r 2265462 THREE- DI MENSI ONAL MAXI MUM A POSTERI ORI ( MAP) TRACKI NG BACKGROUND

. The.present invention relates generally to tracking systens and nethods,
and nore specifically, to a tracking system and net hod ttzzZES£54$E$:2r

t hree-di nensi onal a posterion tracking including spati al

tracking. Wth the current proliferation of array processors,

mul ti-processors, and parallel 5 programm ng, sonar data i's beginning to
overwhel m sonar data processors in the func- tional area of spatial
processing (track |inking and nanagenedt across beans and ot her .arrays of
sensors). Wth this in mnd, it would be desirable to apply a traditional
data processing application (logic and decision naking) to the area of
array and nulti- processor applications (vector arithmetic or nunber
crunching). 10 A two-di nensional a posteriori concept is disclosed
inan article entitled "Detec- tion and Estinmation of Frequency Random
Signal," by R D. Short and J. P. Tooney, 'in | EEE Transacti ons on

| nformati on Theory, Vol. 1T-28, No. 6, Novenber 1982. The present invention
expands on the capability of this processing concept by extending
processing to three di nensions. 15 In a current system devel oped by
t he assignee of the present invention, the conputation used to spatially
cluster lines detected by nmultiple beans is acconplished by a general
purpose conputer. This is because the spatial clustering or association
process primarily involves |ogical operations, hence is nore suitable for
general pur- pose conputer i npl ementation. This architectural design
approach, however, results in 20 a sub-optinumutilization of processing
rgsgur ces when three di mensi onal processing is required. This is :
particularly true since an additional level of linking and association 2
Is required in order to Intain target track fromnode to node (an array
of sensors) in the thre@ﬁ“ﬁ@r@m NAdmM #tXIMUMierefore an objective
~of the present inventi oA FOSTERIORE (VAT TRAOKINGOCessi ng power
avai l abl e in an array processor by extending a two dinensional Short 5 and
Toonmey processing procedure to three dinensions to provide for both spati al
and frequency tracking. SUMVARY BACKGROWNIN| ON The . present invention

extends the Shor gkl AGHVINIOh RS E&irdlly6 H4LKiRg systerns and methods, and
more specifically, to a tracking system and method that provides for three-dnncnsmnal
a posteriori tracking including spatial and spectral tracking. o
With the current proliferation of array processors, multi-processors, and parallel
5 ' programming, sonar data is beginning to overwhelm sonar data processors in the func-
‘tional area of spatial processing (track linking and manégement across beams and other
arrays of sensors). With this in mind, it would be desirable to apply a traditional data
N/ Inomsﬁngappmnmmnﬂugcamidaﬁdonﬂmkﬁmﬂu:&manmofanayamiumhi
processor applications (vector arithmetic or number crunching).

10 A two-dimensional a posteriori concept is disclosed in an article enutled “Detec-
tion and Estimation of Frequency Random Signal,” by R. D. Short and J. P. Toomey,
in IEEE Transactions on Information Theory, Vol. IT-28, No. 6, November 1982.

The present invention expands on the capability of this processing concept by extendmg |
processing to three dimensions.

15 In a current system developed by the assighee of the present invention, the
computation used to spatially cluster lines detected by multiple beams is accomplished
by a general purpose computer. This is because the spatial clustering or association
process primarily involves logical operations, hence is more suitable for g_eneral pur-
pose computer implementation. This architectural design approach, however, results in

20  asub-optimum utilization of processing resources when three-dimensional processing
is required. This is particularly true since an additional level of linking and association



10 fromtwo dinensions to three dinensions and thus provides for a

t hr ee-di nensi onal signal processing nethod for use in sonar signal
processing, and the like. This added di nension provides spatial tracking in
addition to spectral tracking. Spatial tracking is performed concurrently
Wi th spectral tracking in an array processor, whereas conven- tionally, the
spatial tracking was perfornmed in a data processor. The present invention
15 of fl oads the data processor in a 4ypical sonar system by vectori zm’fg

t he spati al track| ng logic into a third di rrenS| on, using a "~

t hree-di ITEI‘]SJ ona XI m sterlorl tracker, ,and_thus fre S up a
data proces lmq fanade (a7 augy of SROTSIER;
folding in odtettlktee-dpnensainalmmng into the sanme. procedure as the spectral

tracki ng which reg Q@ETEY gﬁ@% t&gﬁ?% mhngﬁm 9@@% de data |
t hr oughput 20 capabi ‘?f/ 01p e sd};t Fte aut ofrtgt‘élkc age e |onprocess of

the present PrRssinEpwsHpvailabledn an gmey progessoriyangnding . evndisensiopaliShesfuency
Wi ndowed 5andardd TEONSSITBEEsSiHlg HRIcedire W thrédrdiftichiohs td@&&ﬁd@ﬂ:r@aﬂﬁs he@al@ager m ne

t he presence,or absenc{g of narrowband |l ines. The detected Ilnes are then
|i nked t enpoFSMCICLIR M st er ed spatial ly. This is achi eved by processing
25 the tine, frequency and beam d| rection data using a predeterm ned

t hr ee- di mensi onal naxi mung | OF Tﬁ@‘iﬁ%ﬁl‘mﬁ eby i ndi vi dual target
‘tracks associated with eac eam direction are concurrently processed and

whereby transiti OWWMMS%WMWM%EWWdH to

Srocess mar];ﬁbmttweetmmrtg ted dirienio: anmnixs 10" 'ﬁeartaeemensﬁurew de for

~detection o ar get et. 'en oy
ot oct 1o of it ph i8Sl moRof 1SS ) BelPighiRScoia SRR AL, e “

i ndi vi dual tthmgunonpmvkbsspaﬁaluadmngﬁhed&mnm smenﬂetachngcspatiﬂuaclsngishe -
procedure ISR#R,S’Q b%ﬁéﬁrie i3 Eﬁ&% Z’f‘% ev@ﬁlamﬁdsr _

- processor, etection _I’Og’gﬂsls 1 S capa l}@loa?lr&ﬁlﬁx muc t??’gneer N

vol une of t Hionalyyshe racking Wacpezformes atqeestat remtmwempmesent

system @Shl tbfﬂ&at&ltﬁédatﬁbr&esﬁﬁid th@kptm@ftr@d

i nes esent i nven NCr s the roce Sl n ughput
and i nprovesloglrca‘&? % P 3%@%’?@ %‘g‘ Mg from.

