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We, present a methodology for the modeling of certain non-stationarv
and non-gaussian random time series data with snol icat ion to weak
signal detection. Som comonents of the noise, which give it its non-
gaussian characteristics, can be individually modeled, synthesized and
subtracted to orovide a gaussian residual. Further, it is shown that

* this process can also be carried out when signals are present.

L The proposed mothodology is applied to same Arctic Acoustic data
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using a coubintion of adaptive differential quantization and adaptive
signal estistion algorithm based on singular-value-decomposition of a

Cdata matrix wuch we have developed.

Ite combination of adaptive differential quantizatlon with low-
rank approximations to data matrices or estimated covariance matrices
is believed to be a new and effective method for multiveriable, robust,
adaptive detect ion.
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MA AAMUest"IS to !bMgt ifat iu Detest Les
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Depautows Of 31.etriovl fsmenis
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Aet

we present a mothadoeoe tog the wes 11mg of eertaia amstatomwr

adL Monmwsess nmmiem, series data with "lieos to week signal

det**: Awe. se eemag~ss of the sle, whish, SAY. it its see-lasssea

sesuseieit es. No be "iidnal7 mied.d Sysessed MA setrsed to

Provide a gssim rsid usl. Vusther. it is ohms that Wei #go*@$* sea elso

be "trgied out whes sigmIs ares pre set.

lbs qaepese ntheieleff is @"list to se Areas iestle data "usu

a sombastim of adept Awe d~ftteetial quesitiast i =a adept Awe siseal

ostiostieu algritm baeds s aluwl-4~ete of a data intnia

Okie& go haes develoec

no. eetaatoa of adeptly. differeutial qseatizatlea with low-rek

"Prsimstlom to date inriees of esulueted eewunieme mtriees to believed

to be a sew "mi effectiv ly thed ter waltlyeulebls. rebset. adaptiAve



A fioqusat proshi.. with dates it em is eomderil detootles of eGiS4

oemsate *g etloslis of signal paremter is the no" toe cornlets

9 lbbility Lisetttem for the data. loualy the uelyies physioalk

systm rsonsible tor miss is venilally memm 41ff Siouls to

obarmet.,is. is detail. Ow aqpmeh is to oetimte the proobbility

ditsts diveoTl trn the date. bet thus am be Efi bie~ to do

besas of mgv-stat lemuity MA the she" ul ito ofs important ewe:.s is

the data.

weoasom that the mis. am be Smmmdetd to be. a mitur of NOW-

eta: Lommuy high aml itude aou-gami empeamets plus a low emplindo

gaaeim Stationary ooemaot. The mthodology that w Propoe te .sd.11

the ista is to idoatity , sategovlso. mols ad roe", the usasa

oomeumats is a pioes-vie tashiom be" on their oem of sopasabil ity

tm the bookgrod miss amd signls. IhIs oncesoh to mneeug sad

pues Goig oml bated mO um-Statlomavy data is slallar to that of

Middleton (91 where it is suggested if the data is a S~aturoef he above

term. thesaw emow of dealinag with the maw-gameom lAtoatoremse is to

estimte md them sell or mat oat the stes" mm-goassoee lateufeream

priortoS sigmml proseeel an .3rodmies the preblm to oe of the bshare

goosls noise or uignal. Lis and IbIto 1101 hews shows that Asia the aiels

is geamsim and *"Sias$ of. a m of a treaw hIghly oehersat I no t Ad

a gosh somas of independent mso semles, then Gall stoorlas is "art?

optimmi. The sppieatlem of spoeiaI smother. mmd olommors by mania and



1rs, (31 tog obtcaims "bhat speetal, .. timtes Wise the dotes is

osetemiated by gstlier. be* ,uwidsd setiatistfarsow am ww o s deti

ditfesti coostimatifs tor vbSet detetiss.

Ow Proposed s..hwive of iteative pmssias osrts th Problm of

daslime With a esiioeted ftes-etatisom m se mmostem wti,.,ct.t

dOisutim to a seems" of simler mis Probems. A senor at the

stee" is so fllow

1) ows en iesity the smeism, isatooevssm .. mste

1) saste end seoSt an the s-Swmsim inmmss

3) pem $IOWA pusss (Sim" dotet is Opset aU

0 .atimaiss) aims US e eidmal

go p"Ocea .qpevmmaw veaslts, Iwhm we apply 0his sthoele to

psosoestng a Got .161 sigl hesl disitised &msti. Mwe"e soosatte data.

voitob 4" with Ill boe obasastera this date got ma hypOtheosio that

she data a eh emoted "c a 8"mme. of ahies somsss s tolls,.:

