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Met hod and Apparatus for Detecting Pedestrians FlIELD
OF THE INVENTION This invention relates to object

wdeb@midon and specifically to detection of PCT/IL2008/001096

pedestri ans. BACKGROUND OF THE | NVENTI ON Pedestri an
detection is required for various applications, such
as intrusion detection, securlty applications, area
nonitoring, automatic activation of systenms in
response to M@cﬁsaﬁﬁdqipmaﬁm& Defdtih Peliédtfians
Pedestri an detection can be perfornmed by manned and
unmanned devices, in a fully or partially automated
manner. For various mlitary and civilian needs,

“?”“'t)bﬁ&pfq?h%ﬁipﬁi tended G ound Sensors (UGD.

L B PR L B R SRl 1 8 hon o pedesians.
det ecti on and classiflcatlon of pedestrians (as well
BRI R Tl NI 2 tnetic or

dlsgdeéatrlﬁ? get(ekt@n %erggl%'iezi 2 VgPlBl{lsl %{{PSI}CQ‘SO %n o&n%ﬁ%?g]#%s tection,

evli ces are use lverse SucC S peri
debwity epplitdtidhs,feecpmohieeing) audnthtis iabtivdtioarofayeeRs &S Sesponse to

Si nce devices_often o ral;e n renote or even

HYEEDFR O RE S ABh the hlfehé’; esfraan detegtiop cap) be-relop®ed by gnanned
[ b

B SERREI AL, PN TSI GRSty

sandlt dioHab yieedsapsddstrianndetectidetie peiformal Ynahe uicofigroiuad sensors,

POYRL. cqns [ i S uci al t device js.then
i PRI By Sehie® R vl Gep6red Wb ah area of
Shtétesglown or replacenent is required. In addition,
mniaturization is also preferable, as mniature UGS

denatieadeda Gaownd Pepsprel BI@S). facBitmat tat detectio, aud ofgsification of

' S [ .S haV|n a, channel.. f or
HRELRRS P L EERE i bl B0 AR RIGIBT IR eegpors smch
ealceaﬁum Géi‘sm&'l, gmgnsuc o AAEEREd IR} Bénsorst RUMoRftolt M@ environment.
spaced geophones, ainst an anplitude threshold, to

&J Gl dewtas e e Faridiyeres tasks ivoh Ay Pebneter defsase, prldife protection
g%ﬁﬁ&’r c% é@ar@ﬁ%@ egiﬁge UES gg\ﬂ%& oﬁéﬁe éﬂp{{gfr}; fote %r 2%en hostile

ications systemin es a p annel
fenmrmmam ithey drh aswh]gsselfdupﬁceﬁﬁgl devitstpoeened HS},Ealttw:Dmous power

si gnha and SSi circuit responsive to both

R s et it B APt GRbP HEREORRI (hag Py Mation by
WhgBmithes rée@é‘tétrt%ﬂ 8533 e EbddRE %Q@er %fl %ecrugﬁ? since the
paral | el” channel includes four "flip-flops eac

evicarie thee epeaslde for a longer time before power unit is shut-down or
replacement is required. In addition, miniaturization is also preferable, as miniature
UGS devices are easy to deploy.

US Patent No. 5,047,995 discloses a detector system having a channel for comparing
the peak amplitude of at least one of two electrical signals, produced at the output of
two spaced geophones, against an amplitude threshold, to produce an indication of a
moving object when this threshold is exceeded. To reduce the number of false
indications, the system includes a parallel channel for measuring the phase difference
between the two signals, and a processing circuit responsive to both channels, to

ensure that indication is allowed only when the measured phase difference change
y
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di fference and the outputs of these flip-flops are
added together, to produce a phase dependent signal

woéanosmasmos ol | i ng the processing circuit. FurtheCT/1L2008/001096

di scrimnation is provided by timng the phase

transition, a time gate being used to inhibit

i ndi cati on when the phase trahsition does not occur

within prescribed tinme limts. The processing circuit

Aefif. | T YRR cHRIRI Yin@hd&Ukdurf 84 QDB measure the phase
successi vé phase transitions. Thi $ nory cilrcult

rdiffetenes and thesiutpuss of theis¢ dip-Agps arecdddsé togetiee st mndened phase

i phibits whep . nter iate phase.transitiqoqn of .. . . .
BeReD R0 BRIt e BFGrinG heuty Gerer ghcrimination is
ChrEoeided By ititGin® Rhe phave tHRSIISANS Bnkf oAt 8ciRBAREI to inhibit indication
transition i s used for indication of direction of _
tWhansthe phasg transitian dpes nog 098D vEtiin gieseribeddinelinits Hw processing
] r i . ent - mode. anal og ci rcuit .
S8R YL B S S0 SRR LG S S,

CThis edemidrgrvidesit wesyvesntratisitions rfMldmgtinSdI@aaéucbéssﬁ)hemd inhibits
time-frequency domain and a stored binary tenplate. US
PEtninta@edintepigsy angiien PherRosHy seIse S¥cin tlagraliogdng resolution
LA S AR GO 00 SISl 58 W hicnion o
shrestorsof transttr ol s, and processors that are deeply

dded.jn [ t, facilities, .and the )
I Rt oo R Resines? Rmeliog e B meteRsy froninecpsgt mode
aREloGORENs GARARMski Yy’ BAraBBIPLOBAIAGRS tb compute the correlation
transportation, manufacturing, health care,

étiveeorresdaforningiut ignagin tedisefiegyenandosaiurid p. stdieé binary
%\gr\l%@a{\leG nodes conbi ne m crosensor technol ogy, |ow
ower distributed signal processing, |ow power

QUBTPRdtaiti Did. BOZD,TOW diedes Wit Stntapirdted ES6wdRE/ S¥nsor Next
wi red networKki n%)capabl ity in a conpact system

-
Wansratien A 3{ING NG pedssi thet previde diptribuedaneteor ausl Interne acoess to
SRS ofif R M#@?é%bfsﬁ%@@%ga gB@g%@ged'dQ& % le%;{t%ﬁ{htsept, facilities,

systens In struc envi ron

Ahd athe ednairomgerito Thbj WENS dEGeattivork allaws rfol)ammssingamd control
and net hods are the foll ow ng patents and patent
SRPANLIE | 5% plichione ntiNO$ANSBOER NG 5 SRy ashyIngs o health  care,

SRR R o S NN
BRIORBeIGA0; teThrpTeEyd 8w U viRat distribiypgel istguial oprodissing, low power
%81%%{1’[% 1grz,6a§1]d 1§deovv\§£, éﬁ%@ wireless and/or wired networking capability in
a compact system. The WINS NG networks provide sensing, local control, remote
reconfigurability, and embedded intelligent systems in structures, materials, and
environments.

Also relating to object detection and/or UGS systems and methods are the following
patents and patent applications: US Patent Nos. 3,686,658; 3,696,369; 3,745,552;
3,879,720; 3,913,085; 4,110,730, 4,223,304; 4,521,768; 5,194,848; 5,483,222;
5,493,273, 6,288,395; 6,928,030; 7,079,986; US Patent Application No.
2002/0067661 and W093/23973.

One of the challenges faced by the designers of pedestrian detection systems is the

‘ability to reduce False Alarm Rate (FAR) and increase Probability of Detection (PD).
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One of the challenges faced by the designers of
pedestrian detection systens is the ability to reduce

woab®®igtioar m Rate (FAR) and increase Probabili PgTmE2008/001096

Det ection (PD).Low Probability of Detection may result

in critical events passing unnoticed. H gh False Al arm

Rate may trigger a | ot of unnkeessary responses which

quite often have the operators of any alarm system

Ve Pecabilits Fuft Delesttont May SYER drttD evdh@s PAseind) windtiesd. High

i s shutdown, PD = 0). Additionally, high FAR increases
lsgnRatp mayririgarralot 6f uhrecessaryaresprisgy Whisrduits often have

r
t ] i i r t '
RERoc BE PN 900 A0AkahP R B! e 3T ben e s
mysemsisishgtdbhva, $Ens&). Addjtianallyn higheFARMNAGEadee pgwet)emsumption
or .ot her, sensi nﬁg devi cde%%i tself in _order to accurately

| RE P yhe PYfEA engiRRUsSd fsasin Eer dedortion; ek iop remote station.
| THRIERE Bl aBS kv B e TaRSAtnbl Y 850%9@11%%?4@ $tdde@mal in the
wal king in the vicinity of the sensor), I l'e 1gnoring
reonsor db.gv AiES of giter sensing: evase) GseKgn audet tocicserately identify true
random noj.se..Despi.te the fact that nore sophisticate .
PR LRl G cioel, of e il TRl S0ORE Jies pgsotrians
andlkidetiaahé QicihidN O thed BRMo)ONBI1S iBIopRb PSS Entl di€nals, such as
i ncrease_in conputation conplexity increases UGS power

plsgrawnd enise araenden mpiseIPespite therfestithatanors epphisticated processing

1 ?ﬁ%ﬁé@%&@ﬁ%&akoﬁ eg'dﬁ‘l dan?yhoig?eg??ﬁsghﬁi Q%céi%pg%%vfc{ they pose a

produce y ‘ot he S 'suc

\pedibleme sincd hihee intr€ase NI €om@tstibh VeorssleSif Gnévegbes UGS power
acoustic sensors are required for pedestrian
FOPBERRUOR: This in turn, increases system requirenments

. L . . . r . .
Y S e AT O RLfic o B G Y IR pRENARY By A Fodestian is
leger thed thatr proxdneddoby rogher edhijekse sywhesehmd whadest Athesdore, more
area.to be nDnitore%F%Thus, i ncreas det ect. on, range

PEPSTRFCHITRTA 1QUBHSIPIES i B TP opRAESTiAR ggtection. This in
Fein® ik @Bed YsREFRIquiremasl a8y %uﬂ%&.hFlﬂﬁIe%Bfe‘,) "t‘yepg?l‘llgﬁm?ﬁesensors

with fewer Sensors. . There is therefore a n

arq regpired fdri pedesitian deteetioncharotheprdst réqairsd ipri mhnitoring vehicle

invol ves ficient conputat.jon,i-h the processi ng of
é?ss%ecovgﬁg?easegﬁsﬁr?acms “dhat’ .redTﬁnélP%IIP%rg%?eﬁ 38%%“%‘ tafge for each

aeisof &4 aRbTdegirgtit fHe deddstianndeieios tih RSyt zﬁiﬁﬁev@ﬂﬂﬁh detection

nmet hods that provide increased detection range wt

Fangerwithetesist sensytere is also a need in the art for an

REDUEHARSCR SRR Bk Y AR ey FPEH s v

ihelasteffidentaospatdtion dathe pllesessfg whicidinic anéhédustiepilgnals. There
wer - sav and whi ch provides hjgh

Bt 5 1 TR Bt et B s and et thaf provide
increased detection range with fewer sensors. There is also a need in the art for an
improved device capable of carrying out an improved processing method. There is
still further a need in the art for a small scale device which is efficient, power-saving
and long-lasting, and which provides high probability of detection, high detection

range and low false alarm rates.
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range and | ow fal se alarmrates.- ASUMVARY OF THE
I NVENTI ON According to an enbodi nent of the invention

woOhe®19m®e pr ovi ded a net hod for detecting at | ea@SILNE001096

obj ect causing a persistent non-random pressure wave,

the nethod conprising: (i) providing a digital signa

representati on of the pressuré-wave that includes

respective anplitudes of the signal, in at |least two

dSUMVIARY OFTEEIENVENTEON (i i) providing a detection

i ndi cati on based on a neasured simlarity between the

r Asqmdjh'g V@ amambbcﬂmﬁbas ofthe invteintien thaecio pebvidged Dmathotifer detecting

di ment the i.nvention there is provided a

CBn{fat evre, e CHUUNY G PERBISE TG el JEESicg Raye e method

og&Egnﬁﬂ% detect at |east one object causing a ,

persi stent non-random signal of interest in a range of

f@)squenptoe’simg a dlgu@lmmbdem@nmatlm of the( pressuad wavathian gncludes

iRt Bhe et e e WosCing ERRal BhaehPEh a,

V(Qi)t or p@vﬁﬁn?ﬁﬂbte&ﬁ&ﬁﬂdﬁﬁh@ﬁ 8adedionONmbisuReL8tBHR between the
time w ndow L seconds, of a digital signal

i ieepesHYs yeplifudeseves limfed signal at a distinct
]E%xl@@)lﬁﬁﬂ ¥o ?ﬁ(!)tﬂ&g Iﬂg%éal e {l&i ‘;hgglg\?ﬁfﬁfﬂn fthe?g 'i'seﬁr%lvfd%d a con%iputenzed

I'ng t cul a
dintthed dort artailymlg/\a Relmad s‘c'g‘mdl inhordas® @tewt %d Qdastr cmennﬂsject causmg a
corr.el ati on le is met by the correlation functiao

| RES R P Py gt Ak épta@ﬁfam r7aBE Of rfgequencies J "he' method
| Ol RIdgNg a detection of the object. According to yet

anot'her "enbodi nent of the invention there is provided

dipet eccailmdato‘;i@/a cerrtlation émm:tibh rogtvedenl atdetst ome fioh} enibng two or
causi g nter EF devi.ce co

JOREJR P%‘}y X%ﬁt?réci?";l?fﬁmae@ r}gﬂggm YRGHIT-IS 2R 4 tucfé rgpresentatlon

Gy 8drtai tihey WaRIBME bF INgchhR, 8 Bﬁﬁgteﬁ'sggiﬁi 1ﬂd?ca‘{‘iv9'5f5fhe sensed
5|gnal a memory; a processor; and a conmputer

t&i@ @tmp@lﬁferrct ﬁi@qu#r@y@slﬁpgmutﬂ the range crfpfmqucmmﬁem for

ei vi | d| cat sens
(Final | el b e BRy hTeGR o Ror Bk RGPy and in case
Veﬁpﬁedét&mnﬁ‘ib@ etrélagas fule fi§ Wlbgythy e6irelatibe! lﬁﬁﬁ:’u@ﬁl at least during a
nplitude representatjon of the digital S|gna in a
tl?rﬁ%e wedhdviation altiped, afisadegndetpetionatike oiestor i s

?gﬁ‘ggdl@# %jy@ﬂ deldeifr SrntHoldfidnt fr GV BREN Pt S ﬂrgvfaed a detection

device for detecting at least one object causing a signal of interest, the device
comprising a sensor for collecting a sensed signal; an A/D converter for converting
the sensed signal to digital signal; a memory; a processor; and a computer module,
the computer module comprising:

- an input component for receiving digital signal indicative of the sensed
signal, and for constituting at least two intensity vectors, wherein each intensity vector
being an amplitude representation of the digital signal in a time domain, and wherein
each intensity vector is associated with a distinct frequency falling in a range of
frequencies f, and having a length of L seconds;

- a calculation component for calculating a correlation function between the

at least two intensity vectors, and
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frequenci es/ and having a | ength of Xseconds; a
cal cul ati on conponent for calculating a correlation

woumtoigne bet ween the at | east two intensity vVECTAL®)S8/001096

andan indication conmponent for indicating a detection
of the signal of interest in case a predeterm ned
correlation rule is net by thécorrelation function at
| east during a predefined duration of tine t.

