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WD 2006/ 128251 PCT/ AU2006/ 000759 MATRI X COVPRESSI ON
ARRANGEMENTS This invention relates to utilising inage

WiPHRELSSsoN and reconstruction 5 al gorithnms fogerau2006/000759
transm ssion and reception of data that can be

represented as a nunerical matrix or a sequence of
nunmerical matrices in bandwidth limted channels. The
nmet hod and al gorithms descri bed herein may reduce data
size to such an extent that data that was considered
too large to be practically transmtted in a useful

e, 10 MATRICCOMPRESION Wins RRGRIESEs, °'

conmunj.cations for_a variety of sensor, electronic
Thisavertian saletestosifising ima EACNORRSNDIG AT HEORKIVERTOION

algRishHeor B 00 BRa TR R0t it B AR b tepippented as a
nui‘ﬁ/@hdéﬁiﬂa\(r& %r raea‘é geRed @ﬁm@ﬁeﬂcﬂ@&é&i&e@ fin %aﬁ?@g&ﬁcﬁn@ed

matrices. trix may th e represente
ch@maqihﬂaw Imtthcﬁm:tlnd d@cﬁzth&stdqstzﬂbecﬁ Yerdh ahyss estlidR@ata size

resent ed e nore ways to assist inits
‘ﬁbiﬂb FEent ﬂ&ﬂ# dg’;f/a ﬂ&l‘iﬁtﬁ%ﬁ?ﬂé eged spplrrae tpbegractitelyt o
M A e e g
Tht b drahe®] cdnlise A5
oo e 2 aﬁfﬁfi%‘g??%“ﬁ%@%ﬁﬁ £ OPetof TR or,
elechanicnchirifotoation eystatison  wi | |1 be. Therefore it is

one thing to collect data that once anal ysed coul d be
of 25 use, the challenge is often how the data

B L R Y BEIOR e oct appropriate

manner . Low dat a communi cati on bandw dt hs exi st for
one or nore reasons for many comruni cations systens

Thigrapetifisatian alesoribes it adwaricktie dhe atmpbersidradeed 3onstruction
i nat e ds of tinme to transmt because of the

i, nor i
of faf@ g‘ﬁi St @écaég?#%%%ﬁ@w 298 HratPxAF 12 sequence of matrices.
EadlHA% QIQ?%; A2 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.

Itis 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 commuricated

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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on the channel. Even when comuni cation channel s of

adequate bandwi dth are available, the priority of the
wid@de/MRYspPe such that it is not of adequate beRekttoos000759
to devote that available bandwi dth to the task of o
communi cating the data to where it may be of greatest
value. 5 In this specification a potential solution to
this problemis. describedsthat uses, conpression and
reconstruction algorithnms to enable the transm ssion

f t t i cal 8
on e gt 13 67 DEpEERERAGh Fo iR ol YA LA St it
ard 1BEaBRNIREp 1 SR ESENaThtA$nddy PAUSRIH Gat itTBhbt 8f 8dedquate

sequence 10 of “matrices. The al gorithns di scl osed may

benafitio eledatesthat zenitable bandwigdibl todht tasksoftconsmemicating the
extent that sensors-or electronic systens that were

datedrsyirzedtmay hereigraatesbvalieh data as to be

i npractical for transm ssion on available channels in
a useful tinme frame can now transmt their data in
In fR@5pedifidiRioN a ¥hieRiAl %uﬁ%ﬁ%@t’cﬁ@gﬁ‘oble@ﬁ is d&scBBkBRhat uses
DESCRI PTI ON OF THE I NVENTI ON I n broad aspect of the
cofnpyesstdroamdrerehbiadciddn abygithamsi torenabledihgittaisnafasion of data
representative of a first nunerical matrix, said .
thet epp beappreseoisdasm armesisal ot ot apeeuensepf Ipgges, this is

B oF BRu AR kB o reiPe Bl Atk kTt Reeqyonce

of RTBEC®he -%]Jritﬁmsadlgc:l@sed %Célf}?f’eﬁ%%é Betsabefeh k@l
data representative of said first nunerical matrix and

appHeatiimatioBgcha aneptagehbbidnsnrsodr dadttorsic ay stemist fhabwiede
conpressed data. 25 |n a broad aspect, of .the invention
copsifieterid RsPYidectrBrichiatags & §e taprapiica! for transmission on -

repr,esent at,i ve of first _nunerli Ll i
avelHEaRa T i Pre i iR 4 st e L gl
+in%d Ofﬁ)@&{iﬂgﬁgcg@mg@stﬁgg_ data representative of said

first nunerical” matrix and receiving a representation

of a scale associated with said first nuneri cal

nat ri x relpr esentation, d) dec(%&or essing said data
BRIEF DESCRIPTION OF THE INVENTT

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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WD 2006/ 128251 PCT/ AU2006/ 000759 3 representative of
said first nunerical matrix: and e) mapping said
wiesnepisessed data with said representati on of wa/&u2006/000759
scale to reconstruct data representative of said
first nunmerical matrix. 5 In a preferred aspect of the
invention the step of creating a representation of a
scal e includes the step of3determ ning the maxi num and
m ni mrum val ues of said digital data representative of -
ai d, nuneri cal .. ' Il tation
repf e RN s Ll e el o R P PP S o
decbﬁ{eﬁ&ss%fd ddthsieh ¥AlYeprestBtdtibry@isadd bdilé fereconpieatt ddta
the invention a nmethod of reconstruction of the first
representdtiad ofrsatd first accoeriiah gnatoixcl ai m 2 i ncl udes t he
further step of: applying said val ues thensel ves or
the ratio of those values to each deconpressed. data
val rovi .enr, i i ;
tn 4 freirb Pplof Bt EhRolPRER S et St R gt B ot
scald {HRIURBIthO MBS RBrhhiBSng Bdmaxandnyarl sihhauraxabumesof
and m nimumentries of N Tespectively which represent
said égitalrdetia represdrdativeraf sdid numeénical naairixi ancherepaiag ane

