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Alistract: The second part of this two-part paper deals with spacc-timc ndaptivc processing 
(STA P) in northoniogencous environments. This paper introduces a new Iwo-dimensional i ioi i- 
slalistical, dirccl data doiiiaiii (D3) STAP algorithm and ii hybritlisatiori of this 113 approach with 
thc joint domain localiscd (SDI,) a1gr)rithin. 'I'hc U3 algorithm rcplaccs thc tion-adaptive transform 
used in Part 1 thereby suppressing discretc inlcrkrencc. A second stiigc of statistical processing i i i  

the angle-Doppler domain suppresses residual corrclatcd inlcrrcrcncc. This iicw two-stage hybrid 
STAP techniqiie allows for the application of the JDL algorithm within raiigc cclls dctcrmined to 
he nonhomogeneous. The development here draws heavily on the I'ormulatioi~ prcsciitcd iii I'art 1 
of this paper. l h e  work presetited brings together two difl'ercnt aspects of STAP rcscarch: 
statistical nnd [I' processing. In doing so, this research fulfils ai1 imporhiit nccd in the cni~tcxt o f  
practictil S'I'A'I', particularly knowledge-based algorithms. The cnvisioncd sysicnl iiscs multi-pass 
processing to detcrininc key information regarding the interference scenario. Dcpcndiiig on the 
hoiiiogcncity ofthc inlcrlcmncc, thc algorithiil in Part 1 01' that in Part 2 of the paper inay bc iisccl. 

1 Introduction 

Classicd spacc -.time adaptivc processing (STAP) irlgO- 
rillinis achicvc intcrfcrcncc suppression rising the interfer- 
cncc covariance matrix, typical 1 y cstiniated using 
secondary data from langc cclls closc to thc primary 
range ceI1 uiider test. The assumption is h a t  thc sccondary 
data satnples are indepeiident aiid idenlically rlistribulcd 
(i.i.d.) with rcspcct to thc intcrfercncc in ttie range ccll 
under tcst, i.c. thc data is homogcncous. 'I'hc pcrforniarice 
o f  statistical algorithms suffers significantly when the daln 
is  nonhomugciieons, that is when the secondary data does 
not rcflcct thc statistics of thc interfcrcnce in the pritnaty 
range cell. 

In  practice, the assumption of honmgcncous data is 
routinely violated. For cxamplc, urban arcas and land-scn 
intcrfxes present the problem of large variations in terrain 
ovcr relatively short distances. The corresponding fluclua- 
lion in cluttcr statistics undcrmincs the accuracy of the 
covariaiice inatrix cstimatc anti, in turn, thc dctcctioii 
pcrformatice. Statistical algorithms may bc applicd in 
thcsc cascs, linwevcr the probability of detectioir falls 
and the probability of  M s c  alarm incrcascs. 'I'l~csc algo- 
rithms reach their perlbriiiaticc potenrial only within thosc 
rcgions where the interference is Iioinogeneous. 
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It is impossible to know II priori which range cells 
within the data cube are homogeneous and which arc 
not. Therefore practical atlaplivc proccRsing requircs s 
multi-pass schcmc. l'lic lirst pass uscs a noiiliornogeneity 
detector (NIID) to scporatc target detection into two 
categories: detcction within honwgc!icous range cel Is atid 
witlii n tionhoinogeneous range cclls. 

'Pcrfririiiatice degradation of STAP aIgorit11mr; cluc to 
nonlininogcncous data occurs in two forms. I n  one form 
Ihc secondary data is nrit i.i.d., leading to an iiiacciirate 
cstimate of tlic covariance matrix. For exaniplc, tlic cluttcr 
statistics in ui-ban environments fluctiiatc rapidiy wilh 
distancc, i.e. rangc cclls. '1'0 miiiiniisc the loss in perfor- 
mance due lo noi~hoinogcncous saniplc support, a. N H D  
[nay he uscd to identify secondary data cclls that do not 
reflcct thc statistical propertics ol' thc pritnary data. 'I'licsc 
data samples :ire thcn eliminated froin thc csliinale of tlic 
cn \~ ia i i cc  matrix. A tliscussioti of NI-IDS is providcd 
clscwhcrc [ 1 .  41 and i s  not rcpcated here. In  particular, 
Chang [ I ]  prcscnts both tlic gcnclaliserl inner product 
(GIP) and modified sample matrix invcrsc (MSMI) 
NI.IL)s ;rnd is  a good introdnction to this rcscarch 
topic. 

The second form of pcrfi"ncc loss is due to a discrete 
nonhoniogerieity within Ilie primary rnngc ccll. For c x m -  
plc, a largc targct within the test range cell but at a (IifL'crcnt 
angle and/or Dopplcr appcars as ~t fiilae alarm at the look 
angle-Dopplcr rloniain. Other cxamples include a strong 
discrete nonlminogeneily, swh  as a coriicr reflector, in  the 
primary rmnge cell. These false a l a r m  appear through thc 
sidclabes of the adapted beain paltcm. Tlic sccoudary data 
cclls do not  carry information about ihc discretc nonho- 
inngcncity and licncc il statistical algorithm cannot 
suppress discrclc (unccirrclatcd) interference witliin the 
range cell untlcr test. 
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Tlic inability nf stntisticill S'rAI3 algorithms 10 coiintcr 
iioirl~oiiiogcticilics in  die primary cla~a iiiotivatcs rcscarch 
i i r  t h e  arcii or non-statisticid or D~ algorithms. TIicsc 
nlgoritlirus iisc da~ii  li.oin the r;uigc cell ul i i itcrcst ijnly, 
eliiniiiiiting tlic saiiiple support problcins associiitccl will1 
statistical appimciics. 'l'liis approach lies reccntly h)ciisotl 
on oiic-diincnsionnl spatial arlaplivity 15-71. ' I ' l i is p p e r  
introduces a iicw two-diiticnsioiinl space-tiiiic D3 nlgo- 
rithiii bascd on tlic onc~tlitnciisionnl algorithm oi' Snrkar cl 

The iniiin cimtrihtition o r t l i k  paptr i s  the iiitrodwxion of 
il Iwn-stagc hybrid STAI' algciritliiii ciiinbiiiiiig t l ic  licnclits 
o f  Imlli iinii-statistical and stalisiicnl iiiethotls. l'hc hybrid 
approacti ciscs tlic non-statistical nlgwithiri 11s ii first-stagc 
liltcl. (0 s~ipprcss discrete intcrlcrcrs present in Ihc range 
ccl l  01. interest. 7171ris first stagc serves a s  i i i i  ntlaptivc 
tlanskwin Doin the spacc iimc domain to thc anglc- 
Dopplct domain and so rcplaccs thc stccring vector 
based non-atl;iptivc ti-aiisloi.iii used i n  h r t  1 01' h i s  pnpcr 
[ R I .  Modified joiiit doninili Localised (JDL) slatistical 
processing in tlic anglc -Doppler domain is the sccontl 
stagc dcsigiicd to filtcr out thc irsidiiel corrcliitcd inlcr- 
fcrcncc. 

