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dElribrllo[ .0d *h.E ln .lune. doEh.ls r.dwr !ol!a Th. p.rfod.rc. h
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Pr. Prib.hlliiy oi F.l* Alm
R Nu6b.r ofc.lls in Clun t
Rl L.rdinS l crfaing Td&6
M LqSh8lnErrdin! TrB.$
b w.lbull SlwBs PM.r(
a TGhdd MuldllloThal D.hir ih. PEb.hiliry of Fr!. Alm
/ S..1. P&tl6
/r AM3.Nd*?oE
/, A@aq Th.mrl Ndc Poelr

./r. AvcEg. Clfrq Po*B
Q!,(x) c!fruliriv. Dhrrbulion Focdon lor E&! Md lr'lr E llfr.rio! C.lls
O"lx) c&ulalirc Disrribrdd rucdotr of wciblll Disinbudon
P.J*) Pebabirlry Dmily Fwljon o{ !r'6jburl Di*ihnim
SrX A6a. StmLTcNoi* tnb

[4&T.dD,oo.vou..}ir.265 hkc&sbirk.cT RMrk

a rei.r b d.hr.d shn rh!
odput oi fic B&r !@iver ctrsd i
*der.dii.d lix.! dftshold level *r
to ehi.ve . e9.rj6.d Dmbrbiliry of
frt!. dm. ln huy rindion3'
howeE 0'. dG.rrrE rd r
hdil. noie @ b. mNh Era6 rd@iw id.ml noiF. Whm $it
lEpD€ni, lhc seiEr liB$old 6n b.
exccdcd and mlny f.h. dam on
occur ln 6.ny .pliiBlions wlEre th.
rcise (5 cbng. du. lo intrrdMe or
wJyins clutrci lh. sluion is d
,dt rl4 rrE h'k tniBfrcr(
d6i8Ed b k cp dE l'lsdcm
prolsbiiiiy collul dBpiE ch.ns6 in
dE backgrosd @is. d ini6+re.
M.n, @hniqB cin yiild Coaknr
Fake aldm R r (CrAR), udrr
,pecific Grri.rio Cfl.R usudly
anEs $e Foh.biUt ot de@non
.6p.r$ io simih .e at knM dld
ibbl. mi$ lcEl ln r CrU-AEEgin,
{ca{FAR) .y.Ln U. rl'Elmld

rdjrsftln for ! ip.clr.d colotd
ccll i, tased or lh. !wds. d.r.d
l.!d rmm th. nol8hboing €lls dunng
(h.3ane put. or $s This me&od n
m*r w.ll wh.i lhe b&kerold

l@olrltfu oq {E m.i Irit
&.@pdo is viol|lql h tft mjq

al !^,hen d,. rercm. cdk cG M
cdse in th. dun r b$lsround.

b) wh.n ore or moE r.f.En@ cell!
lndu.t ftnd frln orhq i,isetr.

Wnen d* Ell llnr r6t i5 in rh.
dd sid. or lh. .4c h tlE oisi'd
C^.cr^& d* EEr@ ell. i. th.
c[rlE eill uffiil, irlld tlE
rlGhotd, tuilg . d@@ in dr
prcbdbilhy ol d.terlon, Th. Gtr.r.li
of-cFAR (CO4FAR) stEies vill
,oen lhe pmbl.h, o@ solurio. h4
k b 6. . opp6n? s!"&s/ b,
*kding l}F lffi 6l llE tso lcv.l!
Thi ir?e i! ho,i a d! ",t-tu qF
Cr,rr s so.a f,, Thc I, .€E ol



a sronC re8et sigel in one of dr.
relerenoe cells is sinild Io ihe pohlm
ol having stroi8.r cklor in sev{a]
adja@d .Efernce celG The so-cFAR
is hth watroful qlD appli.d ro
prcblenr (b) The SoCFAR c.n laiL
when $ere are rtu inro s nE kraeis,
in lvo Elc.cn e ceus on 6e nvo sid*
olfie cslL trde. re$. ,n co.clNtun. rhe
so,cFAR k a siople bur wosretul
solurlon to 6Ear6r or (Go) rhe
pnbleil or a sinEh interlenns iaBel
and r doubraul solu.ion b ihe prdbkh
ofrtro or mor inte qing ergers.