size that _represents the conpressed first. nunerical
repReIETIEoD PEIGPe KRBT, WHISRATS tBF SIS el Raatio of
oy entries of A respectively, the matrix P, the
S&8nhstruction of matrix N fromthe conpr essed
nunmerical matrix A, .of the sane size canis
constructed so that its i-th row and j-th colum entry
In petex furB@r BppedtAf thd Jnventiong mejhed bf re2enswottiomaf the first
has  t he property, of x(PCi,, J), all. i and [} = X,
numemcpkma%% accorfling torfdainy ladyd%ﬁ&fé%t@fé%%n cal
trl X t iall . ' {.i.nal n a
S R T S e S A
de@MpRIs8EEAhRBPvalue to provide data representative of a version of said

thogi% Qi

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 2 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:

pg, )= A J')a— 2 @=2)

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

} =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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claimwherein said first matrix consists of a
plurality of data points the WO 2006/ 128251

WSl &R096/ 000759 4 net hod consists of the fupghgiizonsno0759

step of determning the quality of the reconstructed
data neasured by the nean error and standard devi ation
in a set of data points of the difference of an data
point fromthe first nunerécal matrix conpared with a
reconstructed data point. 5 In a further aspect of the

reconsi 5inaf f
el AR R e T R M i B A bl Don

recORstRRITR] €88l AlRabdicdbishe rasart orral haw sthreddrdatessatiei oma
of data through the avail abl e bandwi dth and

set detlatanpointmot the diffaternty oban data peird frasodhe firstarwaenigalh
the chosen_ quality 10 factgﬁ In,a further aspect of
mafrhecompard wath aneecrpsrpeied sida BPRtof the furt her step

of predetermning the quality factor for the
conpression so as to allow the transm ssion of data

In & RN hsP bl SBkeR MRt GRlBetiodninsiss ontHtudiied stepld .
and predeterm ning the quality of the data

predecarnsning thedqwalith fadrer fourtbe eompresséen quabipyessin mitio so
In_yet a further aspect of the inventi t he. net.hod .
as toglqve £he BROSHISSICR P e SREgETHie AyatiaPl ?ﬁfifb”ﬁﬁg and
| arge i t. t.of: ' j 20
el Ul Gl R OTEREE AR B e ity
factdr@ansm ssi on bandw dth available for transm ssion of

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

TSR 002 3 et Bt ) S8, A e
el ub B G e Bl s v e

tra®i6ivi i d100f Qhtattheovdth Horedetarrdited dithntarismiasion bandwidth
reconstructed first numerical matrix. _
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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WD 2006/ 128251 PCT/ AU2006/ 000759 5 In a further
aspect of the invention the nethod consists of the

waddhfessast ep of . determ ning the size of the PCT/AU2006/000759

conpressed data; and determ.ning the bandwi dth of the.
data transm ssion required for transmission of data .
representing the conpressed first nunmerical matrix. 5
In a further aspect of thesinvention the data

conpressi on al gor| thmis JPEQ&000. In yet a further

in 0 Bl S VIR Oyt it sept

et

det f1Rdies @f‘ﬁ?éjco%ﬁ presBaVEAlag ahd@&mmwmeemmdm
sub-data set is |ntended to be transmtted to a renDte

of the elatd tranemissidr reguiredrfontransmiissiomef dateerepseseatiag the
descri bed herein can be used in conjunction with data

comBrep RTINS RO ﬁ’l‘ﬁ&‘?‘rthrrs such as those utilising
short nessages which are the subject of a separate
patent application in the name of the sane applicant

In @ﬁﬁtﬂérla%ge@abftthe 1SR FRthe AR bolnpeeddion alookritvasisagi ng
Met hod this specification and which is

JPHGROOOpor at ed herein by reference. 20 A specific
enbodi nent of the invention will now be described in
some further detail with reference to and as

g ate ' -89, | .
In Yhat ik Bop o e PRAROR L] b@HEE of Rdefuence of sub
a’Eahs%tss AARSe BhcH B RYLE AR be REpidsEnaidPds £ AlhrRicahmatrix
her environments or appli catl ons. Suggestions and

andﬂ escd—r sylt-tatessedfis ottemdedirbotiransmittedyo heemese usrsdn real-

wi thin the scope of the 25 invention but t hey may not
timgeor nqaggedli@g i n t he acconpanying figures or

alternatively features of the invention nay be shown
in the figures but not described in the

The R&GhHHE BbRbe MRrEADEMESESH MJAriROMH QY B8ka |
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 llustrative 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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6 BRI EF DESCRI PTION OF THE FI GURES Fig 1 depicts steps
for the conpression of a data matrix. 5 Fig 2 depicts

Wi 886135981 t he reconstruction of a data matri X. pdt/@82006/000759

depi cts an enbodi nent of the flow diagram of the
method of the invention. Fig 4 illustrates an exanple
of the original, conpressed and reconstructed data
sets using the nethod of the invention. 10 DETAI LED
DESCRI PTI ON OF AN EMBODI MENT OF THE INVENTION In this
speci fication, the disclosure describes a way to
reduce the quantity of data sent from sensors or

i BN be distributed across to
BR%elgggém/\een meﬁr%gfe% o; Sa network through use of

numerical matrix conpression and reconstruction steps
that use one or. nore conpression and reconstruction
Figdl depictsishaps oo thenadrhpréssgm ofat datahantnias origi nal |y
. created by a sensor to be ,sent over a_ .20
Flg&ﬁematscsafm%fﬁg the ?ﬂ@opﬁﬂpgﬂmeéééé%n}asﬂ%‘i rstly
.6 OJIDk t ' ' dyef the
e R T S S
inveggB8hved at the other receiving end of the link to
reconstruct the original data fromthe conpressed
Figréeieistratescat excampletdiéhe oaiginal, efmprrssed epAgeeenstyusied

can be control]e tween f.aithful reproduction of
datprhetssnsipg Hag ﬂ@é@%‘gpg %WGPL?B' reproduction havi ng

acceptabl e deficiencies referred to as a quality
control factor that can be set by the user to suit

