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WD 2006/ 128252 PCT/ AU2006/ 000760 MESSAG NG METHOD
This invention relates to a short nessage format

t hat
WQIAMOIL®S2 yseful i nformati on embedded in a daP&TiAERPQ000760

of a sequence of synbols or nunbers. 5 The data
vector may represent many different forns of

i nformati on generated by various el ectronic and

i nformati on systens. This short nmessage format is

particul arly useful ﬁtﬁtti.ﬁ it ed
communi cation |inks Ngﬁgg&*@@?{% ra??mt a data set

that can be represented as a set of data vectors that

is true for essentially all types of data. 10

Thisciniveedoh seletas to s shoraingssage forthat that aspairesusaful
probl ens assaoci at ed

useful for data .co ni cation
O FBHAT FPAGd Jer R AutRta 6Rie O A PEHBRRCA of AYgnbals of mumbers.

DR REo el ep i YBREEY B iR M I kR sencrated

B Varidus @ldcaidnicyed ﬁ%rﬁaﬁoh@?st@ﬁ{s@ THis BRodt rREBHES Fshat is

can thus take inordinate perfods of tinme to transmt
pertimdaly tisefud when lebatdwicih ¢insicdd evahivmiefiomlinkeare used to
channel . Even when comruni cati on channels of adequate

Fansmitr dataset thatsandisireprasanteghasor satyf gnta Hectge hakigtrue

e such.that.,jt is.n of adequate Dbenefit to devote
Pcﬁ'a s Yaﬁb’%ﬁr?é\ﬂo%a('h to the task of communicating
the data to where it may be of greatest value. This
hi ghl i ghts the inportance of data reduction al gorithns

Descrie] Réareln Bnanialgsiridhmdbrealsed @0 e aisefli] yr datai ous

el ectronic and information systenms. BRI EF DESCRI PTI ON
crnEirafengTProklems epfosiaipe #ith bandwidth lgpitedt i al
solutian to thi,s problemis described that uses 30 a

CIIEHEEAIISH RS nessages to transmit a data set that
can be divided into a WO 2006/ 128252 PCT/ AU2006/ 000760

BACKGROUND OF THE INVENTION

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
on the channel. Even when communication channels of adequate bandwidth
are available, the priority of the data may be such that it is not of adequate
benefit to devote that available bandwidth to the task of communicating the
data to where it may be of greatest value.

This highlights the importance of data reduction algorithms for the

transmission of data generated by various electronic and information systems.

BRIEF DESCRIPTION OF THE INVENTION
In this specification a potential solution to this problem is described that uses

a sequence of short messages to transmit a data set that can be divided into a
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2 nunber of data vectors. Each short nessage captures
the essential information enbedded in a data vector.

WO\2008d88282 r uct ed data set can then be fornmed aPEEAU2806/000760

nunber of short nessages have been received. The
reconstructed data set contains the essentia

i nformation enbedded in the griginal data set. 5 1n a
broad aspect of the invention a method of creating a

AR dth JECaR FA0B SPBT Teme Bl SR e Moy o ga B qrapption
e%ltlb:e%?iﬁ?i %@ﬁtﬁveﬁ{ﬁi‘vﬁ%ﬁﬁmgﬁd@ %1%?&9%&'3&13 ’cﬁ%]:?bé ?\%f(;ﬁ}éé@ after

aViumYér of sho¥binisSadditiavalbeen redeiPed Biesrecthsiritted data set
PN, are their corresponding positions, ,u and care

coh@ingthe ementaldntnthtiteveabeddedin thecorigianhdptai set.s
contained in the data vector, wherein the nethod
includes the followi ng steps: 15 selecting the
Tharhyosd appedt afthe inerdinea msthed of ereptipgiathortmesaage for the
| argest. peak jf its posjtion s greater than
RSP ROk SR OFBEHEP G BlaE s it gRtaegtor
L [ . ' el ect the
C%@%gghﬁg ?’\5 g g ?%é%ﬁé %glﬁgﬁir%ggggtﬁ%té %Sg %E Igl‘r%“é %%505 nz el ection
steps until the predeterm ned N peaks have been 20
selected or the list of peaks in said data vector in
descendi ngVior {ié1, Vhas. ., bheRLddhausPredy, dln yet a further
aspect of the inventign wh I nterest are

n val ue f
whetedfy Ven - - VNarethevalues ef N pRovs, ﬁae%p,ese N3G ENFHE an

d dard devi ati f .
S SO A B e 5, GRS e
dah goﬁ% RbRtaifdPihe Do RRSIdr] RASredh thdthetRbd escl@fles the

Interest. In an aspect of the invention a plurality of
feHodiishsiepsmessages can be used to reconstruct the

val ue tracks jn the data set, the nmethod of
r ec GRS {:ﬁl@;}@rg@q’cé}eaﬁ in said data vector,

selecting the next largest peak if its position is greater than a

predetermined position separation from each of the said previously
selected peaks, otherwise, select the next largest peak, and repeat the
previous selection steps until the predetermined N peaks have been
selected or the list of peaks in said data vector in descending order has

been exhausted.