This research is a coritl4mtion to SI'AI' illid ihc broader 
field o f  knowlcdgc-hascd SI'AP (KI3-SI'AP). IW-YKAP [9] 
chonscs the best r ) l  many possible S'I'AP a lgor i lhs  fur 
dctectiori wit 11 Imiwlcrlgc-based control o I '  algo ritli ini p a w  
inetcrs ;md sclcclioii of sccoiidiiry data usiiig N II 1)s. 
Currently KU-STAP arcliitcctiircs incorporatc stiltisticut 
dgorithiiis wily arid R NI-Ill is tiscd lo cliiniiiatc now 
Iioiiiogciicous range bins frnm tlic SCCOMIR~Y data support. 
'I'hc priihlcm o r  targct detection witl i i i i  n notitiomogcricous 
raiigc h i  has not becn ;~ltlrcssud. This liapei- ;itldIcsscs this 
hitlicrto uiisolvcd problem and t1icrefoi.c significantly 
eiihiinccs thc practical rclcvancc WF KB-STAI', cspccially 
iii da isc  targct cnvironincnts. 

(11, 171. 

2 Two-dimensional direct data domain 
algorithm 

Dircct data dwiain algoriilii~is usu &ita Froin the r;irigc ccll 
o f  ititcrest only, eliiniii;iting (lie sainple suppi)rt problciirs 
associated with s t a t i s h l  approaches. This Scctioii devcl- 
ops the new irlgorihin Tor tIic i t M  C ~ S C  of a Itncar 
array or equi.;paccd, isotropic, point scnsors. Sectioir 4.2 
cxtctds the i'orindation to :iccotiiil h r  iiiutual coiipling iiiid 

other non-idcnl c h t s  in  Ici i l  ;irl.ayb. 
Ci)nsirlcr a N-cl c i i iet i t  I incar array, with intci'clctiiciit 

spacing rl. 'The x-ray is assiliiicd to upcra~c a t  R cciitw 
ficqucncy corrcsporiding io wnvclcrigth 1. The array 
receives target, cluitcr aiid other intcrfcrciicc retiiriis wrm- 
spnnding to the 114 piilses per coiicrciil pulse interval (CY[). 
Tlicsc pulses are tl'ansiiiittctl at a pulse rqwtitioii liqucncy 
,f;(. The D3 algorithm iiiaxiiiiises the giin in thc dircctioii of 
t l ic Iouk aziniutli angle 4, and Uopplcr frcquciicy,f;, whilc 
siniultaricously minimising thc residiinl intcrfcrcncc power. 
This papcr Rssiitnw tiic data  has becn prc-proccsse(1, 
iiicliitling ptilsc compression. 

To best prcsciit tlie D7 algoritliin, [lie data froin N 
clenicnts tiuc to llic M pulscs in ii CPI caii bc w r i k n  as 
ii N x il.I iilalrix X whose n/th ci)l~iiiiii corrcspimls lo Ihc N 
returns froin thc nith pulsc, iqwcscnterl by x(N). This 
mairix is n reshaping ( I T  ~ h c  Ictigtli NM-vcclor used iii 
Part I. Tlic d a h  iiiiitrix is n suiii (if Llic target and 
intcrfei.ciicc rcturns 

wlicrc 5 is ihc targct i~~~ ip l i l t~ t l c ,  C i s  1hc matrix nf exterm1 
iiiterferciicc soiirccs and A' t'cprcscnts tlicrmal iioisc. Thc 
space-timc stccring inatrix V corresponds to tlic lnok anglc 
c)/ and [ h p p l ~ r  , f j ,  givcii iii tcrnis o f  the spatid stccriiig 
vector n and thc tciiipornt stccring vector 6 ([IO], pp. 12- 
17). 

' 1 ' 1 1 ~  sp;icc .lime stceriiig matrix V is givcn by 

(2) 

(3) 

(4) 

z,~ ~ [,(.QP~/~J sit1 61, 

a . . ,iWllk 
I - '  

whcrc z, rcprcscnis ~ h c  spatial phasc progicssion fi-om one 
elcnicnt 10 thc iicxt aird z,  rcpt'esctits thc tcinpornl plinsc 
progression hiii oiic piilse to tlic ncxt. As i i i  Pari I u ( $ ~ )  
;ind A(') iqmxent the spati;iI ;ind fciiipoixl steering 
vcctiws, rcspcctivcly. Again, the stccring vccior only sets 
thc look rlirecticin r , , (  ;itid Inclk Dnpplcr,J;. I i r  case ii tiirgct is 
rciilly prcscnt, ilicrc is  :I h t n  inisiiiatcli bciwccii target ; r i d  
slceri iig vecto I.. 

Eqii, 7 indicnlcs thar, row by row, thc signal component 
il(lV'i\!iCCS Ii.oni one eleinciit to ttic ncx1 by a coiistnnt spatial 
muliiplic.niivc lhctor z~, for cnch piilsc. Sirnilaily, at cacti 
clcnieiit thc signal cimpmicnr ildvaiiccs fi-or11 onc pulsc to 
Ihc ricxt by ;I cciiistant Imporal iriultiplicativc fiictor z,, 
indicated colunin tu  coluinn. Therefore, the signal compo- 

iiiid (X,,,,, - z; 'x,,(,,,.,,,), Icaving only residual itrtcrhcncc 
tcrriis. IY' iiict~iot~s iisc tliis fact to oI>taitr iitiaptivc wciglits 
tlwt miniinisc tlic residual intcrfcrciicc powcr [ 5 ,  71 within 
tlic priiiiat'y niiigc ccll. Dciiiic 11ie inatrix R to bc 

iient is cliininawrl fl.oni tcr ins such ;is (X,,,,, . - z , ~  - 1  X~I,+I)Nz) 

'I'licr~rci~cnlly tlic entrics of thc N x (114 - 1 )  matrix H carry 
intcrr'crcncc tcriiis only, but cluc io hcarn misinatch, thcrc is 
soiiic residual target inrormaiion iii the enti-ics o f  B. 
Itowever, iitilcss thc target i s  signific;uitly off tiic look 
~lircctioii/nopplci, ttic target signal is cffectivcly ndlcd. hi 
tlic case whcrc thc targct is sigiiific;iiitly olT Ilic look 
direction, i t  intist be trentctl :is intcrlcrcircc, io a survcil- 
lance nidnr, targels iirirst hc tlcclurctl only i.l'thcy iirc i i i  the 
':oolc direction. In hict, sirlclobc tnrgcts arc i i i i  cxample of 
~lic tliscrclc intcrkrcucc that drivcs this rcscarcli. 