DEIPGLFY PESERIBTIORNGF ANENBUDINENSS OF TIEENSENTION:
all of the conpressed data has been accurately

transmtted over the link and in the event that the
ual ity of i.nk. causes errors or om

in Spepacicriormen ABSkSRrogrEges p vray 18 TedieethE qlntity 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 having acceptaﬁle 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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of data received then the quality of the
reconstruction nmay be further reduced. Aratio of the

@g/:hztgyspf sent data over the quantity of 0ri1§’f’1’7§b2006/0007s9

ata is 5 preferably as | ow as possi ble and when the
descri bed nethods and algorithns are used, the | ow
rati os obtained are such that quantities of data that:
were considered to be too lfarge to be practically
transmtted to other users or systens in a useful

i,Lme frane.can, now ] ' r
of daFeqer T et e APP B REo Mt o] S LOPBRE
redffed e original data. 10 The nethods disclosed are
applicable to data communi cations applications for a

variety of electronic and information systens.

Statistical analysis of the nethods and.,algorithns is
A rpvioof deelqnantiy; of sepkedatpi Qusrithe qranibia <P1F&mgﬁ%ata 18

i fference betwe t he ofiginal {
prefesabficss ot auPimde e el e e E BT REERE nd, e
algbfi a5¢ AEEIURE 15 Bhtidd SbiaiGed Bt icAghanguattRiesios data

referred to herein but this is not intended to limt

that here considefed fodedeedaiget tiodre practivally tlansmittebieridey

hereto when the end point could be a renote %_zrt%m) '
useya Pl eyidtensl inasusefulfiras frame ext POW PaEpBPmEs( real br near

lied.in the cqoupressiy .0Q0F I rihed

v R L i S
keeping in mnd that extreme quality control
reductions could affect the wusability of the

Thé eatededisdhisad ave apphaidé to Hetsomhiremickicssippdisatipns
more anenable to the avail abl e commyni cation ) _
forparaiigttafelectmnimend Eformation syseme Oksidicalppalysis of the

| ith d i, hi i fi ' [ .
e e Al PiERRon BepvReudhTr BRI ERbhd cledniib e
diff’e?:@ﬁ&% gei%\féeetrﬂﬁe Pl 1Nt Galahe WREGR GRW I At thREbecome

exanp the maxi mum and m ni rum signal reading
avhibagb at tie ersensysteniiieu gereie theatriaon thef erichitsertiy peferyed to
characteristic 1n_a sensor data collection

. A 1S C and
heysis bt usiinobingndest @ Wswstherisora gt thestescyppr o the
cla%r%g %/p%)%%ég& HoSetb AVRAOR(CAY Bgint 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 reductions 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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8 undertake the typical processing available at a

networ k node, so that even though the data size of
wWePIisseat ed data is substantially | ower than p@ssuidi€ocorse
prior case, the user does not treat the data any
differently to provide the sanme end result as if the
original digital representation of the original data

5 was available to them TBe analysis provided in this
specification shows that when the data is a nunerical

unc{%‘ca@e’%h%é%ﬁfﬁf’oc@sﬁﬁé’ Labidnte OF a SREROPOLBES, stwslﬁé{eé%n

€ Nune matTix“represents an inmge, i .
thoﬁgﬁcmé Hakied oP bbb Ebatea datx s efpsegetiligtioorr than was |
not substantially different to the original data
thepepraseqttht usar dbed et trenirthe dotd angadiffsrentdy toprovide the
practical effect is , that there is , Siagni fi cant
saniy PROFEERS 1 dhe Y SPPIEREROR Girio TRt
he. temor user. Matrix Conpression and -
Waé&%@%%@?&%ﬁ%ﬁ' 15 Conpression and reconstruction
algorithns for any data set that can be represented,
as a matrix or a sequence of matrices is descri bed.

ThSantlydiatprovided fnothissgenificatiba shoprsebehvdendbe sata ivdge |
f i ] i d .
nuREEERLERHIX OB PBOR I WATR PE AR oso hebr i i Bpmesisal
. i t LF s .
e 2 e B SO b 6 00 Hation

is ralpsiantally difefit 86 sheaiged] Qitd fpreempatiasoitheand
reconstruction algorithnms is also provided with
nunmetritehsaitdaso tea prackisalf effect krethet tluers is pp sigrddeprdshifference

again analysjs is used to, assjist the reader to better
to L EepRedt th P eI TSR RS RSt g” B Tor i ¢ hrs
descri bed by way of exanple in 25 this specification.

The mat hemati cal neasures described are in no way

Mé@mﬁ\%réﬂiibhﬁhﬂ Ré@nsgapdoaf the clained invention.
WO 2006/128251 PCT/ AU2006/ 000759 9 |

Cémpression 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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Conpressi on and Reconstruction of Data Matrices By way
of exanple, two types of data are considered: i)

wo fRbA93t a set that can be represented as a per/au2006/000759
nunerical matrix; and ii) data that consists of a ,

sequence of sub-data sets, where each sub-data set can
be represented as a 5 nunerical matrix; each sub-data
set is intended to be trangnmitted to a renpte user in
real -time or near real-tine; wherein the received

- t NAY .pul ated to

CofeRoR spER Bhsuet bR Dt bR, % P2 it

wi thout any errors, a data set that can be represented
By @&yfof ek @,&W@%lpe@mf ida¥a RFectbreRIbroy: i?s yisiphmidtatset that

renote end user B, then end user B w |l have the sane
cari Ief rapreseinted asa nivaterital syadrispand iipdat that eemsigs of act