(1) go"k statimT sasism beeasd

(31 a wooe of stems mo-tatioma" simsidal-li. gees"* wbigh sea

so~U rowmay thenshost. tam dat

(3) "*"A* s.&ig isetIty AINWOAVO baee

Us Them-Sameeim olem"We of the sistan are somposmato (2) med (3) . we

will Verify the hyp.teOI. tat ths LustS. aseati date is ot the shows

miss. torn is m $stos I first* by appisetios of 1aitum ewe

developed for Miob rss1.eims apstral, sstimtiorm sad adaptive signal

stimtion. to stimte MA remove the sew-Seaiss isteorese

s~s~ae.Sash as the Tft&argsos (?64) Mthd ef Wsred Lasr



pu34teties (S.6.71 or an Lupwovc Premy notbo4 III to stimto paramters of

the simseoid-liho MA xoapetial7 depw sisseld 06u.insts. date-

udati,. estist"e of 1., reak signals gotae staskw-alowecesot Loa

of a data ustuis (41 , dap~two d1,99omcil gamttuass for Asolatims

"acmmias Anweass a seseudip swlpasg verima stetietieal tests

hemn s*. bastosi. me too$* for inom1&s7) to the "ata setinaled

iserfems. "ai ,.sidw.. pmhe,. go L wil o that a weak sisusi whiab

is ajeosed late the as-Smim katowteuam of the &Nts .somati d. ate

Gas be readily "osvend "UNe ocu pffpesod usheiolcgw MA thee.

algeLthee. ase twir will be Possessed is to". pan. "teolow

Us ITeidesitiostim of the msemes respeasiblo for the ea-

Iseasift .hstouttes of sh Ae &W41 osmsis data.

12 1 biel I",. eetissAim "a Cernal * the inu-amee lea

Late rfees.

122) Tostift the bookpow or meldasA 1., memalty.

MY bSesvey of a week signa ia the ins-aesim £ateifeecrnce.

no Th das fetttlea of a*he 0e s lbegoSble for the &beetMet"a

charateoses of the Ansti@ Asmato Ste set

ft uwham0 wsul. of (a) the Seesetle wavefema (b) the timp-loesl

suceels ad (4) the um-oeA Pow deselsy spostraft oft quilebly bosoms

afe that the Ms primagy eafiessats respcselbl. for the sov-Smastea

ehaotesties of the Akstle Leseatlo "to set see (1P a cessat of

gerv-ulm, &wuua. I"Uslwe gaeroum (eec Iris. 2) MA4 (2) a ompoat of



auer -Md siseaodel-like itteromoe (". fie. 1) that @ppoae to be

C amO-Ost inary.s 947iag is 010itudeGI tt.WW qs Over' time. These tine

.smoots will .ssided separaely. Ifite that goe sill toter to the

seu of-be4 a~i~ se total* thmeoe th rem con se of she Ppeor.

noe iqLetWe wevotm San be &*sorfted so s"wet eim Leretiom ( a too

s illieeei). high milstuft (with rospos to the semarro t backgroud

s*) baeses that Gas haeo oes"obus waltAhity is their streeturs (so.

Pis. 2 "a Pis. 3 ).

noe soottos of the data that bow Lovalsiveo emeagms prnsest uppear

* to be ebenotsotisod by a bigh .off~oms of burtet M1. that to. mob

veeler them 3.0 Us kotet for a aeis ree prooese s to.0

91 Total Coopenist

These ressime ano tharsoorise 67 b hort-tium pager spocre that

oppear to esmage of larn "uims (.me Fig. 1). eftos @pp*ri" to be

baine"ally rolatod. Also the eseal or me @ sogioa genrsally

testas, 0 low barstel U) (loss ta 3.0) . As meted by YoTeho an VALk

[I) . the kwtoeie of a rai I Phsed siasseeod is 1.5 MA may of the

%omwl "sliow e atoole of about 1.5 or lev. This implies that the

* tol 609102 -M Perhaps be mWISe s 88ae of disereto lsisoide.

The torn) dW5,82 s vari~table, it em be em the eider of stat* or

sood. Th teia) togis atso apper to be ee-tatioery. with the

* nber of lsoe oemtoee. treqmnooioe. MW "litudes eftem wories

eesiderably Oer tim istomvle as the order of 6600"se (me Pig. 1).

Is WOMMe, that the iMe-asege ratio&* 0eo he boasted MAd idestif Sod



06

Is this met Lim we psemme a thuo.-top mttheoo ter (1) modeling

taw e-assisi streme smpeams, (2) estimings the paramters ot

the sm spession, sonvemoms we (S) reming the Os-smasiss istororee

A) Tnel Icopss

From the r05,155 *t Gmetotl I , it is amaj..tured that the tonl

interfereso sea be legally7 undoS as a sm t ram" phased simsois or

q4Tailastly, that the uonal Atoftesme to stsfy tow camk. This implies

Sher 'teshmiques tor IOw tomb LmSestogeoo reinwsl (41 am be sed to reoever

the bealhgseed msos..or signl tatoet is tb. vie laity of tous.

