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We present a methodology for the modeling of certain non-stationary
and non-gaussian random time series data with apvlication to weak
signal detection. Some components of the noise, which give it its non-
gaussian characteristics, can de individually modeled, synthesized and
subtracted to orovide a gasussian residual. Purther, it is shown that
this process can also be carried out when signals are present.

The proposed nthodolo!r is applied to some Arctic Acoustic data

20 '::.‘, 1473 CO *Om 3¢ @OV 40 +8 QOIOLE ' C
SN INET.L ¢ e aee

- — a———— .~ =
SQCuBe?e CLAVMP (2’ . N@m 7 * *qiy PGl Phen Jois Snrmee




I fren At L am e A

IECUMTY CLAAH P CAT. 0B QF P «. 6 PiGR iPhee Duvp fa. sieg

using a combination of adaptive differential quantization and adaptive

signal estimation algorithms based on singular-value-decomposition of a
data matrix which we have developed.

The combination of adaptive differential quantization with low-
rank approximations to data matrices or estimated covariance smatrices

\s believed to be a new and effective method for multivariable, robuste,
adaptive detection,
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Mstrast

Vo present & wothedolegy for the mndeliasg of eertaia acm-stationary
end sca~gesssiss renden time series dats vith epplicaties te week sigmal
dotection. Soms eomponents of the aeise. whieh give it its sos—gamssiaa
sharsetoristios, e¢aa bo isdividually ssdeled, syathesised aad ssbtrested te
previde & gaussise residual. Further, it is shown that this precess ean alee
be carzried out vheun signals are precest.

The prepesed methedolegy is applied te ceme Aretic Aocunstis data ssing
a oembisaticn of adaptive differential guastization esad eodaptive sigasl
estimation algeritime $e0ed ca singular-vaies—docenposition of a dats matris
vhich we have develeped.

The ocoubination of odaptive differeatial guantisatien with lew-ramk
spprezimstions to date matrices or estimated covarianece matrices s believed
to e a sev ead effective method for amitivariadble, redust, odaptive

detootion.
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Iatsedustion

A froquest preblem with dats, If oue is considering detection of esigsal
compensats of ostimetion of eignal peramsters is the need te fermmlate
prebability distriduticns for the data. Usnslly the waderiyiag physiecsl
systen respeasible fer weise s partially eakaswn ead diffisuit te
shagesterise ia deteil. Ono oppresesd (s to oestimate the predebilicy
distzidations direetly frzem the data, but this eam be diffieuit te &o
bocanse of ssu—stationarity and the shert duratien of impertaat eveats ia
the data.

Uo sssume that the soise can do considered to be s aixture of aow-
statienary. ligh amplitude asa~gsussian ccuponsats pius s lov emplitede
sasssisn staticnary compensat. The methedelegy that we propese fer medeliag
the datas is to identify , estegerise, msdel, and remsve the sOR-gasssian
ooupeatnts ia & pliese~viee fashien dased en their eeee of separatadilicy
frem the daskground 20ise and sigmals. This apprecch te medeling end
presessiag oomplicasted end asa-staticomary data is similar teo that eof
Niddleton (9] where it is suggested if the dates is & misture of the ebeve
form, then ome way of dealiag vith the men—gasssian iaterferesse is to
estimate and then sall or subtreet out the streng ssu—gasssies laterference
prior te signal preeessiag and ceduse the predlem te one of the daskgrowad
gssssias a0ise or sigaal. Lis and Nelte [10] have shown that vhen the aeoise
is ganssisn snd eensints of ¢ sum of o streag highly cohereat conponsat aad
s veak ocuponent of independent seise samples, then ssnll steeriag is mearly
optimal. The spplicetion of special smeethers and ¢lesaers by Nartias ead




Themses [3) ter obtoiniag redust spectrsl oestimetes whea the dats s
coataminsted by outliors bas provided sstivetien for our sov use of adoptive
éifferential quantisstien for redust detestiss.