B wil ave the capacity to nerate all the desjred
sefepit phiaite Sinctigseth feb-Y oehean o TeREER b &
nux?%?i%gl%étr' Ra80 sl A5, E0SE0 ﬁ?c%h&@t]i by be gah@%ﬁ&@& &b Y rBhote

e error-treé nunmerical nmatrices, the end user as -

us@%AGEANIThB Or FRAR rdb-tirnb oW B ® theectivedyibt datatsbinay or
generates the nunerical matrices. This would be the

maydexibegaseipwhend tth @eseiate dapired datarfigningat i on bandwi dt h
avai |l abl e for this purpose between system A and end
user B. However, for many applications, the

if o%%%%&r%%? %Rﬁ@ﬁ%- gpjo?% gifdaecﬁ sletLﬂli‘an ggh bé"?%;:}x'%sented as é

requi res explora pOSSI I ties

nufReiea] MR BrSdd@ by thRetiol 3o heeh®t@bnd 138SH) fheadnslaiser
as to cater for the "avai |l abl e conmmuni cati on bandw dt h,

B vwaill have theaametinfmatidmeaaihit agsydiemngliahs & ynajten efdact, B
Jeceived data to a | evel .Laccept.ab o. the end user
will 55 UG5 G 18 SraRHT U aRFF S RabolTFEGh G e
infbfB38ok geﬁé/lsatcm&y%fem %@c%?&&r"ﬁ{ Heﬂrﬁ?%%g@ My fer Aleiving
I'mage conpression-algorithmcan be applied’to reduce

thd figosiies rRimdiel daittices phesh tisagB tae ekaaletienmntdius a
smal l er version of the image can be transmtted

inforunetigh as e syatemmthebgeueratisdha smeyicehmatdges. Jdéy would
A S N Y T RS TR
thi8 %ﬁb@ﬂ)etmteﬁis%{émzﬁ 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, ﬁaintaining 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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WD 2006/ 128251 PCT/ AU2006/ 000759 10 However it is not
enough to nerely conpress the inmage by applying known

wWiPrREsssson al gorithms because this process i SPCT/AU2006/000759

typically a lossy transformation which discards
information.in the original data that is not 5 .
recoverabl e. when the transformation i's reversed by a
deconpression and by way pf exanple it nay be that
one or nore signal levels contained in the inmmge are
| ost or distorted. If a reconstruction process is to
be applied so as to preserve such information then

HolW\R&ef TP hESEH c&@t@tél fébﬁk}ﬁt‘ébﬁthedﬁﬁgle}bympplyﬂngkaﬁdm
the relevant information in the first place. Known

compmgmommimm&m&bec:a@salt@srpmm ihtypdeeadly altpsapt
ua%%ﬁ?x%'@geg%tmemﬁg@gre S8ppRrtioy % MR oLFBRLIaPakar ol
recg ﬁa:;) n%l? n aef L?i%%ﬁl%ﬁo?ﬂg rDEG0EY ﬁrcfe%gﬁﬁfr@%hSH and by

ough non-10Ssy conp ession ‘t echni ques

Wa?’ﬂf%& 1tQHAPHE thatDritedidmbié §imal e blsicontdineden tlos
ransm Ssion i'n the real or near real tinme periods

imaigsaredbbteor diétontedp fromacoaseusidrproasas isftotieeapplied so as to
con‘presmn al gor m the nethqd of th i,hvent.i,0
PresREY gcwgﬂ:fﬁ@ té@ICQ&FE&S%@%SI% ﬁﬁmﬁ»ﬁ{i fﬁlY not
L
cifiRrel Zfﬁﬁe&aﬂyﬁtmfé%ﬁa@ﬁnﬁ?ﬁé F el RooRIEmMR cupprpsion

alg?&ﬁﬁﬁﬁﬁfo@@e@ b RItQEEESmikAB b@mg@ﬂ@m@pm@fta@ @dg@vmd ,
h is acceptable to the end user while preserving

anoiihet so dhersivgitidde 4 pusdibiliay et signal uedEingdeval ovipr es afiferted
gorithms as descrlbed herein may be utilised to 25
an@&%‘i’%émé?@vte’é@ Bata represented in imge format,

| mage conpression algorithnms -utilising JPEGO000 (J0| nt
Phot ogr aphi ¢ Experts G oup 2000) fornmat have been

Fubrdehnrd 88hoddh hb8-16 }§i-éé,§zoﬁfte&&ﬁqu&9/@ﬁ§t thefy output
I mages wth eat suc It enpl oys the mat hemati cal
datefiles W&H&b@la&‘gh"ﬁ;ﬂﬁ@&rﬁﬁ&ﬁﬁimﬁﬁéhﬁ&ﬂ&&&a@ @eF58me periods

desirable.

With appropriate selection of the compression algorithm, the method of the
invention includes applying the selected algorithm 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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11 instead of discrete cosine transforms. Wavel ets
have been applied in a nunber of areas taking

“@y@@gﬁgﬁ of their inherent power of exam ni ngedPLuz006/000759

details of a signal at nmultiple |evels. Wen
conpressing an i mage using JPE&000 that is just a
nunmerical matrix, a paraneter called Quality Factor 5
(QF) can be set. This QF willl deternmine the
conpression rate, and thus the quality of the
. reconpressed i. . ' es of
instg S RARERHE ConIB IS JARINE AR IER RN 4C

nu%éf‘o@iiiehé‘%iﬁﬁg 8dPintabe ofkheitiFakr wenpl @&shingng the

original 1nmage: In accordance with this invention, so
detalds bha pigeabavmultipleilesdls. SVhaalconpresaing ehémegapsErs ed
i mage has 10 scal ed si gnal -readi ng val ugs h’;\rn J ng f,rom,
JPEGA0R0 thmtrig jush gynuapesig faaipiy & Ragamster catled (daldy B14Yy
here ar n t her, e ; ' :
QRGBT TRod BT iR RREP FRERR IR e e e
i B e, Ot @ithapashwesRthe vallls 3f Fend
q“%tg?géﬁél}ecné’gg‘eﬁﬁgﬁ Forgriraat , I'E’DF Poret abl e E()aocurrent ‘