Aecor di ng ahdndicaticherongohetti fieidicafing hdelebN@NbT BB sIdAST 6F interest
IS _provided, a conputer system for anal yzing a sensed

sily Ga5e ¢ prefletfamineg epsrelationyuly tsamet by dho spweletiom fenotign at least
2 dsfifa oribfih @irfidn of fific £YSt em compri sing an

i nput/output utility, a nmenory, a processor, and a

cawgordarg fpduotber embodiorpttofrthednvaneion ahprei 8i ovided a computer
[ L, GRponent for rgceln:/%nlg Vci a the input/output, )
u?ﬁﬁ?y, MR 2 SPRT SERUIE QEGey & BFiceitii lsash obe object causing a
sisignal of aiRtrdsgr tHeO §pdtdrh Ubddiskisle |aﬁa§{g}1‘i/§ﬁe’rp{r1]gtuﬁﬂ§§,ty memory, a

vectors, wherein each intensity vect
i RERCESSOr-\Aad gfcomputenpiaduled éhercopipates maliul covonarisirye

| RUISRORA . b isdtherep Licoron o
ntenai ¢y SRResbotnBodenRor Rl B MR G Ay, digial signa

f iretjeatine yofftht Isem@di sigral f @100 &rofonktiRBHERE 163 808 RRUERD vectors,
a len f. L seconds;_ a cal cul ati on conponent for

th L cal cul ; (
¢ RMEtFih Fachginiensify veqtar bene fndieative roftaet avelifudhespagsentation of the
| gl ¥l fik QR BNga; | nskty vectors, . ,
an%%tgl e{%\&l rllﬁdlgcat i on %%yn%gg\glﬁ%w@gera 121{]%ng?rbsgy?@ﬁ%towsaasﬁ?éated with a
i distingtdtegpertcyfalling iy a rangdeff Getiiamics ahdBavsh@Adnglf of L seconds;
interest in.case a(?redetefﬂrrrined correlation rule is

met by th&SUEVRLILETBRPTSHH Y icaluiating & sewelation Agichion between the
PatgeRt e foftRdgNor rhdr@BntbnsiGRPlLA, Aq 0 anot her

enbodi ment of the invention thefe I's provided a
conput er #bdedieatiopr cempdnent for indientingdviai e ainpitioapatentility, a

t C t .l east.one .Qbj ect causin si gnal of_ .

i %?t‘gcﬁfé’glt"ff “f%ség%ai‘ﬂ%{i’?eé St & REGIRATRRa o iriioR gl is met by the
Ceptrbativntfih@fonlae taktditthed bdcFined daRRbn bPdheat | ve of

the sensed signal, and for constituting at |east two

f AESATSRE Y er gimbaskimentnole i inyentéwt these isvperweded a computer

' ' r I ng. an .anpl it ude . .
RGE TorRphshe bk ARG SaPIR AR S et anedhigptpausio o
anghahbhEintérestethe boipiiiensiodile\esipgikings associated with a

di stinct fri%guency falling in a range of
T equenci EsPRRUCHERGIREL forl iepejy megtigiial sengh dirdicative of the sensed

Coad-fall| Adl @R gm&ﬂfgw I ' C lation.
function b _etcvve en t eata{efg{t et'g@t ﬁ%%m%%% én%{ e\z:bm%l?.sny vectors,
rokeseineaenBitangity gedtor Issingmdamplitude representation of the digital signal in

a time domain, and wherein each intensity vector is associated with a distinct

frequency falling in a range of frequencies fand having a length of L seconds;

- a calculation component for calculating a correlation function between the
at least two from among two or more intensity vectors, and

- an indication component for indicating a detection of the signal of interest
in case a predetermined correlation rule is met by the correlation function at least
during a predefined duration of time 2.

According to another embodiment of the invention there is provided a program

storage device scadable by machine, tangibly embodying a program of instructions
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an indication conponent for indicating a detection of
the signal of interest in case a predeterm ned

woanm@igtson rule is net by the correl ati on fUuRCTIIDIV0S001096

| east during a predefined duration of tine . According

to anot her enbodi nent of the invention there is

provi ded a program storage degice readabl e by machi ne,

tangi bl y enbodyi ng a program of instructionsexecutabl e

bk ebhiEbIERSthE takRinB €6 etdhna FRINAKCE al iR ¥ 34M8d Ripnal in order
sensed signal in order to detect at |east one obj et
claudetastatdeast gnmpbiest cantieg e signaltdfentarest e wethpd cempygsing:

(iy cal 3 .el ation function .be en. at

[0kt SR 8 Rof8a6Eh Bt itp N orne drey, W G gmons two or
wheteeiinteBSiGh et@8Si WiterviaCteath baitéi3itan vedet | bail® an amplitude
representation . in a tinme domain of a digital si %gal )
CEPIESPI R WBe drmaierisedictnlgienal comrrpapdinginthsaensed signal,
| o 3 | a .
PSS EFLAE4S 05500 ALl Wy AL Bl veloneing
Hatangeg obfre@rregties Hindlevinydsiengthchf (i seporids; mmlse a

predeterm ned correlation rale is met by the . .
c{l}Sr el aff e fRedeissmingd qoglation gitke g met éY Hefqrisdation function at

duashidubifg Of prlet8Bndd drBsd:L af kiRQ 2 ifBLAmL £Be@bidd i
signal o i%terest. Accor di nlg télanotﬁgr e?rt‘gc}tljl ngg%heo?gnal of
tinréshventi on there is- provided a conputer program

LS| t b di um havj
A he P kR P oGRE o BN ERisne e & b e computer
gragnidi podactsngRting §ahpiter A58l medidt Balin@bomBaRE readable

one object causin i nterest, the conputer

| a signal of Ltk
PO RBROZE @mb@ﬂleéglwemipm@almmsed Bgierdlin erdpr isgleteet at least

i | . .
I R —

toampuoter readablenprepsint yodeetol @bSsingWiRr @nipu@actd dalduBié ktdprrelation
vect or being an anplii;Fude representation in a tine .
BREHOR REFWerndit ifasivosiiroA 4mopg tve opBiteR WiFnsEy VeeoseBergin each
ShEDS YR O &l SRR [P BBk YSFRRE doain 962 dieital sgna
rcarrgeponflingriecthe rsensed signmat] dvdvwherem ¢ahghtensity kector is associated
seconds;. conmput er r.eadabl e pragram code, f )
SR AtinareB R belondid FEQ wg® of Hodtaseie and having a length of
godecehdt @) rule is met by the correlation function at

| east during a predefined duration of tine t, to
icAEIPyter acaslablet rreglasncese fohsavding te eimputtreiresase a predetermined

2S00, 00,1 AL SERRTER) o 1 LSS SRR S

odtigiengtodiniehte i detd@tiod bf e Qishi 6f istetdal of interest

havi n
Accord%ng to another embodiment of the invention there is provided a method for

detecting at least one object causing a seismic or an acoustic signal of interest having
an ordered form, the method comprising

@) sampling the seismic or acoustic signal at a sampling rate that facilitates
collecting a sensed signal in a range of frequencies f'and converting the sensed signal
to digital signal;

(ii) calculating a correlation function between at least two from among two or
more intensity vectors, wherein each intensity vector is an amplitude representation in

a time domain of the digital signal, and wherein each intensity vector is associated
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an ordered form the nmethod conprising (i) sanpling
the seismc or acoustic signal at a sanpling rate that

woéaaidloie@mses coll ecting a sensed signal in a r2ageLwhH8/001096

frequencies /and converting the sensed signal to

digital signal; (ii) calculating a correlation

function between at |east two’/from anong two or nore
intensity vectors, wherein each intensity vector is an
awpthiatdistnct fpqueney belbhging kotha rangesfdeqaentiast/ anfiés having a length
digjtal signal, and wherein each intensity vector is
aggééﬁﬁpiﬁ%Pah a distinct frequency belonging to the

range OltefeHRMMENGVRIAGNE bRedBRMhNGd acd:RMMtidh Qhlelis met by the
seconds; and (i1i) determ ning whether a predetermn ned

coorraddtanm functianl ig orderrte indigate dateation ofithet dbgeetf uncti on in

order to indicate detection of the object. BRI EF

DESCRI PTI ON OF THE DRAWNGS I n order to understand the

i BRABFiRRSQRIAPTHONcQF HE NRAMINGS carri ed out in

practice, sonme enbodinents of the invention will_ now .

bl erderio wslgrstangd theynehtin and fonjeeiheyy b mayheecasigd out in practice,
I o S | g “ .

P FEDEGEIER LE e AR AP B BT by vy ibetimiting

aexampabalywithceferapca the acoongabgidp eawingd, it bdich:

invention; Fig..2 is a flowhart show ng a sequence qf

oFig & 1soadlecdks Aiageny sehagpatically phustiaiing 2B HPRERNy 2¢9TdRe to an
e%%&ﬁﬂﬁmo efenfisyention; Fig. 3 is another
fl owe

art show ng a Sequence of operations carried out
b¥iga? iappfoathest slioovingiangquancanf epbedione narriefl ouhdy an apparatus

i nvent.ion; Figs..4a-4d. are graphical representations
i ??CBQ{”?%{]‘% Elﬁ’geng%?%mslﬁt &ﬁ@e ’6’}3%‘?“ Pons carried out by an
a_Fig@rﬁ'ié_Jﬁn&ﬁ&OHQWEEaﬁ %hﬁwh@”@%@lq&@@é oFf ofebRions (@RiddOBut by an

Fig. 5is a flowhart show ng a sequence of operations
capnarates angording teransgypadimeny oddeonwéniignt o an enbodi nent

of. the i,nvention: Figs. 6a:.6b e, graphi cal . .
B TartRT il rsst G BB R St s posigions carred
Caiittiyesh ihraf)é aatordHpab ah émbadight bNgetiveatiognbodi nent

of the invention; Fig. 7 is a block diagramof a

cBigodtisra fipweast shavdpgianyqeerca i apsBdPRe AITISE ouh 8y an apparatus
: cggttulrlgﬁil anl dfbodimbst & 1R R6&nfllhagr am schemat i cal Iy

ng an apparatus according to an
Figs. 6a-6b are graphical representations illustrating some of the operations carried

out by an apparatus according to an embodiment of the invention;

Fig. 7 is a block diagram of a computer module according to an embodiment of the
invention;

Fig. 8 is a block diagram schematically illustrating an apparatus according to an
embodiment of the invention; and

Fig. 9 is a flowchart showing a sequence of operations carried out by an apparatus

according to an embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
The present invention provides systems and methods for detecting non-random
persistent signals of interest. In the following, the principles of the present invention

will be mainly described with respect to detection of non-random persistent pressurc
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enbodi nent of the invention; and Fig. 9 is a flowhart
showi ng a sequence of operations carried out by an

wapp@ratws according to an enbodi ment of the i RCZEML10081001096

DETAI LED DESCRI PTI ON OF EMBODI MENTS The present

i nvention provides systens and net hods for detecting
non-r andom persi stent signal s8of interest. In the
followi ng, the principles of the present invention

Wivtalved) €TTans Wil bledesdribed ani ébsEHRECbE ke %@Jeﬁﬁbh QHlp%fmentmg a
non- r andom per si stent pressurewaves. There w ||
dé@é‘i‘#"oéﬁlsﬁﬁ (efasH TCRENTE B8 BPRUISHA\ASASATS rmulﬂ)llmmlmd fgr various

( siil.c senso
SRS 808 BT ORI o A B0 3Rt s
\Ndﬁthalg:d‘tm@ﬁ &ra ﬁ(ﬂ €bnatfended Growid Sagoe)x ametewill bs Weberibed a
éﬁgo %I n deV| | s a UGS (tUnattended G ound
S ﬁ}a FHet a1 fetpionenera 9By b Cemplofly aeipnpmess manner, in
Otdal-lle, 884 RBtdhADLIRS %@Eﬂn@&sstétﬁn%ﬁl?% ﬁb Hgn?lf when required.

aut ononous, manner, in real-tinme
rghtit embpdimenh isi dbnatedicheseiniften 8$ Jaatbnombves WERUI Ite@hould be

I A NER N L T e
netany i Gthée dnibddiciénts aitt OpARIUS {HERAiIRTDOH! H@ﬂtlnﬁiﬁ%i to, various

many aqt her enbodi nents are p035|ble I ncl udi ng,
ﬂoqaflﬁﬁlst Apremtionnbetvigen ane goneledAas devispeant otherstypes of remote

b Ne her p
rgﬁ%&? gﬁgﬁﬂg seflf q;:)@fcgt#cé@n t\afllgp §t ﬁ qscgtt (fl{#t cﬁeéqcen Aecording to
I annthacbmbl)dﬂnéﬁ&)m\wmﬁennéﬁ Cﬂi’efb mgpszda&th &ﬁhputenzed system for
enbodi. nent. of tﬂ ventlon there is provided a

Wg’(ﬁ‘%ﬂr g %&Hal§9 ? 8r bk @ﬁlvlznc [FERSAL.dR @wéltmtemrl ofttieg
e n e r

Fg IEYSI ? gl%bl@ 'Hl&grgtﬁagc?lgrr%ag&hf i usﬁé gi PIQ{JS raz?:l%ﬁréh%g to an
LmOQd)manfcof thengresant anveatibn (Q'IamBnd)moﬁs UGS pri@siend includes, infer-

entlon (' autono Unit 10 incl udes,

6, &) I35t oge yesQ O‘bﬁ?ésglé’n%‘??r? Toke. %eg%oﬁ’hen%eﬁ%élﬁr"(néet@) 12 for
g&ﬂkbﬁ)ﬂgﬁ sel&ﬁﬁﬁb@hﬂgeﬁtele)istlgnef Anakg| io éﬂ?ig (%?DSS Wofiverter 14 for

signals; at |east one Analog to Digit
cemyeitingr the sepssd sﬁ@ﬁmleramahz@ $lgmlsten$elwgltaémgnat apadb@gsing unit