a data pocesmmm&mmmad&pmmfghpplmnommmwqclutec-
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achi evabl e. ?eah kpifial traditiv ﬁﬁthesan?e e duRIAChE i si on
processing per ane n-t{he dat rocessor 1o’ veclor pro eSSI g “executed in
t he array_prm Fé“{lﬁ I"' e M ‘f‘ wghput

i nventi @O rreeapbmhtyﬁﬂtncrsystmi on an FDS (Fi Xed D| strl but ed Systen) current| y

under devel opnent or. th : _'t_nﬁ%cegsqffﬂgerg%%%tm&){dma%hes%ebﬁoﬁ%’d’r' sed -

of many nodes (ar '
Toomey procedure toa frequency wmdowed and time segmented set of FFT magnitude

detected data to determme the presence or absence of narrowband lines. The detected L~
lines are then linked temporally and clustered spaually This i is achieved by processing o
25 the tune, frequency and bedam. dnecuon dam usmg a predetemuned three-dnnensmnal '

beam du-ecuon are eoncm'rently proeessed and wheneby transmons are made between
adjacentbeamdnecuons1nordertoprocesstargetu‘ackshavmgama:nmum51gnalto '
- noise ratio to provide for detection of the target.- An output target track is generated by

30 combining the high signal to noise ratio portions of the processed individual target -
tracks into a smgle output target track. Because.the procedure is mechanized for imple--
mentation on a htgh speed array processor, the detectmn process is capable of handling
a much higher volume of throughput data than the current operational system. The
present system exhxblts superior detection performance over a variety of signal lines.

35 The present mventton increases the processing. thmughput and improves track-
ing performance. By shlfung the spatial tracking from a data processor to the array
processor, higher throughput rates are achievable. The present invention transforms



“locations. Each node is conprised of a sonar array which provides input to
.an array processor that- perforns beanform ng processes in accordance with
the present inven- tion. The array processors in turn provide beanforned
data-to data processors for.spatial tracking. Wth the present nethod, the
efficiency of the processing is signifi- 10 cantly’increased and the | oad
on the data processors is reduced, thus freeing themup for functions nore
suited for their data processing archltgcture More specifically, one
aspedyfof the present invention provides for a three- dinmensional nmaxinuma
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det Sct eg c&éaofthetNimys 'lmbm)Seislteﬁtpyisamf odg,s d gﬁwgd athﬁffglggguency
wi ndoved and 4 gRome ni tude .def ect ata to deternne
the 20 presience of %ﬁﬁmﬁgﬁf%&éﬁﬂ ar qrgy wh X?dg S INPYH IOAT AFRY0f t he
target. (4) Ppmeessor Wmstgrpmcessdsam&dordmeewkhmprhsemmven-

t hr ee- di nensi gog! ThS ¥ r QN of
the target. BRI EF OHPOF bl oy B eli At 8 WO LG FR

f eat ures and Mﬁﬁgmﬁ ﬁ?mnﬁﬂyf@émmw@gmﬂi-y
under st ookD wi cmweﬁmmdmmeum&mmw&m is eetiuees, thusTrdedti} thasp |

Gip |

conj unction w wher ei i ke reference nunerals
desi gnate |i ke ?‘[“?uc %W%%&%ﬁgé?m*% 1 is a diagram
illustrating a typ# mymlammhépmsmunvennmmidesfor&&hrec
expl ai ni ng -t hgini¥nkibAdlth:S8ma o H3064kin giéﬁimfeﬂﬁtébﬁmn
t hree di nensional ltt@wggﬁ trac}ﬂ?awﬂlbﬁl accog ancef m%“@b’g@%ﬁ%@g‘sff
the present iMO¥HE gﬁgﬁd&’ Epriseighe foHovwing steps. t toringsampleng
in accordkirlceum&hmanﬁe@enbyﬁimbeaﬁiﬁﬁéchﬁﬁ m/?b?gﬂﬁg ; alsetof4

i.nvenil on,

Shove a 11 ow T EEPEoMS delPich o melesiy Siopglduags of &

di mensi onal ampwgm |(21$m@smmm§mmm¢mﬂbﬁlmackl ng
e b O S oo B B D Bl o ckaality” °
windowed and time segmented set of FFT magnitude detected data to determine the
20 . presence of absence of narrowband lines that are indicative of the target. (4) Process-
.. ing the detected narrowband lines using the three-dlmensxonal maximum a postenon
procedure to provide detection of the target.

R, L BRIEF DESCRIPTION OF THE DRAWINGS
25 The various features and advantages of the present invention may be more read-
ily understood with reference to the following detailed description taken in conjunction
with the accompanying drawings, wherein like reference numerals des1gnate like struc-
tural elements, and in which:
. Fig. 1 is a diagram illustrating a typical operational scenario that is useful in
30  explaining the principles of the present invention;
Fig. 2 illustrates three dimensional target tracking in accordance wnh the prin-
~ ciples of the present invention;
- Fig. 3 illustrates two dimensional target tracking in accordance with conven-
- tional practices which may be used for oomparanve purposes in explammg the prcsent
35 .invention;



5 tion; and Fig. 6 shows a sinplified three-dinensional exanple of the

met hod of the present invention. DETAILED DESCRI PTI ON 10 - Referring
to the drawing figures, Fig. 1 is a diagramillustraing a typical
operational scenario that is useful in explaining the principles of the
present invention. Fig. 1 shows a target 11, illustrated as a submarine
moving along a path 12. A plunl- ity of tine points (t 1, 2,3, and 4) are
shown along the path 12 which will bedused to describe several processifig

procedures ith referen toFigs. 2 and 3 below. A 15 plurality of pl an®

waves 13 and the g@gss ﬁ-a%lﬁﬂ kﬁ A ni‘%@ﬁhﬁﬁ ative.to
t he positi on of thg fargeteaqlﬁiv{G ng ?‘%%p sgﬁ’??rlﬁrray ocat ed a
di st ance awdljmensional 4 posteriogitre tishand:spepteal sraekin

gener at ed bygiith@e [csafﬂg ﬁ?&ﬁo the beans are. |nd| cative of -
separ at e bearlng 9 16b 16 d S heari ng,
beam 2beari ng, v ﬁ%‘h@lﬁ ?Bﬁr'ﬂ%’g“i f&’ﬁmqlﬁhﬂl t he
path 12 ﬁheuoeiaﬂ Ve . strength of the si gnal's detect ed al ong-each ‘of the

bearing directio tﬁfee dgﬁ"%gﬁ rﬁaftﬁ by pro-
eac &'Eag m d| rec onéﬁﬂgs w | be

cessing the si gnal -' as.soc?a et -
di scussed wipresentdneentigBe to Figs. 2 and 3. Fig: -2 illustrates’
“three-nensi onal target tracking in accordance Wl th the prin- 25 ci pl es of

the prseinvention, while Fi g{%’fA t{@ Pﬁs Svibd i mensi onal tar get tracking.
I n accordance W|th convent:i t