Ous propeced techaigee of itesetive precsssisg ecsverts the preblen of
dosling vith o ocempliceted asa—staticancy and weu—gonssiens mitiveciste
distzidution to o sequense of sizples msdeliang predlens. A summery of the
steps is as fellews: |

1) lecste end idestify the nse~gesssias iLatecforense coumponsats

3) ecetimste and sudtreet out the ssa~ganssion conponssats

3) perfera signel precessiag (signal detection, spectral
cstimaticn) ssiag the recidusl

Vo presest experimsatel results vhese vo apply this methedelegy te
presessiag & set of single chamneol digitised Asetic underses seonstis dste .
Veiteh sad Wilk (1] Rhave oharseterised this dats set and hypethesice that
the data can bo madeled ss o mizture of threo couponssts os follews:

(1) weal staticeary ganssian baskgrewnd

(3) o samber of strong sem-stetionsry sissseidal~like composeants whicsh caa
oeons reandenly thsoughout the data

(3) eperadie high iatensity iapulsive darste

The sea-gesssian olemsats of the mistare sre componsats (3) ead (3) . Ve
will verify the hypothesis that the Aretiec ascenstie dats is of the abewe
aistere form ia tve stepe ;2 first, Oy spplication of alperithms we hawve
doveleoped for 1Ligh reselsticn spectral estimation and odeptive sigmal

estimstion, te ostimate ond rsemmve the wen—gasssien isterferenee

soupenents, seeh o9 the Tafts-Lfamaressa (T-K) methed of impreved limeat




prediction (5.6.7) or e improved Preay ssthed (8] te ectimate parameters of
the simsseidal-like and expensntialy damped sinneeid ecompeasnts, date-
adaptive estimaties of lov reak sigusle using singuler—veles-decempesitioa
of o dats matris (4] . and odaptive diffesential gquantizatics for iselatiag
sad remsving impuleess; and seccadly, spplyiag variecns stetistical tests
(shewness, m-u.'-u tests fox wesmality) teo the dats, oestimated
iatesforense eand residual. Purther, wo vill chow that & weak sigmal whiech
is injeeted iate the asargenssiaon iatorfesense of the Aretis sesnstie dats
oas Do rseedily recevered wsing our prepesed wethedelegy oad these
slgezitims. The paper will be preseated ia feur perts as follows :
I) The identificetion of the couponests respoasible for the aen-
gssssian sharssteristies of the Asetie seenstie dats.
I1 ) Medeling, ootimaticn, ead removal of the oom-ganssian
istesferense.
111) Testing the backgreound or residuel fer sermality.
IV) Weesvery of & weak sigael ia the sse~genssion iaterferense.

1. | le_for the sisn
| § tie te Sot

By synshreaised viewiang of (a) the eecnstie wavefors (b) the time-leeal

kurtesis and (o) the time—lecal pover éensity speetrun, one quiskiy bdecomss

svare that the tve prinary cempoasats respeasible fer the sen—gasssias

sharsetoristios of the Arsetiec Asonstiec date set are (1) o ooapoesent of

short-tine daraticn, impuisive vavefeorn (see Pig. 2) snd (2) s scapenent of




asrrov-bend sisnseidsl-like iatevfecrense (see Fig. 1) that sppears te b
ses~-stetionary, varyiag ia amplitede and frequensy over time. These two
sompessuts will seusidered separately. Nete that we will refer to the
ssrrov-bond componsuts oo tousis threughout the remainder of the peper.

4) Impeteive Compensst

The wapulsive vevelorme can de docserided as short time dusstios ( & fovu
aillisecsnds). high amplitede (with sespeet to the ssrreundiag deskground
aoise) bursts thet ean Dove ccasidoradle veriadility is their streesture (see
Pig. 2 and Pig. 3 ).

The seetions of the date that have impuleive compensnts presest appear
te bo odsractesized by o high seefficieont of kustesie (1), thet (s, mmed
greater thas 3.0 . The kartecis for o gasscian renden precess is 3.0 .

9 Toassl Cempesest

These regions ere charsetorised Oy short-time pover spoetsrs thet
sppoas te oonsist of line cemponsats (see Pig. 1), eoftes eppesriag to be
barmsuically related. Alse the temal eor narrev-band regions gemsrelly
festare o lov kurtesis (1) (less them 3.0) . As meted by Veiteh aad Wilk
(1) . the Nustesis of & randen phased sissseid 1o 1.5 and ensy of the
tonsl regicns have & Enrtesis of adent 2.9 or lewer. This inplies that the
tensl regicns o¢sn porbaps Ve mndeled as aistaze of diserete oisnseids.

The temal duratien is variable, it can bo on the eorder of aiastes or
seeonds. The temsl regions alse aeppoar te do son-statiomary, with the
sember of lise ecuponsats, fLrequesciess, aad aemplitedes eoften wveryisg
eonsidorsdly ever time iatervals en the erder of seeends (see Fig. 1).