%?%b%lse%otrg fi" a.?xgga %l Ignal IH“FZT‘IP h{fgfﬁsgll qy(lj.lrﬂ(l)ci{.ge 700 illustrated in

clhigpiagd dﬁB@hﬂécﬁﬁEQ{&r lbblbb@ trshrBeksking thddightaPfifnal and for detecting
di scussed further below) for processi ng the di

sty RAIFClalfeR- foPedfsiriaay icAusinm actsjssvie signalyin éhqne'demty Dﬁmbe UGs.
CSisag '$

Pr ocesssor ggllcﬁunc Sls%%émlg)sﬂegcé%ﬁ H\ﬂclﬁcr er [%/egér%{olp o&etpﬁﬁerfsﬁé 12 and
opd) ativerteni4.theoreensidithentaosnpter moaver10er cobdpristfa computer
one enbadi nent, 8 ng)ut er rmdul6e 700 co rises a

&gﬂ%r@{ne:f this embodiment, processor 16 is also configured to process the digital
signal by executing this computer program which is stored in memory 18 and the
processor is further configured to detect an object (e.g. a pedestrian) causing a seismic
signal in the vicinity of the UGS by executing this computer program. Optionally,
UGS 10 further comprises a communication unit 22 (e.g. a transmitter and an antenna)
operable by the processor 16 to notify a remote station in case of detection. All
elements 12-22 are powered by a local power source 28 (e.g. a battery, solar cell,

etc.). According to certain embodiments of the present invention, all electronic

- elements are implemented as a single cicctronic module (e.g. printed circuit board).
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program In this enbodi nent, processor 16 is al so
configured to process the digital signal by executing

wohb®/agnput er program which is stored i n menoPgT/AB208816D1096

the processor is further configured to detect an

obj ect (e.g. a pedestrian) causing a seismc signal in

the vicinity of the UGS by efecuting this conputer

program Optionally, UGS 10 further conprises a

QRPN L & 410 BmbBdimeRRof hednventionamsitril 0 tferthardngmises some other

antenna) operable by the processqr 16 to noti.fy a

cererateds SESPIS eign SAUBEBIE WS%%&S% FensATy TRpEARLfiSersps. B (Infra-
ed cil ( lel or in

By QRS Ol BopficR FROVEY xR GRatBe (Shelted iy paralc

eﬁiih@diaﬁeﬂt\mﬂﬂéomd’ler gt eﬁﬂ:etelwmmmbf ormt 1@Ishowh ée Figri. dn order to

enents. are | ed as a.si | e.el ectroni.c
el@r HPIaREERPe| ﬂ%nfeﬁ%%féreaw% e Signees nired R Blofent the
e ![Mﬂl@ res& ThvEhEBh | 12 8ol bt uhferktabd gt thopiREdrs &Svention
one ot her co-located sensors (e.g. seism.c sensor
ag ooistiingted dygbe ;uusagwétqooﬁgm’g@n uR gqcarding tqRal pmbodiment of

26¢ Seafiofy e daiisn gt v Y SBRaORY sARrROREFRE Tsleh as an

ek&Ret fnfir, Wnddisndi@ sehaandneendanother | senwirderg. tagnetic sensor),
clarify expf anations, Fig. 1 illustrates only those

e:bpml@mtg % SQUITICIGPIOSEPL SERE & KAMBIoPneR-ghigsmgmophgnd fed by a
ent

B o e DR A s

Ca@Wdlmroamdr@hjeciEf(us}uclaxft@redamgle) o an enbodi nent of the

i nvention, the detectio ni.t .g. UGS) .includ .
SASFORERE 36 98 caIbodiaentd G IRyeR: coTTBHuRtor OG22 jpgludes a
Stf‘a%xf:ﬁttﬁné}lde%{ﬁ M@k Nahatiie NSFOLorhBullicatiINei & RE%O mlonitoring

coupled to a commbn processor using a cormmon on-chip
rmwnyrm}dmﬁ’eso(ekgy transceivamrin ke vieinyty aftthe TJ£1S) gnd meorer According

gg ras‘% pr %{ﬁﬁ%f ngtcgﬁﬁég{vgﬁt %ﬁﬁg@ff@%ﬁﬁ?g gm ggfrﬁglﬁdeg "WSransceiver

ARAOAIRY, {hereBP el HHRENGS Of0 foheg.iB¥eRé cO@fmands from a remote
conmuni cation unit 272 includes a transmitter and an

aatﬂtmrrzr to@pahgeewish ogemHRS smnetgried epegatingrfpeds- According fo yet

I}T}?%{i ed’l%( ? ﬁlge LELaY i n ntrtrlt%)rrl (eSm (1:(():or Cc%&%&fsés b Medicated

Qﬁﬁ’ﬁ @16’5 s}ﬁﬁ‘hﬂﬂl FIENT) 4o éﬂ&eablmbya pidcessor €6 mrpldfrf(imt daglicated tasks in
unit 22 includes a transcei ver, and. antenna,. thereb

ammwsw detections-g.gn eddigop to prpgleqdo PSatgng
a ~based
TP A P i
edﬁmﬁbﬁargon@him tahé dpteettmndevigey Ehisivai nownbet exylniﬁftdr whbrespectto a

conprises_ a dedi cafed. unit not shqwn .
ofsarense eofhgrartiss 2 il I@ﬁ?@ o Figr %.C&B‘teg’d

?ﬁ&%&? i B th ﬁ@édr&’iﬂg t@ a8 -enlbdaRek: oF @ik fnQerftion, BSS ERkal signal

conmuni ¢ t| on unit
portions, coming from the same sensor and corresponding to distinct sampling

LA %ls %anunit 10

frequencies, are correlated with each other. In accordance with certain embodiments
of the invention, the sensor 12 is designed and operable for sampling a seismic signal
at a sampling rate that facilitates collection of the signal of interest at discrete and
distinct frequencies. For example, as illustrated in Fig. 2 in a non-limiting manner, the
signal is collected at least at a first frequency of interest and at a second frequency of

interest distinct from the first frequency (operation 210). Thc A/D- converter 14
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According to certain enbodi ments, the present
i nvention provides a correl ati on-based detection

wablgwroi¢ten and detection device. This will nowPO®1L2008/001096

expl ai ned with respect to a sequence of operations 200
illustrated in Fig. 2 and carried out e.g. by unit 10
illustrated in Fig. 1. Accordlrg to an enbodi ment of

the invention, two digital signal portions, com ng

f SRt EheS 86T cRANSIBHAl a0 0a dififab Sp@A g iheludbissa iffsit digital signal
sampling frequencies, are correlated w th each qther.

| Portier spHasRondinet 1 tersigneh PerissdseHested @ftheHgst frequency, and a

[ [ t ' ' |
CBXGR! t Hlff S0RR, A3rdpfiL 55 Ae0PEHEN follela st
f eeond frayesice qbpaationd20f Thhereiegsual 160fs canfignaslt foatgenerating a
discrete and djstinct,_.frequencies. For .examl e, as .

i 11511804 Arse@Onh TSIy SFHOHR. ﬁ?%@_{%ﬁamﬁaﬁ%ﬂlﬁl cPrgsponding to
Skt hid etdrRcigdatichfasdrtiats, Fefpebely (BHYCNAYis@ete Fourier
interest and at a second frequency of interest ) )
dTshsfonn), fthereby hensiitntng far St dnteysifyopesteit noand a0jecorth éntensity

AID converter 1 nverts the cpllected sigpa .
gy (Sreseign A0 PR ootrseoratt oy BBy GhHifired dpfpalculatng a
PEYrtell OO ESPRREIrD &, Yt Ter SHegkiak iPepiddefrdiddani@thtion rule
at the first frequency, and a second digital signal

pismudt by thovecsers dndli Rigoesson Heisfighaaicopbgirpd fordadice#gesdetection
at..the .second frequenc [ : .
b USSR bR o PRBLAL R A2 R ERERRs u, v i
| fofuff SdpeyatidngXd0).but i on in frequency-time domain
corresponding tq the first and second digital .fignal A
pbert pigipdicity.e Syradatiqre PyIWeek PILDIR PO Y & illusttated in Fig. 2

Tﬁlﬁ{&g&ﬂ 0 inveR§SE Ryndé Qisikddt Iy {HR%nfnek ' trdgLRS! (¥ctors). Three,

vec u and a second 1 ntensity vector v (operation
280 . anfihenope oft@psocied Goukl berdahmled @andli guatyrdd fipr order to detect

calcul ating a.correlati et ween yectors v, and for ..
crrelatiog. P ilhPedbielise helet W‘S_eﬁe\é‘if?fzfﬁ P e Hp eofiyding to
t aﬁb&ﬁgﬁeﬁ{s Softhe (nveRiiBRESRA cal Betebford HshI® hreCOUIAINGA b Ginalyzing
for Indicating a detection of the seismc or acoustic

sogpawo fifequertceasest when a correl ati on between vectors

gggr\r/%{lni{l{n%ﬁ Qggzg er.%%%f ?2 \%gg@édge?egleﬁid@éripﬁoé}/each of the collected

rs u,

| frbddshtial /s iplesth@d a8 addiddl® Befudnbe hivivigatdisiete /algt It should be
limted by the nunber_ of frequencies (vectors), Three, i
f dgar thaldwith restrepletpuenshifiaguensiyl of ipEereshrgsilleetiomef the corresponding

SRR 3580 aPE RSBl 50F(GH R b Fhayy Habd cincius e
afieq@ietley of interestbodi ment s of the invention, practical

 Retobhl s, st sehppmRt 1o SHpRMAR TR b Bavnce of
2BONGiAR Fd SEhWIESE B, MBe BRAGR @y lgn&R!12eGiReh in Fig. 1) is

configured for sampling a seismic signal at a sampling rate that facilitates collection

of signal portions in a range of frequencies (operation 310). The A/D converter (e.g.
element 14 shown in Fig. 1) converts the collected signal to a digital signal (operation
310). The processor 16 is configured for generating an intensity distribution in
frequency-time domain corresponding to the digital signal portions, (FFT — Fast
Fourier Transform) (operation 320). The processor 16 is further configured for

selecting at least a first frequency bin corresponding to a first frequency of interest -
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frequencies was presented as a single frequency having
a discrete value. It should be clear that with respect

woaomaadrobr equency of interest, collection of PO®I1L2008/001096

correspondi ng signal portion includes collecting

signal portions at a frequency band that includes the
frequency of interest. Accordilng to another enbodi nent

of the invention illustrated by a sequence of

ofiefathé eaitge D Treghenwties] and-a geddnd filequary il cheegponding to a second

element 12 shown in_ Fig. 1) is configured for. sanplin
afre@ensy ef wieger from thy r%%g?fi frrguengics, thsEabyrcqppithting gkloast a first
?ﬁlkén@ IVQ(ROXOIE cSirp3hdiRg %d rﬁs%fge%eﬁ@n&’fd ftecond gléterésity vector v

requencies (operation-310). T D°converter
ed_:c&reepmndmg ghthersecond-ifrgquebpy coperatidns33MeTho preeswmd 16 is further

S | to.a djgjtal signal. ration 310). Th ..

iz 1ot goloBlaa e Rt PO L SR A h AP e grepline if 2
dbRHEERMREP BofrBlafib® FHIRME Ymbt B tiEl0 FBItorsCR)l v.EBIRREAbN A6 LIS further
the digital signal portions, (FFT - Fast Fourier

Teandightadnior (ingisating endgedion aththepsigesd sefointerest when a correlation
fJPlert tc}er c?nfi gureﬁl) f go slcreall{(e)%t?.i4 at least a first

f eféé(u%‘mif%?ﬁ’%bsr &8@ Hai g toa first frequency of

| Ré€ Eiﬁﬁﬂfcit%omﬁél@tidrﬂﬁaeve@ﬁ dnheguenecss vandisilisgaed in Fig. 3

frequency bin correspondi ngl?to a second frequence/ of

i hewpves the mymrtianelsnph dnigd by dguumehes of fraquenags (vectors). Three,
capst i tut I | ESt NS4 Y, r: u

CARE A RO oy fRL (Buld b sl TR ShA D i quder to detect
i cdregistidny Asewilbbe discosseé dplomdinitl) refer¢rtve tedtigndia-4b, according to
frequency (operation 330). Th rocessor 16 is r.t her
PSRk Phihe amiaRiaRs RiFH oA B Be R aned even by
V&%tlﬁ'h?%&hl YweBdqhQfcighecki ng if a predeterm ned

correl ation rule.s met by the vectors u, v. Processor
1Bracgcdllyy (IHeS devivks gue eldsifoad Fordvarious regphicatismec trichuding vehicle

th ignal, of, interest when a correlatio et wee . .
vikiedhiog hd pedestiiol RiecrBeAscriiediotic Eodlngly ¢t g, invention
CORk®Ated iR FiRed WRe ful BT kp&uvar (@ikspbndihg fo e.g. 0-30Hz range -
illustrated 1n Fig. 3 however the invention is not

| tyvicelly Bjtablee forumadestrim [detsgiiemciig scollpeied orsocordipg e, another
f f ' . :
b BT BeLfSOHERC R 00 RE,BRUERGY Sty siable o

diriti¢ls dewdctial, mndld dvailabler €508 the sirhegSensddredponsible for collecting
according to _epbodi nents, of the i nvg,nt ion, pr act_'iamql )
destieleigeneraied sianglsafecospingitn dys epbadipyrnh Ry AN ladin fpr vehicle
t i ' I is '

t S5 LoBENG S8 08 BEMLf detcctli 9 GASp25 SINGSIIERM power
acchspgiet.r inaaddldome cadcondingde endiodindnds tofi ¢he mboatitioen pedestrian

o U WSS AT 6 B b o Ehc o
more efficient and power-saving processing of data relating to minor parts of the
available FFT spectrum, e.g. as detailed above with reference to Fig. 3.

According to certain embodiments, the present invention provides efficient, low
complexity (and low clock rate), credible detection methods and detection devices for
detection of non-stationary signals. This will now be explained with reference to Figs.
4a-4d.