m-ch-hey be Used for conparative
pur posed0i n expl d{efcmggttmdle_ rawing figureschig bmatﬁagmﬁllummgtahylaealset s of
data known %?e:’a ?j '
noi se, |IIus rate by

ks Qﬁﬁ&ground

the . 11? ede’%g%%@cﬁrtﬁ{cgﬂ @ﬁgﬁrk)iﬂar gram 17a,
17b, 17c, akig tmt%t:k lsm aaesgbmmem a/%maaea@. & Phugalnoi se
ratios, lndh &iftﬁ;aggo mtlensstandajaxtehhom tthe/ qnwﬂéhwmw@searacks

in each Iofar 7b 170 Re rrln.' g*?etp @Ka g%ﬁx nt| nal
f““g?'& e first

pedures Wit
processing f? §Sing progedures §
| of ar gr &n 1Mypfoheeswesh3mdﬁewomatedrfmquthmmshom f| rst

| of ar gnm 173.1hSy f@s‘flﬂ: ﬁ%& AUt

second | of ar ram %é prl{)‘geétﬂ‘xé g‘g‘?& gaa é*e%%‘r#&o% plé?@;[orcé 1 8b
and the thi distance away frem the targetl and beamsare, : ack
18c. In the sa:tseemmj 15. Wbmwmuvmts@me -‘. y ioas 1649 noi se

L, oy g bl P s o L 0
20  target 11 moves along, the path 12 the relauve strength of the signals detected along
each of the bearing dn'ecuons changes with time. Terget tracking is achieved by pro-
| cessxng the signals associated w1th each of the. beam dlrecuons, as will be discussed
- with reference to Figs. 2 and 3. :
_ Fig. Zmusuamﬂxree-dlmenmonal targettraclnngm accordance with the prin- s
25 ciplesof the present mvenuon, whtle Fig.3 ﬂlustrates two dimensional target tracking - -
" in accordance with conventional practices which may be used for comparative purposes
in explammg the present invention. Fig 2 shows three sets of data known as lofar-
grams 17a, 17b, 17¢, that are comprised of background noise, illustrated by the stip-
pled (grey) poruon of each lofargram 17a, 17b, 17c, and a target track, shown as
30 havmg various signal to nmse ratios, indicated by the mtensny of the respective portion
of the tracks in each lofargram 17a, 17D, 17c o :
_ Refernng to F‘g 3, the conventional processmg procedure works as follows.
- The target track shown in the first lofargram 17a is processed to produce a first output
~track 18a, the first lofargram 17a is processed to produoe a first output track 18a, the
35  second lofargram 17b is processed to produce a second output track 18b, and the third
lofargram 17¢ is proeessed to. produce a third output- track 18¢c. In the areas of the
respecuve tracks that have a low signal to noise rauo shown as dotted lines in the




: procedure of Fig. 3 have noi se, |nd|cated by the wavy portions of the

. output tracks 18a, 18b, 18c i dentified by arrows 19a, 19b, 19c. The dee
respective target tracks 18a, 18b, 18c shown in Fig. 3 are then processed
in the conventional procedUre and a 5 single target track, in this case
out put track 18b, woul d be sel ected as having the highest signal to noise
rati o and hence the nost probable target track that i.s the true frequency
track.and bearing of the tafget 11. Hogever, due ¥oit he noise contained in
t he Qut put tracks 18a, 18b, 18c, there is a substantial amount of error in

detecting th rue b [ trac th et 1 '
Referri ng to?qft : , égﬁr@é’ﬁﬁs 2!/'3‘3%5?1‘%‘%%@%@&% g?ﬂ&“%‘m#ar ned in
t he | gf ar gr apsoctdure of Fig. 3Menmsamﬂ1catedbytthenqu:om¢mmftheeompm\mnks onal .
rocedure an e &%dkﬁ%é&}’lﬁ%&tﬁf

gchr eved as ?s?ﬁ?\%i’ I'n the T1'rst r%grtgq% t e | gef p%ertron of the
target track1fd8h, Hoghowndndis Bere Wﬁm@ B apdam 17a,
the mddlg peig 1eQ&§etuidk§:ﬂtﬁ{sea§eéd@ﬁhabmsavbeb§smddstm g thé10i se

ratio. In thﬁl r*ﬁnggf%gamlﬂl%! thethIFast ﬁf’tron of ge t ar get trgf;e[tas

a high signa
track, the _pﬁegmmymaoleandhampgofﬂmsagetrle Hawevei' rdumt@ﬂ)cmombcbinmdedﬁmr gr anms

'rlr;i‘r m%;tbsr é;ﬁﬁw@) n(li)lra'g% frsaomb ?9&%%1£§i§3{ag t arget trac&kg%%ﬁﬁé t he

present inveHB¢ $eguency, and beam direction data in
%der to![(ﬁet ect tRefén':lﬂ ﬁFl; t f b&tthtdi%lhc&itaiﬁb??ntﬁc

erein the | 0 a from irs arqra a
doubi ned wit ﬁd‘l’ gﬂbg F%‘b%d%%“?nﬁ afﬁ?‘“r ﬁ]c%vgn ‘é Pﬂ am and -

t he | ast poraclncvesimptwadmrge!ﬁaohagQMG&f'ﬂnsmhlwédamnom el thcrre
t I h
intervals s ﬂﬂﬂﬂs proéﬁ;tﬁéinﬁ Bfﬁﬁigﬁ?ﬁfdﬁh%sﬁﬁgﬁm aPto il rhil

time 25 uces get trac 'S nmuc e accura e that

one pr oducedhhﬂlpméﬂm&g& ‘B‘r’ puddle porgiop phthedargetdrackihas a highisigngl toat es

an apparps Usndige fifid, dn tHeQhind ioFargtiih 174, Ui lastPoltion dfthé taniek tridk Nltalagh 20a
t hat provi deﬁgpﬁr thr ee-di mensi onal a posteriori tracking in accordance

with the pri 5P T340, present invention that includes bot h spatial and
spectral tracki ngIn Gﬂerm‘lﬂeneﬂammmealchudtﬂﬂgeﬂmckrﬁepm%mﬁmhbmmsﬁ eps.