1t sppoars that the son—goussion regiens sea Yo lecated and identified




on the basis of high kurtesis and/er pever spectrs eeataiaisg strong line

compenents.
11. Nedelisg, !gtgtm 834 lemove] of the leg-Gsnssisa Intecferense
Compesesnts

Is this sectics we presest & three—steyp methedelegy for (1) medelisg
the ssa—gsussisa iaterferense compensats, (2) estimstiag the paramesters of
the ses~genssiss ccupensats and (3) remevisg the sse-gonssien isterferense
eompessste .

A) Teasl Compenest
Frem the resuits of section [ , it (s ecenjoctused that the tomal

iaterforence ean o lecally medeled o8 & sum of renden phased simuseids or
equivalentliy, that the temsl intesferense is streagly lew raak. This implies
thar teclniques for lew reak iaterference remsval (4] cem bo ssed to recover
the bdaskground aeise or signal iateet ia the vieiaity of temals.

The temal occuponsats sppear to do sem—statiomary , veryiag beth (s
frequeney asad pever ever tine iatervals ea the erder of the reselstion sesle
of the spectregram (see Pig. 1). However, of greater iapertanse, ia terms of
andeling end estimaticn is the lecal steticmarity of the temals. If the
tossls esn do spprezximated as deiag lecslly stetiemary, that is, fized ta
peremetes over shert-time Latervele, then teochaiques develeped feor date-
sdeptive ostimsticn of low renk signals eaa do ssed te estimate sad remeve
the tosals.

Por the osperimental vetk, we eonsider s temsl regien ohees pever
speetrs bhas only one line coupensat preseant, bat is represeatative of the

ethor tenal regicas that have more thaan one lise compenent preseat. This te

v




— B,

avoid the diffionitios of estimesting the number of lise compesents present.
It is cosjoctused that the single tossl recnits weuld be represestative of
the other mmitiple tons) regiees.

Te detoruine the ostatienarity of the osiagle tousl, that cegien was
postiticnsd iate 64 sample Blechs (6.5 sillecsessnds) and sesumiang thst the
tessl is setaally sisuseidel s sstuse, a8 ispreved Presy methed (8). wes
veed to oscimate the froquensy, wplitude. asd phace of the temsl is csed
bSlesk. Alse the pover of the revidenl eor daskgroaad aneise remsisiag esfter
the tems) i recenstrested ssing sisnseidsl mndel and thes subtrested ot
ves alse esotimated. TVe resuite were thes plotted (sees Pig. 4).

They 1adicete thet the froquensey (s siewly varyisg Vet the pever
sppoazs to fluetuate oves short time porieds. Therefere, the temal caa osly
be ccssidered o appresimately stetiessry over shert tise tstervele. This
1splies the seed for shert dete leagtd techniques. ¥o sov consider the
seitadility of ssiag & sissseidal undel for the temsl.

The techmniques, developed for data adaptive ocstimstien of lev-tamk
signals besed ea sisgular-valao-decemposition of ¢ dste mstris (4] eill be
ssed to estimnte the tove] and ssbotraet it eot. A dete veeter Jesgth of 64
samples vse ssed ¢ith the date deing srrenged in the ferm of & deckward
predicter satris (Heakel watris) vith predicter order 48 assuniag ¢ reak 2
taterfesense.

The suitadility of the sisnseidal ssdel or lev-teak asssumptize ees do
jedged first . Oy spectrasl asslysis aond seotndly, Oy ecemputiag the
Rartesis of the sapreeessed dats, cotimated tons] interferesce and residesl.

As stated previcusly ia seetion 1 the tesal regions have & low kustesis. 1If




the tosals are sisusoidal , the estimsted toms]l should have s kurtosis of
abost 1.5 and if the beckground moise is gamssiam, the residual should have
s kurtosis of sbost 3.0 . This will be covered is more detail im Sectios
III for determiaing the sormality of the residsal data or backgrouad aoise.

The power speetrel plots of usproesssed tomsl data, estimated tomal
dats . end residusl clearly show that the tomal compoment has been
sebtrasted out (see Pig. 3 for power spestrsl plots of two dats records
fro@m the tosal —rsegioa). Puzthor, bkustosis of the estimated tomal
istezforense is low., sbeut 1.8 (see Pig. 6) and residual dats kurtosis is
gonerally elose to 3.0 (see PFig. 6). This implies that there is
sonsiderable justificstion for essumiag that the tomals are sianmsoidal ia
assture.