SeveGL oire! solutiotrs to rhe
pmblen or rmi ainin8 CFAX in
mulriplo-or8er siruarims have bem
poposcd. TlBy yield h€tur
Perfomu@ bur Equirc morc .omplcx
implemcna on Rohlin8 lll sugcesed
a dil-rercni app@&h ro lhe elininalion
ol relerence cells $i a nrong inpf
Thh k called Oder Sbtklic-Cocbt
Fahe Ararn Rare (os.cFAR).

Sereral donlincai dsitorion
rechnlqu5 hrv. h€en popoled 10
rcd8e *e ahoE problcms. 1'hE
nonlircuny may lnvolv.6kng ihe the
aver age ol rh. rm sroups, rhe smalr6r
Of (SOl rhe avedge of rhe iso grcups

d vaialioos o {ic$ reconr iireHi
har aho clnceDtated on ider rarisric
(a! dereqoE rh,t u* the r rh lare*t

lr'&/ .sr,rfuLr .h,f.1.ri7E
amdnud. idomaricn 6, mrkin8
obseani.E i,r \ehich dincrently
mnked output can e{mare slalisii€l
pbpenies ol rhc dindbudon fioft
*hich !hc], *.h 1lrc order i.(hti.
cor*pdiding rc a r$k ( h found by
r.ling 'Jre set of M rbscflarions X(k),

sdk,ofeIS'dnlscFAnABLys^

k=I,2,....,M, and orderlq rhen sith
resled b inc@iry ruEnilude,(i.e.
r, <r: < i <Jl <...?r,) 12,l,41,
rhe ( rh ldEesr smpl. .s taken 6 an
esimaE for tn unknosn nohc lovcl

The COOS dctedor h6 ihe be$
d.adion psfomance a! duso edgesl
ils pedomance deErdd6 multiple
ksd snuadcns. rh. sclos dereror
inhduces a bst deEdion pc.lommce
thatr simplc CA-CFAR family,
convcnlionol OS-CFAR an,i $e OO'OS
del@!or. Mst papen aE Iimiled to
Raylcish dnribuied recoiver nohe.
Real word clund nadslics re BeMelly
nor RayieiSh dhtiburcd so, rhe
perfom.icc of ihe abole alSorirhm un
bc subdmri.Uy de3raded. Th. nodel
uss a Weibull distribution to 6odel rhe
clulcr. Ths approximarion techniqu. h
a9olied h.rc to $ddy the performarcc
ol rh3 so-Os dsrecr.r hd.r uniftnn

dislnlurlon. Tne bbck dlasam of the
SGOS pl...sr h sho*n in fig. (l )

'Ite pd$or is Bsumed ro us
!n apponedion ol rh. n4nhudc,
where I Bnd Q @ r?r,r?",nd
.Qu.rratu r' chanmk, Espelively
[5, 6] ol ihe samplq thar lollows lhe
harched fiher to deremine rhe
(hrehold, A variery oi pobabiliq
detrity lsndidB my be us.d to model
thh srplitude, The Cumuldiw
Dhnibution lundio. (CDa) ol llt
wdibull di{dbution Qr(r) is si!e. ty
t6.81,

a.lnJ-*,/ ?/,).,>0 0)



Whrrc b is the skesrcs pmher*
ol the disldbdrion d / h rhe scale

Danmeler, vbert b.th tr. gEard rhan
eo. a1 b:2 tha dhtsibution Bduc$ ro
rhe Rarreid disEiburon. smlte.
vahEs olb incrdc d. sk.wcs oaihe
disdb{ior ed allo* rhe limuhtioi of
thc rprt cturler, 118 pobibilily d.nsity
luncrion ol ihe Ueibull disrdbuio. n
the de'i\aiive ol !h. COF si$ esp.

skofiJ'dqsldi,r.-crAnAmLys*

resp*1ively, $e CDF of rhis plee$or

?sG) = q.rr) + 0f) - q(x).or(:)
(j)

And lhe cMuldive linriburion ar
rhe odput oflh{ mlhiplid h
,i+o.{;1.".(;] a.[rs.(;]