Figs. 4a-4d are graphical representations illustrating e.g. operations 200 (illustrated in

Fig. 2) or operations 300 (illustrated in Fig. 3) carried out e.g. by the apparatus 10
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typically suitable for pedestrian detection), is
coll ected. According to another enbodi nent of the

wonvwridon, the 0-1 OOHz frequency range - typi eairiig2008/001096

suitable for vehicle detection, is nmade avail abl e,

e.g. by the sane sensor responsible for collecting

vehi cl e-generated signals. Ad@ording to this

enbodi ment, output available for vehicle detection is
aédfz@rdm?gedof e RAEMOSInTnaofd@ice dhvedkion Thiustrited rina¥gs 1. Fig. 4a

effl ci enc .and power consupption. In addjtion,
Viilussretesch repeeepiason B of A PSREIGTa Saisgys ighl caused

¢
pa%te@‘%ﬁéhreé‘%%%%% ERG s ofih, BRI T Bl 9 ormed a
poveuesay ohdistinacpikss 410,04l sidtsantiglyain thg 10e3tHnomge, each Splke
parts of .the availabl.e FFT spectrum. e.g. a t ai
aBBTRsPoRding tera PEfesiang ey i XUEBIEdRn @%3?% aé’ ﬁgsec )
eIRQHH SRS ShetivBén @ﬁ@%ﬁ%s IcBMEHoh Wopfn%rﬂﬁﬁ)lnﬂlﬁét&b&ms’seps (for

| ow conplexity (and low clock'rate), credib
dexaeuté o l‘rrﬁt Bi6sts, dsek, dede&or simplisiyc ef ilfenratien.conly ospikes are

V\Prlege?{t]eézlrs erllaét éo&z‘a n%nirgalitg ﬁ‘f\/\frequea a)yv le% f&'génq'r Ergsentatlon

OindRIAbE b1k BoRSPOHdEA @61% g |bh¢l€gfrdsrﬁidl gise.afd s@g&@[saﬁcbtwfsmterest
200(|Ilustrated|n I g or operations 300

(Fithesmers, &vondar oj a@swtsapraaawr@d I@mnpémgie (pyergneot the signal is not

agco e
TSR R MR A, RECAFTRREEF S odrlipnding 3,2 snele
| pé@sﬁrthkmgraper emtmmtpaom HQhodd ta: clom- ﬂh’atheonnrerynon is not
sei s a pedestrlan in the

fk’@éfﬁ%ﬁb@’et%ilwa Plhfeqdrﬁlmﬁé‘m 4a, the signal Sis
su{gmg sefe t ﬁ?l{f\%s%a&g tald ﬁrﬁ@ﬁgnaﬁﬂllﬁﬁr%téhlﬁ Fl@l ha, represented at

tanti a 10- 30Hz range, each
cwa érsnm‘td'relqgemanesafl pedésterg. d3He P 1, atsmhmi}')e The aplitude
0. 25se [ m.ssio

b
SpPieaEaun SefRRe e e cteeCPEHT Gl ra e T s marked

exANBiSr 3L ahd _h@ aﬁﬁﬁ@ude' ®Bfesentation crﬁ%spﬁlhdm%lt&thy s@tnal portion
illustration, fysplkes are presented in .
Y

healkeeted at Iﬁeﬁ@@m}’t is maekeflras gygetar - 11 e Imnlgmﬁlng example of Figs.
b‘i% ﬁg»slglﬂﬁt{%}t}l’ Q’gftlgg% ugr%gﬁ)on%urg:?o JS%Q{A‘HP&%PES (cor¥sponding to

gna

Fréntimes Wr? 0.29eq F6leg séo@nd@&h&tb}eﬁlﬁﬂdlﬂ@hllgﬁﬁﬁtﬁnﬁ@evalues as 1 and
anpl i tude (energy) of the signal is nat

Flogy infensitacdaves g dl, |vyct0Fngs wpatten 1340 OskoBs 83 f&%éame applies to
COL&GS RO Qﬂﬂ&%{r S,SEJE 4 %Qﬁ@%ﬁ%ﬁé nyt t%l fggth@t oftcome of DFT

constant "pace hou e clear e invention
| provedsing 1e.g.cd the ciseefithd emba)chtrmdt Biustpdted ireBig. 2; or a FFT bin (or

situatio Fig. 4b s matic |Ilus atest samne
SPHheTeor) € BribyemRo cﬁm@n’f o fopio ey %

di§td OEdr \;7 {lﬁgtyﬁ&? b Qf@é’tof 3 cbBelbtes h3tHZ e uZWiHdA no physical
respecti | "t ude
phenomenon with ordered form occurs, no correlation between vectors w, v is
expected. Thus, according to an embodiment of the present invention, the measure of
correlation between the vectors u and v is used as an indication of the occurrence of a
non-stationary signal S having a substantially ordered form.
For simplicity, the amplitude (typically illustrated as the third dimension in the
frequency-time domain) of the signal 410 is not illustrated in Figs. 4a-4b. The

amplitude of the vectors u, v is illustrated in a sclf~explanatory manner in Figs. 4c-4d.
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representation corresponding to the signal portion
collected at frequency \ is marked as vector v, and

woOheovanwlost ude representation correspondi ng t oPCIAL2008/001096

signal portion collected at frequency f2 is marked as
vector u. In the non-limting exanple of Figs. 4a-4d,
intensity vector v correspon‘dﬁw'g to fi has 32
components (corresponding to readi ngs every 0. 25sec.
f Yrshgulddwonmded thatverhile thermgetorsmg vivoglatewish one ynathen g amplitude
as_.1 and Iowintens%tg val.ues as 0, vector v is

not be 151 i1}

w HPES 'gaél."u("l','d,nf,e e same applies to vector

uAcBetdindl td eh eibodimeRCH Bk inkentiont SRS icbireMBEA Fusctiod C(u,v) of
t he out cone of DFT processing - e.g. in the case of

t Nectensbandrentomatimes cpliede thei normalizedoscalgr pepdpFtiopithe permal’ of u
p .in the enbodi nent- of the invention

[ %ﬁ%gﬁ&}%{f@%ﬁ?aﬁf@o&s 3. As is clearly illustrated in

Fig. 4b, vector v cqry€lahes<wivdy diefps)u. Wen no
physi cal phenonenon with ordered form occurs, no

cotheel at v dendietthetmo usetsiy vectorsy <usvedqmddsettieir Thues product; ||ull,
a di to an _enbodi nent of the present invention,
_tﬁ‘gﬂkélggeg’foémap?g{?ﬁ@%’ﬂ Keog‘éttsween the vectors u and v

| PlektSB0, R sAfblidie &BlYsAbHvo HGuAKSELY dndefreRlioR between only two
non-stationary signal” S having 'a substantially ordered

f geqiersRorv d¢ pistrefedyin Fige 4brpoweved ghe tigysintah liy not limited by the

Ll ustr d as .the thi di sion in the .

e PRt B oPbRIOE GRBori 8 ensigs coutd b amalyzed
I in erdér otdeekct Corfdlgifon. 4a- 4b. The anplitude of the

vectors u, v is illustrated in a self-explanatory )

nhkAte RCEidingds ansgabpdiment of dhe vertione thejcarrplatioprinalysis between

R EEL St SO ot R RIBLGRR g 0 fnion 2
i dentical. Accordi n(g? (ﬁgaﬂAgﬁQﬁdﬁ‘/r(ﬁﬁlﬁ?FPﬁjH; he

i nvention, the correlation function u,’v) of vectors
uwhereg w, usderetdsrray teal inedsityt eetors fromh immedg selbatity of k intensity
product' or 'the.ngrmal' of u and.v iis defined as )
FBRS cvo( 19 é@y is helCalgpigled ofFiive RO HRFD fectgrs W, w;
denqie dédifes MOinh& ROSch ¥f HE& 1HoSinteity Ved@&@,oltlﬂ B |1&;fP8érote norms
I nner product; ||u]|], | |v@|§£t denote norms of 't hésé

er

i pif e infengiéy venters; Mds e prasistermined siopfficiantty is amriategei equal to or
0 q ci.es .and carrel ati.on between only two
verepBP s SURTE' R R Bh T Rt

ctors u,’v RS g. 4b, however the

I Avedttlingno lad enodinetit b the Byvenkion, i Thease fwHere s A8NEEQRNCY-time
(vectors Three, four and nore frequencies could be

afeRISemaom obiheetisia simebistavadthie (Rilpwing D) the intensity vectors
aﬁlc.(?.ru?'a@ sd1€ctéd) fneg?rgag%&eﬂﬂﬁt HsuteBGndHERL A vintePfediate frequency

correlation analy et ween
between f;, the frequency with which u; is associated, and fi1;, the frequency with

which ;s is associated. According to an embodiment of the invention, i, j are selected
such that bin; is not adjacent to bin; (e.g. i, j are both even or both odd). This is done in
order to avoid false correlation due to random noise and/or background. According to
an embodiment of the invention, coefficient A appearing in equation (2) is replaced
with a not constant coefficient A;j, that depends upon the frequencies (bins) which are
correlated. This enables to give different weight to different frequencies.

In the above description, the so-called "normalized inner product" is used as the

correlation function. It should be clear that the invention is not limited by the type of
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the intensity vectors is perforned based on the
followi ng correlation function (2): where U, U

wdenptoesoany two intensity vectors from anong RCT/IL2008/001096

plurality of k intensity vectors Ul,..., uk; Cy is the
cal cul ated correl ati on between intensity vectors ui,
WJ; <U, U > denotes an inner-pteduct of these two
intensity vectors; ||UJ|]|, ||W]|]| denote norns of

t lwosrelation é‘mmﬂ vt G4 0%ed; and rhahyaotRéradeileRitith TaAktions can be used for
coeff|C|e t; i nteger equal to or greater than

i S
assfﬁﬂng C‘éﬁf%‘aﬁl?ﬁ g@%nfth% ARteRAE Kectoxs cuithiiut glepartiag from the
e@@@@dﬁﬁém%nﬁd?le invention, in the case where a full
frequency-time representation of the digital signal is

aviis laahineed(thatl tho signg dfﬁﬂ’c)arestlﬁe anroirdersd formvart BraSresult, correlation
are sel ect nner.that ensures t hat

i #gfrvxéeen L{Iflgnarpmtgfl% 8? é]eilg I:Flilte ga %Wleg eydenraceived dgnal indicates

FloequRmey ofitlhil oMMred fokn. | Fut 3BRGEhHY, 8
frequency with which U+ is assot?;}lI at%lgﬁ%%cég?l@ﬂah in a signal

ﬁe@ﬁﬂ@écﬁ’f istinco frequpmcien\aé substantially the aame sphe i ad nﬁhaiﬁmn of a

%ﬁalbﬁeﬂ% dc’lt %n g%%ﬁr&fj aceﬂ}agoa% ?egmiwglgsr gcépd tabéoa@{)g oftor assessing

f &lesannkant}ebamem sthnel h@phiRdedraceRbS %u@ﬁ&iﬁtféﬂy at the same time at
bakfjée%?l}t According to an enbodi nent of the

qu%‘%Fé?Sf Iscanedication pEegqugnemole signabhavizy oidsred form,
r nt Ay, that
%E%ggg&ugféﬁgtfﬁjﬂ?{r equ@%‘?:ﬁgép gig{jis &en P%h are

dhe ed detected Dhiesec:foatnl mdtnot gd:dé&aﬁlyf berepatitivebOpdriddee. It should
cies. he above descrlptlon t he

d f ferent, frequen
© SoprEhfiony, ‘rr&’r:’f SISEEt nFPe styfos fy sufficient timedinag cemtain frequency
Cﬁi’ng@ li@bokdp td BB Qietééfbd If the %Hiﬁ/gecpfre@h les t(ﬁﬁl«%nsitp F‘Vectors) are t0o

invention is not limted by the typ corre
f ¢lnes tooerchingheri & codaiu deprte @myrre]lahem cmaiﬂr&l @ahdenly received even

AL o) n.be.u for .as correl ation

o s OB B s A s, Bl S0 el sty ngeorore too far
tfiemseae]@ ettef, thére it AYBRhD Bertdih ok&r&?ﬁgﬁﬁiggﬁg%‘c bO%etected, since
si.gnal of i nterest has an ordered form an

%@ ufigtected rgmanldedey rﬁllmlsmé)e vati¢se véthplfiequetesy @bwer amplitudes are

didid t recep.ved. si.gnal..i ndi cate

occu‘?%dee%gl éé}%? g#ﬁl{{ééicgeri U e\&ﬂgs ejf;ﬂft i ngrogiﬁrteg ncies of interest

|dﬂ1b|enést onnthef paticalhrdtidst yf Isge@ﬁélagﬁﬁéatﬂﬁﬁ %Heébnatbe performed in
tinct frequencies at substantially the sane tine is

a?ﬂis" PR Exaqeanlapee with ﬁﬁk%ﬁxpﬁram%g an ordered form
VAREdopdifig tt@ Gh '%h%@ﬁn&f? WGl t ?ié?ﬁ’r 98 o3 e%gllg{l] Df interest is

the sintl arlty bet ween si gna es rece

gclﬁm@nmthﬁ $epset sigied irs ase atpra&teﬁnuﬁbdf doefebdtion rule is met by at least
i cati on of _occurrence of a ?I

RSBl Plienring Bimsmibaaiion s gha momionecartgion e is
ot AT L0 LI BRSO i
ghald value or below a predetermined threshold value. Turning back to the non-
limiting example illustrated in Figs. 4a-4d, where each of the vectors u, v is indicative
of an 8 second digital signal (i.e. having a length L of 8 seconds), calculating the
correlation between vectors u, v yields a measure of correlation between the signal of
interest at frequency f; and at frequency f; during 8 seconds.
According to an embodiment of the invention, the length L has an arbitrary value.

According to another embodiment of the invention, the length L is predetermined in
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be non-random and persistent -to last for a sufficient
time in a certain frequency range in order to be

wdeb@miens | f the anal yzed frequenci es (i ntensPCY/IL2008/001096

vectors) are too close to each other, a certain degree

of correlation could be randomy received even for
non-ordered signals. If the-&hal yzed frequencies

(intensity vectors) are too far fromeach other, there
éccﬁdéﬂ gkwttﬂ Ahafefctididy Of GRY BilsRdal PAbSori@ hat abe® detected. The
etecte since the detected anplitude (intensity)
\argtleof\the hnﬂenmyum@qr ¢edade Breoaeh 4p engempassey sufficient

g)tprtg]cing ﬁg{c@ﬁecﬁ G e :glgna e% %@&gﬁh? h%l@thsgﬂ BE ihtORkity vector

RAsk intbartbé | '1&? %ﬁh@ﬂﬁ@l&WEoﬁﬁ@{taICﬁhb@ﬁﬁg}&rﬂkcmse e calculated
perfornmed in vance, in accordance wt [

| d
e:;ogelatlgn feg. wb@bq;t@psnege captured dvsina 2 RsH; otge\: Er%treﬁs) In one example of
ﬁgsgl%%g laetegtgcﬁnu rdgfh OF a6 s%l%ngéa% ofo bﬁ?@r 65 Hudafion of a few

@ sensed si gnal e a prédeterm ned
Qs@édrﬁlls aho®fintitthe valaesnmte b)ﬁecﬂindst &s«tcondz; linseensds, ;15 seconds, 20

vectors. _Accarding
éé@crl@ls s Biprshare el Faed PRCCALEEoa s, APE NP IIE ol AR AePpas on the
8%\%@ @f {RNseh &d@ﬂth@ﬁbﬁ&aﬁ&ﬁ&’ QoAsiBEraaeiserA¥coRling to an
res ue or  ow a predeterm ned threshol d

\eaxhhmmé'mrdf itheginbertions ’dnetvlahlem@ Blis dt:tp]frmge@ ;patiegfp and simulations.