The tomal somosts opoe to be sonstiomr . vsarying both is

froquemey med pow"e tim issoiyals so &be osdos at the reslution $**ab

oft he s oessegm (me0 Wis. 1). Iwoeof et ater imoruers lia terne of

mdelas ad estimmtion is the tooa" statioinuisy *t the tousle. It the

tsels be smpuimtod as bolus losally stationary, that is, (is"d is

$anm tot oer es hot-tift istoiva) s. them t*06aoes dove loped for data-

adaptive estimclem of low rnb signal e be sed to estiate a~d remove

Per the espeuimmstal ,eth. we ssidor a monl relies 0000 power

Spoetra boa eow oft line smsement prsent, bet is repr estative of the

eot toml seglea that have mmr than one Ime .semet present. This to



*btdte diffisties *I stiintiag the maier at im aseepats proes.

It is saajoetsed that th sial* tasal rests "aid be roprosetative af

the *shet naitiplo loael "sgiam.

To deteumiae the .tattamst of Owe .1.61 toaml, tbas costive was

poetita logo 64 saws* ble"b WS. slll.e.ae eseeetss th*~at twe

tool) is "etal aaSaaMdIn to mts.e a m 1rom pre"~ Geto M. s*

sed to evsms., the bue~ey wltdes ead pbs.. of the tamal in seek

bl..&. Li80 the Power at the residual or hmeksgemd melee rimsa after

ahe samei to """gereted mss stmseldel inl sad tbem sintreatad 0s

as else estaad. The reslts wv them plotted (se* Pis. 4).

Uo shm adtassa that the equevery is slowly vermt bat che power

@aas* to timestbe aver shert agm, ports"d. 1Ta oeae, the tamle Im *&IT

be asmoldered so sppmmtely statiary Oer "hert two asteoml. %ths

&art&* &b e OeeA lta et doea lemoth toaaqs. me. sam 006dar the

seastbihcty ot sawsg a elamsetad mde) fea the gsei.

The teheiges. deselapa fee data adaptv lea ssimtesn at loo-geask

sgsi based as slagsa-elas deseaitiam at a dateasmtrlE (41 ei11 be

aced to esuam10 he asea) am Saboesl it see. A datoa sater joseth of 64

su1ass ass seed, with the date heag .*rsmad to the teom of a baesbrod

*predietevsaetls (ambeI milLS) eith proelsteu ovider 46 &samtag a rank I

itartaueaee.

The saltabilllt of the slaseidal medal ar lo,-reak &$*mptie sa" be

*judged, tirst , by secstral sealreas OWd 0000ad17 by oaaptiMg t"e

hmaool at te mapraasssd data, estaimsed tern) istertoema *ad rasideal.

A stated pmuaisely is meies t the easel roglom bave a low atasis. t



( the touals are sisaidal *the estimated tonal should have a kurtosis of

shout 1.5 sd if the background noise Ls Saussian. the residual should have

a kuztosis of about 3.0 . This will be covered is nor* detail in Section

III for dateising the awinality of the residual data or baekgzouad noise.

The power spectral plots, of unprocessed. tonal data, estimated tonal

data . ad residual clearly shom that the tonal compornent has been

4subtracted out (s Fig. 5 for toe spectral plots of tv, date records

fIe" the tonal region). Parthe, krtosis, of the estimated tonal

isterferrnee is low, about 1.5 (ose Fig. 6) ad residual data kurtosis is

generally Glose to 3.0 (see Fig. 9). This implies that there is

.rsiderablo justifiesties for asmiag that the tonal* are sisoidal is

ate

9) Impulse sCeqeneat

Matis ad Theme& 123 poisted out the degradation of conventional

gone Sectsad soeriamee strueture estimators when &ata is ootmizated

by outliers. Similar losa is performanee earn be expected is cenveatiosal

signal detester*. go propose twe teehmiques tor prosessiss the impulsive

bussts (outliers) . 1U first teehaique. for bursts to which this is

applicable, is to siodet the ipulsive bursts as *rponestial signals (so*

PIS. 9). The second teehaique is to model the impulsive burst as an outlier

cluster.