In yet a further aspect of the invention when values of interest are present in
the data vector, more representative mean and standard deviation of the
background are calculated with the further step of removal of the data points

around the positions of the values of interest.

In an aspect of the invention a plurality of said short messages can be used to
reconstruct the value tracks in the data set, the method of reconstruction after

receiving a number of successive short messages comprises, forming a matrix
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30 receiving a nunber of successive short nessages
conprises, formng a matri x WO 2006/ 128252

WEEAI28D6/ 000760 3 with the nunber of rows BETHY200¢000760
nunber of short nessages received and the nunber of
col ums being the nunber of positions, where in each
row, the entries whose colugns correspond to peaks in
the short nessage are the peak values, while al
other entries are set to a predeterm ned value to

withptheseumbsr phikys being thamyaabsyrfsbort Bigesngss Rereryel and
tai h lue tracks in the dat | |
B of B0l SR IBE Pkt et i Wl ileft rgw, the

[

<EIE i VARl Bpohi%o RURTH (1 ot nOMeRRae the peak
valigksaerhilelalisdthet efitriad «rb eetttocopitdieydrngntd yatiesto fEpresent
10 enbodinment is illustrative of an underwater sensor
bankigmomdilees Wwhereinsuchamatebt conthinsithe valugipedlednitbe

" of the jpvention is describhed b it,.s | d npt
dtaé%ﬁ‘?ti"&lttﬂlﬂﬁéi"gé éteéiquq‘i‘evq?ﬁ%?#ﬁ&'@@rfﬁn%ﬁ# set
application in other environnments or applications.

Suggestions and descriptions of other enbodi nents nay
H8pédift HABBANhERE Bf HHRENnTEREE WillltRy badesdrilent fidorké fyrther
rmI;/ 15 not be illustrated in the acconpanying figures
detaihividy reftrenes (o ded bs ilbestuted fre the ascompanyingfigbees. This
shown in the figures but npt described in the ., .
egpladimedins W ot of PRI EIGeREOT B EpREEcaon

ey bR o i S RBP R G o R AR byt
SRYBIPhMENE - tAEEcd VNG ertforftPiHip 8 plivatitesingsther

short nmessage format can be used to transmit a set of
ethatmnnisth onappligeicnsnfaggestions mad désorigtions of etissdded
in a data vector, in _a coppact format téhat is,sub

i t abl
erehodipsmitemardisinglidegl wakdmils sropeptithg mvention bitRe§ may

<RI e e ARy SR B IRR e p MRy FREBR9S the

ihPerdrY Brdy B fifoPh 88 B¢/ BBurebBuft rift@eberibed in the specification.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 depicts an embodiment of the flow diagram of the method of the

invention.

DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

A purposely-designed short message format can be used to transmit a set of
data. Fach message summarises the information embedded in a data vector in
a compact format that is suitable for applications using bandwidth limited
communication links. A sequence of such short messages can be used to
reconstruct the data set with the relative values preserved. This short

message format can be used in conjunction with other data communications
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ot her data communi cati ons WO 2006/ 128252

Wo99p/AR30D6/ 000760 4 al gorithms such as t hosePCT/AU2006/000760

utilising i mage conpression and reconstruction

al gorithnms, which are the subject of a separate patent
application in the nane of #he sane applicant,

entitled "Matrix Conpression Arrangenents” and fil ed
a?g%%r por%%%l eP g?ﬁhg%/ﬁ?r&g{gg rdg n ef.eggﬁ??ﬁ g pfgg?fi caﬁocgl n
s itERs whidh skgthedubjectef v separdie prRsgpplitation in the name
summaries the information provided by a data vector

cdrilie same applicant, ehtitled { Matrix$eomprassionohrrapgemeats’ gyl filed
utilising,severely bandwidth Linted comruni cation.
o thesame day et %%P%%ﬂ%ﬁ%ﬁsﬁ,w %ﬁmpﬂr@%%%bsrm by

r&%‘% ce‘theform Me[ VL, 172, ..., VN, P1,P2,...,PN,/r, 0],
efe Vi, V2,..., VN are the values of N peaks, P1,
P2 ., PN are their corresponding positions, u and

c are the nean and standard deviatjon of the data )
Thds specificaticn pevides a desigatof avesry shortThessaga tha sugnumgries
| ndi cation of th background | evel and the standard
the RETGN ORFORHIACHAY 8 SR HegP™ #R 1%%&%3@9%@?61? cant be used
24 Bl g s {AEOT An BRI corblithuon tnks
standard devi ati on of the background may be cal cul at ed
with the renoval of the data points around the

