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CRAFTER 1

INTRODuCTION"
.'.-

" .

"
-..

~.. ......."~ .
> -= ,;.~ ~,.

P-URPOSE OF THE' RESEARcH'

-" .. "'..

"

......

~ .-

'.

.... .

1.1
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.,\-

"

-

,

," .'

•
"

"
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"
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'''',
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.- -'
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"
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"

. "

"

.
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"

•

.- "7'

~e~rning,
,.

-'
-,

..-.
\,
~

, ,

. .

-,

"_,01" ..

" .

"

"

',.

-. ".... . - ..
(1) ',The lll.~t-hod has a...-c:apal"ili ty of

.. :.. ;, .. .. -- ,-,
" .'~

--:->......

'-

, ,

~. " ."<:...

" .

.~ .. ::-- '. .... ... .~:.. -.." '~'."

This~dissertatiort~d~velops a92ner~ procedure ~,....... "'....'-., .. : .......'. . ...' . ",~

.for detectlng a' disc~te time-random'~~gnal in a back-
~~ ~,

.i -.. .. ·•.• r

grounRof-~oloure~ ineerjerence plu~~~hite Gaussian
.. -.... _••~ • .• ;1 .., "'.. " __",

noise,· ~n particular; an adaptive radar det~ctiorr~~che~e ;
'" ~. ~" • I": _,.,." .'...

..~ proposed-. _~ "t ,~. . ~.,. -:-'".,... "' ...
. ;t. ~ .: -':""'.. ~ . ." -: .'. ' ..

,. ·,'I-n theO'rv. "the problem o1:"-de:tecting a random. ~'-.- . -,

sign.>li,,~n c.~.lbu-~:~'ari'ci/6~,.whrte·.G.au;;sian }i-oi~e"'is .. ..:.
.. '.: .,,' .. I ,.' .Y: -,:.... ••

straignt.fo~a-r,d if 'P:l~ ,t;he' ..statistics ·of,·th'e,. ~tochastic,C",w
J., ." .. co....: • ~

.' '~pros:esse5,;:"f' inte-_rest~' a~e- cO~Ple~~lY known... Thii',,~hoWeverr '. t

'.,' r~,~of"~Ee':c~~~'. f.6/ritos·t-":~;;~J:~.,;:~~·,~-rC>bl~;'s,•.-~i1er~ iOh;', "

'-e'~';~~ro~~~~a) ;~a~i~-tic~' ~~e I~J.~h~~ ::""'k.I>~w~" ='·:'~~e:varYi>lg..
-", \,.- ," ~- .. ~'., ."\ ...... ,.. .,

c Hul,t'i'path -cha.rroEils in comrritmic;at'ions' an'a 'c):u.t.t:e~
.w, .. '> ~ '." r ~ . '",.": ~ . ,'. ;,,~.. ~ .. ....... _ ,..' ~

pro'cess in surveillance,.-racm:r"'sYste·ms '..a';;e., two' tyj:i'ic;:al
••, I .. ..,.:. ~..:- ......,..... .~:. ", .......;. ',.......... - ": .~.. ~, ...- ... -"

•.examples oCs1Jch an 'envi'ro'nmemt. ·-If us~tUl method; that:: '
_: '''/ ." . ....- - • . 0' '.:'" ~".' ....' .:.. : " .••. ' ~ ~. -.. .. ' ~. '. .' ..,

can ~ "em,p.l0yed 1;;0" sol:ve· ~e det'?c,tJC~n.p.robJ"em JCn eIivJCl=0n-
, .' "" '.:.... ".-:"" "'\ ." - '..,

.-' inent 'of thi's k-in<f'sh€!ul.d '.nave the ·ofollowin.g desirable'. .. " . ~".
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It is. the purpose qf'this"s.tud:{ to provide'"

'" :... .... , ,,::'. .:~ ...... "":,... ...... "...: ~

a:dap't~'Ire de-tection-procedures:'" The einpl).asis·,.i.s placed , 2"! "
~ ".4 . ... .';,;,

not o'nly on th-eqretical a~a":J.ysis b,ut on their appli~'a- ", '"

:.: ..
, '.-. :.....:.