3) Impulsive Compenest

Nertin asnd Themson (2] pointed ont the degradation of comveantional
pover speetra and ecovarianse strusture estimators whea dats is costaminated
by outliers. Similer loes ia performasee cas be expected iz coavestional
sigaal deteetors. Ve propese tve teshaiques for proeessiag the impulsive
bursts (oetliers) . The first teehaique, for bursts to vhich this is
spplicadle, ie te medel the impulsive bursts as eszposential sigmals (see
Pig. 9). The seeond techanigue is to mede] the impuisive burst as aa outlier
sluster.

If the bdusgst can bo modeled as sa exponeantial sigaal, thea the same low
reak iaterforence remeval teodaiques (4] ss spplied to the tomals caa be
sls0 ssed dere. This implies that if we comsider weak signal detectability

ia the preseses of the tramsieat, ve esa estimate aand remove the traamsieat
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while lesviang the weak osignsl oessestially istset. To prosess impulsive

-~

berets thot fit the owtlier eluster medel , ve uwse s moédified fore of

sdeptive differential gquastizstios teo loeste osnd smooth the ostlier

sontamisated dats peints. This tecknique ie similar to the sdeptive liaser
prodistive type meetheor-slesser used by Nartis and Themsos (3, for pre-
proesssiag ontliecr oeontasinsted data to obteis rsodeest power spestsce
estimstes.

Te obtais s prelimisary detemmisstion of vwhether or set the sbeve
models are ssitadle, s visssl inspestion of secnstie wsvefers plote of the
tzansionts ves performed. This revesled that some of impulsive dursts do
iadeed sppear to be potentislly exzpenential ia mature (see Fig. 3, Fig. 3¢,
and Pig. 3f), being echarseterized by o single maian peak end smsoth
sinssoidal~-like tressitios ia Cthe lesding and trailiag seetions . Sovever,
there are 8lso bursts that sppear to be comples, vwith several spperest saian
peaks and s discentisnens strasture (see Pig Jea. Pig. 3¢, aad Fig. 3e)
fittisg the outlier cluster medel.

To vesify the expessatial msdel, beskward aad foward linesar predistion
with lov raak improvement (5.6,7] was applied teo the trailiang and leadisg
sestions of the spparent expenesntial transiecats respeetively (see Fig. 9 and
Fig. 10).

The eigenvalne spread of the estimated édata cevarisnee matriz (see Fig.
100 aad Pig. 10f) of the leading and trailiag sections of the impulsive
burst isdicated that the dats is strosgly low-raak (Note: if real-valwed
ezponential signals are presest ian the data, thes the raak of the data

covarianee matriz is eqeal to twiee the sember of exzponestial 1sigsals
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present (3] 1if the expesential signsls sre set of sero cemplex frequensy).
The predietiom~errer fllter 30700 were lso computed and plotted
(ses Pig. 10g).

The asgular lecetiens of the predietien-errer filter zeres outside the
it sirele o the 3-plane determines the oxpeaentisl fregquensies and the
iaverse of the sero’s radins determines the damping fastor (6]. The sere
positions appear te aloe iadicate thet the tramsients asre expesestial ia
satage.

The expenential type transients vere thes estimated and substrasted out
ssiag the teckaiques of data adaptive estimaties of lov-rsak iaterferemees
with the singular-valus—decempesition of s dats matriz [4). Plots of the
transient ostimates (Fig. 10e aad Pig. 100) and of the residmal date (Pig.
104 and Fig. 101) remsiniag sfter the transiest was ssbtrested out iadicated
that the tressient vas woll sedeled as expenential.

To proeess bdursts that sre of the impulse cluster medel ., we use as
form of sdaptive differential quantizatiea (3] . Pirst, we can express the
observed dats ssiang s similar medel s 4id Nartia and Thomeon (2).

T =2, * v, (1)

where y_  is the observed dats, S, is the tree presess dats end v_ are

s
ostliers .
The rate of ehange of the true proeess z, is dofined as

Ay = 2y = 2pq )
The rate of ehange A, (2) caa bo vieved os sa ervde ostimate of the
issevazions proecess. The adaptive differeatial gquastizatioa algorithm is

givea delow :




Pizst, obtain robust estimates for standsrd devistios of the process rate of
chasge A&, (2) and 2z, sre obtaised nsisg mediss type estimators Ddesed oa N
previous samples as follows:
Dovi A, ) 53, = medtan ( [Nyl Bepuyle - - - ofapy) ) 3
Devl 2, ) ¥, = modien ( Jyppl|vgperle - - - o741l (4)
where X, = 3 -v.1 ($)
Denote the delts modulator output as !. » thea