If the burst Gasn be moled as aa eaposcatial signal, then, the same low

rak iaterference remawal toehmiques 141 as applied to the tonal* aa be

also ued* bere. This implies that if we ossider weak sigal detectability

in the proese of the transient, we sea estimate a"d remove the tresst

ON



while lessiag Tb. weak uipsl *sseatially istaot. To pm...s imaletve

berets &bog fit se outlier esater imadel , Wse, sam mintied for.s of

sdoptiSS differeatisl quantization to locate e ainOt the vsthier

Ommuted "eto peit*. This toeheique is similar to this adeptive hiacer

predistio tpe 1hr e a se" bp Mwftin and, Tose (Is for pro-

pmeossimg estlher oetmisated data t*o btele robust power speetra

C Te ebtisa epvolinmasg dotomlasties of *wethr or met the aboee

mdels are sitablo. a visual iftspoetien of soeetie Wawefem plots of thes

trsassieas s* performed. This revealed that mm of isiplsive berets do

6 isadeed oppoe to be peteatially espoesetial is mtr (sme Wis. lb. Pis. 3d.

sad Pig. 3f0. betas *baeterimed by a eseal. ma peak mad smooth

siasidel-like trassition ise the lesdiag sag trsiliag saections memmiever.

C there are, also bursts that appear to be saples, with several apparent amia

peaks amd a disecintimmos, structure (See Fit 3.. Pis. S.soMA pit. so)

fitting the Outlier Slastor mdel.

To verify the espementis idel. baocdr sad towsrd liaear predict ion

with low teak improveusnt 15.6,71 eas applied to the traihiag sad loadiag

sectios of the apparent eqnmatial trasients repectively (see Fig. 9 sad

0 Fig. 10).

The eijenvalso spread of the estimated data ooverias aeri (see Pig.

20b and Pis. 100) of the leeding sad trailiag sectios of the impalsive

0 burst indicated that the date is strengly low-teak (ato: if real-mineod

ozponestial sigmis &to present in the Laes thee the tak of the data

*oveuiamso matrix is equal to twice the -nab of eupnesatial signals



pyesen (5) it tb. expcmtial stools ate met of a*" sqclox ttepeasy).

Use predietieu-.rvet filter seres veto at" somated ad plotted

(s.. Via. l0g).

Th aemi l.ootift of ase poodstio-ervet flter soes *%tside the

ASt Gigolo o the VVplm detemines the .aposeatial trequessios sad the

Laver"e of the sere's "Wine detommia.. the daming factor (6). The "cre

positios apear to a!.. Adists dth the tumsate are expematist is

The expoenaAl kne trast wove them estimated and sustaeted out

using; the teeheipee of data a~twoiesta:mtec of low-rak iaterfereases

with the .Aiaa-Wass -081c-iees of a dateasmtis (4). Plet* of the

transenct *$Ue*. (vis. Ift and Via. low and of the residual date (pit.

lad and pis. 101) restmig after the tensiomi was sobtctd out iadisated.

chat the trnsaient was well mieoled as esponatia1.

To proe.. berts that are of the impalse elustet edel, * we se as

fewneof adaptive, differential ~uaatiomic (3I . First, we ar express the

observed data asiag a siallar model as did Efartia, ad Themsa [2).

FIRa I * (1)

where 73 is the cbsemred data, an is the time prowess data sad vaare

The rate of ehasas of the tres pioess. zu is defined as

The rate of change An (2) am he viewed as as erode estimte of the

isaewstioase pioee.. Th. adaptive differential 5naatizatiea algorithm is

given below



fihst. obetas robust estimsles tog otaadazd dsvistiO of the profess etae of

Guo AS (2) sad au are obteisad asam$ media& type estimators based 08 N

previous samplIo as tellevs:
Dow I !a n a - ,,utIN.ll .••••F-IJ (3)

Dow [ 3 " " 0 ( IS.-I.l I'-*Vl • ( 4I'.-il (4)

"bors - 'a'a-i

Denoto tie delta modulato output s& III . thea

1) It pmita data &mle Is met outmaiasted by as etlier thou

II a TI( AS ) • yrl (t

sad TI is a threshold Goastaat.

2) It the previous data sample was eostmisatd by a ostier, the& we Gas

set s ke a reliable prodietios sad hes. dotemios a boumd o Yu usLs8 the

robset estimate of the steadard deviatios of is, AS(y). La this easo

•~ ~ ~ ' -l " 2( Y' ) (8

where

0 otheivise

sad 12 is the threshold eoustant.1a out experiaantal saltas , t sad T2 are

set asSuming that Wad An are gausian ad eeo mas

The adaptive delta modulater esseatia1 fmitatlosas a a first Order
6

6 , °°. - .