(6)
Eqs. (r) ed (6) arc scd Io

crhulaE lne valucs ol nh. lhreshold
rulriplicr a rh{ giv6 a pdicul{ Pi,
lor.quitalent disribution in bod, sel5

of *rimdion @lh ( p,(r) = g.(r) ).",,,,4a.p rj1."l i)-
\ r)

o)
Tirc prcbabiliq, densiry firclions

in Fip (t) Pe (r) Rcfe6 to rhe demny

tunction ar the ourpur of fie scte.lion
logic olrhe ordor sFlhlic.atcolab for
SO deteior sinild ntuion for th.
omuldive dktibution
,iinction(p (:r. rhe ihBhoid
mulripLier a requiEd glrftdrecine ,
D.riiculr I)/" is deteimined 6 lollo*s.

Sin@ rhe rh*hdld is nDd.l.d 6 .
redotr vdiable, lhe P, k sn€n by !,

TberreEEe De1edlon lireshold
(.,lrl) .dcpr.d hoc to evaluar. rhe
threshdld algoiihnl when sq@ra,law
det€olion G uss4 h dclin.d.s [6, 3].

wh.re 
" ;!repekna Ihe €qtrird

sigml nsg/ to achieve a p riculr P!,

l? is Ih. awrse noile power and,,rDr

The se6nd mometu of lhe odput
ol rhc selccri.n logic is ced to bbbin
lhr ADT.lhe rhreshold mulripliera is
squ.red whm fie squsin8 d.vi€ h
in luded [63j, ihe,,lDI G rh* cbhined

6.3) c,= ip,t,tc, L't a,

-Ihu cumula.ivc dkribuioa
(i9 c.hulalor ourpur is givc. by
3l

(3)

11,6.

(4)

In rhe SO-OS dcretor, rhe noke
power js thc smll.. of the ord.r
shlistic E rd L .*in 6n ceth

Usins rhe fiNr dcrivalivc oI
Qe(r) foi rhe sp{ific ddebq this is

'.lil.p.,.,ll*,,,1' (,)j,:;



tu. a r*hrq, vd 2t , M.1200l

tu.T\"L*@"B\^
(3) DE robobilh,

d.isny ,!.cion or n\e d.tslor out ol
lh. SO c.lculslo! con bc ob6in.n bv
diff.rcidoring Eq (s) sirh qpecr $ i,

r-at"+a-xr. LG)*t,t,l
- lP, krotr. P,{.rg.(', (9)

Sin& ln. drln wilbla .r ilE
inpd ro rlE OS @lcdrb G 6udd
inde.nd.d md id.didlly disibucd,
de d.Eny tunction at $e .{1p{r i5
obEin.d by ditleBnlidins E!. (4) eilh

a,o';s,rirlrlLr-a"L' l
'Le,' l 7""' (trr

Th. 6d Nis a.iB, ir giM B
16I:

,.ir.^.,-r:i)4 0'I
Eqs (1). (l0I md (ll) e

$b.rlluLd inro &. G) ro c.tcllft $.
$lue of ADT ro. a p.niculd wtu. ol
d. vhi.h wa p€{i.usty cat.uloGd il
dlf.rc lolud oi Lie sk sru$
P.dhotd b, and thersult lomulr i,:

.iDr . _L-L ,til")
J:r - +1.", r \./

$Illdof{EslbchrfuiFj,

lhe ierr.E@ .xi.B wldln d.
dtiEdim @,k- r rh. inIcrfda@ n
lu8q onc 6r moE of Ih. c.lls usd for
!.chBsMd cluBd adMtion @ll! it
y.U dboE lhe aveas. v!l@ or rh.
Emainins .ells. Thk i ilo nc.6uld
b. Bu*d by multlpl. lir.ni tlyl.a
hrornnio4 orby jmii& Tta ..dls
@lysis nnEr b. mdl6.d ro .vrluc
UE p.rfm.E oI o thBlEld
d84irh^ *tra dE ordnrn6 ol oft
or ,e of dE ens e Ep@ir.il b,
dilfqq dedr,v t*dtu, rf dr
i.t.f@ i 6!d.d b &c6r! !qddirt El'h, dis d.6ily tundion
dcsdibcs a @n$anr ,isd in w.ibull"
dblribded baokgmund nohr.