1) 1f pzevions dats sample is sot contamiasted by aa outlier thea

R ¢ gy @
vheze
- x » if -< i S x S < 3
i) - s 17s 2”7 17 n
s 0 , otherwise

ssd t; is » throshold comstaat.
2) If the previoes dats sample was eontaminated by aa outlier, thea we caa
a0t make s relisdle prediction and hemee determine s bosad oa y, usiag the
robast estimate of the stasdard deviastiom of z, A (y). Ia this case

I, =Ny ) (8)
vhere

. i!-tz’ £ y £ ez?

4 2 a

| )
Ly = 9

0 . otherwise
sad t3 is the threshold comstaat.Ia oss experimestal resalts , vy and Tty are
set sssumiag that z and A‘ are gasssian and 2010 meam .

The sdaptive delta modslator esseatislly faactioas as & first order




limear predietor by estimatiag confidense bouads on the ramge of the sext
observed data sample y, usiag robust estimates of the deviatios of rate of
shange A, and x_ based on N previcusly observed dats semples. If y_  is
ostside the predieted bound sad y..y Wes net ostlier ecostamiasted, thes
replase it with the value of the previens date ”tgt Yg-1 ¢ Othervwise if
Yg-1 i ostlier ecostamisated, then & buzst of outliers is sssumed and we
set y =0 . It ean bo shown that if the first sutocorrelatiea lag of the dats
is sufficently large and the remainiag lags are small is respest to the
variases of x_  , then this replscement seheme sheuld yield good results
asseming 30 further iaformatios on the eorrelstioa streeture of z, aad the
outliers v,.

The odeptive differeantial gquaatiszser was aspplied to both types of
trassients. The plots of the tramsients (see Fig. 2) before and after

processiag iadicated that differeatial guaatizer fusotioned well and was

robust ia smeothiag snd remeviag the tramsieats.

III Testiag the Beskgrouad or Rssidual for Normeslity
It is conjestured that the bdaskground or resideual data remainiag after

the tonal sad tramsient eomponents sre remsved is gaussiaa or approximately
ganssian., To test the hypothesis that the residual data is gaussian, the
coeffisient of Kkurtosis statisties and the EKolmogorov—-Smiraov test for
sormelity was used.

Vo will first comsider s tomal region. A tomal regioa with oaly a
siagle lime componment was selected for simplioity.

For testiag purposes, s bloek of 100 comsecutive data records (records
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#1680-1779) was selecsted frem that region (1024 semples/zeconrd).

The nsrrov-basd compossst was then estimated amd subtasted ost usiag
the data adaptive low-raak sigmal oestimation teohaique based oa the
sisgular—velue-decompesition of ¢ deta metrix [¢]. A dats veetor leagth of
64 s.aples was used vith the data being arranged ia the form of a baskward
predietor setriz (Baskel matrziz) vwith predietor order of 48 assmmisg & resk
2 iatexferense.

The umproeessed tomal dats and the residual remaiaiag sfter the tomal
had doen estimsted and subtrasted out was partitiomed iato 50 blosks of 2
recozds eack. From the tvo reeord bBloesk, oaly every 12°'th data sample was
ssed to obtaia isdependense betveen suecessive samples yieldiag a total of
170 iadepeandent samples. The Kolomogorov-Smiraov test for aormality was
then applied to the independent 170 sample set obtasined from esch two recorxd
bloek,

The level of asesptanse statistie for the hypothesis that the tested
distribution is gasssiam was plotted slong with the ecefficieat of kurtosis
for esch dats record. (see Pig. 6 and Fig. 7) .

The plots (Pig. 6 sad Pig. 7) elearly show that the level of scceptanmce
for the gaussian hypothesis is high and the kurtosis is mueh closer to 3
(gaussian proeess has kurtosis of 3) after the tomal componeat had bdeen
removed. For comparison, the same statistical tests were spplied oa amother
100 record bloek (records # 4601-4670) of data that was tomal aad burst
free. Veitoch and VWilk [1) soted that this bloek of data appeared to be
gaussian. Also, variasee plots of the residual (see Fig. 8) seema to

iadicate that the background aoise levels are spprozximatly statiomary.




A set of reeords eomtaismiag trassiests was obtained os the basis of
bigh kurtosis (greater thas 4) from the dats set. The records vere thea
processed with adaptive differeatial quantizatioan to smooth aad remove the
impulsive bursts. The mermality of reeords was judged by the coeffisiest
kurtosis defore aad sfter proecessisg.