ILAcl:c\l;a‘;’cgniqg It t%g Iclglg%lgl/ gmgedlgjﬁn% gﬁﬂﬁ% Slnggn nOfcotrl%(fatl C%Qlcﬁlatlon is
gﬁonﬁﬂe@ in %nt%lﬁe Lik®inBn&e 2ReRlng fbaélﬁbd)(ﬁtrieﬁ’g dfhthe invention, the
orrelation between vectors u, v yields a neasu

otigitad| sighanishereesssedt he as|sgqmpcq)fof| mt@sggtv%:ttor %rames (sliding

uency f and _at e C r e
A%@P‘éf?]ﬂ &atlb\h%wn% ﬁt?lo%%thel’ﬂtlﬁ%f é/Ot’r{te H %vfelﬁt&llc%‘n?s &Eéeméted per frame
| @R8ddW); ahas uatd@i 3fr @relativh uelueAds oeaa:mg Detamdiation whether
enbodi ment of e invention, the |engt

ﬁh@@etrehaﬁpm Sule et o ERHEQ oW VHHh estRrlp st el ofthe feleulated
p &f‘fse.'le& @Iﬁ\.fegoﬁg 1ﬁg]f%t gfeﬁetgﬁ'%lﬁ&? ﬁﬁtheﬁh%icﬁl%ﬁﬁlhn% g. majority,

ein vec needs to enoug
eé\%fd@éaﬁ’elghteﬂwfvénage emﬂ npare). This 1s>ﬂlustwed» nrdExg@dS,f@ramcﬁfb

t he signal_ of interes The he nt ensij
Btsoesriding fe et eRintf | g P B o R ceration 500
\rltﬂlugtteatgdgm dgg:sr &embire cal cul ated correlation (e. g

en steps re cap tured during a part of a frane)
olneopexativnl 51004 ﬁ{tﬁ.*.db@t set and deseeqd; date sefAraBRRATAISE aad ﬁmd The

AR oo T BBDks RS0 Bl SRR, v usaed

SECRR %), J@c&ﬁﬁ%ﬁ@%&n cRthodRAaN &F tiesichvention) theaﬁtlllyﬁ‘c&judncy range is
good pract| cal results. The value of L also depends

t*vamitrhaa@tF@m istpeckoreed e forpddifiongh gnalypig tasks carried out by the
5 i T IR S0 Ayt o
tﬁﬁ:ts%le@fﬂd ﬂeﬁ[ﬂé@@ri B8, e.g. the omes corresponding to 13Hz and 20Hz
According to an embodiment of the invention, a predefined memory buffer is
designated for each data set, e.g. two 8 second buffers.
Operation 520 involves calculating a correlation function between the first data set
and the second data set so as to yield a correlation value. The outcome of this
operation is a scalar representation (theoretically between -1 and 1) of the measure of

_correlation between the signal collected at the first ircquency {e.g. 13Hz) and the
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According to certain enbodi nents of the invention,
correlation calculation is perfornmed in a frame-1ike

waamyozofccor di ng to enbodi nents of the i nvenPComL200$1@1096

digital signal is processed as a sequence of intensity
vector's frames (sliding w ndows), each having a

length L. The correlation funtdion is cal cul ated per

frame (wi ndow), and a sequence of correl ation val ues

| signelcedlicettd dDahesetondiftequendyehhenOHRYP d69hS 8l RHAAM second time
rule is met, is carried out wwth respect to sone or

al™§f the cal cul ated correl ation val ues, according to

a ez’ pHn h [Wo | atq e. Lorit .
PR e Rl s et () ShlcQdel: rrofBbR" Ve it o
i predsterained thmsHeild)salus (e. 6 8. Brgld 6 casthisScoratadndiang it @qual to or

di ment_of the i t] the se of
ot P o trerietbPed Aempl Yoy, molicangareieReR: 1 n
OPREAHIENMPO AR enbddimtntdstt ﬁeﬁigl{%git&g, %g&%ﬁ&ﬁdSﬂﬁgﬁ % gerformed

are generated and stored. T sets correspon
f Fepaeisdlywl hao by measurt of icotrdaison etween dressigmal gollected at the first

[ r.at .n Fig, 4b). Ac di ng t.o.an enbadi t o

{ HRHRREE A2 e cibered o a6 sihan GBRECE dckedprsed on
ot on ot Be s el didjolt piltiohs Of M NEUeLEndIRabL overlapping
gHABESr dhispisdHusteted it Fig169).0ft shauld beaklear thabhe invention is not

PF&: . i 2, &, the ;anes .

COSHELEEL el FECURAN el P, SR o of petionar
epdsoidhiardior emdmplagadensding focmotlRr pndoeindne df tReBvehtion, correlation

ffer i desip ated for each data set, e.g. two 8 )

SRSUReP Bl FERRIedCeRals prpssseed Rossriy ea wasessivatandg averlapping
CeYrti ' ; t d; bet: jr n .

CAEOh281 B0 SUISLABR RS B el csoion o
végtyeets (iramen)t ershreonéspohdisg ope différemt frjuansetiarframe, somewhat

repr nt ation heqretjcally between -1 and 1) of the .
rr‘g‘%glgf? m%)f “Bof ¥4 faBt‘inoln et %\éé‘ﬁ"‘gﬁé“ én g“n%ﬂ"f"afg fipget @cogelimiting
tdraniple 8f 4f JeBSrBNSMILS 10 illubBHRA ifi‘T‘i%.t %19.3%3% xpmple of Fig. 6b,

collected at the second frequency (e.
deriegalcultiops aiggnedenyef thersame Gpes; as therinfoationmlating to a certain

i cul ated correlation value with a
gt?{e%)g{)%?%ctﬁg%d%%?%gﬁgﬁed PReAony 7y “and i n case
tTiaise Gametliltel procu@inge(d® agqadratddl B FiHise8h fhdtd bitdierise to 2
predetern.ned threshol d val ue, indicating a detection.
AEEHPAP ngt 1l avetedowinerewf B cawelatioenfunetion. According to an

| . ar ) at.edl y., Thus, .the .
R e e, BeRELRIOFHIL SREBLEN iy fbiep APhuratity
tdfevahies ftonfi mempngriby saquentenef sllgiatbd alukeof 8t @rrdldiPn function.

second frequen IS checked based on
fccordcling to gn emc%dlment 0 tﬁe invention, the correlation rule is met in case a

plurality of calculated values from among said sequence of calculated values falls
above a predetermined threshold value or below a predetermined threshold value for a
predetermined duration of time £ According to an embodiment of the invention, the
plurality of calculated values includes successively calculated values.

According to an embodiment of the invention, the duration ¢ has an arbitrary value.
According to an embodiment of the invention, both ¢ and L (frame width) are
predetermined in accordance with characteristics of the physical phenomena that are

detected. According to an embodimeni of the invention, e.g. when overlapping
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successive and substantially disjoint portions of the
coll ected signal (non-overlapping franes - this is

wokbosstisamsed in Fig. 6a). It should be clear tRat/1L1ve8/001096

invention is not limted to the specific exanple
illustrated in Fig. 5 and other manners of operation

are possible. For exanple, acldor di ng to anot her

enbodi nent of the invention, correlation between the
samplozd siegnsdds the leisgih sk efirabms evildth) is uchitasi, vandatiee duration ¢

overl appj ng portions. of e digi.tal signal. This i
nﬁ?ﬁ?sgglgckd%e .cg?-‘fa oIS ef F‘l?en é’hgslg"zc PgH? dhaty ﬁ{eaaete“ed (for
SekAmplé, ¥MBR)8 s8&ilds CRAMES BRNEhdifted Qvith I fsE&n@Btoverlap between
frequency-tinme frame, sonewhat overl apping, e.g

osuackssiyedtames, 2 succession ef s ftines wormsiends toaix#8 apeend portion of

nen-4. 1.k td n ampl e of 4 seconds .overlap.is ..
" i e, BT S xR GRS g e dn gty lengih L (e
R v seofdd & hmoRy afd Guiddee: oVEefew siEpsS@IER 10 ist¥Ps) 3% dibigtion f of a
information relating to a certain tine point is
c W6 perendy (MoR-IHBitiagilies GieS e8sdR-a% sesendshigsseconds, 15 seconds,
; e ) . L . i
o8 SEohit End 85 35h 14 Bodh prdBichl ks BHE el T 3o Rfends on
ofhetdheracieristidsatfithe sdnsoicdridostherApematidhaigohsiderations. According to an

enbodi.ment of the inveption, t orrelation rule is
cHaERiFe ?ﬁﬂlﬁég}seé@pnt eavaﬁaea Pgﬁpﬁyf SR e, Beferpigeg n tests and
agRtkiions sequence of cal cul ated val ues of the

correlation function. According to an enbodi nent of

t Aecardingrioi embodiments grfrtbe grésent invertions pradticah detastenaresults are

plural i of . cal cul at ed val ues from ano said .
Dbk Y R L SRR P TR spondin o oy
pEasle henBiEdrdqueRs BN let. Vb UBreeranB Sh@VraqRhEide  BeoRgflexity of
threshol d value for a predeterm ned duration of tine

t corppgian Hyyolveddn anmlysigi efeserreltionketvesre Ve oagtorshe@r any other
p ' c\d at v |.ncl S Lvel

DR oL S50 LS 06 S SRR S o
| comepitxionof thapatetiat kauired i@ sccidaichivitlakiowa pd@estrian detection

IO A T p—
Wkl cS%ﬂg%a.q rakglto'ag%spﬁ"hits tﬂ?uﬂ&)’%gﬁ! fopg%;pgﬁtg%g{ Qﬁérati on, lower

are det ect cording to an'’e iment o
i parggriconsumpiog, mivketuriaateml e gpmpgmemcawsreduedumediyart demands.

I th L (frame width) is arpitrar and the dyratj.o

+ FR et st ie chiorhedl o ellr il blfeqth e et dpmplitede) of the
PESIROEE Aol aindafteisdgbACHRE f6f Wws* BidsRiesVIED Brore difficult to
seconds frames are checked with 7 seconds overl ap

béistirguishshetwesnsihe signahnt fiterestsnd dbs badhgramdx The smtance between
Ct%ErseSsePndcﬁ to,an,x+8.segcond n%f{ tion

f the digital. ..

B ST ST e Qe SRS R o8 gt BT BB i fime (e
awhér thap¥ddsanalib wallifs th a srdi@W 1660 fSviSinitiof (e BAshr), and thus
duration t of a few steps (e.g. 10 steps) or a

dmplitpdsof thg siggal may likewise vary in time. As known in the field of pedestrian
detection, presence of e.g. a tree, or a bump between a sensor and a pedestrian, may
reduce the amplitude of the signal that is caused by the pedestrian, thus making
detection more difficult. Typically, in order to provide credible detection,
sophisticated (and expensive) sensors and/or powerful digital signal processing are

required. However, as power consumption is proportional to the processor's clock rate,
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few seconds (non-limting values are 5 seconds, 8
seconds, 10 seconds, 15 seconds, 20 seconds and nore)

woamyiglod good practical results. The val ue oPCr/1E108%001096

depends on the characteristics of the sensor and ot her
operational considerations. According to an enbodi nment

of the invention, the valuesl8+ both L and t are
determined in tests and sinmulations. According to

e icoRpl&itgicalchRtipnemerdasd porvestidinipatipn and tldaposes an undesired
detection results ar? obt ai_ ned by .anal y2|

cqppraénoa@h lgpitgondepspnlispiansibaying Fg%‘ﬁ‘i?ndl ng to
%1, gr{?@mﬁl}dﬁmgﬁm eepg%é%n‘p {Bentiéh, HetdciBn JM6&8Brrence of a

requencl es. exity of computation
|sﬁg1mﬂ\cédnuereanaleycmesecbfbyceffmmlnﬁyl distingeishiren betwegen the signal of
vectors Q}(at i v I OW nu

sekre & & Sfheh Skatty - eebock Bpyr by ERFeRHe e HpYioagelating

1%@ NRLRX bhysial pﬁ@ﬁﬂ?ﬂérﬁt hOReckRANI By thel Eandd GOISAANE Qeast at two
known™ pedestri an detection nmethods. This provides

fdlffeteot/vé‘ﬁquﬂnomk Aatlblsant@dummﬁ Mb,rmte@ﬁlémmtor@reorresmndmg to

RIS, USSR PSR s s

CIBReH MPALLEY), cofrdipaddihg Zat llﬁiérrﬁfss@ﬁs’rplﬁmﬁﬂérs #hed stepsluceased by
har dwar e demands. The range from whi ch t he S|%gal

cavitepmentahmpiset Astinknonar gy theafipldi ol aedestsiant etion; amplitude
Cc? #ﬂg%é&?sdbe%lg&}aéhf gﬁg}o{r/%uécfisatn?ltﬁ@ ov$ bﬁh dJ &k ﬂo@Waﬁ/s easy to detect,

|cutto stinguis
b@fewﬁeﬁﬂl}t hetlei gngd oblow fitequeriesahdttehmsd a\diegar oo sEps Obeur, high

di st ance bet ween the sensor and the pbje caus t
ST S g SEIUSTRY SPAYPOUREE] Moty daRotcipecived.
tﬁ@co‘i’&ﬂg%rb i SRklhas | 'o@ tBe Sih{/éﬂtﬁht the @6rrélﬁt1&1{‘ &etween the

vicinity of the sensor), and thus anplitude of
sintpmaity mentotisiof distinet fveuyndies isicampuiablek aosnwhere tthmfe are relatlvely

Sl G B Bl PUGRAGF BB T pagenion

f&QH& 8nd1h8s ANk fdict@nﬁﬁeﬂaﬁ&l 6f ibatantifIft alll Seceied Gvfild@y including
t he pedestrian, thus naki n&f detection nore difficult.
e

Ttgnpsecaﬂ telatively malﬂearmmlﬁu@q» dilfesrnces. ddinispogublederise the sequence
SR HeRog bEchrdiRR o SEBSARHBIor IR AOLMANELG: BANGEEH Y Figs. 2,