Hoorsintyi dats V@ﬁtdrhﬁlembutameasag‘ertaﬁese&lefozﬁ VWen sel ecting
the N peaks, a m ninmum position separation should be
predeterm ned so as to avoid two peaks comng from

rel ated dg{@._pei RLS, i ghpgray represant the sane
source reﬁ@sgg?g}&"by’méﬁhggg'pb? ’z t a common
signal source if the data is representative of

signal s, being chosen. _
where Vi, Va,. .., Vi are the values of N peaks, Py, Pz,. . ., Py are their

corresponding positions, uand o are the mean and standard deviation of the
data points contained in the data vector. The mean pis an indication of the
background level and the standard deviation o'is an indication of the

background vartability.

If there are values of interest present in the data vector, more accurate mean
and standard deviation of the background may be calculated with the

removal of the data points around the positions of the values of interest.

When selecting the N peaks, a minimum position separation should be
predetermined so as to avoid two peaks coming from related data points,
which may represent the same source represented by the data points or a

common signal source if the data is representative of signals, being chosen.
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w ||l depend to sone degree on the wanted or needed

WQRY06/13¥252 t he short nessage and this may be dePETHAUAE/000760

by a nunber of factors that include the capacity of

t he conmuni cati on channel that is available at the

time and/or the nunber of pBaks of interest that are
required to be communicated 5 in the short nmessage
Thervidbe of npwma@geﬁ@ws@mmgrmh SRRhhisSodeReRd Dk of

a variable that tould change’in a short tinme and be
théskert rhessagpand éhisanapbe detdrotined pylzendaber of faetbrb yhat
human operator who is capable of determning_the )
ipdus the cappciipeefithe rormawricaiion chanmel ghat is giailable at the time

TSR e PP B MR 1 18 e

ih FhOSRrt RSRKak ;dﬁnd%?fﬁ@&téﬁ% uﬁ%ﬁ{é{t%f%éﬁ;ﬂee depend on
test tfor each”of the previ ouslqy sel ected peaks (16),
aotdriable geat cgald chdrge inexdharbtin(e24hd baokiosen mna pEdbaagsef or

N peaks have been _selected or the |ist of peaks, in

vilaish analy he detessringd dyrehimarippestion Whisis capsblefs, t he
ssage 2) contai.ns at nost N peaks. The process is
ﬁ?’%}%‘g}‘ﬁé‘tﬁ? Stq?én%tﬁf{kl chart at Fig. 1. The step of
determ ning the nunber of peaks N and the required
position separation S (10) is a prelimnary step that
Raser@Bgeto Tigd, eenpReredats afhinthigfim, ddckikies shafsdligving steps:
basis or nay be predeterm ned. The step of determnin

selecting she laRestipeak{$4 ) aelacting thenextdargest peak if iepasgeside
f.th ks.in.d [ der .t
RPBie SoRepAR Fet LISl ot ghe PPy Skl oredado)
td ; f t
A S SRS R AR S
salecRyindrerhediss of pbald imgdéscardingtordef h@mmmmdxstécb(mk
including for exanple a voltage, current, etc. whic

Thusctheamessage(22) qantaing at most hbpeaks. The process is illustrated in
the flow chart at Fig, 1.

The step of determining the number of peaks N and the required position
separation S (10) is a preliminary step that as described can be determined on

an as needs basis or may be predetermined.

The step of determining all the peaks in the data vector and sorting the value
of those peaks in descending order to form a peak vector A (12) isalso a

preliminary step of data preparation.