To ahid .val,.rin8 lhc w.lbull.
plulai8ml di$ibutioi fLnctions, n i!
conv..iat lo 6um. fi8 $. o@
int.rf.t!@ tu much Seter tla, L!i.
cluts in rh. mini.g.nlr0ti6 ..llt
Inis loDrnimtio beom6 llm
eMe 6 dP Erm.d dErE/ nm tu
i ..,me inclle ahriE b th.
6ap itr rtE rq ining Brinlid
ell . Tlu EdcinC M in Ih. E1!. (4),
ed (10) by de app6xiflr6 !h!
dctui9 tucrio, ol e d.t croi

If on. of fie elk co ili!
inl.rf.E@, dre cal.ulslion h modificd
ts tulldws. The Pn k still siv by Eq.
0) *ft a(x) =Qr{x) Ihlr h. rh!
tGh.ld edriplicr is s.l *ith io
iir.rf.rde !'Mr. A! h rh.
.6i ..f.m ce, Eq, (3) L sol4d
loa . giH ! d6iEd Pn. Th. Am i3
oh.&'.d nh Eq. (3I Biie Eq! (1I
lnd (10) wini QE(r) rnd P.{r) $ !
fuEno. .r M.r enimio ell., Nor.
rhrl l[. &tu!l c.ll *cupi.d by rt!Th. dd.dlon anslFi, ol inis

,b.d$.r i. dLnd.d to lic cs. rh.E



E{,lr*h6r.$voot'Nd?.lo0J

i .rfcrcie ar if,El.Efl ro .his

s'irk.r otodr sEriFc,ar 
^it.n

leilB Dir of d* r.Gi@ elb

Eurid (,2) o m* b.
ubsri@d inio Eq,(l) to ohrin lno Pi
.! clui.r boh&ri.s, Th. lhrshold
Mulliplis d ,s jr6ed uslng Eq, (4)
shh 9.G)= q.r, lo Ylald .
wnclJt Pn in RarLith. disttbrkd
rsivcr misc for ft sr..l.d oJ elr.
N.& . .lIna "Edt" n p!!*n $6ueh
d. 6dn dm celk, ne t!.ls
@b, d llrita nidribt d .lu,|g
h.viry a re@ O0 dA toi q.mrl.)
tt@ t l 6.d !o inirirllr !a dr
$6hold. 1e trdr .dvu6 o!.
.3rim&ion ceu ar. tir. wnll {t @v.r
.ll$ecorrs. ForlhendMcdk rhBl lhc
fioir co!s, rha t !9.1 ld q.ll Emlio!
in Weish disnib ed B.lt.r Nls.,
Ana .r, rt. E$ eil i! Grsft.d ro
R*<*1d to wzibdl-tli*lbr.d cfunq.
Ih!, r $hla&r oifomlE clIDE
@E *d.n rhc 6.rn tu6 dr r/ rh

The b€clgbund @O /i in Eq.
(8) h6 o& ofMo qlue, &p.ndlne on
shaherornorrh. c ..ll reDonds ro

lh. rcfaoe chMd is .lBr!
d6unrl h b€ homosetuols &id
FpGcnt.dve of the pnmary rdgcl
lhliburion Md.r fi. nun hypolIEs,

rl.w.Er .n El M d .l .r
b.LtanuU n @r id.iri.,ilrdbtihnal
6ory 

'n 
6dnEli6 eU3. 'ftn

MrnnoS.ftny in rL b..-ltou!n
6!iMm.l(fficnamrlle
of $os c.lls @ .in.ddiri@l.n.rA
.i&.r nod nulriplc r,rg* or fid

Thc clurq bound&y n nodeled s
6 sr+ luicrio! dnco.ri.liB ln noh.
pow.r Th. windo* of 3i2. M, ii i!
s!m. rh.r rh@ & R ..,15 .mi.8
iqn hovl cluta Esioo @h rnh
p.6 l.wl /r.Gr= r!0 +cx ))
19. l0l, rhcr aWX d.llc 6. ducr
rdh.mll @ii. dio, . ih.
ltroi.ins M-i elh hivifi litmd
ioise od, wnn poqor Lv.l
trfur./) qqh, Tlre ot4ea.tioB in

bolh o6es @ a$med 10 IE
3tarllric.lly indQendfll. Ths, i.
CDF oi th. X rh mk.n ell lEs a form
sim by J7, l2li
4,,.,,r^;:g,i(':"ir".,1"

t*.,t-[r,F,",rtu,1-
(r2)