OCG SIng are req

POViRE SPR&4 MPL depeniénchr &P akd Ieﬁdérg}y (fam;ﬂlh&iep) rpamseiaf 'Hlere is no
clock rate, hlgher conpl exity cal cul ations_increas

panplitude ﬁ%@%@ﬁ whuethat singles %@é@ﬂaw TaRgRf Yabues for processmg All
Oﬁ'ﬁv\él?thhé) 0aled Wc}oﬁgﬁlgﬂgdf Qfh&P ef&ﬁ%oﬂ@ﬁaﬂtﬂ?‘ﬂeﬂz@eeh'ﬂﬁe@ Feceived

rsources. According to enbodi ments of the present
! smbeiahﬁaﬂy atlteeqimeotimef at adigtinct dreqeerniesattis gueahs dlfat the received

interest is gchiev efficientl |st ui shi
R G TE RO 8 DS, R PR Stk () S e apd g vem very
baekoL oI hre dOYsIBERISTIHS K RIrRIJiING rideltohbRedsed rdrpl adetiidkd False
Alarm Rate (FAR) and increased Probability of Detection (PD). Amplitude variations
— between the values received at the distinct frequencies or between values received
over time do not interfere with the ability to cross-correlate between the sampled
signals.
According to the 'autonomous UGS' embodiment of the invention described above
e.g. with reference to Figs. 1, 2, 3 and 5, all computational operations are locally

performed. It should be understood that the inveution is not limited thereto and other
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to the sanme physical phenonena as received by the sane
sensor at least at two different frequencies. As

wokbosstisamsed i n Figs. 4a-4b, intensity vect or SPCT/IL2008/001096

corresponding to frequencies of interest include high

val ues, e.g. pulses corresponding to steps, and | ower

val ues, corresponding to intdPri ssions between the

steps, caused by environnmental noise. As is known in

t dBeimbebfomiatimdgtaticarare pbsitlé afthinathp lstdpede the present invention.
di fferences between the high val ues and the | ow. val ues S
aF@ eramply, arapsdiag &9 cerpinapbediments of the; pygntionapd jherder to satisty
r ang Qi fiSopeld; Ratdl & £ rdifRote LBRS Accordi
occu?} elréétgaﬁ\?; éljeglg’ %ﬁ%ﬁll &Jv?/@lgﬁggrse%?%a%sed b)r/ 0 coorcing
eto\oremiiwxiiabntrditsejnvantéon; aadicnlayly rseitaile sxinetiodopptiraigon mode,
to certain e Lments of the invention he .. ..
P rEOB PR RS PP s GHEPAA G RBPeteoneifrs eepiying inputs
f FEAURDEIE ReibBbGRIFPULES) &(v:co?dl'iﬁ%1 toBEGtBer! HEBRILALR of the invention,
relatively small anplitude differences between high
vetherepoared compideratians sre Iesrestissting Ithe Uéitoisansmitarsignglsi igdicative of

allo r .consi deratiaon..of .substanti al | '

b SO0 oAbl SR OB AR L b kR Sty som
dinkfsefRnCRSordifE So V& Apome Shbodigealisiaht hevesten eflaalonfations are
operations according to enbodi nents of the invention
(eergprmgd off-ligstrated in Figs. 2, 3 and 5) has no

d . t he. [ jet :

CTREL SN 0oL DR NLF  R ARLATLRL e FRFIEA o o
cewtabftheabiewils: walongatetiaed pretdoeshi mgalyZihf assigial.taiglea seismic
val ues are consi der ed. f\gll\hggcg there is correlatio

b¥ SR eh CUBPHES TOdE IS COBBELED 4 RFFEITR 4 gormpuEEdgneihod, gomputer
3%3@1&%}{1&{ ihd1EANEREH 85 corthPitS: FRADR, bhedmplie pRZRInY @mprising

ues correspond to an orderly form such as spikes )
( simpeyr pidgusn cvdaknennd fov arforning vie atmpiigrizéds metlwd when said

GBIl ot B BuLeh S BB s e

Prebabi,| bt YrdpharkPeb®fdge OBedibdP) readd¥bl 1HyUGE WahiR! ifeNexecuting a
bet ween the val ues received at the distinct |

f eqapeidzedsmethodeangdéasr eomnuéss nregramradusi diavingraenpytier readable
not,interfere with th bil.i to cross-correl ate
b‘écf%efgﬁe)ﬁ% lg%ﬁﬁ?rgautseﬁ %;e%iarfléths%ccor ding to the

i UsodUES10@ ahReding it arDémbddimenveithe dnveddse is ilastrated in
above e. 8 with reference to Figs. 1, 2, 3 and 5, all

cBigo s #0f semprispe ther follnwing wtergelatqd, corapqnspifean 1pput component
S I . . ] fon i itad

¢ PEh Pp IR EIBE SRl Ml BElMERARRTo] Bcfrsd Saffand for
peastibiti@gwittlbish tivb efr@n epengf twtoher proes énensityvientorgreach intensity

ERCET NN (1 T TN T AL

BﬁfﬁgéinAgé;dgtri :ieﬁaﬁ’f’ SLAL RNBslReAWiRCARENd FrRubRFD bElonging to a
range of frequencies f; a calculation component 720, configured for calculating a
correlation function between the intensity vectors; and an indication component 730
for indicating a detection of the signal of interest in case a predetermined correlation
rule is met.
Computer module 700 may be made up of any combination of software, hardware
and/or firmware configured to perform the functions defined and described herein. In

some embodiments, computer module 790 is a computer program. Such a program
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to one enbodi mrent of the invention, particularly
suitable to network operation node, the operation of

wdebaidrviismge det ection is allocated to a renpte sPario0s/001096

receiving inputs fromseveral neighboring UGSs.

Accordi ng to anot her enbodi t of the invention,

wher e power considerations dare 1ess stressing, the UGS
transmts signals indicative of the detected signal to

ameg (e tegeairiéd omede af mose Peitabht progenameblp epfpuiessd For example, in

r enot from.t he sensor. Accordi to t anot her

Aot el SOE A mroRARCRY B et op L Shilg computer (e
pesthgutere dystbin- 1900€ illubhued accliedi 8)g AfcotdihpOUS another of these
enbodi ment of the invention, there is provided one or .
nefpbodimentse cergiin overgions e mblgeded Ae ddiffsrenb gompiters (processing

Z] ' I . sej.sm . gnal , .a.co t .
iy il SHARE of 8, Borpdn "AHcRAIch ShOHIE, o bRPHRY Blpputer is
coompmueicatsy $¢ amthidricomputee bsidemipatioh @spetipeibgsratimtkaréed out by
a_comput er program conprising conputer program code

P10 ergpmggt,epm m ng a conputerized method when said

p i , t . . .
DESSHRESYILA A0 B SOM B AP LA s st i
s¥Fig 8g€hclevnpwer symttab B0 xycoaligaetifoeafalyzimg e sertsed gigaal in order

C terjized method, and/or.a co ter pr,ogram product
PRI BRI OB OPESHeATCE Aol o DLt AGnipsgs & fAputioutput
CMp 18201 (320 a MRt dVoste uhilis) B WRRY e 2 AR waeRbAWAE utility), a
to an enbodi nent of the invention is illustrated in

Fngmory, 82hd rreegsseis®Y), and cemputsimegulent0dy Iy eneembodiment where
_ . - ;
CQJHE’e@RST}Bé%%??% Pl%g{%dger% g?&%ﬁg@% o V%l,%?&{elﬁg)lf rs%ﬂ ngagfrbe coupled to

recei vi ng e € sense

singmaty, 82and adapeanfol eketuting that cdn@@fér pragrahd @hicA®B@red on the
two or nore intensity vectors, each intensity vector
PEFHgYan anplitude representation of the digital

SAgQ@r{lpﬁt&iiéaen{e!tﬂB% g@mcﬁerdﬁ%d VG %Pocﬁﬂféﬂt |t @B Sint¥ntion for
vector 1s associated with a d stinct frequency,
balatyzirigng stused semnge oofachustiqusemmi é&s ofder ta detdet at &akstoone object

conponent 720,. configured for calculating a.. _.
CGRER Sl oL intaross hAYBE f BRersIoTT: B AL e de Fig- 9.

gggeﬁﬁoﬂ Db SRloRA c%fb‘ﬁpa@iﬂgfrbt cofatiol fuh At CBALWREN 8t least two from

ection of the signal Interest in case a

paeeiE Bvarion eebre dntendityt vestors,udach itsinged tinGorgpuesentationiof @ digital

700 be nade f any .canbi.nation, of. software, . .

PHGTESRIRE 7 e PRsed Rt ARl Vastpis, Faspifisity vector s

f apedidted svief diseddt aguahes ﬁélbﬁgﬂ%?@_é ednge of re§@diRies f.

enbodi ments., conputeéer nodule 700 is a conputer

pPbertien 920 determines gvhetherya peedsicsmined casrelasivn Bile Appmet by the

StlrfePfilol, RERIHATT ARG §ESal oF eyl € 110
It should be understood that the performance of the method according to any of the
embodiments of the present invention does not necessarily end upon detection of the
presence of the signal of interest. According to certain embodiments of the invention,
all operations are substantially continuously performed from the start of an operation
as long as new portions of signals or new digital representations (as the case may be)
are incoming, or until power shutdown (e.g. when the detection apparatus is

autonomously powered). According to another embodiment of the invention, other

end events (not illustrated in any of Figs. 2, 3, 5 and 9) are determined. It should be
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one of these enbodi nents such a program nmay be
executed on a single conputer (e.g. conputer system

weQmvididmst rated in Fig. 8). According to anot ReT/1Df008/001096

t hese enbodi ments, certain operations are allocated to
di fferent conputers (processing units) wherein output
of a certain operation carri-ed -out by one conputer is
communi cated to another conputer as an input to a

r eseetdddthappheriavdntion danot kditediby lthe type and ldesign of either the start
conmputer. A conputer system 800 according to an
eRSBHPTRAGCVERL. t he i nvention is illustrated in Fig. 8.

Tﬂleﬂfeom%eaelsédﬁfo%;ngg&grdcagﬁ%mﬁ § daeang; glaggjf Fhittd power

sensed signal i'n ofder to detect at |east
causiraigtsa thé gnasenadf of rmeolgstt, e.and paiepirias eshasatterized by orderly

I nput./ o ut utility 81 .g.,a . hardware utiljity, .
sﬁﬁ)str%rgeﬁ{%ﬂoﬂ 1Py aofahge h‘g-r fﬁiﬂg’g}ys OPY WHPEEREIRF | "thy)"‘;gmﬁ 0-300z is
NRRENeB40d 1R RMRERS 8PtheS3EbenBiUeARINIANE bePHMb&LLPRith respect
In one enbodi nent where conputer nodule 700 1ncludes a

clorthistreactiselogroblem. gysolseershed 280e, g pissent duysingdn isosuitable for the

ry 8 and adapted for executi t he copputer .. .
o relile SRR R F XRSB! PRGBSy sy comain
N2t @dnBRLUSCRPEGivE) peflodiB, elhoahdreils Bfsulthlsle ith\sBNel tBS above-
for analyzing a sensed seism c or acoustic signal

ogtioned Tiratisaltprableme Hsshowldebegnidarstoodzthafi the inyvestiem ;es{]not limited
o 0385 £l AL Oy BRSSPy 5k B o ot

caatectioat itaaks.f Mocthéeramorée tthe econatpts eafs tthe wpreb¢m mirarpiigh can be
two _or no iptensity vectors eacg being a tine

e ) .
el N BT ofV2HORt gPPERIYNERd ¢ BFAcESHorfonAgaiply, and are
t QR a8@PSRE aRhIH @zllsre]:s VreRfreR O BAkhs éu@tn%ggﬁ §t%sé‘iﬁ% bOIh UGSs.

is associated with a distinct frequency onging to a

rianeretire f shogldebei esdr Qmertheiiomeddd tenet dinntesl bhethherange of

det j . ti le i t by .th . ..
TORPERGET B e PRl 4k dsfriiy GFoae Mg o vention i
| iUt Qreisdd: tol the TBREi6h BE pbdtdelant ARE chi Bk sBE tPBEEEOT IR GHect that
of the method according to any of the enbodi nents of

tvedynes semon| sigteonarosigieb daviog e cedwed ifpymepxistipgnin a certain

BBk MR ERE R SR 0 Lol g peos. o

opelt at ilaasnarlmoskingt At ndlal pigeeN hieNu@iiBnytinge et@hpTed of physical
fromthe start of an gperation_as |ong as_new pqrtions

GheEpmARA Babranssychiagienal. 1t diid b elats thAthe Sepfien tsdos limited

TR SAEOTISRASh L BOUGL S0 dh, (o

It is to be understood that the invention is not limited in its application to the details
set forth in the description contained herein or illustrated in the drawings. The
invention is capable of other embodiments and of being practiced and carried out in
various ways. It should be noted that the invention is not bound by the specific
algorithm of processing or specific structure. Those versed in the art will readily
appreciate that the invention is, likewise, applicable to any other processing or
presentation with equivalent and/or modified functionality which may be consolidated
or divided in another manner.