' 
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Corisider the .following scalilr functioiis of a set of 
tcmporal weights i vy  

ti 2 
U,,  = lbo:;w->lti', I ~ ~ ~ ~ ' ~ ~ ~ : ~ ~ ~ - . ~ ~ ~ ~ ~ : ~ , ,  2)  wr (9) 

I,v, = IIU'W112 = ru;'B"S*,rv, (10) 

R ,  = &> - JW, ( 1  1) 

where I' rcprcscnts the coiijugnte traiisposc, * lhc complcx 
conjug;itc, ) I . 1 l 2  the two-norm of a vector and /J(~:!,~.-~) thc 
lirsl. (M - - 1 )  cntrics of the tciiiporal steering vcctor dclincd 
by cqn. 5. In cqri. 10, R*w, is used to remaill consistent 
with the tcrtn b$::b,. .?) tu, i i i  tliat the weiglits ind~iply tIic 
conjugale nl' the tIati1. 

The ( e m  I;,,, in  cqn.  9 rcprcsctits the gain of the weight 
vector PO, at the look Dopplcr f i q w n c y  wliilc t l ic  term 
r,,, in  cqn. LO represents the residuai inlcrfcrciicc powcr 
~ d c r  tlic data i s  filtered by the saine wcighls. IIcncc, /$, in 
eqn. 11 rcpmaits  tlic diffcrctice between the gain 01 the 
antenna at the look Dopplcr and the rcsidual interference 
power. Tlic ncw D3 algol-itlirn fintls the weights that 
imxiinisc this diir'crcncc. Mathcmalicnliy 

max I?,,,, I- , i11itX [G,,,, -- /,,,] 
I l l V ,  II? = I 1": 1 2 =  I 

llly,lI?= 1 
= Illax ~ ~ ' [ ~ ( ~ , ~ ~ . . ~ ) ~ ~ ~ ~ ~ ~ ~ - ~ ~  - B'H*]rv, (12) 

where the constrain[ IIw,IIZ = 1 is cliciscn tr) obtaiin a finite 
soliitinn. Using the method ol'Lagrmgc multiplicrs, it ciiii 
hc shown that the dcsired temporal wciglit vcctor is Ll~c 
eigenvector corrcsponding to the maxiinuin eigenval!!~ or 
the (M - 1) x (M - I) riialrix [b(0:M-2&~:,tl , a )  - -  I I ' H * ] . .  
This formilalion yiclds rl tcinpural wcight vcctor of leiigtli 
(M -~ I ) ,  rcpreserititig tlie dcgroc of IEccdrm uscd to 
cliiniiiate the target signal in cqn. (8). 

Analogoils to the teniporal ildapii\rt: wights, thc sptttial 
wciglit vector wS is the eigenveclor corrcsponding io ttic 
larges( cigcnvaluc of  the (/V - I )  x ( N  - I) matrix 

-2p$Ny-2)  - A';A*],  wIicrc R ( ~ : ~ ~ - ~ )  is tlie vector of 
the first (Ar- I) c~itrics of the spatinl steering vector 
dcfinetl by eqn 4 and A is the M x (V- -  1 )  iiiatrix 

x*o - Z,]X]fi x,, - z;-IX,, 

XI, - z.;'x,, 

XO[nr-l) -Z,?X,,,- 1 )  Xlwr-1, - z,;-l%{,w) 

. . .  X(,li-z)n - z.?q&-l)o 1 

A = [  Xni - z , ~ ' X j i  

' -q, \ I -Z)(W-l)  - Z.;%,v-l)(,*f-ll 

Ovcri~ll, the Iciigtli NM spacc- lrrnc adaptivc weight vector, 
for look angle 4, and look Dopp1cr.f; is then given by 

'I'tic zeros nppended to lhe spalial and tciiiporfll weight 
vcctors represent the lost dcgiw of' frccrloni iii spnce ant1 
tirnc. This U3 algorithm dil'fcrs hotu olhci' non-statisticnl 
algorithms by inaxiinising tlic tnniiibeam gain in thc look 
directinn as opposed to maintninitig thc gain at wine 
choseri levcl. 

68 

2.1 Trade-off between mainbeam gain and 
interference siippressioti 
111 Scctioii 2, thc tcinpur;il dtiptive weights arc cliosen 
fi.oiti the eigenvectors orthc iiiatrix I1 so as tn maxitnisc the 
dilb-ciicc bctwccii the niaitibeain g e h  nl' thc nnlcnna GlV, 
a n d  the rcsidual interreiwcc power J,,,,. is powihlc to cni- 
pliasisc niic o r  thc otlicr term by introducing a iicw 
parameter IC. Cniisidcr the scalar expression 

Choosing IC = 0 climiii;itcs ttic ititcrfereiice lcrm lcaviiig 
the largest eigcnvaluo cq~ ia l  t r i  t~/+0~~,l--2)~~~ = ( M  ~ I) witti 
the corresponding cigcrivccior w, = 6~0,,~~-2)/lt6~0:,~~--2) 112. 

'l'hereforc, as IC + 0 tlzc D' wcighl vcctrir ii[>ploacllcs the 
iioii-;itlaptivc steering vector iiscd in Part I of this pnpcr. 

O n  thc oihcr hand if tc  is chosen to be Inrgc, the role o f  
thc tcriii G,,,, Is ncgligible and tlic wcight vccIor is 
dcperidcnl 0 1 1  thc iiitcrfcrciicc terms only. This leads to 
eiiipliasis on ilic siipprcssion o f  interfereiicc at the cxpciisc 
of iuniabcain gain. 111 this cilsc, ttic took direction plays R 

liriiitcd role ~l~rough thc lcriii z, in c q t ~  8 atid the weight 
vector inay vary significantly hy m g c  ccll. 

3 Two-stage hybrid algorithm 

I'hc main thrust of this paper is the prcscntaiion of a ncw 
hybrid np~~roacli lo S'l'AP coirihining the bcnefits of both 
U' mid stalislical incthods. Tlic application of interest is 
the supprcssion o r  ciiscretc iiniiliciinogeneities withiii tlie 
raiigc cell under lest. This pi*oblcm is p:irlictilildy sigiiifi- 
cant bccuuse stntistical incthods cannot supprcss sircli 
nonhoinogciicitics, which tli cn appear :IS fn I se a l a r m  
tlirongli the sirlclobcs of' liic adapted beam pattern. For 
cxamplc, a largc iiirgct within the test rangc cell, bill at rl 
clifferciit aiigl: and/or I)opplcr, inay be incorrectly detectcd 
at the look aiiglciUupplcr. Othcr cxaiiiplcs iidurle n corner 
reflector witliiii the raiigc ccll o f  intcrcst. 