The first stgn dat
Comr | ERES 0 06 e RGBSR I,
repr esent at i {rllowfa gagkhathag am&r the detegted sergefitracks i s

h presamY dﬂag,em,wcm!
zt g\rMedI %?gégkﬁgw@gz‘%r t%de detgl?tﬁﬁg ﬂ.t agrg{lt ey t??le%rgg?cy,
b 35
p?g?essr ngapﬂmdandqmmnw&mhﬁrgmm Hadsmmhneéglmmmmpmﬁod?ﬁthﬂﬂgm t ude
detected dat g, Wﬁ&ﬁr&ﬁaﬂ&ﬁﬁ?&ﬁ@m‘%n%?ﬁﬁ%ﬁdﬂfﬂ%ﬁ PIARPdadn % L hat

are indi catrve as I's
N mnemtervalsshowanig 1 (time 1 to time 2, time 2 to time 3, and time 3 t time
25 4). 'Ihlspmducesatargetu'ackﬂlatlsmuchmoreaccuratethatoneproducedusmg
... conventional processing procedures. -

Fig. 4 illustrates an apparatus 20 and a flow diagram for an antomatic u'é,cldng
. method 20a that provides for three-dimensional a posteriori tracking in accordance with .
the principles of the present invention that includes both spatial and spectral tracking.
30 - The basic method 20a comprises the following steps. The first step comprises storing
time, frequency and beam direction data cdmpr_ising a three-dimensional set of FFT
. magnitude detected data that are representative of a three-dimensional image of a mov-
ing target, as is shown in box 31. The next step comprises segmenting and windowing
the stored three-dimensional FFT magnitude detected data in terms of frequency, beam
35  and time, as is shown in box 32. The next step comprises processing the frequency
" windowed and fime segmented set of FFT magnitude detected data to determine the
presence of absence of narrowband lines that are indicative of the target, as is shown in



6 box 33. This step conprises processing the deteted onarowband |ines using
a dnr- dinensional maxinmum a posteriori tracking procedure. Tils procedure
conprises processing tinme, frequency and beam di.ecton data
andt-si i ngbet ween beam directions in order to generate an output target
track having the maxinui signal to 5 noise ratio for the target 11. The
next stop is to output the detected target track for use by an operator, as
is shown in box 34. This basic nethod2§a may al so be described in other««

terns well-known to those in the sonar signal. proceSS| ng art The d
t redi nensi on sgﬁnpcés h%%’ Bok - ent on-
I s adapted t eug?m neg&B ﬁfpﬁ%& ar g ' througﬁ spgg racki ng

met hod conpr diseen . e g)rqoedgreg iproegaurecamy Snterval
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‘ ~u o { _ : he ’
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di reci on. Bﬁ&?&. andomacesnenry. 21, for exarrpl e. Step
2: processi ngiﬁe S ore% E‘FB nun'e3r34| cal val ues by sequent i al'l y proce55| ng
a predeter- ni.nedThis | -"'f y,alsab émd@pﬂmmvdmm

nuneri cal paﬁ,bsgﬁlwmg =54 _ A Bndxith ostefio eiach

pi xel ofa current. t| tpﬁrval are com ed,. .ang the Iar st |nt egrated-
path val ue fTOM e n. 18 &m'gﬁdthe
path t hrmjgmmmgehmﬂgheslwe mte mhngmthodebmseshhe fdimngnaelmmwpm

:Opgggggf ﬁg ' S ac gﬁ‘kped '” a, pr (5mTa *}‘ﬁdcorrp%%& &%ﬁ agr ay prgglezsoro |

22, or in a dimensigpsl Jnagnityde dotecied %Wmﬂwdmme@mﬁl
out putting timgaafh ?e:tgm \iaBiCoRiRised ket of HlimeA®Y De

achi eved by t e use. 0 sogar r os?he s%a evi ce, 23, 25 coupl ed to
' - sanm(ie 'ﬂ"@ju %ﬂm y ot each bammect i on

t he conput erV
met hod ddnprdm@ﬁoa. ﬁhzsmoragbrsngna*edlmaeatdbue 5 farexdmple. tStep Shor t

isifl £ bisuEief
D

and Tooney ‘aj gﬁ&éersg{{% W setﬂﬂs ea d i,
entitled '"etégctlon EH(? st %t%lfgn of, ?%(%e Ean oM. Si g

Short and J.minednygbey.of subasr ﬂtﬂt&ﬁ@&ecalmﬂwalwm |
| nf or mat i on ek btel’ Nprey ﬁa%fabﬁﬁé’ntdmemmﬂhré&&: been

extended to't nsi riS|n dn vmththe rinciples of the :
present inv %P&M m P‘g'[‘{aﬁﬁ r’r’ﬂf%vép éﬁ%ﬁ?’ﬁtlﬁfi%fhod
first a@® i emneﬂeal@tbe pathrlhtoifgioﬁayntmeaemfmummoala/alueemaehmhemmdnmd and
time segrrentﬁﬁ arrovvband&l nesistlblkﬁemﬁgto?% tﬂe&?gét’e‘l‘fds né){sesence

of absence of t ect ines
_ maprograrnma ecomputer22 manarrayprocessor22 ormacustormzed

, mtegrated cncmt chip 22, for example. Step 3: outputting the path of the target for use
‘byan operator This may be achteved by the use ofa sonar or other dtsplay dev1ce 23 _ o’
25 coupled to the computer 22, for example. _ .
' More particularly, the automatic detection method compnses a front-end srgnal
~ line detection process eorrespondmg the Short and Toomey algonthm or prooessmg
| procedure dtsclosed inthe amcle entitled “Detection and Esumatton of Frequency
Random Stgnal,” by R. D Short and J. P. Toomey, in the pubhcatton IEEE ‘Transac-
30 ' thl‘lS on Informauon Theory ‘Vol. I'I‘-28 No. 6, November 1982, but which has been
| extended to thtee dtmens:tons in aocordance with the principles of the present invention.
In this configmauon, the automatic detection method first appltes the Short and Toomey .
procedure to a frequency wmdowed and time segmented setof FFT magnitude detected
~ datato determme the presence of absence of narrowband lines. - The detected lines are
35 then clustered spatlally o : : :
Because of the fact that the Short and Toomey algonthnnc procedure is mecha- o
mzed for 1mplementauon ona htgh speed array processor, the detection procedure is




- 35 then clustered spatially. Because of the fact that the Short and Tooney"
_algorithmc procedure -is mecha- nized for inplenentation on a high speed
array processor, the detection procedure is 7 capabl e of handling much

hi gher vol une of throughput data than does the prior opera- tional system
Besi des exhi biting superior detection performance over a variety of signal
lines, this ability of processing high volune of data using an array
procgssor has made the Short- and Toomey procedure . a:very desirable

aut ogati c detection procedure Fig. 5 shows a two-dimensiona

Fepr esont s SBPRE o PERBRZ °fe§p§w8 PR o RS EgE i ol e S G,
of each dot nmmSBBMMWsupmﬁe@nwnmmmvmmyef dot The

dashed and r th
respect to-t é %raesgldklpon ro SIh rvc?)’\i/v o a ovver row i Amcrio p| cally a‘é"
wi ndow i s sMME@h%MEQM laeaamr
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Girectly abapEendon: ﬁeFﬁsrét oot Bpibsiis & Sins panef AL oA T8 BT it o
poi nt. The Iahgpenthplefmdeoﬁpavhdmepmmtnhevﬂﬁmofﬁnmggﬂasmwdﬁmbﬂmhe
bound- ary pgdch ‘fﬁﬁﬁh@ [l
“addi ti on, |f&%\/\/otr‘ﬁ?)ragérrh%crllgﬂq?Q{“%(fht&ﬁs ree values'in t prece ng row are
the same, 't HESPECcho the fransiten Gemahi mwr% maowofl‘arpwauy & wendoye iSsettong
rowis tWe%éMémtﬂ%hdmﬁxaﬁpl@deWda ntsQﬁdeV\Tﬁdhsto

reference to ig |nthe econd row, e first oi re i.nt egr at ed
et ¢ e e crekagh data hotatin e SSARATPY ca Ry it el el So B Byt SHL o1 1
and fifth dahapmedlngrowmahml)smyabmmrtethenighgomdmhpmm;andrmmoluﬂth dat a