100FoFeateron BT BG efl Bimae g uiblite inreaties twithe aCduniiragde, ofthe QF
(Efficient Pyram d Wavel et Coder), onpr ess .{ wavel et

usdchwjen comessng Hhe arg gF-stt %ﬂ%ﬁéﬁ@ﬂﬁ thid |

.__Transforms) al gorithns, f [

invgR AR R SreS Ol REnahor B B st P gRES

126 &dink i D kS br fdr@fy SF ephekeisistie bit-

Scalszgltsg I%%lt&} %%dlh t‘};é?é(éﬁNta? g’mbggﬁigfrggsmlt)t ed, yv\(%gre Ne 7

depepsedseed.s the original data set which contains data
points. 25 Step 4 is to find the maxi mum and m ni num
entries x = max (N) and y = mn (N) of scal able data

Thierne etlrrcl.emgr?} O %in%%%%%%%%?ﬂm@’%ﬁ%@&%&%%ﬁ@ of Which
are PNG (Portable 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 coméression) 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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Step 6 is to select the inage conpression al gorithm
and associated quality factor and if required the bit

wiERhobr1288kep 8 is to conpress N using a sel ect es/ABER6/000759

conpression algorithmto 5 obtain a conpressed inage

file A, Step 10 is to transmt x, y and Ato a

recei ver being a renote user, node or system 10 The

invention deals with the pgtential |oss of

predeterm ned essential information. This leads to
Step S5 IS Ste S SpR T e TR A R ed YA
factos4e @ﬁeq@fedﬂwpﬂgpﬂﬁxi mum and m ni mum si gnal | evel

readi ngs) of the conpressed inmage back into the range

of those of the original data matrix. The follow ng 15

IS .a generic procedure that .can be appli.ed to the
Step Sdb K3 EPTREPBTIN RS §e%?tegﬁ9‘ag8&ﬁﬂ}£‘§§sé8niai&‘§ét%m to
utilisin n 4i. ression algorithm The Mapping
Obtm%%%’apge%%gg Iﬁﬁggﬁggc?r?lstructi on of a Conpressed
I mage: Let N be a matrix with real nunber entries, and
let x and y be the maximum 20 and mininmumentries of
SteN 106s pe sy, jLand A tos: tdeeivienbeing ofempte Bwpmenedeer

that represents the conpressed inage file of N and | et
sysieBnd b be the nmaxi mum.and mini numentries of A

respectively.. The matrix P, the reconstruction of
matrix N fromthe conpressed i mage A, of the sane size

Thé &verltRRidgs 6ansiHUsdeatalTostshedeBy iihall ebsemitial t h
row and j-th colum ‘entry are 5 as follows: P(i>7)

inferrhAlon.. This Byadsdcoythe next phaseanwmaly, 2006, 12gEHruction,
PCT/ AU2006/ 000759, 13 \Were P Ci/vl |1 have aiUCh
whpelowioly esstheamBRie( of, cepipun pradstermepyvaluss ChFhepfer
. all . ] n j = = - i €e gé d -
extirgiecirhld by RdefaligherRabif) B W apes
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 bg 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 entriés 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(f, j) — (A(i: j)a"_bg) (x - y) + 9. (1)
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i ntroduced by the conpression algorithmand the
guanti sation process. 5 Equation (1) defines a |inear

WRRRE/Mghi ch does not introduce any additi onglrauloos000759

error. In the whole i mage conpressi on and
reconstruction process, there are only two stages

i nvol ved, nanely, conpression with quantisation being
part of the process and regonstruction using equation
(1). Therefore, non-zero entries of B are the result

R e Tl L

i anﬁﬂ'}m hessl B N 99rthtRiffeitsldlof N dreiPeentdias datlytisd ereors
and t'he consequent quantisation of data in the

intrediugédby thatoinpresdioMNalgoritharrmd theeghandisabionpfoeesr, B
may al so contain errors caused by the 15
conmuni cati on channel used for the transm ssion. The

sy it E{ Rebrfon g R AR B R ISRy o,

addifiohs) drfor, Ga&h¥eyReoledrRE cOnli o086 sl detdiagadtidnerocess,
where 20 [x, y] represents the scale in the original

thegahre dy thio @aﬂs indoledphemely, kempaestion witl guaniipation |
the maxi mum and m nji rum entrjes

. ) .a = max I(‘Abpaﬂd b, =
beipg partayt, the process ans! 1esonHBrEioniesing eaPFaPNAph| FEEione
descri hed i Loc [
o SR B TP QAL Rt Sy LEBORAS o sty
al g BBAASTEAL 153Re 0bsI B i FotmbtioNA wORBh@2bpression algorithm
PCT/ AU2006/ 000759 14 Mat henmtical Measures for '
usddimntetifiyé tige dhie dkd, hadahe eoffteguent foantisatioreoi@ata infee
reconstructed matrix and the original matrix depends
origpghmayéXconpr essi on al gori t hm enpl oyed and t he

gquality control factor chosen. Provided bel ow are
mat hemati cal neasures to quantify the 5 difference.

