of data
poi nts the nethod consisting of the further step of:
determning the |argest or smallest quality factor for
conpression of the first nunerical matrix based on
5pr edeA atgthod dedspditg toodais 1abnestingef the furtherstem ofir d
deviation of the value of a data point in a .
r ecomsetergunig therlargestirupliaactesder eompresglonRiihg first
accor.ding to.claim erein.the nmethod consitsks.a0f. .:
rRReHcHl e X LR B B S A e S o PRR P available
SPRR ' IR irflieQéalthiftrix.
fggﬁghtrangﬁﬁggggﬁqgggggégggp%%&%P %%ﬁ?gggﬁﬁﬂ%f dat a
representing the conpressed first nunerical matrix. 8.

A met hod according to any preceding clai mwherei )
&) PEG2D 0tethed aseqrding toaipiradswheisin spidfipshnumeriga A

according to any precedi | ai erei.n.da

Sarpeatal e LR PorS s B SROSR b Relther step
Jihere each sub-data set can be represented as a

nunerical matrix; each sub-data set is transmtted to

a determining the largest or smallest quality factor for compression of
the first numerical matrix based on predetermined upper bounds of mean
error and standard deviation of the value of a data point in a reconstructed -

first numerical matrix.

7. A method according to claim 6 wherein the method consists of the
further step of:

determining the size of the compressed data; and

determining the bandwidth of the data transmission required for

transmission of data representing the compressed first numerical matrix.

8. A method according to any preceding claim wherein JPEG2000 is used

to compress digital data.

9. A method according to any preceding claim wherein data to be
compressed consists of a sequence of sub-data sets, where each sub-data set
can be represented as a numerical matrix; each sub-data set is transmitted to a

remote system or user in real-time or near real-time.
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renote systemor user in real-tinme or near
real -tine.10. A nethod of reconstructing digital data
w0 eoasent ati ve of a first numerical matrix coPCEALR006/000759
scal abl e data, the nethod consisting of the steps of:
a) receiving conpressed dat &1 representative of said
first nunerical matrix; b) receiving a represent ation
of a scale associated with saldflrst nu cg% rfmtrlx

1Pepr e“sm’a‘fd @ﬁre?ﬁsﬁégfé%dée& At ERyeeatve
representat.ive
rﬂ’ﬁ‘s ??3 ﬂ%]%lesscglLa&ﬂ% Q?Qeu ﬁ?e[ %\%ﬂkcla d&%ﬂélgﬁngagfjﬂ-@steps

Jeepr esent atl on of said scale to reconstruct data
representative of said first numerical matrix. 11. A
met hey reeeeingicognyiresaidadata képiasehtativs of baidffinst hamegicap
of : applfl ng sai d val ues thenselves or the ratio of

t hosenglabiies to each decorrpressed data value to

provi.de data representative,of i st
nurrerl?%gﬁ?elmlgra} fgp\fﬁ "f‘atﬁorl\lof g S%a r0%§(a%v:(nit 1tl§§'é1ﬁ fisl
nu”bex{urﬁé‘ﬁédl?ﬁatrﬁrl%ﬁi‘es%ﬂ@aﬂo@r e the maximum and

m ni mum entries of respectively which represent the
firste) l’(\léﬂ@ﬁ‘llp@@suf%éeﬁdﬂatd\ré}&‘eeel’[taﬁve wf eefid tfivet samericalz e

that represents the conpressed first nunerical matrix
fil e matrik:and a. and b are the rmX| mum and m ni num

t f A I .
Fecor@RaEPIg R rAPTRICR AR PHE S P Sgapation of said
numer éc%?% to('}‘@&gfl Libét cﬁfta H;ﬁ‘t ﬁé}ﬂ%ﬁé éfsd7@ @11‘!;1.5‘numer1cal matrix.

construc SO t row and j-th colum entry
are: , . -t) ("- )+ab

11. A method according to claim 10 includes the further step of:

applying said values themselves or the ratio of those values to each
decompressed data value to provide data representative of a version of said
first numerical matrix wherein N is a matrix with real number entries, and x
and v are the maximum and minimum entries of N respectively which
represent the first numerical matrix, A is a matrix of the same size that
represents the compressed first numerical matrix file of N and 4 and b are the
maximum and minimum entries of A respectively, the matrix P, the
reconstruction of matrix N from the compressed numerical matrix A, of the

same size can is constructed so that its i-th row and j-th column entry are: .

(AG)-b)x—y)
a-b

P@, /) =

such that P has the property of max{P(j j), all i and j} = x, min{P(, ), all i and

7} =y to create a numerical matrix substantially the same as the original.

12. A method according to claim 11 wherein the digital data representative

of a first numerical matrix consist of successive matrices of a sensor or



such that P has the property of max{P(z, j), all i

and;} = x, mn{P(z, j), all i and ; } =y to create a
woeeseneeal matri x substantially the same as t hBCT/AU2006/000759

original. 12. A nethod according to claim 11 wherein

the digital data representative of a first nunerical

matri x consi st of successive matrices of a sensor

orel ectronic systemthat create data sets

representative of characteristics detected by the

sensors or electronic syst®&ms. 13. Anethod according

to claim 10 consisting of the further step of:

determining the quality of the reconstryct eoL dat a '
clertgeianpeteythoh crarka at sebt TpREs AP L RAIYSESER? | n a

set qf &gta oints.in the first numerical matrix of
def@ﬁ‘@dg?yf SERTES OF LG P4 Fat a poi nt conpared with

a reconstructed data point.
13. A method according to claim 10 consisting of the further step of:
determining the quality of the reconstructed data measured by the
mean error and standard deviation in a set of data points in the first
numerical matrix of the difference of an original data point compared with a

reconstructed data point.