£ lisa prodiotor by ostimatiaN eosfideme bounds * the range of the seat

observed data samplo ya usin robust otimstes of the doviatioa of rate of

ohase As MAni a begd on N previously observed data smpls. If yx is

eotside the pr ditod bound ye-, wes mt ouster metms stod, them

eplao it with the vaile of the prieo s data po1t y- 1 • Otherwise it

ye-1 is outlior emtmizatod, them a burst of outliers is assumed mad we

st y50 . It e be obo that if the first ateeertrlatie Is of the data

is saftioeetly lsg sad the romaiaL lag sre small is respOOt to the

variane of an tbm thls ceplasom t sahi shoild yield seed results

Assuming s further itomtios @s the orrelatie, strueture of s sad the

outliers va .

The adeptive differential qseatizer was applied to both types of

truasioats. The plot* of the transients (see Fig. 2) before sod after

processiag idioated that differestial quastizer fumetiomed well ead was

robust is smoothing ad reinfmt the transioets.

III Teotims the bmkurnud or Rsidual for Nomality

It is eonJeotwed that the baekgzOumd or residual date - maimiag after

the tonal "Ad tfamlst omoes eets age reowed is $auSsia, or epproxlately
4

Sessims. To test the hypothesis that the residual data is gausiml, the

coeffieiest of kaitosis statistics ad the EoLmogrov-birov test for

mrmlity was *sod.

We will first eomsidor a tmal region. A toml regios with only a

single line seoepoest was selested for Simplieity.

For testis psposes, a blook of 100 eosseoutivo data resords (resords

If

I ""-=i- -- ,d ' i li di = i



llL30-179) was selected £ rm that region (1024 Gs1Pes/reerdb

The narrow-bed esmnst was then estimated ead subtated out usinag

the dato adaptive low-teak sigal estimtion. technique based on the

siaals-wame-.cqsitLeaof a data matrix [41. A dato vector length of

64 6aple sea s" with the data beiag arranged is the to.= of a backward

predictor matris WUakel atrix) with predistor order of 4S eeming a teak

2 interference.

The unrocessed temal data m" the residual remaining after the tonal

had been estimasted ad subtrseted out was partitimed Late 50 block* of 2

records cook. From the two record block. only every 16tk "ata somple was

a"e to obtain, "epada between successive *Ml** yielding a total of

170 ineeds ~e. The Colmgelrev-sirmev test for actualiLty was

thea applied to the Ladepeadeat 170 swile, set obtained from coob two record

block.

The level of acetmestatistic for the hypothesis that the tested

distuibution Ls gamssiam was plotted along with the coeffisiest of kaitouis

for ecs data record. (see fig. d mad Fig. 7).

The plot* (Fig. 6 said Fig. 7) clearly shew that the level of acceptas

for the gawssisa hypothesis is high sad the kurtosis is much eloser to 3

(gassuica process has kartosis of 3) after the tonal component had been

removed. For oomparisoa. the sam statistical tests were applied on aother

100 record block (records 0 4001-4670) of data that was tonal sd burst

0 free. Yeiteb " Wilk (11 neted that tbis block of data appeared to be

gsasseisa. Also. varismee plots of the residual (see Fig. 6) sees to

indieate that the background misc levels are approximatly stationary.



A set of reords eomtadisia treasleats was Obtaind 0m the basis Of

high kartosia (greater them 4) from the data set. The reoruds were thea

processed with adaptive differential queatizatios to smooth and remove the

lpulsive bursts. I" emlity of reords was Juded by the coefficient

kartesis before A after preoessiag.

The results (so* fig. 2) iadicate that the trasient is primarily

responaible for the high Iwrtosis sad that after mootbs ad romov1, the

kartosis of the data record is mee eloser to 3 or seater to gaussisa.

Altbough the ezperimntal work was limited, these preliminary results

do tend to support the hypothesis that the baekgrouad Zoise is $asaism or
I

approximately gaassisa oevs La the prosene of the toule &ad trasients.

IT) Recovery of a Weak $ismal in the Nm-Gaussias Isterforesoo

o will show that a weak signal osa be recovered from both types of

om-aussisa interferee, nmely tousl& sad impulsivo bursts, usag our

mothodology . To demoustrate that the tonal Gas be estimated ai9 subtracted

out with little distortion to a weak bsekgroeud sigmal, a week sisusoidal

signs was isjoeted La vicinity of tonsl. We use the sam siagle tonal

region so earlier ia *eties X .Tbe tomal section was partitioned Lato

blacks of 64 samples each as before. The blocks were them Fourior

transfomed before sad after signal iajeotiom (see Fig. 11). Next the

tomal was estimated "ad subtracted out sisg the toebaique of low-reak

taterforemse removal with the oiansla-valuo-dooompositios of data matrix

(41 as described previously. The tonal estimate and residual data was also

Fourier trasaformed before sad after sisal Ljeotion. The Fourier

Id'd ud mmdl~d l r  i l•

-- I' i h i l I ~ lm - ° '. .. . . "



"" tmanaform of the residual clearly jLdisate that tlb weak signal eas, be

recovered with little distortleo (se* Fi. 11).