Q'(r) r Oix) d..or. th. cDr.
offi. &rylllqlr lnd weibull dtu$iburld

To &l.n,i* d. rhclFld
ruftpln. epriui.k). n i!
@n6lrt 6 Mnrlia W $ dd ir ha
uily m6n,rh€n 7 ii&,(l)tub.ed
lo uiny 16l, The ltFshold munlpliq a
Is d.iamined Dder th. hypolh!* ihal



rtu mii dm is Dd in !h.
r.fffi* cnoncl- Thc !rlu. of a lor
SOoS d.c.lor h nuasiBlly
oohnu'ed by solvi.e Eq, (3) *ilh Eq,
(6).l. I nnmriel cuh!, rl* winow
ia M E !{ ells d Mo {lBof Prt
aE ssumcd ltr (eld [n.) md lo{

It .& be &m drll to, Fis.(!),
rhc tEslbld mlllipiid a d@ c
lhe d f, slnnft c€ll ( ftEe. At
rh. lkern* olrhe w.ibull diinbul ion
incEres (i,. e b deEacd. th.
$Bhold dllriDliq vilE (a)
inc66, tririic E rhr6hold io

srrl 4l o[ord.' ,didi!.cFAe Ady,il

aid. pafdnEG pleu qid. lor K
bd*d !6 md 22 tur rhe R!yl.i3h
amthud. (b-2) B. lithir lhlch rhe
ADT v6i6 IBs lhd 0.2 dB. 116 vid&
or rhi. thau dcr6 aor .m !pik,
ctutt r, Thc ddclor innld@ r lowr
lo$ ln c@ of shglc itriclfed€, Th.
hi$her lo$ occus !t hishd valE!.f(
lu dii d!rd*. o. rh. ffill6 hls
otKF*.omodftosy

Thr6lold Crr.ul.llo.

Th. ADT is no* crlculakd tq
tu d.re&i Eq {8) *hh(9) hued
io c.lcular. rh ArI fo. d,ir d.cior.
Th. ADr b ot*aincd lM dE*
.lEriois vi'n Pr(r)rnd PE(r) !s !
tumIon oi (NL) eslinarion .elk ior
rli8l. is,tEme 6. Th. dEslDld
muhpliE i. sa uin m inl6aE@
prcld in d* EftEd .cllr aM itr
v.lucs aE oblain.d ty solvnB Eq. (l),
uhich {a prNto6ly .6l.ul.tod lor iE
d.iign valq ofPr ( ror.nd l0'). lnd
dilf@r skMa D.m.t r h Fit

In fic fou paih (b) rta! ad ,l
M-21 EpBint! tu sinsl. inr.deltG
o*. wi(h i.crf.i.e c& rh. td
iqfoinatuc (i a mlld ADI) G6
n.a K=20. Wilh .o inErftr.me ca..
th! ben p.rtorndce (oq .ho ner
K- 20 For rhk detcror I ElaiEly

eslift(io! Elk in ial4Ei cluu.r. tnd
rhk opdo6 b.cofld l.s .(ftoriw 6
$. clunc. be.. D,li.i TIE
inrcrfa.M 68 ! F.f@re lc
ordly I lts or l6s fd ,>l 0d
K=20, 1 h. D.rrotrdn.. is desrod.d by
,bou 19 (E s b vai6 &m Rryl.id

Fi8. 0b) h plot d fe Pr-lo',
de sm. 6da eprcritutcly .E
ob.tin.d. Th. AD'ft e all highs ind
noE d!8r.d!id n arsed h, rh.
incrf.4. (rldjiiontl CFAR ld)
63 Ord.r Shihrl. c.ll (K)

Th. rhrBhold mllrtplid a is
6ldr&d ro sildrc P6=ld !r .
\.d@ of h-l.i Thc EpFsenlaliE 6nl(. which mar6 Ptr i.sensiliv. ro
ueniinry in rl.. cluf,er disdbulion
ood.l, i. l,16 6 M .wn 

"mb.. 
(fa

.MdO. 116 6q, O) ir n$d io
cdcd6r. ln. Pi !l dif,.Mt !rlu6 of D.