Egi/gﬁn Irrn(zlgful{eel :%t a %@ngdg%o% row ar@&nt eg?g(?eg'bal{l t he

fifth and sisypoinss enlyintagrate;usingtwomuppendatappint alyesc xyl tmeormore
i nt egr atjey déﬂtﬁcﬂMuésQﬁﬂie Iafmeeémé,fﬂi’erﬁﬁé

for RN
bel ow each r ec.tlve oi nt Th| S .process c nues f.or ea h OJc the dat a
.rows shown i m ‘gmg‘ﬁ?rﬁpﬁ‘t'g?gw ‘\?’81’%

generated faor eac'lﬂmspundﬁthllefeﬁceuiﬁgts,ngﬂtdsebmmmqrﬁnsﬂtwapmhtsm

Phe data poi n?é%av. B T sbonclia POETC ke BT (Ve I PR, b b ("

det er m ned. datapoinrsmsherwemwarmwsatadm@npemdgemmanﬂmm line
traced ty oughy =8), While tHfé SRR (Fal @eéﬂﬁﬂdi&%&ﬂﬁ@-é}&ﬁ&%ﬁ&%tﬁéaﬁpl e
of the rrethod2 of tFJe 30 e I nyent.i g %esg;l}swstrrre ]
frequency a "H%Heén é’ﬁgb'zl M q?ptapom n L TOW, Tespec
tively. The integrated data values for the data points of the sécond row are shown
below each respective point. This process continues for each of the data rows shown
\/ - in this example, until a cumulative integrated value is generated for each row. Then,
25  starting at the data point with the greatest value (value = 63), and proceeding backward
(a posteriori) through the data points having the highest value in each row, the target
track is determined. This is ﬂlustrated by the relauvely dark solid arrowed line traced
through Fig. 5.
Fig. 6 shows a simplified three-dimensional example of the method 20a of the
30 . presentinvention. Fig. 6 shows time, frequency and beam data points associated with
a moving target. Fig. 6 is more complex, since it is a three-dimensional array of data
points. Only a few points are shown for clarity in Fig. 6. The procedure is exactly the
_ same as described with reference to Fig. 5, but the additional dimension requires a
~window that is 3 by 3 in size, for example. The data values are shown either to the
35 side of the respective data points, while the integrated values are shown generally
below the points. The locations of the numerical values have been located so that they



a noving target. Fig. 6 is nore conplex, since it is a three-dinensional
array of data points. Only a few points are shown for clarity in Fig. 6.
The procedure is.exactly the sane as described with reference to Fig. 5,

but the additional dinension requires a wwndow that is 3 by 3 in size, for
exanpl e. The data val ues are shown either to the 35 side of the . respective
data points, while the integrated values are shown generally bel ow t he
points. The | ocations of the nunerical galues have been | ocated so that@

t hey 8 will be nbre legible on the dfawi ng. The target track is

il lustrated by_the rel atlvel dark soljd arro line traced . thro

The threed - Wilbbgmopjegibleotthe dpwing. The F'F‘g‘n‘ g %Yé‘gg(a
FDS (Fi xed Dﬁﬂﬂ@jﬁmw:lﬁuﬁglemglﬁ under deveI opnent for the -

. Department 5 of th (s S
sensors)  at dlffergkwgg\ﬂi %ﬁ%«gh&%&%ﬁg&;%g@@eﬁray
" wich p s inpuonanFBS§ @mwbmsmhmdymderdwdopmentrt'MQD&pammt :
accor dane g t&&éﬁweqﬁemmeamphwb x&t}s’ my§ofsensa§>£ ovi de

beanf data to data p essor.s for spat track::vgﬁ resent rret hod,
the eicienc: Fa@b OPESG @Imng@rmy h B Q2 frayhe
| oad on the dmoesswthau erforis hgfproasses mm&ncéwtﬂxﬂwmesenﬂﬁm-e

suited rteir .: 4SS, Jecal Iy |
to operate og@? aITl§/° on: or nr@n@ﬁﬁw&ﬁawﬁﬁgﬁ ',_Mm mim a
post eri ori prmwma@ldns W%mwﬂwe pmcgssingisisignifis | s
any proc I €cdnl 9’“ ngr ﬁ-egﬁ, - Tbe

| owi ng |?@; dn%ﬁ Ied staent o %ore rreé%‘gd 20a of t:he restair?tst |nveﬂr:?|n(;lrlt’ that g
ext ends ¢ he -Gk FFREFIPDS TG it theep data processing ATPIeols oEY Foces:

stat ed above, ddsfgnedspﬁdﬁ:ﬁﬂyﬁoopm&teopﬁmmomvmmﬂmuct The ddeerdi
har dware and Jl Jaa}g%aﬁtﬁk%tg%wm %g

enpl oyed her el n. T PDe |'n|' | _
bi ns f~~~fen proggime;matconmns“DOlgop'fprooesmg; s ndext tinits =bn s

spatial iygdex/ uni the NE ommoafzoawmewsnﬂmnm

* l 'v\'i v\'

. deta:led
L;)tlgl p][tunber .&f fi eﬁggqec% bl ns 25 to I ?iungnléﬂ}:r)l%r Acs)fwaségaatwdal
_ above, this method is 1mplementable in many ways, mcludmg both hardware and soft-
ware mtplementanons. The following deﬁmuons are employed herem '

._ lnemdex/umts bms

t

f frequency index/units = bins

s . - spatial index/units =beams

NT . - total number of time bins L o .
. NF  totalnumberoffrequencybins - - . N

25 NS . tOtalnurﬁbetof'SPaﬁal'-bins-r_. o L .
pf . - spectral probability path index
ps spatial probability path index

fpath spectral path search limit
o spath - spatial path search limit. S
30 fmax = spectral index where maximum occurs
Smax - spaﬁal'indexwhetemammumoccurs' -
Cmax  global maxifrium of cost function
p(f;s).  path transition probability function from time bm t-1tot.
X(tf,s) . spectral magnitude bin at time bin. t, frequency bin f, and spaual bea.m s.
35 Y(tf,;s) . transition function
C(tf,s) . cost function -
T®) three-dimensional track function