The data vector can represent any data and may in one example represent a
signal received at a remote sensor having a variety of characteristic including
for example a voltage, current, etc. which fluctuate over time and thus have

one or more peaks of which none, one or more may be of particular interest.
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articular interest. WO 2006/ 128252 PCT/ AU2006/ 000760

W@ 2006124252 ecei vi ng a short message of the fornfCT/AU2006/600760

descri bed above, the end user nmay first assess how

much sone of the peaks are above the background | evel

wi th consideration being givegn to the background
variability as well. Alarge 5 difference in either

and both indicates that a value of interest is present
which warrants further investigation. The end user

A%é!r AcERi nﬁ? A5RbHP Iﬁeﬁagé o8 HicCRkrPd@kyibed abovethatentlyuser
the significance of the peaks conpared to the data

ey fastadessthow enuidt some of the pelksate eboves thearlyground level

comonl sed statistical myde| for jhe.daj.a. Norpgal
1 CORPIRE A DB ST 1t (6 BPCkaonel 1 s B BL e Bl A large
Ui tabl e f nodel | i,ng §.h i gnal . ' ' .
e in ahenpad b iliBes Tty YalRe PR PR s Hidsd which
_ [ ks ' mith nmean P and standard devi ation
‘E?ifsfg}ériésfl ne E%ét@%g%'(x): 1 exp(-(x- 2 ) (1) \él 22I 2a
and that for an exponential distribution is h(x) =i

exp(- x ). (2) aa?20I1f f(x) is the probability
Hamend ysénmay iadae pérform a@bﬁgﬂtfcal gnalysie t9 HUENEHY f&‘leh en

the, . | ati babi | i t IS defi
ity 3§ g peals FopariTo fle dup RoEotRly A g igeor

) . co . e 4
R FRo oty o BRPRIAS for ot Morama
Sfpudhl EBtfbutions may be the ones most suitable for modelling the

signal data contained in the data vector. The probability density function of a

normal distribution with mean y and standard deviation ois defined as

1 (x—p)’ 1
g(x)—a ﬁ;exp( = ) ®)

and that for an exponential distribution is
1 X
h(x) = —exp(~—). (2
o o

If £(x) is the probability density function of a probability distribution, then the
cumulative probability at p is defined as

Px<p)= [ f@as, (3)

which is the probability of a random variable X with the probability
distribution defined by the density function f(x) being less than or equal to p.
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WD 2006/ 128252 PCT/ AU2006/ 000760 7 Thus, for a given
, this cunul ative probability characterises how
WQRWa12§28int the value p is. Assunming that vaP@E4Ug06/000760
the data vector fit a normal distribution, then it is
5 possible to fit the nodel to the values to find p
anda, which are the maxi rumylikelihood estimation of
t he nean and standard deviation for the given data.

[ | cul dth babi| | d P LV ' ‘g
8 et b A COB by SRRl R Bt
g#iu%tﬁ ye pr obability at each of the N values
tﬁ‘?l i Sing equation (3). These cunul ative probabilities

i ndi cate how significant 10 the values are and provide
Aaueag ol gieat estsnyoctal G Angeh aistIRE9R fee it

th Ia. t fii.t [ St i bt i ' ;
Rssipi e Y e ot e vABRARS BT g PhRELdrR e blaximom
ﬂk(egﬁ?ba %Qﬂ?%rﬁ%ﬁ?ﬁ HE &b ndRaHSSId Aok TbstlRuIbEn data.

0 per e statistical analysis, so it is
Higgee@aloulatbd €hs ﬁ]ilia‘tﬁl&%&ﬂkgsiﬂyl fanflbn usidg-equation, (Lt is
P2,-"- -, PN, A6 a]. 20 Then, it is possig{ﬁe to
possiblateevdivate dhe ramuletive probsbility\ateaeh ehe Nrvaligs N
peaks sim| ar o the narpal di,str4.pbut 2. o

& RS ol iren SPARLe peybeY il Ry Spfificant

t ' f Qiid8RcERat! ' @ YAlde of

t&%%@'\a\n& 5taﬁ8?ﬁ%;{régﬂig%ﬁlﬁﬁ%ati onéﬁg%%e%goyw% Tﬁe end ©
mg@ésﬁa{g}ﬁmrﬁrg@rﬁhg peak val ues taking into account

of the nmean and variance, which represent the
background level and its variability. A statistical

EICER T HPEREE NS EER
i %Eéﬁ%ﬂezt%%ﬁ/tﬂg QA(5&e1 18 find o in maximum likelithood sense. The end

user needs this number o to perform the statistical analysis, so it is needed in

the short message
M=[V1, VZ;- s VN,PLPQ;- . -IPNIJUI g, a]'

Then, it is possible to evaluate the cumulative probability for each of the N
peaks similatly to the normal distribution case.

The short message formed in this way is so short that it can be transmitted to
an end. user quickly even via a bandwidth limited communication channels.
The end user can examine the peak values taking into account of the mean
and variance, which represent the background level and its variability. A
statistical analysis to quantify the level of significance of the peaks may also

be conducted.