1f N84 trSnsmaRs B) arT eABSUstl, B-May(addo 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 oﬂginal 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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that is, a matrix of the sane size as B wth each
entry being the absolute value 10 of the

waptobesnendi ng entry of B. C gives absol ute errgerQba006/000750

t he signal reading value for each pixel between the
original image and the reconstructed one. Then it is
possible to cal cul ate the nean and vari ance of the
entries of Cthat are thd4nean and vari ance of the
errors in a pixel. If there are a nunber of inages of

Magﬁegnmwm@mﬂ QhhAtifying theOErehee t 0 go through

conpression 15 and reconstructi on process for all
i mages avail able and then calculate nean and variance
Thef diffeadrice drtwees thaf reabhstrheteil magles arsl fheeonigigahmeitx of

sanples is nmuch larger, the nmeap and vari ance, are
depsnge gped the CHRPIBINCS RN %fF‘IPi}’Y Healitg gontrol

Anot her .10 ' t i ff.
facty ey PREpESL BERIK A hER R UEUTRER G G Ratify the
diffeReRastdiucti on of the conpressed data is to define a,
nmeasure B=N-P. (3) It is possible to evaluate the
nmean and standard deviation of the entries of B 25

that represents the difference between the original :
and the CscdnBruebs@ dd)a sets. The statistical (@) -
distribution of the entri.es of B can be estimated. If -
it is approximately a normal distribution, the

It
PR S A 2 Lt o dapLagngtic
of B8 cbiRgsor@dink e t5ouf BeCqfivédubsoltre eialof thatignal reading

equates a pi xel value to a data point value) fal lcf
valiinfor eemhipine hpsween dhe originad irragpaad the reeprisiiusigd one.

AL R0, AL RS, itk PO
A
im&Fds@ifiae salat aypé hemlabletibes pussitile capo viatauglathet duangssion
ancﬁ) ;*é(c?)lns‘:'rgcttigg 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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reconstructed data set satisfies V+, u-ka<-V <-V+ptka
(4) wth probability 0.6827, 0.9543 and 0.9973 for k

wol20081 0, 3 respectively. 10 ka, + ka and t BB
bound that is defined as max{ | - ka | + kal /#BHRE 000750

=1, 2 and 3 can be evaluated with the estimated and

a. For a given data format, the conpression and .

reconstructi on process canldhe applied to the data set
or all the sub-data sets with a suitable range of OFs.

portS O SOTBE RO AL 5, PS8 L0k B R

maBBCiyidiad a el A Rsseatadsdint eaepRllsiansvatibedgates can
using a coimmunications link with a particul ar

be dzathsiddFhr a Floemadh tistypbition N(pi @elthe prolmbiidemofandata point

standard devi ati on between the orif?i nal dat%ts% and
fallyygewishin gha iterval i oketih kebarsd e OiEAS andihe7d

d I be . 20 .derived, |f.
res GG RR0A o DA TR 8 DAL o ahe PP T fhe
oriégﬁw&éea, @envl 4 npHEACAINAL LS RetHel dagnShERL B tHehe
onpressed data using JPE&R000 with that Q- value is

recoessudtbd nlatdheetisatisdiesbandwi dt h. Then one can find the

mean error 25 and standard deviation in a pixel in the
reconst r ucl edéddicasror K iat+ & value. n the other &)

R AR L R L
R e DT
ko MR2ROE, b28253 DL ARRAG DRATORe cbintited Wt of he

an and standard deviation in a data point (pixel) in
reconstructed formis within the set bounds. One can

For 18R ehl dia OoHimAD 81 ERAprGOTY RRERL AN BeBbA Prédiads cafbe
be used to identify the comuni cation bandw dth

appléglia gheetta beirort 41l theapyi-datatsetrwitheasuitable rdmge of QFs.
Th%%%%{%%éqgggﬁﬁg Qizgse f05r eﬁlutﬂeo(rgn?ss gaqn & recor géifaln‘c::l 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
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The flow chart of Fig. 3 illustrates the steps for the
conpression and reconstruction of a data matrix. 10

WO 8i0e/1s%k2bs to select the matrix N to be transnmpdf/Rb2006/000759

and then find the maxi mum and mninmumentries x = nax
(N and y = min (N of .the scalable data in the
matrix. Step 20 is to select the image conpression

al gorithm and associated qieality 15 factor and if
required the bit depth, etc. Step 22 is to conpress N

' t ' WoTeh j : he, t he
s T R Sl B R B e
recondehtéd ¥Or i§ QAHiiM Ehe HibdYmds/ Ometcaniher findasle the mean

system Step 26 is where the receiver determn nes the

cormpuessadriatedsing tiaheandrmsed do identiffrahe coynransicptienni n

. d applies the, descrjbed 0 rocedure of .25
bancibicBeaRtR PRt BF 15 SPIISAP RS SOt M hit FEarvge £y bE
cus%s@d%%%ﬁgﬁ%ﬁﬁﬁs &g as a digital image, to obtain :

a matrix ruction of matrix N. WO
2006/ 128251 PCT/ AU2006/ 000759 17 In an enbodi nent a

met hod of conpression of digital data representative
Theflow cheriref Figld iHustrates hetteps fanthierrggepiessieaiciting

scal able data is used and the nethod consists of the
recgppaction of p&kaia MRtEXr epresent ati on of a scal e
associated wth the nunerical matrix; b) conpressing

the digital data representative of 5 the nunerical

StefpRlg ik %o saledt fle ABEDENAL Hedr@ndritfed’ antiahbn findf the hraximum
Scale with the conpressed data. In the above

ané niodtinmen entris xretrhad(NWY andy shedn () ioh thessagiable datw ia the
representative of a nunerical matrix containing
magi¥| abl e data, consists of the 10 steps of a)

recei ving conpressed data representative of the
nunerical matrix,

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

factor and if requifed 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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b) receiving a representation of a scal e associ ated
wWth the nunerical matrix representation, c)