" ps spat probability path |ndex fpath ' 's'pectral path search limt

.spath spatial path-search limit. 30 f max spectral index where
maxi mum occurs Snax spatial index where maxi mum occurs Cnmax gl obal
maxitrum of cost function p(fs): path transition probability function
fromtinme bint- I tot X(t,fs) . spectral magnitude bin at tine bin t,
frequency bin f, and spatial beams. 35 Y(ttfs) transition function
C(tf.s) cost function T(t) . t hr eegdi nensi onal; -t:rack function 9 TI
(t) %# spectral conponent of track function T2(t)  spatial conponent of

track function foll fine the mat hemat cal steps

t hat i npl enent ’lt{R@ thre%%’ﬁ%?&%ﬁ% %fet hod 20a of the pr esent

i nvention. Thed2(®t eps qpagalloemponemnf)lrmkefnmmmu n software or hardware, such
as by an array progRss Edv;nn pt ed
to inpl enent the 1og| gﬁ gﬁocesm ng steps w‘éﬂ) (sjép

Vax( | ogf p( f +#hree-dimens vsnum 'hpsvamepsma ath

and ps = ssp&hblmemedlﬁamm(&h )suéham RS Y and

Rl i e e

acoustic data set (lh G(chs) Kmf,ﬁf'l' Mmdhgip(ﬁ-nﬁas-tps)h-j- (Emi;f+pf s+psect ed as

follows: (S)VJggpe( ) d 8§ NF) (s = 1, , NS) and
set frmax and srrax e vgﬂ1 g E? t whi ch Cmax occurs 15
Now, -with the fma mmﬁwz mewstrack i s

conput edl10 ec {ipf5 pykhatywlieh KEh,s) of eiqudion (E) faiha iMarfiturhivaliear ray Y(tfs) of

TRkl al 1 zed s foATELeEpebiefas Dot pliSd bl b caf it B B | e

in equation pwymof b costifyinctionTCmax,)is selegted 3s followsct or speci fyi ng the MAP
track in frequencysypitiaax L MarCRELEY)! for % 1,25, NF)) WLl Ofysyf time t.

and set fmax and smax equal to the value of f and s at which Cmax occurs.
15 Now, with the fmax and smax determined, the three-dimensional MAP track is
computed recursively backward using the path transition array Y(t,f,s) of equanon ).
4 T(-1)=T() + Y(@-1, T1(t-1), T2(t-1))
Equation (4) is initialized as follows
(5) T(NT) = {fmax, Smax}
20  where T(t) is defined in equation (6).
©6) T(t) {T1 (v), T2(t)}, a vector specifying the MAP track in frequency bins
T1, and beam bins T2, as a function of time t.
_ ~ The attached appendix provides the pseudo code and definitions for the three-
Y dimensional maximum a posteriori procedure in accordance with the present invention.
25 Thus there has been described a new and improved tracking system and method
- that provide for three-dimensional a posteriori tracking using spatial and spectral track-
ing. Itis to be understood that the above-described embodiment is merely illustrative of
some of the many specific embodiments which represent applications of the principles
of the present invention. Clearly, numerous and other arrangements can be readily
30  devised by those skilled in the art without departing from the scope of the invention.



The attached appendi x provi des the pseudo code and definitions for the

t hree- di nensi onal nexi-mum a posteriori procedure in accordance with the
present invention. 25 Thus there has been described a new and

i nproved tracking system and nethod that provide for three-dinensional a
posteriori tracking using spatial and spectral track- ing. It is to be
under stood that the above-described enbodinent is nmerely illustrative of
sonme of the many specific enbodinentscyylch represent applications of the.
principles of the present invention early, nunmerous and ot her -r
arrangenents can be readily 30 #ﬁgﬁkﬁ those skllled in the art

wi t hout departing fron t he scope of ntion. < TAPPENDIX:: This
appendi x provi des Thigappeadiprovides thapshuﬂonodean&leﬁniuohbﬁ)rtﬂiﬁmaﬁi%n- si onal

Dot | i 1] one. (LovaPARhlA £ pbiicd e obluhls i 8 pesell Y5nt,

Brency

i ndex/ nits = Dgfigitiops: ~~ - “spatial ind/units = beans hv ' spatial-
(honi zOnt al ) Aspectral ﬁmeqﬁe)wnngla)bﬂpr transition.array: hv-= 0. spectral;
hv = 1, ﬁgatlal NT tﬁﬁ * nun‘ger of time bins 10 NF o
total nunber “of fi eque tot al nunber of spat ial bins pf
spect ral prolsability pspatmllmdmdmhtsp@eams “spatial. probabl i ty pat h i ndex
- vl enpor ar r(h@l%(ﬁ [P t
spect ral patllu1 search I%brar'lﬁfa S uﬁ é%ﬁg@%% ﬁ?"rpax
spectral i ndex where niPeeRlpBYEls © - spatial |ndex where maxi rrm

occurs p(fs)NT patﬁtﬂﬁmwdfmabl lity: matrix fromtime bin t-I.
t. 20 t, o spe al ude bi.p-at time bin.t, frequency bin f -

and spattal g@%ms E‘Hg?’%?ﬂm%% 'MAP pat h- tranS|t|on i ndex =~
array at tim¥N&in t, ftoul]nmnbgtdflspatialbnsd spatial- ‘beam s, containing two

Gt B func?*?’g%“’%; b ?2%8?2&"22& }uﬁifﬁé'na”

Ps _spatial probability pathuxx'

~ max - temporaryvaﬁabletoholdcmrentmwumum

15 fpath . spectral path search imit - - - -
spath spatial path search limit. - .
fmax specualmdexwheremammumoccum
smax spatial index where maximum occuts X
p(f.s) path transition probabxhty matrix from time bm tltot. -

20 X(tf,s) - spectral magnitude bin at time bin ¢, fnequency bin f, and spatial beam s.
Y(t.f,s,hv)  three-dimensional MAP path transition index array at time bin?,
o ftequency bin f, and spatial beam s, eontalmng two values, one for hv = e
0 . (spectral) and one forhv = l(spanal) S NS
. .Cost(t,f,_s)_ cost ftmcuon S A B |
25 CostTemp temporary cost function
. Trk(thv) . - three-dimensional track matrix .