Considcr the gcncral lknincwork of aiiy S'I'AI' algorithm. 
'I'hc algorithiii processes received (lala l o  ohiaiii a complcx 
wcighl vcchr for  ciicli range bin nnd each look an&/ 
Dopplcr. 'l'lic wciglit vector then inulliplics h c  pi'iinwry 
dnta vector lo yicld a ctimplcx iiiiiribcr. The process of 
obtainitig a rccal scalar liom his nuinber for thrcsliold 
comparison i s  ptirt of ttie post-proccssing and 1101 inlicrciit 
in  the algorilhrii itsclf. 'l'lic atlaptivc process tliecefore 
cstitnatcs the signal coiiipoizcni in Llic locik clircction aiid 
bcncc tha adaptive wciglits cnii be vicwcd in a role similar 
to, llic iioii-adaptivc stccring vectors, used in Part I of his 
paper to 1ransl;orm the spacc-time data to ttie aiigle- 
1)opl~ler tloinnin. 

l 'he JI31. processing nlgorithin hcgitis with a triitisforma- 
tioii of the d i h  from tlie space-timc rloinain (0 tlic anglc- 
Iloppler domain. This is rollowed hy stsitistical adaptive 
proccssing within a localised proccssing rcgioii (LPR) iii 
the angle -Doppler iltririain. I'wt I of this paper represents 
the translbi~natioii pi~occss i i s  ii multiplication with A 

generiil tmnsforimation iiiatrix 1: Tlic hyhrid approach 
uses tbc D-' wciglits, rcplacirig the non-adaptive steering 
vcctors uscd carlier. Hy choosing ttic scl of' look nngics and 
Ilopplcrs to bc points in ttw LIT ,  tlie II3 weights perform n 
fiinction niialogous to thc iinn-adalitivc trimsforin. 

"lie o3 dgoritliin scrvus ;IS an ndiiptive trnnsfortniition 
fitmi ttic space-time tloinaiii to the anglc-l)opplcr doniaiti. 
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cell under 

1DL statistical proccsring i n  [lie anglc-l~)opplcr doinain 
h l n s  the sccnntl siagc o r  adaptive processing to filter thc 
resitliial cnrrclatcrl inter I'creiicc. 'I'hc Mock diagram nf thc 
proposcd two-stage Iiyhrid ;rlgnriilim is shown 111 Fig. I .  
'TI-ic W algorithm is H S C ~  rcpciitcdly witli thc I ! ~ ,  Iook 
anglcs and I!,, look Ihpplcr li.cqucncies to fhiii thc LPR. 
The space-tinic diitii is t imsformcd to l l ic  LPR i n  tlic 
aiiglc .Doppler tloiriain using these nd:lptivc wcights. Using 
thc D3 weights kc)in c i j i i .  14, tlic triuis~(irii~ntioti matrix 
prcsci~kd iii I'art I for tlic LPR covcriiig tlircc nnglc bitis 
((b ... 409 4,; I!,, = 3 )  and tlircc IloppIci~ hiiis (/' . , , ,/;, j ;  ; 
I],, = 3)  is tiow given by 

7- = [lit((/? . t , , f l l )  4 O ( I 7 . / L l )  1 4 d , > . L I )  
Nd-.l JO) rd(bo.J;J 54h 7 . M  

1 4 ( / J - l J l )  4dhJi)  d d l J l ) l  (16) 

' I ' l ic crucial dif'fcreticc bctwccn Ihc hybrid algorithiii sod, 
t l ic JDL. algorithni detailcd in Part 1 of this piipcr i s  that 
s ucli iiii adapt i ve i r m s  fo I i i i t ~ ~ i o i i  is noiii live rt i blc, rccs~i 1 I i ng 
in soriic information loss. I [owcvel; this irihniiaiioti loss 
may bc bcncliciii l. 'l'lic hybrid algoritliin t;rlrcs advantage o f  
this loss 10 stipprcss rliscittc iiiterrcrcrs witliiii the ratigc 
cell of iiitcrcst. 'k i'rmncwork prcsciitcrl in Part 1 of the 
papcr a l s o  accumiis I;or thc sprcad in liirget informirtion 
into :ill aiigle-Dopplcr bins in thc l,l'k. 'I'hc advsnlnges 
nssciciatctl with thc JDL alyorithni, such as in rctluc.tion iri 
thc rcqtiiiwl sccotitlwy data support, carry over to thc 
hyl?rid nlg or it liin . 

The saiiic tl;ulshrmation matrix T is tiscrl to traiisfortn 
thc primary iind scco~idary <liit:l IO tlic auglc-lhpplcr 
doinaiii. IJnlikc ilic J D 1 ,  algorilhrii this traI1sforI11iitinI1 
matrix changcs i toin range cctl t i )  range cell. Thc hybrid 
aigoritlm Torins, thc ;tdiiptivc irnnsforiiiation inntrix ns 
givcn by cqii. 16 for c:~cIi rmgc cell mid then IrnnsIbrlns 
this primary a i ~ l  assoc~~~ted sccoiitlary data 10 thc angle- 
Doppler dnmaiii. This process is rcpc~i~cd  Ibr cacti rmgc 
cell. 

4 Numericat examples 

This Section prcscnls threc exainplcs 10 (cst the hybrid 
algcwithni prcscnted in Scction 3 .  As  in l'illt I ,  the 
cxainplcs include siniulated data iiotn n n  itlc;il ii1 ray of 
isotropic point sciiws and also measurcd cln~a koin tlic 
MCXRM proglani. 

4.1  Simulated data 
The hybrid algorillim iiiay be ;ipplictl 10 hoinogcricous 
data, though this is not thc npplicatinn o f  interest. 'l'lic 
nlgoritlirn is spccifically designed tn suppress the effects r)T 
discrctc nrinlioiiiogeneitics within rhc primary ratigc ccll. 
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'1'hcrcroi.e the aplmoach t;tkcn Iicrc is riot to present thc 
prohability 0 1  rlctectioii for a clioscii probability o f  fnlsc 
t i l a i m  A 1iioi.e kuitfiil tcsi is t o  coinparc llie adapted Ixxini 
patterns associated with tlic llircc algorithnis rliscusscil in 
this paper: the JI)1. ;ilgnrithin ol' Part I, the ncw I l l  algo- 
ritlirii nrirl tlic hybrid algoritlun. Tlic beam patterns illustrate 
tlic pcrFuriri;tticc trf rlic hybrid algoritliin iii suppwwiitig 
discrete iioiiiir)iiiogciicitics and correlated iiitcrfcrctm. 

In [!art 1 ,  tiic aiiglc- Doppler weights arc obtained using 
G - -  K l i 3  Iiascd 011 an esti~iiatetl angIc-Dopplcr COVN- 
iancc iiiatrix K iind angic Doppler steeriiig vector 5. Tlic 
cquivalerit sp;icc-- tiinc ntlaptivc weights are givch by 

!!J = 7% (17) 

These cquivnlcnl spacc- -titlie wciglits inay bc uscd to 
obtain iidaplctl hcam pattcrii plots. 