SFor impulsive bussts, we show that if the burst is exponential, thea we

ea estimate ad subtract out the buest L8 a similar maner as is the roa1k

O*ee to recoves the weak signal. If the berst is met eposeatial. tboa we

ea us* adaptive differential quatization to Siminac the offset of the

burst prior to dotoot"a the weak sisnal usiis eouvneatiol toohiques.

A weak simsooidal sigaal was imjootod in the locslity of an expoeatial

type transieat. T anosuient was Fousior trasformed before &ad after

signal injotion (see Fig. 12). Most the transiont was estimated andI0 subtracted out main the teebuique of low-rask iaterfereace removal with the

singlar-value-desoqosition of a data matrix [41. The trasioat estimsto

and residual data was also Fourier transformsd before sad after sigal

xnjeotioa. The Fourier transforms of the residual clearly indicate that

the weak signal cea be recovered with little distortioa (se Fig. 123 ).

Nest, a record oatai ing &a impulsive burst that does sot fit the

ozponontial model (outlier @luster) was obehos. A weak sLusoidal signal was

injected and the record was then processed with adaptive differeatial

qaaatizaties. Fourier transforms of the record before ad after processing

clearly isdicate the improveuent attaiaod (see Fit. 13) when removia$ the

burst.

0 IV) Coslusioa

The results of our application of the pioo-wise modelil sad

processing methodology to the Arctic acoustic data clearly demonstrated the

0.

0o.



simlietty of this approach. To saccosfully apply this methodology to other

typos of mo-statiouary MAd aa-gaessias data of the Sixture to=s , it is

oSly mecessary to categoris sad moel the nos-gaussiaa seaposeats ia terne

of their local offset on the desired signal proosaiag appliesties (

spectral estimtion. dototia eto. ) rather than formulating a general

probabilistie mdel.

It is else meted that the rosulta obtained is modeling ad prooessiag

the Lusti iseacstic "atamcoid be further impgove by usin wrsr

sophist isated models for the me-gsasisa ecqoments. As eselo of a more

sophistioated mdci would be to mdel the narrow-band omoosts as a chirp

or frequency mdulated signals rather than approximating it as sinoidal

over short-t Am intervals. The advatage is that we could work over longer

tim intervals, heoce imrovinag the sigzal-to,-soiae ratio.

mifi&
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6

iq. z) Wwvefore plots of records cntanin aipul.save bursts
before and after processang by adaptive ditteconts.L

quaftaat LOn.

Note: The coefficient of utitosAs LB defined as

cm 4

1024 102'

( O

no0I

and O . tot nal.Z... 102, are i9 tl.. of the particuler

noiLe record.
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C 1024

* a Record $1362: CoeffiCtonC ot kurcosis *28.?

Ampitu~de

1024

~) Record 01162: Processed by adaptive differential quantization
where Tle 1.76. T2* 2.'1, and 4-101
coefficient of kurtosi 1.19



amplitude

e'Fw 17 "'T 11"T2

102

C) Record 02066: coefficient of kurtosis *29.52

ampl irude

5

1024

*d) Record 92066: Processed by adaptive differential qudnt iztion
where Tjo 3.76, T2 * 2.51. avd Nw]l
coefficient of kurtosis a1.91
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e) Rcor 927?:cofficient of kurosisa * 3.



amplitude
5
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R) Rcor *220:coefficient of kurtosis 3 2.97
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amplitude

45

0 Ow 024d

102

i) Record #2236 coefficient of kurtosis *19.55

4 amplitLude

1024

j) Record 1)2236: Processed by adaptive differenrial quantization
where Ti- 3.76, T2 = 2.51, and N-101
coefficient, of kurtosis -3.87
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I 1024

k) Record #2248: coefficient of kurtosis *18.49

amplitude

5

-5 n
1024

1) Record 112248: Processed by adaptive differential quantization
where T, - 3.7b, T2- 2.51, and N-101

coefficient of kurtosis *3.87
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Fig. 3) Expanded scale plots of some impulsive burst waveforms.
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Fig. 4) Estimation of the tonal frequency. tonal power, and
background noise level over a short time interval

64 samples )using an improved Prony method.