“Trk(thv) threedi nensional track ITB.tI’IX - i:CRs =1, NS 1

.l oop over spatial index FORf =1, NF i I | oop over spectal
i ndex Cost(lfs) = X(1,fs) | initialize cost function array to spectral
magn-t ude val ues for tenporal bin |l 5 ENDFOR I end
spectral | oop ENDFOR I end spatial loop FORt = 2,NT
' | oop over tenporal index FOR s = | SNS | | oop over spati al
i ndex FOR f = 1, NF , L oogoover spectral index 10
Cost fffs) = Cost(t-Ifs) !" save ol d Cost functi on ENDFO?
I end spectr | 00 spatial loop FOR s =
1, NS I'% =1, EEII oop over spat“QPPPH?}'esPanex— 1, N\ !
| oop over speBORaf=ilpd@X 15 Y(Iioopo()érspeclralmdex 1initialize
spectal Cost a s, 1) =p patial Cost
I ndex array rra&gmgf;gyBxH% )f Tmalr{z?oogfﬂmg&?#a%otglsﬁgl; avai |l abl e
negative number FOR Ps = -spath, spatmagmmawpe&fnr lbin Fansi tion
probabi | isty |Eﬂ9FORndex =S +pt  yend spatial cost index 20
| F((sindex > (sindex <(NSI1)) k Spatial bounds FOR pf =
-fpath, fpatmgb 8Eﬂnop on spectral tr%ﬁ!@lsi’?‘%ﬁi MPobabi ity index findex = f +
pf | TRORtS{BNI al- cost index §Jobp G¥érnetaporal iddexand (fi ndex <( NF+1)))
I' check spect o] Cost Tenp= Cos si ndex) + p(pf, ps) I
tenporary co $6§'§b Lﬂ% | F( Cos %gsh&%?ﬁdﬁ | test cost
agai nst max nmak ! upd&aloepmsgmalin(lcxl fsOQ = pf I
updat e gpectral G&Qgits)ay@dgt(}’_(ltﬂ)f Sy, s’a)re&ld@ostfuncn&ﬁ)dat e spat i al index
array ENDI F max c t test. 30 ENDI F
1\end spect ral EDNGFRR check ENDFO? loop | end spatial spati al
transition prENBBFOR ty | oop ENDIF !endspaualloop I end spatial bounds
check ENDFOR FOR s =1, NS ! end‘lﬁgﬁ&élsp&ﬁf‘fdd@ transition probability
| oop i
FOR f=1, NF ! loop over spectral index _
15 Y(t£s0)=0 - linitialize spectral Cost index array
Y(tfsD)=0 ' ! initialize spatial Cost index array
max = -32768 ! initialize max to largest available negative number
FOR ps =-spath, spath . ! loop on spatial transition probability index
sindex=s+ps . !form spatial cost index
20 IF((sindex > 0) and (sindex <(NS+1))) ! check spatial bounds
FOR pf = -fpath, fpath ~ 1 loop on spectral transition probability index
findex =f + pf ! form spectral cost index
| : IF( (findex > 0) and (findex <(NF+1))) ! check spectral bounds
o/ CostTemp=Cost(t-1, findex, sindex) + p(pf, ps) ! temporary cost
25 IF(CostTemp > max) then ! test cost against max
max=CostTemp ! update max cost '
Y(t-1,£,5,0) = pf ! update spectral index array
Y(t-1,£5,1) =ps ! update spatial index array
ENDIF ! end max cost test
30 ENDIF ! end spectral bounds check
ENDFOR ! end spatial spatial transition probability loop
ENDIF ! end spatial bounds check
ENDFOR ! end spatial spatial transition probability loop
| Cost(t,f,s) = max + X(t.f,s) ! construct new cost function
35 ENDFOR ! end spectral loop
ENDFOR ~ Yend spatial loop

ENDFOR ! end temporal loop



Cost(tf,s) = max + X(tfs) ! construct new cost function 35 ENDFOR

I end spectral | oop ENDFOR I end spatial | oop ENDFOR
| end tenporal | oop 12 max = Cost(NT, 1,1 initialize max to
cost of s spatial bins 1,1 fmax=1 linitialize
spectral index to bin I smax=1 initialize spatial
index to bin |l 5 FOR s= 1,NS - ! loop over spatial index
FORf - 1,NF | 1oop ové? spectral i ndex | F(Cost (NT,f,s) .ak-
max) then ! test for global mam*nfrrax = f ! spectral
wher e curr ent marx GostQNE,1slpx = 'uuuahzemaxtocoétoﬂﬁédn%i spatial bR 1S
cu=rent max O a4 - max —Cost( f, udof current

gl obal i mum EI\B?% 1 : [!\IT @W mﬁ%(‘ig%ﬁ?‘r&t est ENDFOR

| end spat| al sta¥op IENDFOR 'nnuahzespaualmde:encbmérrporal | oop 15
Trk(NT,0) = fmax - I initialize spectral track to finax TIr(NT,
1) = snmax s ool initialize spatical track to smax FOR't = NT, 2,-i
| oop backwar FORTIMNTi me Trk(t-1,0) PWWE‘ESPSWJB"F& I, Trk(tO),

Trk(t,1),0) ! FORA=1eNFral track fronloop md‘gkk(t 1,1) Trk(t,1) +

' end tempor . PRGORNTILS) g ] fief] af’%éﬁwfo i 150 X

raxi mum a post erifgax 3fcker (20) for Usneelrdlhmwbemepatﬂtmixacwﬁrget (11)
. nMovi ng t hr ough srgmg\gth varyi ng acog ﬁﬁk:gcgcﬁ ggker (20)
conpri si stora ni@;ﬁ&% for sto@ang sapl e t| rre I'ntev requency and

beam 5 qgl recti )SI ng -a {'HPSE balapaximugET nagni t ude
detected data (ENDlFepresent ative of &m@mmmgl |nage of a target o
novi ng throughEm whi ch ' !endspaﬁalloop : _ _ V
'ENDFOR © tendtemporal loop o
15 T(NT,0)=fmax ""unuahzespectralu'acktofmax
 Trk(NT,1) =smax 'unnalmespaualu'acktosmax |
FORt=NT,2,1 'loopbackwardthmughnme L

Trk(t-1 0) Trk(t,O) + Y(t-l 'I‘rk(t,()), Trk(t,l), ) 1 form speclral uéck from index
20 Trk(t-1, l) Trk(t,l) + Y(t-1, Trk(t,O), Trk(t,l),l) 1 form spaual track from mdex
ENDFOR a o i 'endtemporalloop



- data conprises a set of nunerical values repesve of sanple tne interva

. versus frequency data for each beam'direction; processor nmeans (22) for
processing the stored set of nunerical values by 10 sequentially
processing (32, 33) a predeterm ned nunber of subanrays of numerical val ues
such that nunerical path values fromeach nunerical value of a previous
tine interval to each nunerical value of a current tine intéerval are
conputed, and the largest integrated ath value fromone tinme interval to
the spext is determ ned, and the path through the entire set of nunerical
val ues that has tjf ?gg ntegrated nunerical 15 - value is indicative
of the path of the rget and di splay means (23) for outputting the
path of the target. 2. The tracker of daim1 wherein the processor means