The results (see Pig. 2) iadicate that the tramsient u' primerily
cesponsible for the high kurtosis sad that after smsothiang aad removal, the
kuctosis of the data record is mued oloser to 3 or searer to gasssiaa.

Although the experimestal work was limited, these prelimiascy resuits
do tend to support the hypothesis that the beskgrouad aoise is gaussiasa or

spprozimately gasssian evea ia the presense of the tonals and tramsieats.

IV) Recovery of s Weak Sigmal is the Nom-Gsussisa Iaterferense

We will show that s wesk sigaal cam be recovered from both types of

son~gasssiaa interferesse, asmely tomals aad impulsive bursts, usiag our
sethodology . To demonstrate that the tomal ocan be estimated and subtracted
out with little distortioa to a weak backgrosnd sigasl, s weak siausoidal
signal was inmjected im vicimity of tomsl. Ve use ths same siagle tomal
region as earlier ia seetion II .The tomal section was partitiomed iato
vlocks of 64 samples eaeh as bdefore. The Ddlocks were thes Fourier
trassformed before and after signal imjeotion (see Fig. 11). Next the
tosal vas estimated and subtracted out usismg the techaique of low—rask
iaterference removal with the siagular-value—decomposition of dats matrix
(4] as deseribed previcusly. The tomal estimate and residesl dats was also

Fourier tramsformed bJefore aand after sigssl iajection. The Fourier




- - - -

tzansfores of the residual clesrly imdicate that the weak sigmal ocam bde
recovered with little distoctioa (see Fig. 11).

Por impulsive bursts, ve show thet if the Durst is expomentisl, thea we
oas ostimste snd ssbtrast out the burst is s similar maaser es in the tomal
0888 to reeover the weak sigasl. If the burst is 20t exponesntial, thea we
oan use adsptive differeatial quaantiszatios to miaimize the effect of the
burst prior to detesting the weak sigsal usiag comvestional teechaigues.

A veak sizunsoidal sigsal vas ianjected ia the loeslity of as expomential
type trassient. The trassieat vwas PFosrier tramsformed before sad after
sigas] iajeetion (see Fig, 12). Next the tramsient was estimated and
subtracted out usiag the teehnique of low-rask iaterferemce removel with the
siangslar~velue—decomposition of s dats matriz [4]. The tramsieat estimate
and residual data was also Fourier tramsformed before esad after sigasl
injection. The Fouwrier transforms of the residual oclearly isdicate that
the veak signal cam bde recovered with little distortion (see Fig. 12 ).

Nezt, s record comtaiaiag an impulsive burst that does aot fit the
espoaential model (outlier oluster) was chosean. A weak simuwsoidal siganal was
injected asad the record wss them processed with adaptive differeatial
quastisation. Pourier traasforms of the record before aasd after processiag
clearly iadicate the improvemeat asttaised (see Fig. 13) whea removiag the

burst,

IV) Comelusioa
The resuits of our applicstion of the piece—wise modeling and

processing methodology to ths Arctic acowstic data clearly demomstrated the




simplieity of this approseh. To suecesfully apply this methodology to other
types of son—statioasry aad won-gaussian dats of the sixzture form , it is
only seeessary to estegorize and medel the sos-ganssias componests ia terms
of their loeal effeet o the desired sigsal proecessiag spplication (
speetzal estimation, deteetion ete. ) rather thas formmlstiag o gesersl
probabilistic model.

It is slso noted that the ressits obteined iz medeliang and proeessisg
the Arotic aseonstie dats ecould be further improved Oy wsing wore
sophisticated wodels for the sem-ganssian components. As exsmple of a more
sophisticated mede!l would be to medel the asrrow-baad componests as & chircy
or frequensy modulated sigaals rather tham epproximstiag it ss siawsoidal
over short-time iatervals. The advantage is that we eould work over losger

time iaterzvals, hesmee improviag the sigmnasl-to-moise ratio.




1.

3.

4.)

7.

9.)

10.)

Bsforenses

Veiteh, J.0. snd Wilks, A.R. , "A Quarecetoerization of Assties Underses
Neise®, Offiee of Nevsl Researedh., Bepert Me. 132,

Martis, B.D. and Themeosn, D.J., “IMobust~ecsistant Spectrem Bstimstion’,
Proe. of IEER, Vol. 70, Ne.9, Sept. 1983,

Proakis, J.0.. “Digits]l Commmaicstions”, NeGzev-81ill Beek Co., New York
1’“.