As in Part I ,  ilic siinuiatctl data is gcricratcrl using tlic 
pbysicnl iiiorlcl tlcvclopcrl by J a l h  e/ d. [ I  13 and Wml 
[ 1 O ] .  'i'lie niotlcl gcncratcs homogeiicous d;tta and a 
tliscretc tionhotiiogciicily is lntcr ;iiltletl to thc honmge- 
ncous tli ita 11s ii slrong rchirii Tram ai1 ;iiiglc aiidior Doppler 
iliffcrent frtim thc look ang lc /hpp lc r .  

'l'lic siiiiuliition includes the effects o f  cluttcc, white 
iioisc, two bairagc noise jmiincrs a n d  a discictc inLcrher. 
'Ikblc 1 lists Ihc pnraincters wecl iti thc cxamplc. Tlic 
jaiiitiic.r and intcrrcrer poivcrs arc rcfcrcnced io  the tioisc 
lcvcl. The clutter powcr is lixcd by thc trailsinit power and  
the assuinctl  lii11tl rcflcclivily. The jailliners nntl  tlic cluller 
represeiit corrclalcd inlcrl'crcnce bccausc tlicsc two sowccs 
of intcrl'crcncc arc lioiiicigcncous acrrw all raiige cells. 
Nnlc l l int  the rliscrctc iiitcrl'crcr is williiii the teigct range 

Table 1: Parameters for example using simulated data 

Parametcr Value 

Elements (N) 1 %  
-~ _ _  

Element spacing 0.5 I 
Array transmit pattern uniform 
Mainbeam transmit azimuth 0 de0 
Land rcflectivily --3.0dB 
Transmit power 400 kW 
Backlobe attenuation 30 

Jammer azimuth angles [ - 2 0  45'1 

Target normalised Doppler (/,) 113 
Doppler of interferer 113 

Number of Doppler bins in LPR 

Pulses (M) 18 

Interferer power 40 d6 
3 

(d/i)Asin $J 1 I N J 2  

Pulse repetition frcquoncy 300 Hz 
Uncomprsssed pulse width 400 11s 

{I (Cltitlcr stope) 1 
Number of clutter patches 361 
Jammer powers [40 dB 40 dB] 

Thcrmal noise power 
Jammar elevation angles 

Target azimuth ( O r )  
Angle of interlerer 
Emphasis paramctcr ii 
Number of angle bins in LPR 
hf 



ccll only, with tin offsct in angle but tiot Doppler. Matchitig 
the iioiihoinagciicily 10 Ihc tlirgct in ono dorn;iin iriiikes it 
n m c  difficult for thc algorithm to supprcss the iionlioino- 
gcncity. l 'hc 'I'ablc also lists tlic pa.I'aiiicters uscd by the 
hybrid algorilhiii inchiding llic cmphasis paranlctcr IC. Thc 
Iirlal linc in thc Tablc rcfcrs to thc specing between the 
nnglc and Dopplcr hins in  thc L P R  wliicli comprises three 
angles aiid thrcc Dopplcr. frcqiiciic.ics cciitrcd ;murid thc 
look direction. The iiuinbcr oi' sccoiidary daia  vcclors i iscd 
to estimaic the covariance rnatrix in thc sccoiid stagc IDL 
proccssing is set to 2(IIOF) = 18. 

The atlaptctl bcani pittern plats presented in  this paper 
arc llic incan pattcriis OVCI' 200 inilcpctident rc;disatiot~s. 
Vertical bars reprcscnl thc slandarci deviation OVCI Ihcsc 
200 trials. This niethotl was rcquircd bccausc thc U3 
algorithm is non-statistical and bascrl solcly on a singlc 
timtu set/realisation. Operating with the known covariance 
matrix to obtain an itled pattern, as possible in statistical 
algorithms, is riot an option. 

Figs. 2 and 3 illustrate the atiteiina patterns ~ lo t ig  llic 
target azimuth and 1)opplcr for the JDl , algorithm 
rlcscribcd in Part I ol'this.paper. Notc tlic high sidelobe 
in the direclion ar thc discrclc inlcrfcrcr. l 'hc  discrctc 
interferer is within Ihe priniary rangc ccll and so dncs 
nut contribute to the covariniice iiiatrix estimate and is 
thcrcfrwc not nulled hy a purely statistical algorithm such 
as JDL. rrnwcvcr, as rig. 2 shows, tlic 31)r.. algorithm docs 
place deep nulls in the direction o [ (bc jaiiiincrs at - 20" 
uiiti 45". Fig. 3 shows the deep i iu l l  placed al ~ c r o  Dopplcr 
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ficqucncy corruspoiiding to inainlmini clutter. 'l'liese two 
I;igurcs illustrate the effeclivcness of thc JDL nlgoritlim iii 
suppressing corrclatcd intctfcrcncc such as Iharrigc tioisc 
jainiriing atid cluticr. 

Pigs. 4 and 5 plot thc nnteniin pnltcriis rcsulling linm llic 
implementaiioii of iIic two-dimcnsioiial W algorithm. I:ig. 
4 sliows that thc D~ algorithm placcs a iiiiII in thc i l irccti i in 
of thc discrete interferer. Tlic algorilhrn is clTcciivc in 
couiitcring a discictc interferer within 111e rangc ccll ol' 
intawt.  'I'he ndaptetl spatial bcain pallcrn shows a ilistiiict 
uall in the direction ol' ilic discrctc interferer at -SI ". 
I-Iow~vcr, Figs. 4 stid 5 also illustrate thc Iiniitatiotis of the 
I>> lilgorithm. The iitills in the dircction d l h c  jainmci.s aIc 
not 21s tlccp as in  the Ci iSC of JnL in Fig. 2. Fig. 5 sliows (he 
iiull at 11) = 0 in the [Ioppler spectrum and is also no1 as 
tlccp a 6  in  Fig. 5, i.e. the inninbcnni clultcr is noi 
supprcsscd as crYcclivcly :IS by thc 3 1 ) L  algorithm. 

Pigs. 6 and 7 plot tlic ;intciina bciiin patterns resdtitig 
froin ilic LISC of thc hybrid algurithm. Fig. 0. sliows that tlic 
hybrid algorithm coinhiiics the adv;int;iges of both statis- 
tical and no n-sial i sl  icnl ad;iplivc pi-occss i ng , 'I 'Iic adaptcd 
azimuth pattern shows dccp riiills a1 - 5 I", -21)" and 45", 
the dircctions of tlic discrete interferer and the lwo 
janimcrs. Vig. 7 slicnlrs that the adapted pattern lias a 
tlecl> riiill at 11): 0 rcsdting in  cffcctive nullitig o f  the 
inaitibeain clutter. Thc hybrid algorithm thcwfiirc 
suppresses correlated iurcrfcrciicc such as cluttcI a n d  
jamming and also wicorrelatecl iiiterl'erciicc such as the 
sirong intcrrcrcr in thc pritnary range ccll 
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4.2 Measured data 
I'his Scctinn prcscnls two examples o f  ttic applicalioii oL' 

tlic hybrid rtlgorihn Lo inensured d a h  '['tic cxmnples use 
data from the multi ctianncl airhoriic radar nieasiiremcnts 
(MCARM) 1123 dat;ihasc as described in I'iirt I ,  Thc 
examples use tlic sanic (wo acquisitions (acqiiisitions 575 
arid I52 on flight 5 )  to illustrate l l i e  supprcwioii o fd iwc le  
interfcrcncc in mcaswcrl data. 13cscriptions of h x c  two 
acquisitions are available iti Part I .  