1RECORD a
SINGLE TONAL REGION

a) ESTIMATED FREQUENCY (64 SAMPLE BLOCKS

* lb W-

0

H P.CORD

SINGLE TONAL REGION
b) ESTIMATED TONAL POWER (64 SAMPLE BLOCKS

0
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S.RECOR

SINGLE TONAL REGION
- - c)ESTIMATED BACKGROUND NOISE POWER (64 SAMPLE BLOCKS

-0

0
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Fig. 5) AVERAGED PERIODOGUAM OF THE UNPROCESSED DATA, ESTIMATED
TONAL AND RESIDUAL OBATAINED USING THE DATA-ADAPTIVE SIGNAL

ESTLMATION ALGORITHK BASED ON SVD FOR RECORD #1739

The periodogram is calculated as follows:

8 1282 l 2

Iy Ij )IXiw ) w e e x ( w e Y
Y( eW 2.. Jx ~ whee (e L k+l28 (jl1)ek=l

with w being evaluated at 2wk/128 intervals for k=0,I,..128

Note: x k are the data samples

* 35.1 dIj

40 dB RANCE

0 5000 H:

ii) AVERAGED PERIODO;RAM OF UNPROCESSED DATA

0

0,

0 .
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THI COEFFICIERT OF KURTOSIS IS CALCULAT6D FOR 1024

SAJPLE MLOCKS.

S.KU RTOSIS

0. record 1v

I b80 '79

£ i LPROCE54-) DATA

KU RTOSI S

2.

ESTIATEDTONAL



KURTOSIS

0. RECORD f

1680 1779

Sc) RESDtDUAL



ANLD SUBTRACTED OUT AND A REGION WITH NO APPARENT TONAL

0 IMPULSIVE COMPONENTS SELECTED FOR COMPARISON AKE TESTED

jI FOR NORMALITY USING THE KOLMOGOROV-SMIR"OV TEST.

THE )OO RECORD REGION IS PARTITIONED INTO 2 RECORD BLOCKS
(2048 SAMPLES) WITH EACH BLOCK BEING SEPARATLY TESTED FOR
NORMALITY. AN INDEPENDENT SAMP.E SET IS OBTAINED BY TAKING
EVERY 12'th SAM4PLE FROM BLOCK . YIELDING A TOTAL OF 170
SAMPLES. THE SAMPLE SET IS NORMALIZED TO ZERO-MEAN AND
UNIT VARIANCE AND THE CUIMMULATIVE DISTRIBUTION F(Y) IS
ESTIMATED FOR THE DATA. THE KOLMOGOROV-SMIRNOV DISTANCE
STATISTICS ARE tHEN COMPUTED ASSUMING THE SAMPLE 4ET
is UNIT NORMAL ( Fo('Y )

2p F(T) V) V F(y)-F()
!N

. "WD,* .

FROM FORMULAS, Prob( z > Dw) IS CALCULATED

Prob( z > D,)

.0

.5 -

0.0],' . .. RECO)RD 0

1680 1779

a) RESIDUAL DATA

. ... •"4 ' i =~ ~ ' 1 ~ ° " I I I II II I I I



r Prob( z > DN)
1.0

.5

Il

0. RECORD #

*4601 4690

b) DATA FREE OF TONAL AND IMPULSIVE

CONTAMINAT ION

0



4

variance

1b80 1779

a) UNPROCESSED TONAL DATA

variance

.1

I

F 0O. RECORD F

1680 1779

- b) RESIDUAL

Fig. 8) THE VARIANCE OF THE TONAL REGION AND THE RESIDUAL
REMAINING AFTER THE TONAL COMPONENT HAS BEEN ESTIMATED AND
REMOVED .

NOTE FHAT THE VARIANCE IS COMPUTED PER RECORD (1024 SAMPLES)

0



amiplitude
5.,

rising section decaying section

rl d2
0.

dl
-5 r2

400 500

CLOSE UP OF IMPULSIVE BURST FROM RECORD #64.B

BURST IS SPLIT INTO SECT1O4S -- EACH SECTION IS MODELED SEPARATLY

A) RISING SECTION 14 O Mlr~,.r

x(n) r Z Ark e(jwrk + rk)n + w(n)

k=1I

B) UECAYING SECTION %fd FOR n~dI,dl~1....d2

x(n)d 7 k e(jwdk + dk'n + w(n)

k-1l

WHERE w(fl)r AND w(n)d IS 711E BACKGROUND NOISE AIND/OR SIGNAL

* BURST 1S ESTIMATED AND SUBTRACTED OUT USING THE TECHNIQUE OF DATA

ADAPTIVE SIGNAL ESTIMA~TION 3Y SINGULAR VALUE DECOMPOSITION OF A DATA MATRIX

*THE RANK OF THE DATA MATREX [S EQUAL TO THE NUMBER OF EXPONENTEALS PRESENT

F ig. 9) MODELING IMlPULSIVE~ BURSTS AS IiXPONE:NrI..\IS



Fig. 10) MODELING AN LMPULSIVE BURST AS EXPONENTIAL

amplirude
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421 439

a) RECORD #64.B RISING SECTION OF BURST
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0. E IGENVALUE
Is

" b) NORMALIZED EIGENVALUES OF ESTIMATED CORRELATl ON
MATRIX ( normalized in respte t to the trac,.-
FOWARI) LINEAR PREDICTION: N-20, L=15
RISING SECTION OF BURST RECORD #64.B
SAMPLES 421-439
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c) RANK 2 RECONSTRUCTION
FOWARD LINEAR PREDICTION: N=20, L=15
RISING SECTION OF BURST RECORD #64.8

amp icade
5.