WAER0ERIsesSi Ng the data representative of the meg®ALERE000759
matri x and d) mapping the data with the representation

of the scale to create a version of the data
representative of the nunmerical matrix. 15 The step of
creating a representation Igf a scale includes the step

of determ ning the maxi mum and m ni num val ues of the

i e PSP ot oot g

nurAéBcdl RBattHl 4Rt deERlMecorRfingng addlableidatdissesedalndethe
20 An exanple is provided belowto illustrate the |
me#iolemmsists ohthemieps; ) crsetipgastspoeseatainn ehapenie agpociated

with RATRPTG0] PO R CTB0 T GHE A e FEReS N & b
] Tt ive: | < e e

e PIRH S A PIRE R/ TR IR B0 Nl

Coﬁpmé&aaﬁgal e shown on the right hand side of the

top left plot in Fig. 4 (marked "original"), which is
a graphi cal presentation of M The top right plot of

i e SR SOR e GRS o0
e LA 6 E i 8 bt o

teB9OPA VLR8I L EThBR08 RO R esclBatioepf Beseinbiita matrix,
Segange);{%fgrlom to 256. The b%??om plot in Fig.

4 .
b) fereiviegla répesenstioncfedtylesisooriatedevitbdba sumerieed matrix

matrix data that is essentjally the. .sa s the . '
repsPIegIHAPT Fa CECHRPEFSE N therfda perereaativans (67 aHmErisabe

he . _di f\f er e are i 48l Yale FB®reat

e LSRR Ty AL Gy sk REH) At Brenten
versRGPHBiHU 8 de tlsantaive b YheZnffmekioyl @atrithat is the

conpressed data is approximately 1/50 of the size of

M requiring nmuch | ess bandwi dth to
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 animage which can be represented as a nurherical
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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transmt but when reconstructed holds the essentia
informati on that nmakes the image usable by the
wetRsNghs1 10 These techni ques can be applied t@gaifosoon7se
generated by a variety of sensor, electronic and
i nformati on systens. Thus potential applications of
the algorithnms described herein include but "are not
limted to, exchanging seh8or, electronic and
i nformati on systens data anong the nodes of a network
comBRIEA AL k{8 Yilin (LI B6STROBBUBAClot AN ER A Barkbe
arious mruni cation channels may include optic
“rechhbr@cted” ke iial resonsRFudted ksataimctlate dhati ib essengiplly dbon

links with different availabjlity, b dvviath aﬂ1
sameeisith otigingl datemagddi egsedhe meanaacorapad Pig e .
...algorith enahl.g a useful reduecti fag s i :
itiGhige pis Bt PR o EoBe Y IR et Y ip o2 R Eespyte

for-

ansti t T | _
thatfrée}gcpS?&&ﬁ{%&%ct dé’cﬁﬁ@o%&?@t&\/mw@ th¥ ebeifFessed data

I'meé or close to or at | east 0 offer
is apProXifQtdMily 8@ of tie dins OEM rdquiting quiech less band widid to
appreci ated, by those skilled in t_h(f, rt that ]tnhe akes:
trarismié bt whohgespnstruce hpldsdheiersantial iuerngtiphdhat makes
parti cul eir aﬁgl i cation described. Neither is the '
the gnage #eab R PEHNE S-S ¥t ricted in its preferred
enbodi mrent with regard to the 25 particular el enents
and/ or features described or depicted herein. It wll
Thek@ te@RiN e @hdsk dgjltedvar datagemorited batd ety o spesavade
W t hout departing from the principles. of .the
cledinmmnpndniormatienayeterind TS RIER i ARG HOBROL the

under st.ood..t g ,i ncl ude, al |, such i L ' i LR
L e ﬂ%@%ﬁ%ﬁ%ﬂsm"
eleé%ﬁgah%orilnatﬁfn@;% s BhtCARBHERE 8BS oflh gbtvabridat a

representative o Irst nunmerical matrix, 5 said
corfreptceSnbaEh oaricantannimgcsitan ataas dBhayatities net hod

conprising of the steps of: a) creating a , :
comepresditmaticonelsmay dednde apsisdivie od Wik fklgs RF Jipkg and

meri gal trix,..ang b) .compr [ iL.d.diqi  prfrens

satflitapdredania virk ot a AT SRt Pt sl Bty
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 depicted 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.
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associating a representation of said scale with said
conpressed data. 10 2. A ne god of conpressing digital
data representative of a first numerical matrix
according to claim| wherein creating a representation
of a scale includes determ ning the maxi num and

m ni mum val ues of said digital data representative of
said first nunmerical matrix and creating a
representation of those values which are the val ues

t e RS DEFTNINGEEHD INVBNBION ABESFQIJEEYS3. A met hod
according to claiml| wherein the nmethod conprises of
the further step of: predeternining t he ualltg .
flact orA mehodtof omperaered diship daid repespli of Bl {‘H‘é“e“ al matrix,
t §aﬁ@§ﬁ@s§§dt1@zﬂcon@fnxr@@&aﬁbkﬂﬁt@ Uﬁkhnﬁhqﬂrc&dﬁtsﬁﬂﬁ ot thegdepdaf: a

transm ssi gn bandw pr edet er m. ni n [
A e R T A I e S A S B E S

quality #mctor. 4. A nmethod according to claim1l

mhereln sai d _f MhS68%a0hat@ and
ol ur al I t comgf ssd\{étsaﬁ d%Hﬂ?é‘cb% eseqm 5& c?fssz@fr%trnl o aof att haen

further @E@pﬂnaﬁf repf%m@f)on dé@@lﬁﬁﬂ%@éﬁ 4y coRReEYBRessed
data; d) nmapping the deconpressed data with the
representation of scale #g reconstruc

r &pr eshAEEe] Feoprressingdigiyl 43 BRIREPFEAL 2p P‘t%‘t RVl R 5
dedcesint i dign t hﬁere{m aledtiny a oefpretdmeztimeazf@mgﬂerluni%tdeﬂdeﬁiat‘ Bing fhe

d r ic
m&i%ﬂmea 1_ancp X?umum N ?%& & Elta‘rflgaq? re&%&%ﬂ%feqf e @'hhrﬁ& hin

ol nts ference of an dat
o arﬁckcmﬁlmmgem pspiatiogof th%ﬁﬁé?l}l%&lhlché‘ie rthe%a‘a?fﬁ?fais%tﬂew § i
a fRGeEvaiLucted data point. 5. A nethod according to
claiml conprising of the further step of: determning
the largest quality factor for conpression of the
fiar st AuEebi sabrdif@tordakn 1 35erbasednednd tiveprisaofbs furidietsigp of:

transmss éte%‘m;kr’xa \é\@la?h}bcq&%r tﬁebéoﬁglfe%[on% ANS MoSShOunQhission

dat a e res esse I rst nunerical
maf «!ata;@hrom a p@edetmwﬁ HosraemisTel Bateh a1t ines &F Aty