Tafte, D.V., Cumersas, R., sad Kiresteias, I., “Pata-Adaptive Sigasl
Betimstion by Siagelar Velse DEcempesitien of & Dets MNetriz’®,
Procecdiags letters, Pree. of IEEE. pp. 684~68S.

Tafts, D.V. and Kameresen, R,, “Estimation of Frequensies of Msitiple
Siausoids: HNekiag Lisear Prediction Perfors Like Nazisme-Liklibood,*
Proe. IRER, pp. 975-989, Sept. 1983,

Kumeresas, R. and Tefts, D.V., “Rstimsting the Psrameters of
Exposentially Demped Sisusoids sad Pole-Zero Nedeling is Neise”, IEEE
Trans. ASEP, Vol. assp~30, Ne. 6, »p833~-840, Des. 1982,

Exmeresas, R.. Tufts, D.¥., “Sisgular Valus Decomposition and Speetrsl
Anslysis®, Proeeedings of the ASSP vorkshop om spectral estimstion.
pp6.4.1-6.4.12, Hamilton, Ontaczio, Camada , Awg. 1981,

Kumoresan, k., Tufts, D.V. and Searf, L.L.., °A Proay Nethod fot Noisy
Data: Choosing the 8Sigasal Components aad Seleetiang the order {a
Bxposeatial Signal M0dels®, Proe. Letters, Proe. IRER, Vol. 72, pp230-
233, Peb. 1984, .

Niddletos, D., “Naltiple—Rlemest Threshold $Sigaal Detection of
Undervater Asoustic Sigmals ia Non-Ganssisa Interferense Easvirommests®,
NOSC Coatraetor Report 231, lMay 1984.

Lin,$.C. and Nolte, W.N., “Performasse Rvalustios of Arrey Proeessors
for Detesting Gavssian Ascustie Signalse”, IERER Traas. ASSP, Vol. ASSP-
3.. *o ’. :m 1’”0




]l-lll’

(SAN0DIS 9SZ)  00SZ-1 SAWOD3IY

g ol 13S ViIVQ 3SION V3S OJIIDWV 30 Wvuoouldads (! Bvd

———v—v

ZH  ADN3INO3IYY

- 00S?

AMINOINS

TH

| 005




r O

IH  ADNINOIYS

- =~ 00S
" /-
L oLy 8°¢tt
ﬂ A - - - e e . - - R ———— ————— et ¢ S . )
5 T ﬁ B B
AN . ;1.. .

2 (] e vt 7
1 ;T 3. .0.) .-...4 ‘o’

?:.‘
<
oy
.
4
IH  ADNINORYS




o288 9G7 9°L2
} ¢ - —

. . .o 0

L

v _
&;* R ¢ ,
|’ P ;




Pig. 2) saveforw plots of records containing Lepulsive bursts
before and after processing by odaptive differential
quantization.

NOte: ™he coefficient of kuttosis 1s defined o8 °

A
-y ?
where 1 1024 ' 102¢
® " To-zT”. n . - *Era.l“u'.l)
\ 1024
., el (n,- @)"

and 2, . for nel,2...102& are sasples of the particular
noise record.
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bR Record ¢13h2: Processed by adaptive differential quantization
vhere T,2 31.76, Tye 2.51, and NeI0!
coefficient of kurtosis = 1.!9
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Record #2066: coefficient of kurtosis e 29.52
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Record #2066: Processed by adaptive differential quantizetion
where T = 3.76, Ty= 2.51, and N=101
coefficient of kurtosis = }.9i
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£) Record #2177: Processed by adaptive differential quantization
where T,a 3.76, TZ' 2.51, and N=101.
coefficient of kurtosis = 1.8
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R) Record #2220: coefficient of kurtosis = 22.97
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h) Record #222N: Processed by adaptive differential quantization
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coefficient of kurtosis = 3.3A
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i) Record #2236: Processed by adaptive differential quantization
where T,= 3.76, Ty= 2.51, and N=1Q1
coefficient . of kurtosis = 3.87 .
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) Record #2248: coefficient of kurtosis = 18.49
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Record #2248: Processed by adaptive differential quantization
where T,= 3.76, Ty= 2.5}, and N=101 .