Fk!. (4) rho*s ln6c Bull, for llt
FM rhi! li3w, K+4 (i3, dE

mui um vdE olM) rho{s rh. 16r
s.nsniviry ro cbanSci in b, whil. K-d
sho* lh. ncr s.ilnivily ,s SO.OS



ddector Simila. 6uhs aE obLind
vhm d1c rhrcshold is adju$cd
lnho 5: a < 2, Also, rhE scmc rssuls
e obuided whcn lhe desiEn valuc oi
6=1 0 Thus, the higier vatus ol K
(K=2,1) is cap.ble ol ndinraidins a
pai(icular |; in rn.etuir olulkr
backsrourd. Ttre besi poriomEoc.
llcan sensiliviry rochaue in b) ecun
5r -( > 18 ror thh prccc$oi.

5,4 Tte Dgle.tton Perlornna.. ol

Fiq.(i.) ,c!re.en$ the dererino

rhc 16. ell Fom lig(7), ir can be s*tr
rhat rhc requnsd SNR hlud for
ehievinH r.{1.5 fo' SOaS ddecl.r
deftEes 6 b decrss. This m@s
fi2i n c,i h. .h.vi so Ltubdor for
morc skewd Veibull disrribudon. For
K=13, lig, {3), rhe sNR ircBas6 for
horc skstr.d Woiblll disrdbuliof.
Smailer valms oa SNR Eqdred
ehievins a sp$ific Pd ar hisle! values
ol b. Thc los incEses fo, nor.
skeqed Weibull dhtribulion. By
corp&ing ihe rwo cases (I(=12, 13),
ir\ ckar thai lhe sNR Equired ro
achieve Pd=0.5, (=13 i,Drc6.d lor
moE skesed w.ibull 

'lhlribution, 
fn.

Eson ol rhk 6c, is th. 5bilily ol
o.ellation moR spike siglak lo!

F oe lhe lat brc cums, lhc io$
inft@'J for SO-OS detctor as K
increffid from 12ro 13. Ar this cae. ir
oan b{ find a value oflhe ordc. sradnic
.dl K rhd siws a coBtrit lcrcl of
sNR ewn itoud the sk*ne$
pa mel$ b h variabLe. Fil, (9) Shows
rlul lor K=14, rhe sNR increes by
about 0.7 dB as b vdics lm 2t 0,1.
nis heans fiar rlie b*1 prrlomance of
the SGOS ddeclor h oblained by
3elccri.a lhe o.d.r rark cc.Ll(K)nes
rho 6c.l pm.nrile oui of rhe rolal celh
M. uhe@s at this wluq rhe SO.oS
delgcn)r n l.ss smsilive ro the shape of

backgrolrl ol rlre SO-OS lrc.sor 6
aftn tion ol dE piftaq, raryer (SNR in
dBl, Pn=10' lnr *ind.* size M-24,
(-12 ! rhe sk$vre$ psmeter L is
vairblc .{ho in 118 s.m. ieuG Ih.
NoFCFAR aid CA.CFAR det crion
pe ormrnce 0@6 ee ploned, Eq.13)
* used 10 calculale lho ?j oi lhis
P6.s$d. lnh dc asDmprion rl,al rhe
noGe poler lus Ralleigh dtl bution
(i.e.r=r) and a ,= ,// (! . Sa-)
Fron lhe dhplay.tl rcsllls, rhe
d*.liotr prcbdbiliry iioeses b,
itrcftasiDs SNR v.lds. ,nd il dercdes
lor flore rkrved Weibull .luner (b).
Sd the SNR l.s incru$ $ h
deccsr5 For li. some peameteu.id
K=13 * expsrec, rbe sa{'R lo$
dccr.sed lor lnis pNi$or 6 in fig.
i6a) Einally, fie delecrioD P$lomancc
decrca$s is P,, iicHses, ligs (5b) ro