4.2.1 Application of the hybrid method to 
measured data: The D3 melliod was dcvclopcd in 
Section 2 for an equispaccd, lincar array or  point setisors. 
This allowed for tlic assmnption oi' ti0 inutiinil coupling 
between the elenietits a i d  thc sitnpliGcd spatial stccring 
vector given by cqn. 4. This ill ttirii allowed thc crucial 
assumption lhal for each pulse tlic signal conipotient 
advtuices Rim m e  clcmeiil to the next by ia ctinstant 
spatial niulliplicative factor z,. 

The MCARM antcrina i s  tin acray of 22 elernelits 
arranged in  n rcctaiigd:ir 2 x I I grid [12]. Iinr t i  rcctan- 
gular iarr;iy, cqn. 4 is invalid. b'urtherinorc, tlic clcniciits of 
all real arrays saniplc iind rc-ratlintc the incidcnt ficlds, 
leading to IIlutuill coupling hclwecii the eleincnts. In lhis 
case, thc sp;rtial stcccing vector must hc mcasurcd or 
cvaluatcrl using ti iiunicrical clcclroinagiietic analysis. 
Proviclcd with the MCAKM dat;tbasc is a set or measured 
spatial steering vectors for sonic choscn aziniuth and 
clcvation anglcs. 
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Igiinriiig mutual coupling degrades the pcrfortnancc 01' 
any SI'AP algoritlini [13-151. As illiistratetl iii Pari 1 
thImig1i ~ h c  impleniciitaiioti of nieasiircd stccring vcct~)rs, 
accounting fur iiiiitiiiil coupling signilicantly cnhanccs 
stntistical tilgorithin p c r h " c e .  D1 algorithms iirc 
bascd ciitircly on the assurizpt.ion of :I litieiar w a y  of  
point sctiwrs, allowing i i i ~ t i i i l l  coupling to severely a f k c t  
pcrforiniince [13, 141. Tlic authors in [I41 use a inethod o f  
rizotiieiits (M 0 M) ii umcriail clcctroinagaclic analysis of 
the array to cvduatc tlic niiitual coupling matrix atid 
coinpensate for thcsc cflbcts. IJnhltinnLcIy a MOM nnaly- 
sis of thc MCARM aiitcnna is not avnilablc iuitl the 
colripensation proccdurc ol' [ 141 cannot Ire used. 

[tistetid o f  a cr)itipcnsntion mctiiod based on numcrical 
cIcctroin;igiictic aiidysis, this paper nppIies the 'u3 algo- 
rithm lo llic MCARM. i l ida using an od hoc procediire. 
Eqiis. 2 aiid 4 iidicate that thc spatial stccriiig vector rtt 
broadside ($ = O )  is givcn by  n(rj = O )  = [ I  I . . I 1IT. In 
the abscncc of inii~iial coupling, this steering vcctnr at 
broadsidc is valid Toi. arrays in ~ t i y  coiifiguration. The 
approach h i  is to ariilicially rotate all the data, irsiiig h e  
incasiircd spalial stecriug vector, so as  to furcc thc look 
dircctinn lo broadside. This compensatcs for thc rcctaiigu- 
lav array configuration m r i  iilso thc iniutuul c(iup1iiig 
associated with the look dircctir)n. 'I'hc rotation is achieved 
hy an entry-by-cntry rlivisioii (if' thc rcceiverl voltagcs a1 
the array lcvel with thc IJ1ciIsllrcd spnlial stccriug vector 
correspotiding to thc look direction. Using pscudo- 
MA'I'I,AD'!li iii)tation, lliis operation can bc reprcscntcd by 

where x ( m )  reeprescnts thc N rcturns IYom the tnth pulsc iii a 
Cl'i ;ind ([,,,((/>,) rcprcsciits the irieiasured stccring vcclor 
corrcsponding to the look directiun (11). This operation is 
rcpcakd for ail pulscs iti all wigc hiiis. 

The division operation oi' cqn. 18 rorces the effective 
spatial steering vcctor l'or any look dircction to l ~ c  
n((/i l)  = [ I  I . . I I]', cqoivalent to broadside in an ideal 
array. Thc hybrid mctliotl R S  developctl in Scclion 3 is 
therefore applicd to tlic 'rotatctl' data .C wilh broadside i i s  

the look riircctiim. 

4.2.2 Example 1. lnjccted target: 'I'lic liiel exntiiplc 
uses the same scenariu :IS iti cxarnplc I or  Part I. In this 
example, ii discrctc nrmhoinogcnei~y is introduced into tlic 
data hy udding ii strong lielidous target ilt a singlc range 
bin, Init  not nl the look angle-13oppIcr. 'livri CBSCS are 
considered withiii tlaib cxainplc; no injected target and an 
injectetl wcak tiirgct. Thc firs1 caw illustrates the supprcs- 
sion ol' lhc discrete notihorriogcncity. Tn tlic sccontl CRSC, a 
wcak target is itijectctl at thc snnic tangc biri 8s tlic 
iionhornogeiicity, but at u diffcrcnl anglc and Dopplcr. 
This case illiistrtlfcs thc ahility of the hybrid algorithm Lo 
ilctcct wcalc Iargcts in the Ipresencc of strong discrete 
rionhoniogcncitics. In h i s  case, only 22 of the 128 piilses 
iii thc Cl'I arc used, i.e. N = 22, M = 22. 'l'lic valuc of thc 
cniphasis palxineter is c l i i w n  to bc IC = (Nhf)3!!2. 

The details o f  tlic titriiIii)iii~g~iicily and the wcek tiirgcl 
are shown iii Tahlc 2. 

The hybrid algoritlitii is  applictl Lo the data from thc: 
range bin with thc nonhomogerieity aiirl surroirnding range 
bins. Tlic output MSMI slatistic from the second stagc oc 
thc hybrid algoritlim is plottcd iis a lianctioii of range. In 
this cxamplc, five Uopplcr bins and fivc anglc bins forin 
thc LPR Ibr both the 3111, algnritliin and the second stagc 
01' the hybrid d g o r i h n .  The nurnher nf secondwy data 
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Table 2: Parameters for example using MCARM data 

Parameter Nonhomogeneity Tar@ 

Amplitude 0.0241 0.000241 

Angle bin 35 65 (broadside) 

Doppler bin -3 -2 

Range bin 290 290 

vectors used tci form an estitnate of the covariancc malrix is 
set at 4QIOF) -I 100. 