,
.:. ~ ~_.•, I: ;. . ";' ....... _. _,

• T .'\"~. •...., "~. 7' ~" '-:-.. • - • .. t. .\.' •

. ... .~.. .'!.. .r ....•

~ ...'. ,.....
" the ,~v~;;o~m'k,n'tal.'statistic ad~Pt~~el:l('. . '........ ~ -....... '. ..•. .~.

. ' '(~) : It..is~·coiftl?utati6I.l'UlY .e.fficiemeo' ~
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The detection'~rQblem
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n( t)..-:,
\,. ;
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. -" ..... -the' literature'; -f-or 'example ,,'
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determine w~icn(of tbe
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,',

, ,

,
--:

1

y(t) = s(t) ~

.,

here is to suppress t~-e clutter

,.'

~

'T~DITIONAL AND ADAPTIvL SIGNAL DETECTION~ ,

":l. - ~

tnereby reducing 'the p~oqlem
.,.. " ,... ':'. ..

to'-that of 'de,tecting a"'signa): ill additive' ~hit~"

,

.,.. ..,

• .1"

...-'

(y (t) ,

. ,
r.~ descr:i,bed as, foll.Qws:

" ,

noise,

unkn~ statist~s) ,

effect)

•'" ,-Detecting a raI1:dom signal, no~t ne'ces§arily
. -~ ',." ~ ~ .... .::.

G~~ssian, 'in'addit~ve white Gaus~i~n' noise '(AWGN) hap. ...... .' .
"'" '. "'" . ,.... ..... _....'

oee~ s~ud~ed exte.~s~~ely ~n,.

.... ..: ~

.-

... r. ~ .

• appr·oach. t;aken,,

..

.'
,'.

.".. T)
<"

- \ J" ••

, ~ hypot.he'se5 is j:rue'oC
(;0.:;.

"

"

,

~~ ~ ~ ~.

'. tions.:·The procedures,are iilustrated by designing an
:t".. ...~. - .-. .....,... .'.. .., "..-"" .... ,'.... ~-:

"ada.,ptive .1:<i.dar de.tection scheme,:' ..
'. '. . .. .. ~..

. ..... '.I~ 'a ~reJ.ated"pa-rt:"O:f the study, we describe-
:: - #' "'7~ • . :-'. .;. ... . .:.t ' .. ;!o '"

-, new. adaptive radar clut~er-sup~re~sbon'schemes~ Tpe
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S (t)
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=

, ,
, ,

,

'~

E[k(t) \yYt) i
"

.-...•

...... '. ~ <:

(1. 2') • res,5'mb~e'S tha,t of'li~~ec.tin:g, a' ,
, -..,' ... ", .. , '~... ~ ' .... ";:,,.:,"...

Av-lGN prpcess. 'The'.~olutOl:.on-to th~s ~~,,:.
, '" ....

, '

y (t)., ", 'f...:
: ~,' ~v;.ltl," ",
.:;:. -,;, ~ .

-' 'r.',

- ,

.. ".:

"

•... "'.
"Ii'

s (,.t) ,.,.=
,

'is Che predicted estimate of signal s(~)
" .

. ,

..

- "~"

,~

, "", .'
, "

.. .....

'.

signal pr<;lce,ss.(...... ,'.
, .....,

" .

';

-past observations,

(~.2-)

, "

,-

, "

."...... '-",

w~re s (t)
;'..

,
.. ~ .I r ...... • ~..... -:: --T.'1 _. ".

* Accor~inr!"to iinc.:1r· P~~di..t=ticm thcor~·. a random s..amplr; ;,-,,(n) ,car'..: be "~..
dcc,o~pt>$~d into tto.·o components. -: On~'componcnt .is"·c$tim~tcd from :;he:.. .J

" past observed data s3Wplc'S. ~hi Ie the other one is .unprcdrc·t'abl-e~. '"
"Fhus, gl\'~n thc .. r;:lst s'!lmplcs, tIle unprcdict~bl~ component ~(i1) contains'· ~
.all.the nc\~' inform.:1tion in \'tn). \\:c tcfcr to {a(n·)J as the inno\'.ation"·, '" "-- . . .', . .~. .'
process. ~ ~ '" ~ .... '. '.

','

,
,C;f detecting a

... '.. . '. "'" ...:.
',of'inll9vat::ion 'pro,<;:ess

'. .- ...
,', st~tistics--<ts~he"~'~,±gh~l
... t:t '.. .. .# ,. • .. • • •

. "
"

",

known sigo.al in:.. . ..-
..~ "" " J - 'il 'I ~ -.