Hence, it is to be understood that the phraseology and terminology employed herein

are for the purpose of description and should not be regarded as limiting. As such,



aut ononously powered). According to another enbodi nent

of the invention, other end events (not illustrated in
wanyossioBdsgs. 2, 3, 5 and 9) are determ ned. | PCTM0200LI001096

beunderstood that the invention is not limted by the

type and design of either the start event or end

event. I n the above descri ptiZ2n, the practical problem

of detecting, under limted power constraints, the

pthesesidBedin thie aobwlCippeediate #had PeEsdncbRibnClidmachieh 8 disclosure
Q%¢£;derly sei.sm c bhehavior in a range of relatively
I

sdyat Fraddy be ptilieg as achasisir designing ebersiruchmes, nigghods, and
c t . [ ' -esent ed
R B CerdifE o RS st BRI A e R B R GEE T
abb o, alsonlee pudessodd thaythetinemtios fethdrabhenipates achine-readable

detection of sejsm.c signals having. an ordered formin,
ﬂ?&@:ﬁ%@ﬂ%ﬁi&@@?&%ﬁﬁ?%% .03 sty seeutable by the machine for
r &Rebtidg Hhe mdAyd Sh€invelfon,, and thus is suitable to

sol ve the abovenentioned practical problem It should
bEhasa gkilled do thet avtawilt tradilnapprediote that vadbud noilifedtions dodechanges

SO RS LB PPt e r BB b8 e withos
Fdepthipnfeure its bispeC iTRRA LS adf b HR Pp&RRALIdAYENt i On can
be i npl emented under various operational and practica

constraints, and are advantageous al so to cases where
power constraints are not as stressing as in UGSs. It
therefore should be clear that the invention is not
limted by the range of frequencies and can be applied
to suitable frequency range. Mrreover, the invention
is not limted to the detection of pedestrians and can
be used to detect any object that produces a non
stationary signal having an ordered form existing in
a certain frequency range and lasting for a certain
duration of time. Human and ani mal steps, as well as
hamrer knocki ngs on netal pipes, are non-limting
exanpl es of physical phenonena that cause such a

signal. It should be clear that the invention is not
limted by the type and ki nd of physical phenonena
causi ng such a signal. It is to be understood that the

invention is not limted in its application to the
details set forth in the description contained herein
or illustrated in the drawings. The invention is
capabl e of other enbodi nents and of being practiced
and carried out in various ways. It should be noted
that the invention is not bound by the specific

al gorithm of processing or specific structure. Those
versed in the art will readily appreciate that the
invention is, likew se, applicable to any other
processi ng or
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presentation wth equival ent and/or nodified
functionality which nay be consolidated or divided in

wanaehey7oomanner. Hence, it is to be under st oodprChar20v$ie01096

phraseol ogy and term nol ogy enpl oyed herein are for

t he purpose of description and should not be regarded

as limting. As such,those sk¥I'led in the art w ||

appreci ate that the conception upon which this

di sclosure is based may readily be utilized as a basis

f @f.AQ8Ed:9Ni ng ot her structures, nethods, and systens

for carrying out the several purposes of t he present

| ventA @Rethdd fo¥ ddtedingOattiBast REIE IobjR@ Galidhad alfgsistent non-random
invention further contenplates a nachi ne-readabl e
rﬁﬁﬁﬂ%ﬁ$@W§ﬂ§ﬂ?ﬂbﬁéé@ypﬁ§n& progran1of i nstructions

e B TR A ATAEDL B G FE AP e

amppemvahmphhﬂbs ofpgaidsignalyiel iaf leaﬁttwo risfferent Mmag&& aach
be applied. {o the enbodi ments of the invention_a
haDe! nbBryidingadeirhmindicatenbasad sa@tm??gu@fiéfﬂiﬂ%rgy between said

Sfe tivé Aed HvaaghPy the appended clai ns. CLAI MS:
%%%ﬁgt%£g F detecting at |east one object causing
a perS|stent non-random pressure wave, the nethod

Eor ochdhocbiseafias o Cifed hheelinyid pAEipe ¢ dsifstion indiation

rﬁx%ﬁﬁ@é NG RET EdiHCBrelens WitlS | BN Rtensit) bedi@ABbrrdsPlnding to
different frequencies; "and (ii) providing a detection

| aplitadé orlusaseticded at weidstiepeney Wuting ia fimgewinslow éau gnd said

es ecfyln’] v %n %ﬁng¢gtbu zugg/%{g &:ﬁ"anﬁaé‘o& 1@%%20&% gﬁé‘e%cl% ensity vectors

lmba@cbd Qfithi diffbredefeqRacied @lrindysfacihe windoeTcy Wi th an
intensity vector correspondlng to anplitude val ues

collected at said frequency during a time w ndow L,
apd s r 1
S orncn ot aolduke A CHRAS WAL o1 oS4l Rdnf sid calculating
aaﬁ@erfam&cﬂ asirhdmydiirhé e eqbiréd wih esspeado diffarerg tead wirddowe.
wi ndow L. 3. A nethod according to Caim2 wherein
sai d associating and said calculating are performed as

ny t x 41 Lid Brovid
nElndo A'H?%ﬁ‘&d Bg&%ﬁgqaccg%{ n%fpte%ﬁnél%];i %Ine \ﬂ;e?%flai r%gﬁr ™ e a
td)etébtmhenéncancﬂﬂﬁmmr anvdlelen gheckiieg €ta ipoxmleiondinedtdonrelation rule is
further . jnclydes checkin rede
et B i Sl fadiah A st eomrartiner Chietin of fgie -
at least during a predefined duration of tinet. 5 A
nmet hod according to any one of Clains 1 to 4 wherein
s&i d pk owdthidochgearding to any one of Claims 1 to 4 wherein said providing a

digital signal representation further comprises sampling a seismic or acoustic signal at
a sampling rate that facilitates collecting said two or more different frequencies, and

converting sampled signal to digital format.

6. A method according to any one of Claims 1 to 4 wherein said providing a
digital signal representation further comprises sampling a seismic or acoustic signal at
a sampling rate that facilitates collecting a range of frequencies f, and converting

sampled signal to digital format.
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digital signal representation further conprises
sanpling a seismc or acoustic signal at a sanpling

woavm/odmms facilitates collecting said two or ROTAL2008/001096

different frequencies, and converting sanpl ed signal

to digital format. 6. A nethod according to any one of
Clains 1 to 4 wherein said p2bviding a digital signal
representation further conprises sanpling a seisnmc or

g OUS A ffethbd Adlordihg & SRIRKISNG ¢ Fhérel@fid FAGE lof fRGEShcies £ is 0-
collecting a range of frequencies f , and converting
S@Hprangesr §gndl0Hzgangegi tal format. 7. A nethod accordi ng

to Claims 5 or 6 wherein said range of frequencies /is

0- 30Hz range or 0-10OOHz range. 8. A nethod according

80 O AimedhodBedoeding s Cthipyr £dateinkdie @resa@fehﬁimaiceﬁeraub@ rule is
is met in case a mathematical relation of sajd

&t rig) waee gnopthemeiie] telation) ofj said gorglatign Spuciiopeispiulled for a
%Jd%{e!rﬁﬁleﬁfdu} AP Find; A method according to Claims8

erel uration of said tinme window L and/or said
timet is selected froma group of parameters

onsi stin a_ duratio 0 steps, of. a tria

- sec og aggggwggo alg% offtein tgg gis time V\rr]indow L

%ﬁ@@f‘ dad t]%% BRGERERA fldin aAr58} Bpﬂalﬁﬁ@ﬁfﬁédlﬂlshﬁg Gkai 3&1§t1011 of

wherein saild different tinme W ndows are successi ve and
4 0bspaof aktigstuemn 3 eeenidaph sevgndsgyiSviengndsi @ s¢oonds; 15 seconds; 20
s?efg)u nce of cal cul ated values of said correlation
fon. 11. A nmethod according to Caim 3 wherein
said different tine wi ndows are successive and

overl apping, giving rise to a sequence of cal cul ated
V8l ued orethodi ercenting itaitGlaim fuMdercim saido diffkropdtthipe windows are
SEEOLHLE I BRSSPy Bl £hBheof o

E@lmef,sfsa]'daﬁﬁe‘mrdmf(lﬁ)ﬁifm with respect to each of said
di stinct frequencies. 13. A nethod according to Claim
6 wherein said digital signal representation is

qgner at i?n%g@él a?c%[){(ﬁﬁ SCIERS 3 Felif®Tsailil aﬁ%}é}ft ?I{lg Rdihdows are

corresponding to s range of frequencies

sadoeadiven gnd wavedapping egifv ingauignoya lsequenco of eslpulathidnplias of said

sai dl different frequencies. 14. A nethod according to
EPEFATAs B‘P%l n said different frequencies are

12. A method according to Claim 5 wherein said digital signal representation is
generated by performing Discrgate Fourier Transform (DFT) with respect to each of

said distinct frequencies.

13. A method according to Claim 6 wherein said digital signal representation is
generated by performing Fast Fourier Transform (FFT) corresponding to said range of
frequencies f and selecting two or more frequency bins corresponding to said different

frequencies.

14. A method according to Claim 13 wherein said different frequencies are

separated by an intermediate frequency range.
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separated by an internedi ate frequency range.15. A
met hod according to Claim 13 wherein said two or nore

wobnremuasoy bi ns are separated by at | east one PCT/IL2008/001096

i nternedi ate frequency bin. 16. A nethod according to

any one of Clainms 1 to 13 ein k frequencies from

said range of frequencies / “dre respectively

associ ated with k intensity vectors, U ,..., Uk and

Wher efrimefhodacoarding i C{%gmal 3cwheraingaibive efapTeskiequency bins are

rrelation function
dﬁf%[%P a%% 1%5?\/\5%8{“?&%%&12‘@ ﬁ%’e ]giﬁany two intensity
vectors from anong a plural | ty of k intensity vectors
U ,.. .,Uu Cki acalcul correl i on he
L6t endimsthod e%c‘@rinwo almon lgms dde 3@ é@heaﬁn%%quencws from
e | | |
LA ke O AOERRELT 18 RR5 %%%é%%??d il k inlehhy Ivectors
ph,edﬁf@rsmdnm«amfs’aub iceletilatikg i & @melambagﬁmceqnuab pctrﬁnmed in

reater th are integers between 1 and k.
GFOTGRNED, %t%???éfgat?'f’é’tfﬂjaﬁ%r anal yzi ng a sensed
signal in order tcCIdeLgekgtqug ﬂﬁ@Jﬂ@j ect causing

a persistent non-rantom’$i gHaP in a range

Qfhefd BY R eh6Es hvetwwRimadits aaptolsSirevd:anfdng « pluedlitpbf Rdntensity
a correlation function between at |east two from armngU
voworsrUnorbid Rtieds proplapkaded carrelphen ptveendntensitenesiesy Us Us

I [ n
R AL o L SRl SPURSEGB S BRI U ot
howhhCaf these aftersitg \&yemss;dal;; |1gnajre®term1mhdstdaﬁﬁ¢ient; k is an integer
frequency bel onging t.o, sai,d range of ﬁ enci es/; and
Eﬁlli’f’)? t¢ @pEgitehiGad 4; grddal %Tﬁlﬂgf’g‘% HeRn @ggﬁct to

different tinme windows and in case a predeterm ned
correlation rule is net by said correlation function

a7. | eAsongurtdrizgd anefiroddief anmdykingia atrised si(gﬁaltihmdetr to detect at least
i ndi cat.i n&i’la det ec

f
8’&%8@8&5&{-‘6 BE &PSISIA efgn 0 ?rg%ﬁl ggl?% ? émargs Jp A range c?fdfrequenmes

yrtﬁgﬂl@ﬂﬁu%gﬂpgsfg 30Hz range or 0-1QOOHz range. 19. A
hod according to Caim 17 wherein L and/or t is

(slél ect edlchilaging & @rmlqélo@fﬁlp%tmfﬁtw@l é’foh?§$t§1“10n@01@fam@g two or
du aﬁ{ggr{]slt%fvec%) e%eui gaéh &?&gﬁ rv'g%or 1s"an %%Bg@ﬁe Il‘répresentatlon

secon secon

[fEHdeﬁdma@xﬁ@ rv@ih&@wtdf aBycoads offa Ggitalsighal indicd@ve of the sensed
vvherel n sai dhgredeterm ned correlation rule is nmet in
sigad 3 aditimehEequensy helengingie 9id aggoLBrquensies band

E@Pﬂit It ?Qpéaﬁné kil chicBRleh O witd rggp%gtettoecﬁﬂ%f%ﬁp’m% WAhARYs £d in case

a predetermined correlation rule is met by said correlation function at least during a

predefined duration of time ¢, indicating a detection of said object.

18. A method according to Claim 17 wherein said range of frequencies fis 0-30Hz
range or 0-100Hz range.

19. A method according to Claim 17 wherein L and/or  is selected from a group of
parameters consisting of: a duration of 10 steps of a pedestrian; 3 seconds; 5 seconds;

10 seconds; 15 seconds; 20 seconds.
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21. A nethod according to any one of Clainms 17 to 20
wherein said calculating is carried out successively

woasmdigne successi ve and substantially di sj oi nNPCT/IL2008/001096

portions of said digital signal. 22. A nethod

according to any one of Clainms 17 to 20 wherein said
calculating is carried out s@6eessively based on

successi ve and overl appi ng portions of said digital

siggnaly methodActBmiiedo akf oEslbNOlaliAs #NYo PNhefeirdadd freddiérmined
to 22 further conprising sanpling said seismc or, ..
aooektion reiegn atetiin cass aimathegatiod] wlagign of shidscorglatign function 1s

S [ rate that cil.itates collecting two or nore
ﬁ@ieﬂ%?w@ ﬁSWSégglfa{l%’rhsét g?‘, and converting the
sensed signal to digital format. 24. A nethod
according to any one of Clains 17 to 22 fu*;t her .

Arpr iAsmethodacePiding teAny oseiod Mlaims 1 7o AP whereiw; sgibgalcylating is
' . f acl L ;] Sl i

SRRl Bl fet] Sed LA L E pE A RELANGUISRI ppANS of aid

ddigitdl 8lgnbbr mat . 25. A met hod according to any one of

Clainms 17 to 24 wherein said representation is

generated by perform ng Discrete Fourier Transform

(3FT) AMehddeRREGnd B £9%Re ¥F (3ahf 19 RlA0Gherein said calculating is

frequencies. 26. Aethod according to any one_ of .

Gantietsout Aubcesitelypimsel on sedcdssivepandseserlappivg pogions of said digital

geneiat ed by perform ng Fast Fourier Transform (FFT)
sponding to said seismc or acoustic signal and

selecting two or nore frequency bins corresponding to

said distinct frequencies. 27. A netliod according to

Q% mAensthed edcrorsingd ta oy onenef Claimg ildcto 22 ehbRt camprising

are separated b I nt.er ' . 28, ;
SRR Re Ror g F achiiF B f 8id FEUIER ol laR S g dmpling
f fag0 Henciciligngse chBsctiagwivilt lor thade ditines fiequimcies eff interest, and
| east one frequency bin., 29, A nethod according to any
ospavertingithe sepsadrsigipl sgdighalfarmaty i ntensity vectors

Ul,. . .,Uk are generated, and wherein said

calculating a correlation is performed based on a

cot.r el Aatmethodl uncoiding Whemng ene of) Clatlendf/etr 28 further comprising

o B S R PIRANeSR] Sl PR Al Fffires cotecting
| Ofens WRREBIthA sbrised sRh@AB des il Rethat.
C%gf@%%gg?@%eﬂ%sé%ﬁ?ﬁt eger gne%lugl teoSi(;g?1 gr eg{ler thgn

2 and ij are integers ‘

25. A method according to any one of Claims 17 to 24 wherein said representation
is generated by performing Discrete Fourier Transform (DFT) with respect to each of

said distinct frequencies.

26. A method according to any one of Claims 17 to 24 wherein said representation
is generated by performing Fast Fourier Transform (FFT) corresponding to said
seismic or acoustic signal and selecting two or more frequency bins corresponding to

said distinct frequencies.