For llie case without aii injcctcd target, Fig. 8 cotnparcs 
tlic oulput from the IDI,, algorithm developed in l'art. I 
with the output of the hybrid algoriOim. As can be sccn, tho 
JDL algorithm indicatcs ihc prcsence of a largc targct in 
the look direction. 'I'his is because the large nonhr~inogcnc- 
ity a t  angle bin 35 and Doppler bin - 3  is not supprcsscd 
by the statistical algoritliin, leading to fitlsc alarms at the 
look dircctioii. On the other hand, thc liyhtid algorithm 
shows nu targct at  broadside. Thc norihoniogeneity is 
supprcsscd i n  the first D3 stage and rcsidual chitter is 
supprcsscd in the second 3 DL stagc. 

A fictitious target injccted at thc look direction and 
Doppler illustrates the scnsitivity of the hybrid algorithm 
to weak targets. The paramctcrs of the weak tiirgct aIc 
listcd in Table 2. Fig. 9 conlparcs the output of tlic two 
algorithm in  the case o f  an injcclcd weak target. The 3UL 
algorittiin again shows the presence of a strong targct in the 
look direction. However froin Fig, 8, tlic slrciigtli of the 
statistic is causcd by the nonhomogcnoity. The output of 
tho hybrid method shows the statistic a1 llie target range hili 
is 6.9 dB above the next highest f a l x  alarm algoritlim. 

This example shows h a t  tlie hybrid algorithm may bc 
used to detect a weak targct in the presence o f  a tliscrcte 
noiihoniogeneity within thc rangc cell of interest. 

4.2.3 Example 2. MTS tones: As explained in Part 
1, certain acquisitions within the MCAKM database 
include signals frclm n moving target sinidator (MTS) at 
known Dopplcr sbiris. A brief description or  the MTS is 
mailable in Part 1. In acquisition 152 on flight -5, the M'I'S 
lalies occur in angle bin 59. In this example, thc look 
direction is sct to angle bin 85 for ii mismatch and the JDL 
and IiyhIid algorithms are applied to tlic same acquisition. 
For this look direction, thc MTS tones at anglc hili 59 act 

: li 
~ 1 ;  

.~ .... ~ . .  

like strong targets a1 a dilTerent angle bin, i.c. discrck 
iiciiiliomogeiicities. As in F,x,xample I ,  two cascs arc colisid- 
crcd; 110 injcckd target and a wcak injcctcd targct. The first 
casc illustrntcs the suppression of thc MTS toncs ncting EIS 

discrctc, strong nonhomogencitics. Thc second case 
illustrates the sensitivity of thc hybrid algorithm to 
weak targets. This exatnplc tiscs all I28 pulses in the 
CPI, i.e. N = 2 2 ,  M =  128. l'lic ctiiphasis parmeter for 
the dircct (lata doinaiii niethotl is set to a Itirgc ViIluC ol' 
IC = (NtW)3;2. 

111 acquisition I52 offlight 5 ,  the M'TS tones arc in rangc 
bin 449-450 with the strongest t ow at a Doppler corre- 
sponding to bin -53 and anglc bin 59. The cxainplc 
focuses on the supprcssion or  this tone. Fig. 10 plots the 
MSMl statistic of thc two algorillims Tor the case without 
an injccted targct. Only measured data is uscd, without any 
artificial injected targets. '['tic SI3L algniiliin detects a largc 
target at ratigc bins 449 and 450. This false alarm is due to 
the strong MTS tnnc at anglc bin 59 even tliough thc look 
direction i s  sct at anglc bin 85. The hybrid algoritlini, 
howcvcr, supprcsscs the strong MTS tone, showing no 
activity at range bins 449 atid 450. 

Fig. 11 plots thc results of using the Iwo algorithms to 
detect a wcak targer injected into range bin 450. Thc 
paranictcrs of thc weak target are; mngnittidc: 0.0001, 
Doppler bin: -53, anglc bin: 85. This wcak target is 
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eilsily dctcclcd by the hybrid algorithm with tllc statistic at 
the tsrgct range bin 3.8 dU above the nciircst Mse nlmrtn. 

Thc beam pattcrns associated with the two algoritlims 
illustrate the improvcment in usiiig the D3 algorithm as the 
first stage o f  il two-stage hybrid mcthod. Pig. 12 plots the 
spiiti;llty adapted bcatn paltern at thc look Dopplcr 
frcqucncy for the 3DL a n d  hybrid algorithms. Tlic plot 
for the hybrid algorithtn shows thc dccp iiull i n  the adapted 
pattern of tbc hybrid algorithm near nngle I in  57 while thc 
JDL pattern iiocs riot show such a uu[ l .  In applying the JU1. 
algorithm to the MCRRM d a h  acquisition with MI’S 
toncs, the strong toncs leak through tlic sidelobes of tlic 
adnptcil pattern, leading to false al:ains. 

5 Knowledge-based STAP 

This two-part papci delails how tlic two-stage algorithm is 
crucial for practical s1iac.e-time adaptive processing I‘or 
airborne radar applications, accounting for both homoge- 
neous and nonlininogerieous inlerrerence scenarios. Tratli- 
tional statistical STAP schcnics are effectivc wlicn the dtita 
cubc i s  Iioinogcneous, i.c. tbc statistics of‘ the secondary 
data acciirately rcflcd the statistics of the interfcrciicc 
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within the primary range cell. Tho pcrronnancc of tlicse 
statistical schemes suffcrs significantly wlicti thc sccondary 
data is iionliomr,gencous with rcspcct to tlic primary data. 

The envisiuiicd knowledge-based STAP processing is 
ill~istratetl in I:ig. 13. The first pass through the data cube 
identifies rangc cells that arc nonhoinogeneous with 
respect to Llic data cube. Tilit; N I I D  identifies the slatistical 
‘outliers’. ‘[he figurc ol‘ merit m i y  bc tlic gciicreliseri inlier 
product or tlic output statistic from s STAP atgorithtn siich 
as the MSMI-NIID [ 1-41. I n  eithcr case, slalisticnl outliers 
are dcclurod to be nonhomcigcncoas. A knowledge base 
inniy be irscd to define thc tlrrni ‘outlier’ [93, ‘I’his knowl- 
edge basc Inay pssoss  itiforriirition rcgardiiig the terrain, 
interfering discrctcs, innntnatle intcrfcrcncc soiirces, ctc. 
For cxainplc, when flying over R homogeneous mea s~ich a% 
a dcscri, the kwwiedgc basc c m  set a stringent definition 
for an ’ontlier’. Howcvcr, urban ~ircas inay result in  tiiany 
rangc cells bcing dcclared ~ionhoinogcncous. The k.now1- 
edge b;isc can bc upl;itetl in rcnl time. 