S%‘f e fided SlonfbBRY @tdhe PRAdXineOdTRNd, $eSr.0f a plurality
of data points the nmethod conprising of the further

step of: determning the largest or smallest quality
factor for conpression of the first

4. A method according to claim 1 wherein said first numerical matrix comprises of a
plurality of data points the method comprises of the further steps of:

¢) decompressing the compressed data;

d) mapping the decompressed data with the representation of scale to reconstruct data
representative of the first numerical matrix; and

e) 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 an data point from the first

numerical matrix compared with a reconstructed data point.

5. A method according to claim 1 comprising 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.
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numerical matrix based on predeterm ned upper bounds
of nmean error and standard ?&vi ation 5 of the value
of a data point in a reconstructed first nunerical

matrix. 7. A nmethod according to claim6 wherein the
met hod conprises of the further step of, determ ning
the size of the conpressed data; and determ ning the
bandwi dth of the data transm ssion required for

t & ans rft Behemcwrdingde slaimigvheggy @YY pyppreH R BIrpPREeR] @
f LSty PR HbiGR ke MRIGE ¥ompBisind ot el ageer ding to any

precedi ng ¢l ai m wherein JPEG0QO0 is used to Ss

di gi t etegping the regst OWWBTSH%BG%ﬁg%ESF %r ?P@“Pfeés‘%%cf st
pieeac fgric batdvnwheikeitined ap@r tondef nomprressddandard deviation
C%QPJ Iaﬁjeeg’f a dt%fa %ntsieglfle%gn%guc?efd ﬁ?sltJ 'ngei’?\Ea"ilm%t?i&.s” . where each
stp=dat'a der 3R He represented as a numeri cal

matri x; each sub-data set is transmtted to a renote

Syst em QkmiSRErdiRk 8B & WhABeiPhe REBEA JoBBlises bil thfurtidOstddbor:
A method of reconstructing digital data representative
of a fierariningherircdtherarprRed 8™ ni ng scal abl e dat a,
t he med-ha@niaOmP bingivitth @thectie rsk@pSorabquirad for @oinissiorgpf data
conpr essgd dat a rfprt%%%grtlc%tnga e of said first nunerical
nEPFTRIneRY PRRETYT Y A P epreSent ati on of a scal e
associated with said first nunerical matrix

repr esgnt.abd Qb B&L QL8y GORBhES S WhereAIPEQ2086 &ABRANE Etiphgs
said data representative of said first nunerical

négitd da2-and  d) mappi ng sai d deconpressed data with
said representation of said scale to reconstruct data
r epr esenistibd aeortihg sahpitdetiag clnbiverictalatatmlerdojpredsgd comprises

ms} ahOduer?cCe% srug—ldgtg setts? ﬁ:largl 4l gu%-dlﬁtg gét U%QJ% 1'$Ptg:5‘enftédrag h RilmerbaP
of . * %50 appl ying sai d"Valies t hensel ves or the ratio of
t rosis; aetl suedats Bt s etsmiiisd rppegsBEem QAT 1 &JeliEme ¢ near real-
prQvi de data representative of a version of said first
nunerical matrix wherein N is a matrix with real
nunber entries, and x and y are the maxi num and
mioi mimneftbt bscoodftruMing Kegpelet repebaptative of b firse pressief matrine
first .nu I, C r I i x¢0f the sane size
¢ R Rl MR bl g T T oal mat 1 x
file of) ra¢eiing cemmprsedisiagrepresestivesdistit s RiHnum
ent ri eg) Beivi\gOSRAGHAML b scdlRsdaBlel knith Rid firb@umerical mateix
reconstruction of matrix . N fromthe

representation before compression;

¢) decompressing said data representative of said first numerical matrix; and

d) mapping said decompressed data with said representation of said scale to

reconstruct data representative of said first numerical matrix.

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 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 eniry are:
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conpressed nunerical matrix A, of the same size can is
constructed so that its i-th,row andj- th colum entry
are: 21 P(i,j) = (A(i,j)a } (xy) +Y such that P has
the property of max {P(i, j), all i andj } =x, mn
{P(i, j), all i and j} =y to 5 create a nunerica
matri x substantially the sane as the original. 12. A
nmet hod according to claim 1l wherein the digital data
representative of a first nunerical matrix consist of
successi ve gyp &{Ib@@]@fthSEﬂb pr, or electronic system
that create at a sehsmﬁepreseﬁtatlve of
characterlstlcs detected by the sensors or electronic

ARt R o i Re P E % b B A B Bep v

quigeke 2 npmerficat rhatriy sbwamng dllyuind sede @batseammalsur ed by the nean
error and standard deviation in a set of data points
in the first nunmerical matrix of the difference of an

o4 gi rfametiageopbinaie clalnijarheeings Hiei! fBconSeTvE elr Uit a

PRinfRkical hdxrix consist of successive matrices of a sensor or electronic system that create

data sets representative of characteristics detected by the sensors or electronic systems.

13. A method according to claim 10 comprising of the further step oft
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.