" 'problem may _be intel'Fre~ed-':3.s"an, .. es~i.ma.tor-correlator" .
.. .. .-~' " ' ... , '.. .."

T!;le. test stat:lstid i~, calcuiated.by £i'rs't" .esti~ati'ng·' the
:.' \.l ~ .... ' ; ' .. : .'...~' -'_. ", .. "

... G ••" ' • ..... y
and~theJ;l usin9 tll.is ,e-st:irhate ('as i.f ,i't' "{ere:'

~. . ~. ~ .

--.

•

"

'.

'..,

"
~,

"

I

"

"

~ ..c.... -::...~ .. ..r
:... :" ~:. ~ "'~' :I.: : .

._ ; •• ;:... ':0'.

.. ·z. .....,.. ,. ....":I!~. ..~ .:..:..~ ..
w.l;le:c.e {n (i::) L'i,s wh;i.1;e Gau-ss.ian noj,se With zero "!l!eaI), and,.",

. ... ~:."': _". ..... i'_;~(t. ~.. •• ~ ;..;. • -.'. "~". . ...

,-' ._~ "'. ~~tL 'is' a'"ran-do!,,:,P'i'G,cEiss tha(xs.,'in~end;ntc;f;':l?(t)~ ';',: ',:
'.. ~-. ~'. . '":"',". :.~ . .. i __ '. . ... -'. .~..

" Accor-ding 'to :,the~innovation·theorem t 33'},' unde'r" . c:... ' " " "'~,.... '~"".,. ... '~". -.... ":".. .~ ... ~"~~
v~ry 'we:ak ~(:>nditioits, hypothes'es·:,t;~;hng "1-1 ~-11 c'an .be" "

,
t-F~~f'<.rmed wfth9~t loss '~f -:i.n~qpnatior(•.int~',\he· probr~

~ '-" ... ,.. ~' -=:.. ...: .":,:. "'." '.
conditionallv known'signal in '~,b~ckgrQUnd':

........, ... .... ~ ....... J, .... _.,
~- ~- . .,.

vet) wh'i:c:h has ex~ttv the same
".... '.. ..... '." ,.., "'"':' . .

, >
noise n(t), narne~v.. ....,.-.
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=·n (k), ~.

.-:

.; ,t"':1
.£ (v)- =',$ R

~. ,~~ . -.- ~n

.-
.•!-. ~a':-Y(k)

";:,.

.~, ....
(1-. ~r.. . .. ·.·.l;!i:

, .

,".-
..-

, ,',. ": - '" --,:: .~, , ~ ~. '.

is" flot·· Ci:l,usal tled:ng' a "'function' of fut'ure'as jolelL.as :past'" '.
.•...: "J ,,' .. , . r~. .. ....~.,-..:....:.;. ':';,~ ....,. ~'"__ ~r '~.",," a ••' '~~":l"" '••• ' ....'"

" obseivat.ion, data; ;h..-nce, i~:c.annot be eVa~uat~d rec1.lrs:i:'yely,
..... _. • '" ."~ .. ,,r -.._ •. ~ .'." " ". '~....'....; "... ',:-

:rh·is'· makes it "llllsuitable. ',for> enii~n-eering.,problems":,-, .- - '. .' ,'. ." ~. " ...\'.. .. ..'- .~.

"

"

,

~. ~ .....
f _I.... '.. ..... :~. -; . ... ... ',:,~ / .. '. ." .~

'whe':re';'i,' ":, ci;"(.l)':> 5"('2),("" ,; (N'n;t '-is 'n6 ,ionge~' a .p:sedich::J.:
• •. ' ":,:. 0; • .....: '.... •• .~ , • ;t, ~".' " .

est~ma~e- 'of: s~gnal-process 'but rede'f-i,necl accordi.ng .lOG.," ""... ,r.. . .' ..... . ":.. ~ . ... ....:- .},~., .. _. " . /
cOmbi.ne'ct· minim~ mean~,sqltare 'e:tror't'criterion [64].: 'The

, .' ." ".- . . , ,.... .. , .. .

;'t~st st~i.s~J.\; lJ:,.5[ ren:ains' >.t~ 'be int~iPTe't.ed··~s ~n '. ~. -.:, ':~'
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