Oncc the range cclls arc separated into homogeneous 
and nonhomogeneous calogories, the second pass tbrough 
thc data cubc applics the statistical i i lgorihi  for the 
homogeneous rarigc cells :ind thc two-slage hybrid nlgo- 
ritlini for iio~~lioinogencous range cells. Within the homo- 
gciicous range cells, ihc knowlcdgc base inibriiis thc 
dccisioiz of which statistical STAI’ dgoritlim 10 eniploy. 
‘I’hc faclors involved in tlie decision include rcqiiired specd 
of cmput;rtiun. availability O F  sccoiirlary data, ctc. For 
exsniple, OVCP bcnign terruin i t  inay be possible to usc the 
extciidcd I‘actorerl timc--space (EF’L‘S) reqiiiring a Jnrgc 
nuniber of secondary data sninplcs. TIowcver, in iiiore 
challenging sccnarios the JDI, algorithm o r  Part I inay 
be used. ‘I’his algorithm recluircs relatively few secondary 
clatn stltnplcs. The knowlerlgc h s c  also impacts thc deci- 
sion as LO [he clioicc of thc secondary data used ili 
estimating the covariance matrix. 

In the case of thc range cells dcclarcd nonhorizogeiicous, 
the choice is limited. ‘the two-stage hybrid algorithm 
detailed in this paper Is probably the only published 
effort regarding detcction of targets in nonhoniogeneous 
rangc cells. The second stage of this iilgorithin uses trans- 
form rlornain localiscd processing allowing tlie knowlcdge 
basc tn dctcrininc the secondary data used in estimating the 
iransforin doinain covariance inalrix. 

In summary, a practical approach to STAY might use 
multi-pass processing to account for twiiidcal, iioiihomo- 
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geneous interference scenarios. Depending oii the scenario 
at Iiaiid, tltici with thc help o f  a kiiowlcrlgc haw, tlic 
approprimte SlAP algorithm will inaximisc thc prulxtbility 
of tictccting anti itlcntifyiiig weak targcts. 

KB-STAP is, as yct, an apcii rcscarcli topic and  ncccs- 
sarily an ainorphoux conccpt. hi ilx final iinpleincnlaiion 
KB-STAP will include several STAP alporithim, scciie 
information, infortnation from other sensors and ticuristics 
to choose between thc wailable ilpproadies. Howcver, 
currcnt implcmcntatiuns or thc KWSTAP coiiccpt src 
simplistic and liinitcd. Rcscarch is underway lo consolidate 
thc rcla~cd canccpts and proccss llic immcnsc ainount of’ 
inforination in rcal titiic. 

6 Conclusions 

‘This ptiper devclops two new ;ilgorithms; ii two-dinmi- 
aioiial, noti-statistical approach to SI’AP atitl a hybridisa- 
lion of this approach with statislically bascd niclliodx. Tlic 
non-staiislical algorithm represents B significant advance 
011 previously publislwl work in this research area. This 
algorithm allows for the filtering of discrete iritcrfcrcnce 
within the range ccll of intcrest. This feature cnhanccs tlic 
truc detection of weak targets i n  nonhoinogciieous inter- 
ference scenarios, while minimising fdse alarmr. Stntisti- 
cal nlgorithins catmot suppress discrete tioti hotnogene ities 
bccttiise thc secondary tiata possesses no inforrtiation 
rcgar’tling siicli intcrfercncc. I~lowcver, perforniaiicc of 
direct dah doniai~i algorithms in hoinogcncous interrcr- 
encc scenarios is inferior to traditional statistical STAP 
aIgoritlims. Each of tlicsc two approachcs to WAI’ has i t s  
OWII arca O F  application. 

Thc proposed hm-stagc hybrid algoritlim allcviarcs this 
drawback by impletneitting a second stage of statistical 
processing after using tlic 13’ algnrithtn as an adaptive 
tratisfortii to the miglc-rhpplcr domain. This algorithm 
conibiiics thc advantagcs of both the statistical and noli- 

statistical approaclics. Tlic D3 incthod is parricularly clTcc- 
tive at countering notihomogeneous interference. The 
statistical STAP algoritliin tlicii improves on the suppres- 
s ion  of thc I-csitlual corrcfatcd iiitcrfcrcncc. 

Thc cxamplcs prcscntcd it1 Scction 4 highlight tlic 
fcatiu’cs of’thc ncw 1iyhi.id algorithm. Tlic Scclion prcscnts 
examples using siniulaterl data and also illensured data 
froin the MCAliM database. Ln the case of sitnulatcd data, 
thc: irtlaptcd beaiii pattcrns illustrate the ability to placc 
deep palterii nulls iii I l ic dircctioii ol‘ bolh corrclatcd 
intcrfcrcncc such as jarnincrs and also discrctc intci~fcrcncc 
sucli as a large target in lhe range cell of interest. 

Hven with ad hoc coniperisatioii for niiituai coiipling, the 
liybrid algorithm shows a significant improveniciit over 
stnlislical mctliods in sapprossing discrctc nonliomogcnc- 
iiics. Wc aniicipatc a truc cvaluatioii ofthc m u t t i a l  coupl i~y 
wo~iltl improvc tlic performance of the hybrid algorithni. 

In sumtnary, this two-part paper presents a coinpreheri- 
sivc approach to STAI’ and thc twwler field nf knowlcdgc- 
based STAP. Par1 I fncuscs 011 tlic well knowii joint domain 
localised processing algorithm. RcCorintilating thc JDL 
algorithm significantly iinproves performance in both (he 
idcal niid rcal warltls. ‘I’hc LISC of i1 transformation matrix 

removes restrictions placed on the algorilhin by the origi- 
nal formulation. 

I”? 2 prcscnts a new direct (latit domain algorithiii and a 
hybridisation o f  thc algorithm with J l ) l , .  This new hybrid 
algorithm givcs Ihc capability 10 pcrfonn S’IW within 
nonhoinogcncous rnngc cc l ls .  This algorithm draws on tIic 
new forriiiilatiori of JDL prescnlctl in Part I .  

7 ’ h c mi It i-pass ap proac ti s ig ii i ficaii t ly cnliances the 
practicitlity of knowledge-based STAI’ for airborne siirveil- 
lancc applicalions. l‘hc cnvisioncti system reqtiircs multi- 
pass proccssing lo obtain s m c  irnpurt;inl infiirinntioii 
about thc intcrfcrcncc sccnario. Thc first pass i s  ii non- 
honiogc~icity dctcctor liillowcd ill thc secorid pass by 
apprclpriatc STAP praccssiiig. Tlic STAP stagc can cither 
draw from traditional nlgotitliins iii homogcncous cnviron- 
ments or on the hybrid algoritliin iii noiihomogcncous 
cnvirtmmcnts. ‘l’lic tlccision to use one or the other 
approach will bc irifi>rnicd by m y  available CI priori 
inrormation aboitl the inlcrlcrcncc sccnario. 
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