Nrw ir h suirable ro .*ume rhd
the nohc p.ver (ll) nr rhc relcrencc

cells has the same rhap. ofdrc noi* in
The ?r. h dehin d using Eq, (3)

lU rhe ddecror, wid Qrr(x) as siwn in



F4, (r2), IlE rk6hot!, o.{rjp&r
v{lud * ccl.ulaed Ddiously i.
!.4ion (6.1) tb in. sdahd order
nsiric .cll (K-13). Th. i.1.. ale
Nrlomnc of ttE sorjs Jd* b
codd and iqd lhl d{ligr s!*
aher rhe iunb.r olcorh imne6.d in
qlLLner ii ei$$ ledin8 or lageins
rrlttre sindo* {rhis .e! G .d
,lbwn,- Th. r.!r @plc ir NuEd ro
celaft a lcium tm d@ r&ktuund
egion rYilh RayreiCh di.ribulud

Thc ?n .Didly &.8@ in rh.
rimpr. CA{FAR 6 io Rct Iol s4
rhc cluudr pow. h$ fcwr rtrets on
pqtomance of de sO-r)S ,jcktor
ldoily wh.n mo€ rh6 M-X
crtindion .ellt of d ol ,E oS
4lculdoE dl,in cluno, lhc S:O{S
d.ubr sdes it po*d froE lhe
3..ond OS dalluldtor, r1d i$ Pah srill

Whetr mc.rEn M cclk idtrErd
in clE6, 6. 

'ql 
all Bpord! b rnis

dundpo! .rh.Po isno,hilherrr m
rh. dts gn poJ (Pr=]0'r, rhe hl!.
drm pmbllilily ircl!.s a tlbM in
6& (10). Ia firse dm lroh.bility
d.c@r.s 3s ltc nmbq of eth
i m.6ql il clurte. iicrtr.. lor more
rhln (:lvl () ..lls ild rhr lory. [r]*
al.m proSabili9
sks*d wibull dirritrr n

Wh.D lll ..ll! lying in cl6er, iE
tr h nor !r 6e desisn vrlu. fo,
R.rl.k! distihred .lund. Althouelr,
rh. soos daeift ha lb. b6t
dcr.olion pdfo,tl1.@a i iplc b.Scr
,irurlions, ( s fisurc sh.w5 &.t ir
p.dormanca dclrldes r.pidly at cluter

fh. (ll) Shws .iriL!
I€domM.e cft &r K-13, R1-6 ,nd
F2 i! $ .b1.. Th. p{fomn!. h
ldg.ly u tretd udil &2 > 6
dindho elis li. in .ldLr, rhi. Gulr
!€ obbin d \rh6 Ih. d!sn, funcdon
or ln. lar c.lr .6ponds ro Rayl.th

Fig 02) sno* &ai lh. nl*
dm D@O.hiky of rlF &etur ir lrill
raEn $. rtBien liluq of itr fd
Rayl6ki dki h .n clliter uniil R2 >
6. Ad* ft.! rhe lal$ .lm Fob.tilit,
of rIE soos dddd dre. Tne
elB ft plotcd in dE 6. ol Rl{
lDd R, is vsiiaile, Ako,lt! f'h..l.nn
pebahillly inc@4 a b incraqs.

66 Nqi.n Pqtu! T., oa

A dmulation ol Indep.nd.nl
I&dioll, Di*ihr.d lale$ .nd
rz.ir,l disihncd de I rJ, lal is u!.d
10 r.st l,r soos d.r.cr* ld. Eindow
rie M-24, K:13, Ptr-lol md th.
skeln.$ p,r erq (b) i5 Bs.d

U.ing 300 srle, nrlripl. 16 dB
poi @8cG havc b.m idd.d 3t
mpl.s 7GI05, iel.rcd krrct ,r lr0
ud pr.. rlD h6i!n 6rc t .r ,2 by
rh€ l5iB .dgc d 2,rc e*.d!- Wiri

I Mulllplc lnSe$ qus mdski(8.
1ne .iaer M nE.lurlr dB. n
.lso mda.l, ret d !d a!rupt
chan3a E se in rtu rhrshdld

2, Th. clutt r ede. would ea.