coefficient of kurtosis = 3.87




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 wmethod.
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AVERAGED PERIODOGRAM OF THE UNPROCESSED DATA, ESTIMATED
TONAL AND RESIDUAL OBATAINED USING THE DATA-ADAPTIVE SIGNAL

ESTIMATION ALGORITHM BASED ON SVD FOR RECORD #1739

Fig. 5)

The periodogram 1s calculated as follows:

128
2 1 ’ _ 2
Y( el¥ = —— Z I v W, Z -
l (e )' g XJ( e ) where x.,k }y = X)e128(j-1) °©
PR k=1

with w being evaluated at 2nk/128 intervals for k=0,1,..128 .,

Note: x,  are the data samples .
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Fig. ?)  THF @EQiMisal  DATa LEPT APTER THE TOMAL CIAS  DEEN E3TIMATED
AND SUBTRACTED OUT AND A REGION WITH NO APPARENT TONAL
) OR IMPULSIVE COMPONENTS SELECTED FOR COMPARISON ARE TESTED
| FOR NORMALITY USING THE KOLMOGOROV-SMIRNOV TEST.

THE 100 RECORD REGION IS PARTITIONED INTO 2 RECORD BLOCKS
(2048 SAMPLES) WITH EACH BLOCK BEING SEPARATLY TESTED FOR
NORMALITY. AN [INDEPENDENT SAMPLE SET IS OBTAINED BY TAKING
EVERY 12'th SAMPLE FROM BLOCK , YIELDING A TOTAL OF 170
SAMPLES. THE SAMPLE SET IS NORMALIZED TO ZERO-MEAN AND
UNIT VARIANCE AND THE CUMMULATIVE OISTRIBUTION F,(Y) IS
ESTIMATED FOR THE DATA. THE KOLMOGOROV~-SMIRNOV DISTANCE
STATISTICS ARE THEN COMPUTED ASSUMING THE SAMPLE GET

15 UNIT NORMAL ( Fy(Y ) )

oo Sl‘gF"(v) - ?N(v)} D; = QP ‘F;(v) - F~(v)}
Y 4

D

= MO, . O

FROM FORMULAS, Prob( z > D,) IS CALCULATED
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Fig. &) THE VARIANCE OF THE TONAL REGION AND THE RESIDUAL

REMAINING AFTER THE TONAL COMPONENT HAS BEEN ESTIMATED AND
REMOVED .
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BURST IS SPLIT INTO SECTIONS -~ EACH SECTION IS MODELED SEPARATLY

A) RISING SECTION

M

FOR n=rl,rl+l,...r2

j n
x(n)r = ;E: A e(Jwrk ¥ Ork + w(n)r

8) DECAYINC SECTION

k=1

M4

FOR n=dl,dl+1,...d2

(jw + Jaoin
x(n)d = E Adk e dk dk . w(n)d

WHERE  w(n), AND

w(n)d

k=1

IS THE BACKGROUND

NOTSE AND/OR SIGNAL

BURST IS ESTIMATED AND SUBTRACTED OUT USING THE TECHNIQUE OF DATA

ADAPTIVE SIGNAL ESTIMATION BY SINGULAR VALUE DECOMPOSITION OF A OATA MATRIX

THE RANK OF THE DATA MATRIX S EQUAL TO THE NUMBER OF EXPONENTIALS PRESENT

Fig. 9) MODEL NG

IMPULSIVE BURSTS AS

EXPONENTTALS




;; Fig. 10) MODELING AN [MPULSIVE BURST AS EXPONENTIAL
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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
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s(n) = .274 cos(27(.07) (n-1)) n=1,2....64
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Fig. 12) DETECTING A WEAK SIGNAL IN THE PRESENCE OF AN
[MPULSIVE BURST BY FPIRST ESTIMATING AND REMOVING
BURST AND THEN FOURIER TRANSFORMING THE RESIDUAL.

DATA VECTOR USED IS THE DECAYING SECTION OF BURST
FROM RECORD #64 .8 SAMPLES 419-462

THE WEAK SIGNAL THAT IS INJECTED 1S
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Fig. 13) DETECTING A WEAK SIGNAL IN THE PRESENCE OF AN IMPULSIVE BURST
BY FIRST REMOVING THE BURST USING ADAPTIVE DIFFERENTIAL
QUANTIZATION AND THEN FOURIER TRANSFORMING THE CLEANED DATA.

THE SIGNAL IS s(n)=.149cos(2n(.12)(n-1)) for n=1,2...1024
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QUANTIZATION. T,= 3.76, T,= 2.51 , 4and N=101
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