27. A method according to Claim 26 wherein said two or more distinct frequencies

are separated by an intermediaie frequency range.
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between 1 to k. 30. A detection device for detecting
at | east one object causing a signal of interest, the

wdevivmaomenpri sing a sensor for collecting a seasan2008/001096

signal; an A/D converter for converting the sensed
signal to digital signal; a nenory, a processor, and a
conputer nodule, , said co er nodul e conprising: an
i nput component for receiving digital signa

i ndicative of the sensed signal, and for constituting

F8ot on B aSFPraB) I GHES PapTREH 200 GHEBfe g R ranee
L9k {Adth T BiredpBnds ol A RaStUTRIfFoquédsy bMer ei n each

intensity vector is associated with a distinct
frequency falling in a range of frequencies/, and

ving a length of : OB [ P FRABEMHy vectors
Egr cgi Igﬁt:hg{fgﬁcé)rcgm%zt)%r ?@fgwgfnc Hﬁ%{l ?cle)(#}%men sai dlatVec
heastuf e denéraRd) 4nd whatiarsaid aiohlaing sxciroAdtionris performed based
conponent_ for indicating a detection of said signal of
iomtaeqoseglation fengdiena predet ermi ned correlation rule is
met by said correlatiopn functjeniaf,.least during a
predefined duration o f%#gg%Kﬂaélﬂnydeteption devi ce
e %‘g'8> [RnSe@bMiRlr WA Rt Bf $@b drox® AERINgI saidak IetesdiiyCvectors
sensor

an acoustic sensor.32. A detection device . )
agcondiang {hal,Qudi dene® norB of seidiensiy ajegtorafge Wherein Aj s a

];Rrg@e uqer?ngli}p%zc/é)if;fftcgé l_%ra:i,’ll?lﬁ g?rggqg%tlo%agﬁnﬂéﬁé%ﬁﬁ% i,@are integers

waek&hn foer L is selected froma group of paraneters
consisting of: a duration of 10 steps of a pedestrian;
3 seconds; 5 seconds; 10 seconds; 15 seconds; 20

conds . 3 . . ' 1gRA1Qf interest,
o5 B a5 5 R oAt
RO \iBVice oPHsiiE MDdes@r for icofotingnt shsarhsignali aglAYD converter for
el ectronic nodulekggS. A. detection device according to uter
aopvetias de TR ) 4 disial Tl fomeRghh A RIPIRISYs and a comp

SORRND Sl AU bn bR ibristhgand oper abl e byt he

processor for notifying a‘renote unit in case of
det ect i oran Bput domipirent farrredevingeligital gignahdndientiygyofdhe sensed

of d ai 30 to 35 further ¢ Li Sing. an . .

el 500 BB B2 R R8s vt
OfEnPhn S plitiBe 38prleSerndRion@IfiEe @ital signal in a time domain, and wherein
each intensity vector is associated with a distinct frequency falling in a range of

frequencies f, and having a length of L seconds;

- a calculation component for calculating a correlation function between

said at least two intensity vectors, and

- an indication component for indicating a detection of said signal of
interest in case a predetermined correlation rule is met by said correlation function at

least during a predefined duration of time 7.

31. A detection device according to Claim 30 wherein said sensor is a seismic

SENsor or an acoustic sensor.
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Unatt ended Ground Sensor (UGS) device. 38. A detection
devi ce according to any one of Clains 30 to 37 wherein

weaim/mgnsor i s configured for sanpling said spgmnal2008001096

said range of frequencies / at a sanpling rate that
facilitates collecting two ojg nore distinct
frequencies of interest. 39.7A detection device

accor di n% to any .one of Clainms_30 tqg 37 wherein sajid
32nsob fldections Aglice acsBiingalppCGlaig S8 ar Silgwherein said range of
[ g hl1l ol l ecting said range
g‘?%”&%é@ g@{?%g};%g(}%ﬁ%z@l@yst em for anal yzing a
sensed signal in order to detect at |east one object

using.,a signal.of interest, th Stem conpri sing an .
Shput Aotissiien deviof apeoing oR OF GIFERalds apRerih 7 or L is
cQBRL SforiofddlRp SRbSARIRY BhsiSRIILE &UMLH BY18Nsteps of a
I nput comnponent “for receiving via said input/output

peddstriap, 3 déoghdals ss¢apdal 10 sedomdst 1§ sccohds; 26 sseamsled

signal, and for constituting at |least two intensity

vectors, wherein each intensity vector being

Badi CAt datertivh @RicRMchbidigle td aRy emendfatiafs a0 o83 wherein said
digital signal in a tine domain, and wherejn each
pracesser.tAy/Diesaverteriand mesery atcdgnplgrnented on 8 singletelectronic module.

frequency falling in a range of frequencies /and

having a |l ength of L seconds; a cal cul ati on conponent

lfssr cAl détdcfﬁbﬂl tevice aRbrdih@td @iy drsrftGlaimsl wesdnfusthérdcomprising
east two from anong two or re intensity vectors,
ISEUAHINGIEPR 4Bt 6P W&ﬂpe@k nHePapGeRtprPrnalyige a remote
AR LRVEPY Ui Tty, a detection of said signal of
Interest in case a predeterm ned correlation rule is

met by said correlation function at |east during a

redefi pned .duration of, ti t. 41, conput tem ..
Fecor aidRFeteR EpareaeaardipeRouny aif of QriBeltbiont s dher comprising
6RLhBhehb& pdwhr GolirEe. Bt i N case a mat hemati cal
relation of said correlation function is fulfilled for

a predetermned duration of tinme t. 42. A conputer

stem gccar di .o any .one of Clajns 1 .
Hier el QLB BRute aPPABEoHEang, e B Gk docte pg beine a0
shefafRl \GbindSker GR) deridd, cal cul ating based on
successive and disjoint portions of said digital

signal. 43. A conputer system according to any one of

g&.a' R é‘eQe tt)f@)nA‘de‘lric‘é’he?crc81lcfi]negr'S is gm? UG uéfaéla%s g@nﬁoﬁl’? Whekdin said
conflgurea3 Or successively performng sa
salsotliatcomipubal &t eamplingcesd isimahid saideradnge it nfilequencies f at a
portj ons oL sai,fj di gi}al, si gnal . .. . .

sampling rate that facilitates collecting tWo or more distinct frequencies of interest.

39. A detection device according to any one of Claims 30 to 37 wherein said
sensor is configured for sampling said signal at a sampling rate that facilitates

collecting said range of frequencies f.

40. A computer system for analyzing a sensed signal in order to detect at least one
object causing a signal of interest, the system comprising an input/output utility, a

memory, a processor, and a computer module, said computer module comprising:



10

15

20

25

30

44. A conputer system according to any one of Cains
40 to 43 wherein said i nput conponent is configured

woanogasms ati ng sai d representati on by perfor nPa@/IL2008/001096

Di screte Fourier Transform (DFT) with respect to each

of said distinct frequencies. 45. A conputer system
according to any one of C ai'r’® 40 to 43 wherein said

i nput component is configured for generating said

repr esent at it byenenéwr fr ngeeivisgs viaFedd iieput/Putpus futitity, digital

(EET). cqrrespondjng to.said.si | and .sel ect.i two . .
e, BREE R che Srired cprabe pih dvm GO Eing i e 1y intensicy
f vQAo8Nh&sindBch Mt&RIP Wesbr Béﬁﬁ% eidiegRe oftian glﬁémﬁe%lseesemaﬁon
45 wherein said input conponent is configured for | i f
sef betdigitpl signal inidtinee dawem, pnd yilereiy cashristensibhvackaitis associated

S A IR0 B3 oS O B AP s o2

f sgcondal yzi ng a sensed signal in order to detect at

| east one object causing a signal_ of interest, the,
conput er ﬁr?éiﬂl@tl% (FEFIPEPSTY : fog FalcHlsting b AYsHan figiction between

receiv i @l ' indi.cat.i ensed

( FAELVIERG o) BohmAlI0 or At IRENYG WorklGnd ool

two or noae inditaios compeehofer, indivatieg vieseid inpugogputy utility, a
vect or bejng, an l.Li tude, represenfati on ,of the .

i an G G el B iR e § P GomelideR role is met by

| §Hi@BSrdMiHERhSon 4 128EAGHR! LteWidtdutitRhiolGine 7,
frequency falling in a range of frequencies/and having

a length of L seconds; a cal cul ati on conponent for
calculatin correl ation.functi@n between said. at -
FBLc Rl Shn " bedRepe 6 gy B SEEDE i gredetermined
aptradtionn@hile Bt heninCasP e deiherh@ical Rllitivat dM@idcdedlaivn fifction is
of said signal of interest in case a predeterm ned
cBiiledufor 8 predgteamingd dutatigy oS 8Me feor r el ati on functi on

at | east during a predefined duration of tinme t. 48. A
program st orage devi ce readabl e by machi ne, tangibly
edhodyA ngmpuper agkem adcotdisg telahy ame ek€tihaldOetobd] wherein said
machine to performa ngtho or anal.,yzi ng sensed )
SPFHRLIGM, Cofppeient ds 8 %lfrefgtffw éa%%eS%%?éYdiﬁrgﬁu%a%ﬁ rfgleulating
B B suQessi ¥ £1d%Roint DEBRL HOGi® GERAI S0

calculating a correlation function between at | east

two fromanong two or nore intensity vectors, wherein

each iptensi vect or bej.ng . an anplit . . .
B o oR ORI, FREHoeRBITD D GPeo Tl BIPa 10 ghaherein said
coflEasmrandbiporicdt iHRoaBnned o Gladessidely pRRIRIdE €88 Ncalculating
intensity vector is associated with a di'stinct

f basgdien @qu@qim'fgidnqurlapping portions of said digital signal.

44. A computer system according to any one of Claims 40 to 43 wherein said input
component is configured for generating said representation by performing Discrete

Fourier Transform (DFT) with respect to each of said distinct frequencies.

45. A computer system according to any one of Claims 40 to 43 wherein said input
component is configured for generating said representation by performing a Fast
Fourier Transform (FFT) cdrresponding to said signal and selecting two or more

frequency bins corresponding to said distinct fiequencies.
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a range of frequencies/and having a length of L
seconds; and in case a predeterm ned correlation rule

woO09ty said correlation function at | east #ATINYOK001096

predefined duration of tinme t indicating a detection
of said signal of interest.4%. A conput er program
product conprising a conputé Oyseabl e medi um havi ng
comput er readabl e program code enbodi ed therein for
anal yzing a sensed signal in order to detect at |east

0 obj ' ' ofl.-nterest. .t he . .conmput er .
08 ¢ o el S Db U B Sheteit S SRR feRonent is
candighred foausidegng haide onp Wi efoteofiqlepd) &ifs such that said distinct
correlatiop function between at |east two from anong

t %PClﬁ%?gnFWSé ALSi separgisd 0y a8 Intgraedists Teguency mnugssi t v

vector being an anplitude representation in a tine

domain of a digital signal corresponding to the sensed
s4fGnalA cemputehmodile fenmtalyzrgensdnssd signdl dm oider to detect at least one

S BT e BF B ReRAHG: BB

seconds; ANfhpaPBRHbEHent ERAREEICinR! AGHARERHEndi8tive of the sensed
causi ng the conputer, in case a predeterm ned

cugnadl andi Hn constduting aeteasiytwoafrdmcomong twd onnfoum ottérsity vectors,

S ' a nredefined d tion of, t.ime.t, to . .
e iR R B0 AT bl e iR B e dital sigmat in
neettinged dboiaing edrdc vhe@idteatle aptenafie vetibe Gl 6ReRkdid vath a distinct
seism c or,. an acoustic signal of interest having an

HRFRY frding inprengrelinguensinniaar hgving adpnathef & seagnds;
seismc of .AcaUS SoRbondk &1 ¢ c@%gpn%:an&rfeﬂtﬁnt H]%Etic%n between

facilitates coFﬁectln a sense Inarange o

f sagbatdenst e framdnomgtentor npré heersénsecosi gkl to

digital signal.; - calculating a correlation function .

bet ween &t f 1°P\/\$E§”’$R°6‘ﬁ‘i“a%n§1dﬂ%n% ra [dgteetiohof 1gid yignal of
Vi r Sakikd i ; :
A o uleiC R e ptoh fftion
daast didngd predefited dwraingi afitinvect or i s associated with a

di stinct frequency belonging to said range of

frequencies / and is having a length of L seconds; and

ey, er i ProBHnYKBFA38 e dicd FRASH18 b nMRHiEOfahSihBf diRFodyilleta program
is.met by said correlation function in order to )
i fdnstrickonferxeeutplln byfthe miaghio feeperforgna mathodfouamlyzing a sensed

leieé}%!) ?{rabﬁfg%p% idgéeagatclggg? e robPeQ:P %éﬁ"‘s'iﬁgcé’ Csilegngfegp ﬁltgrgsrt, the method
comprising: ‘

- calculating a correlation function between at least two from among two or
more intensity vectors, wherein each intensity vector being an amplitude
representation in a time domain of a digital signal corresponding to the sensed signal,
and wherein each intensity vector is associated with a distinct frequency belonging to
a range of frequencies f'and having a length of L seconds; and

- in case a predetermined correlation rule is met by said correlation function
at least during a predefined duration of time ¢, indicating a detection of said signal of

interest.
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all the steps of any of Clainms 1 to 29 or 50 when said
programis run on a conputer. 52. A conputer program

waoladsmed in Claim5 1 enbodi ed on a conput ePCT/IL2008/001096
readabl e nmedi um

-31 -

49. A computer program product comprising a computer useable medium having
computer readable program code embodied therein for analyzing a sensed signal in

order to detect at least one object causing a signal of interest, the computer program

product comprising:

computer readable program code for causing the computer to calculate a correlation
function between at least two from among two or more intensity vectors, wherein each
intensity vector being an amplitude representation in a time domain of a digital signal
corresponding to the sensed signal, and wherein each intensity vector is associated

with a distinct frequency belonging to a range of frequencies f and having a length of

L seconds; and

computer readable program code for causing the computer, in case a predetermined

correlation rule is met by said correlation function at least during a predefined

duration of time ¢, to indicate a detection of said signal of interest.

50. A method for detecting at least one object causing a seismic or an acoustic

signal of interest having an ordered form, the method comprising:

- sampling said seismic or acoustic signal at a sampling rate that facilitates

collecting a sensed signal in a range of frequencies f and converting the sensed signal

to digital signal;

- calculating a correlation function between at least two from among two or
more intensity vectors, wherein each intensity vector is an amplitude representation in
a time domain of the digital signal, and wherein each intensity vector is associated

with a distinct frequency belonging to said range of frequencies f and is having a

length of L seconds; and

- determining whether a predetermined correlation rule is met by said correlation

function in order to indicate detection of said object.

51. A computer program comprising computer program code means for performing

all the steps of any of Claims 1 to 29 or 50 when said program is run on a computer.

52. A computer program as claimed in Claim 51 embodied on a computer readable

medium.