E'r & r!tudos,, vor r{ . No ?. r00r

I! c be lecn fid( lh. SO.OS
d.nlrdr is uapable of ove'.!nth8 the
niur'iplc k,8et Fobl.iN, lig. (llb)
shdrvs dE clter 6l &cEoins rrk v.lus
o,lN {eNk$ p&mrcr (LFl).'nx
.hB$!l.l lEr.l im,!*r a b dEG*:
,le. .hc a*@ie oa $e o/nrd. or
rlk .hrcslrord i1 i^ffi s b dcEs,
to. Ih. rrN vdus of L fi. &di6
ptutuLilnl d*]!.s d L d@ei
lo ior. stc.rtd r",iirr?i di*ibulid
(h-r.t, {!his curc is noi sho*n) ih.
eqlien SNR far ldju{irg I,r !.t
sh.ulJ b! incEccs.s ii nes (5), &rl
(6) &d thE bBl d.leio. p*ioman@
cii hc oblalmd al dis vah. (bro 5).

lor K=t2, b=2, approxin&ty.
th. 5ro( deledjon pcrlomurcc tu h.
obkin.d a $om in 6s, (14!), More
rls.d |r?itr!I/ disrt,bfte tls t6
.lI{c on Ihc ,.dMft. ol IhiB

,r@s rnd .rre p.6*e b€dB
1.5 k6iriv. ro rhe R*i'V in ih!
dutrd dii'ibdiM (i.e ro"!r .drFiE
UElrold lettl rhar (-lq.! nFm in

lig. ( ll) ir piolted al (-!,1rnd
lF2. inulriple ktlcrs sould ciE
ptublcns, sohe ol &6e li€.$
uid.l?ded Ho*r6. dE vslu! of K-M
qinor be us.d i. pracllc. d!. io
nLppr.llioD ofur8* nlis od'nd siv. in
rh. fl 6.nce olnllliple krgok, li othur
w0ft5, fD. K=M th. noi* .dinre x
slll bs higlcar oid2,ed sple vhich
tuy coi6io in lle i erfenn! hrgd

lr a sihBle d@tu t{r.t
lrp..ts in !h. etimc qiidoq, ir
eupiEr tnc nighGt Bnt d c.ll *ilr
lfuh prob€bilit aor rh. GO.oS dd d.

coi@n onal os det4lor Th6.
itr.Eas.lhe ovedl) rh6l,old bd o.y
l..d b rhe 6ser mks. lL 4n fic oth.r
nrn4 K k .hen !o b€ lBs llllr &.
@iimlm rdrq $. OS.CFAR
p@$d eill be inr@d mly
lrid'ly6rwbM-Ki.rHrt
tr&u, 6 in rh. pd i8c. Th.
d.@d F6 dE 6d d!r..!o
p.l6,rrc !4r.r rts cffdnids. For
moE @16 cf.fue 16, 3l lytd
thc p.r@e or GOOS und.r
W.ibull dhlrihnr.d .lrG! .nd
Erd.ie l3l mabad ti'. pedomrrc.
ol CA-CITAR by uing F?OA

Lihiri.8 $e numher ol fdk.
.lm3 fid &cu cns Db6l@ ro
uy d.t.lio slhE. A mrndpL
ErglBi wheE horh $. poE dd tyP.
6f rbdiiB d r.iy .tflpllr. d.
dccL. & lowrcd in Ffome.
Th. SGOS d.I@b k ed ro Ed@
!h. .lEc .f rhj3 pobLn\ wirh
rcfotM !o 'he. 

aulls. fto51
lppeiine mlaim &€:

ll Morc lbred cluftr di nbldon
*o!ld EquiE sEde. rhllhold
lnsse!, od c@r.r co .onll8nr
hcEar iD th. rcquir.d sN(,

2) Th. h+i valu6 of&. ord.r lr.lir c
ocll t rive lhe kN F.sid!n, io

3) Th. &relB ,ill nor BrituE dr
rlun , [m l.v.] .rr{} a il ol, B
i fi.nc d.b sple TrE rhctE C.ll-
Arcng@ l.tigr8 giE tths l6i



ill The lhcslDld muhipli.r wlu6
incr6. N the lutob.r of..lls M. rh.
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