Wth a nunber of successive short nessages, it is
possible to forma matrix wth the nunber of rows
WO 2p06(28262 nunber of short messages recei ved aRgT/AURW6/000760
nunber of col umms being the nunber of positions. In
each row, the entries whose colums correspond to
peaks in the short nessage aBe the peak 5 val ues,
while all other entries are set to an appropriate
i . i . .
S R VR o R i
with ithemtibey ©$ r 6 W5 beiilgl the nurhb@rafahbri hessaghoréceived and
nessages. One way to set the background value is 10 b
thernpodbiref eplumngbaingithe nymbesof positidsise In each spwathe

t hi.s trix _as an i ma which can be referred t

eRTiesWHoP Caltau T RaEEspand tyeaks i} orbmegsage are the peak

. . . . : t

5 RS WA Sl b Nr b o SRR VAR R SRE S
Heldlr ahBewilye BallcheabREroutidl vAskr i cted in its use to
the particul ar applications described. Neither is the

present invention restricted in its preferred
enbodigent with regard to the particular e]e

thedBayBERApddnEHIHEP; VAl ees epastelN frogh pil the

&t i

' [ mdi f | I.Qns can be made

oBrABRaE L5 b el BRI fatedp o2
0 3 Qﬁ‘ﬁ{‘@(}ﬂ ), ThER ?fé}‘? 1€is thelP pbEYBRLtb WssiRY ¥hid hRrBlas an image,

understood”to i nclude all”such nodifications wthin
whithe6812 refPraDRP4sl2 #:tods fridtcARAN 8610 00100 tratkEbith bE
1. Anethod for creating a short nessage for the
visudisail 4 ithis vody Wit therpeakoraleespgdeyedn a dat a
vector, the data vector consisting of data 5 points
wherein each point has a value and a position, and the

Iﬁ,ﬂ?@%e@%?@&%@ﬂb@f %ets@%lm%g rt t}\%c é:}P% h{}{ention is not
15 rddtdicted inVit$ @8etd e paaticidar epplicdteatssdestiibedNeither, is Hhe

are their
present invention restricted in its preferred embodiment with regard to the

paek

particular elements and/or features described or depicted herein. Tt will be
appreciated that various modifications can be made without departing from
the principles of the invention. Therefore, the invention should be

20  understood to include all such modifications within its scope.
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correspondi ng positions, ,u and care the nean and

wo begdog2gz devi ation of the 10 data points val uggT,Am 06/000760
contained in the data vectqr, the method inclu :

follow ng steps: a) select “the data point with the
| argest val ue that has not premigmgl y been sel ected
fromthe data vector, b) if the selected data points
position is greater than a predeterm ned 15 position
separation fromeach of the positions M then add

valu an S|t|on of eselected ata point to M
- o F g g & shrionesErIion i GananRSioBdts
{
H@?%‘l?‘g?%ﬁ% RELED Pliate il he BeaVRRh dbobitne 4 W
phints bﬂ@eﬂ@é&@h@jdiﬁt has & alyl alnd\@ ?’o gitidbn'iaa tHé‘ LHES Iﬁéssage
interest are present in the dat vect or ,
having thetfosrs nean and standard deviation of the

backgrouns(I | cul at ed b the further step of: d)
removal o d’ ér%lnts HrBu -t hePpasioli ons of the

y,%}{gég%ﬁﬁ 9f 1[31%t|t1;1]e 33% %ﬁﬁe Sai(g@}z‘?})z" ’\?l%f’élrs ues

c@xfreé\fmrﬂﬁﬁgfi:«o@fhcﬁxss L3R o Fﬂxeaﬁ gm?i stafrhdarﬁl%gv?é’c?on of the

anot’her value associ at ed W t

datpoiataivaiues eonthinatbianthenthts vaowe/ thedarilad Jﬁﬁluféfes ithe

q ta 30 vector representing the signal.
following steps:

a) select the data point with the largest value that has not previously
been selected from the data vector,

b) if the selected data points position is greater than a predetermined
position separation from each of the positions M, then add value and
position of the selected data point to M,

¢) repeating steps a) and b) until the said N peaks have been selected or
the list of peaks in said data vector in descending order has been

exhausted,

2. A method according to claim 1 wherein when values of interest are
present in the data vector, an alternative mean and standard deviation of the
background are calculated by the further step of:

d) removal of data points around the positions of the values of interest

before step b).

3. A method according to claim 1"wherein Vi, Vs, . . ., Vi are values of N
peaks of a signal, and P, P,. . ., Py are another value associated with each of
the N peaks, and p and o are the mean and standard deviation of the data
vector representing the signal.