(22) for pr ocessungwﬁeeaﬁﬂéx@ ufi A'Postedivr tratket R0y m&&:ﬁﬁzgh away

rocessor trac V\/nere n the stora for
gtOI’I ng samﬂag" antgrgehbg Wﬂmﬁwﬁ %Feaﬁﬁ“@é&m%&??‘@ee US54 npri ses a
menory. 4. THaeker(2@oomprisingt ai m 1 wherein the di splay neans (23) for
outputting the
thrge di mgn5| ongﬁ%ﬁgmémégggfggﬁgwgggﬁm ?)égu 6%3‘ %t ed to
det ermi né a diygetipngiatacomprising g thyee dagad3d)
.met hod (20a fah%aﬂaﬂh&,amaoﬁﬂ rmba R spiRe, 'vﬂh&i val,

frequency an beam di rectlgn dat a, ¢ F%I‘I Si n 8? dtr d| nen%lvﬁg set of
FFT magni t ufBRAFoMPUSERF !!?3 Y% nal

i mage of a m:{gmcy@mﬁormhbgamldueﬁmn space with varyi ng acoustic

f requency, which MYGSrks tative of
sanple tine interval ver susgfzrazzf& es%'h%a for eat°¥§1§a&€ﬁ%ﬂ1?g@§§§l 1~~~~I
1| 11 1 11#9] | sequentially)progessing{32,33) & presetegmined number ef subarrays of numeriesl

num cal val UQ&u@Nsnﬁﬁ%&%hhﬂhbM pafhi valis Boféach Gumefical vhlis Of 8 prdvidus Gine
uer | oAl v AMERAHP el @#%&f%%ﬁ‘%ﬁ%&%%%'gaﬁé“ p ?@ié elegen
nuneri cal f a
current ti nmwgtedpaﬂnmlmmhneadmmdmtbehdwgmmnﬁmgmtdaﬂepahh val ue
fromone ti t ugh the
entire set o n@%?égﬁﬁes\glta(}%g%ﬂ% J@&ﬂ{nﬁé&‘nﬁgﬁﬁu%g% ed nﬁén’égra?cal
_val ue i $5i narlugis indicativeief the path ofithe tyget(@d: eed get (11); and outputting (34)
-the path of the t&'p‘!kﬁ;tméainsj(i?»)foroutputtmgthepathoftheta:rget.

2. The tracker of Claim 1 whe'rein the processor means (22) for processing the
"stored set of numerical values comprises an array processor.

| . 3. The tracker of Claim 1 wherein the storage means (21) for storing sample
W - time interval, frequency and beam direction data comprises a memory.

4. 'The tracker of Claim 1 wherein the display means (23) for outputting the
path of the target comprises a display. | |

5. A three-dimensional maximum a posteriori tracking method (20a) adapted to
determine a path of a target (11) moving through space, said tracking method (20a)
comprising the steps of: '

storing (31) sarhple time interval, frequency and beam direction data comprising

5  athree-dimensional set of FFT magnitude detected data (31) representative of a three-
dimensional image of a target (11) moving through space with varying acoustic
frequency, which data comprises a set of numerical values representative of sample
time interval versus frequency data for each beam direction;

I —

N D



6. The tracker of Caim5 wherein the nmeans for processing the stored set
of numerical values conprises an array processor. 7. A three-di nensional
maxi mum a posteriori racking nmethod (20a) for deternining a path of a
target (11) noving through space with varying acoustic frequency, said
conprising the steps of:. storig (31) sanple tineinterval, frequency and
beo directondata conprising 5 a threedi nensi onal set of FFT nagnitude
detected data that are p estative of a4 hr ee- di nens i mge of a - =
novi gtarget (11); segmenting and wi ndowing (32) 'the stored A
t hr ee- di mensi onal ﬁﬁcwmg(ﬁlﬁﬁhﬂldetwﬂiadoﬁmmalvﬂummummaﬂncy and

t cof 1T M
wimg. 10101 SRifgE progBBahliBd BT Of OANGH of bl vIGWEE BBy 0° o 1M
nai r owband ||nnwnpalmaﬁrarame§ﬁmeachaugw ael_ues&amqvgumermm@hmhd beam

di refl_:t i on dammﬁbﬂ\%anmegs@aﬁgﬁﬂﬁaﬁn GreCc ’Eddioﬂﬂtf(n ¢ RirgBdfintegra tejd tltlh
aposterioripr ere i ndivi , r omae V\A
each beam di F’éﬁ'f’ %‘s‘é‘é‘& ' Sio} a‘ﬁ Barﬁﬁ'{r?

bet ween adj asmﬂfnbmmcdwahesmanbasmemximum tegrateckman&ﬁ:alvalnegmundlcmeof

havi ng a;gBx ratio to prowdefor detection .of the
t ar get, aﬁg mﬁﬂggﬂg‘%%t égﬁ‘tﬁﬁgettb;rack i s generated by conbining the

hi gh signal to nojostputing 34 targed (Hdocessed i ndi vidual target -
‘tracks into a single. output target track; and outputtl ng (34) the out put

target track to a6d'ﬁPtra\é f(ﬁannSwhereult‘thel\r/xlleagsforprocessmgﬂlestoredsetof
numencal values comprises an array processor

7. A three-dxmensmnal maxunum a postenon trachng method (20a) for
'determmmg a path of atarget (11) movmg through spaee w1th varying acoustic
frequency, said compnsmg the steps of _ :
stonng (31) sample time interval, frequency and beam dtrecuon data cempnsmg
5 aﬂuee-dlmenmmalsetofFFrmagmmdedetecteddamdlatarempresenmuveofa
three:—dmensienalimageofamovmgtarget(ll), T Y : :
" segmenting and wmdowmg (32) the stored three-dlmensronal FFI‘ magmtude
detected data in terms of frequency and time; - '
processmg (33) the frequency wrndowed and time segmented sét ef FFT mag-
10  nitude detected data to determine the presence. of absence of narrowband lines md_lcauve. T
ofa targettrackby processing time, ﬁequency and beamdrrecuondata usinga o
predetermmed threeédlmensronal maximum apostenon procedure whereby individial = - ;J _
target tracks assoerated wrth each beam direction are concurrently processed and '
whereby transitions are made between adJacent beam directions in order to process
15 target tracks having a maxxmum signal to noise ratio to provide for detection of the
target, and whereby an output target track is generawd by combining the high s1gnal o
noise ratio portions of the processed individual target tracks into asmgle output target '
track; and ' 3
outputting (34) the output target track toa dlsplay dev1ce
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