0 . ,I i

.

-5.

421 439

d) RANK 2 RECONSTRUCTION ERROR

FOWARD LINEAR PREDICTION : N=20, 1.=15

RISZNG SECTION OF BURST RECORD 'U,4:I
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e) RECORD #64.B DECAYING SECTION OF BURST
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p1

". Z iGENVALUE

f) NORMALIZED EIGENVALUES OF ESTIMATED CORRELATION

MATRI.X ( iorralized in reqpt ct to thw tract-

BACKWAKD LINEAR PHEi)ICTiON: N=?5,1.:18
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h) RANK 2 RECONSTRUCTION
BACKWARD LINEAR PREDICTION: Nz~,~I

* DECAYING SECTION OF BURST RI-.CO(RI) #64.B
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. Fig. 11) DETECTING A WEAK SIGNAL IN THE PRESENCE OF TONAL
INTERFERENCE BY FIRST ESTIMATING AND REMOVING THE
INTERFERENCE AND THEN FOURIER TRANSFORMING THE RESIDUAL
64 SAMPLE TONAL DATA VECTOR FROM RECORD #1756
SAMPLES 1-b4 . THE SIGNAL USED IS

s(n) = .274 cos(21n(.07) (n-1)) n=I,2 .... 64

a

25.3 dB

0!

a

A

-24.9 r1B
SHz

) 0 .5

""a) FOURIER TRANSFORM OF UNPROCESSED DATA VECTOR
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25.8 d3

-14.2 dB
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b) FOURIER TRANSFORM OF UNPROCESSED DATA VECTOR
WITH WEAK SIGNAL INJECTED
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C) FOURIER TRANSFORM OF RESIDUAL

WEAK SIGNAL NOT INJECTED IN DATA VECTOR

16.2 dB

-23.8 dB

O .
00

d) FOURIER TRANSFORM OF RESIDUAL
WEAK SIGNAL INJECTED IN DATA VEC.TOR

0. ,,. r. . ., .. -- ' l . l i ' - ,r, L _



Fig. 12) DETECTING A WEAK SIGNAL IN THE PRESENCE OF AN
IMPULSIVE BVtRST BY PIRST ESTIMIATING ANU REMOVING
BURST AND THEN FOURIER TRANSFORNING THE RESIDUAL.

DATA VECTOR USED IS THE DECAYING SECTION OF BURST
FROM RECORD 064.B SAMPLES 439-462

THE WEAK SIGNAL THAT IS INJECTED IS
s(n), .Scos(27(.15) (n-439)) for n..39,4O,....462

I!

2.78 dB

-37.22 .JB
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a) FOURIER TRANSFORM OF UNPROCESSED DArA VECTOR
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b) FOURIER TRANSFORH OF UNPROCESSED DATA VECTOR
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c) FOURIER TRANSFORM OF RESIDUAL
NO WEAK SIGNAL INJECTED
BACKWARD PREDICTOR DATA MATRIX: N=25,L18
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d) FOURIER TRANSFORM OF" RESIDU'AL
WEAK SIGNAL INJEC"rED
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Fig. 13) DETECTING A WEAK SIGNAL IN THE PRESENCE OF AN IMPULSIVE BURST

BY FIRST REMOVING THE BURST UISING ADAPTIVE DIFFERENTIAL

C QUANTIZATION AND THEN FOURIER TRANSFORMING THE CLEANED DATA.

THE SIGNAL IS s(n)-.149cos(2n(.12)(n-I)) for n-1,2...1024

38.4 dB.

S

-2.6 dB , , Hz

0 .25

a) FOURIER TR.AISFORM OF UNRUCESSED RECORD .20...

WITH WEAK SIGNAL INJECTED

37.07 dB

-2.93 dB
I I I , Hz

o .25

* b) FOURIER TRANSFORM OF RECORD #/2066 WITH WEAK

SIGNAL INJECTED PROCESSED BY ADAPTIVE DIFFERENTIAL

QUANTIZATION. T 1= 3.76, T 2= 2.51 , and N-IOI

0"
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