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-,yo <: .'. ..+. c - The charac te r i s t ic  f u n ~ t i ~ ~ r o 6 ~ b i l i t ~  density fimction, end 
m y  ,-05zbiliLy di;tribui;ion function are  derived f o r  the r a d o n  variable z 
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n .I.-:? s .  and i- arc ur21';r~ry xm3crs and the r;, and mi are gaxssian rsn%c;;~ 
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vai-iajlcs. I'hi l;r&~'~ll'i'iy- PrabCz .:5 01 i s  p31tted f o r  selectea v a b e s  of . 
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io-crc.?i~-b? o~ c':c-;cc Lion is an oj L t i i ~ t ~  strategy fox* d e t e c ~ i ; ~ g  si;cds ",a nalse 

c'or vtrious coxbina-$ions of cri-keria 03' goodriess end ass7&%ptions ccxerx5.s-g 

i;;-z o'sscrved &:.%a ;;-31. Consider, for  exe;inple, t'ne iz:~-~crrtar;"L.case 6 k r e  t:re 

c~ltcr- ior :  of g~sdness  I s  'caircn to be m i n i a m  probability of error; then 

C',..-..3.: L-..cti~r2 - 2e;;cction i s  zn ~p-Limnun s t r a t e ~ y  provided c r i y  tkct -Lke poSz3iLi"Y;r 

..- -. - .  
l-:. ,-,ove,r;?i-2g 'knz observ2d. da-~r;. sa'iicfies certain syr;:rre%ry cor.Glt lons L4;. Pir- 

'tlA2~::a:.c, b c c c ~ s e  t i ~ c y  c.:c ca.-,y -to il:.-+m~-nu, corre la t ion &e?jecT;~~-r; G , ~ C  C;?~C.CI 

. , 
c.L:c~. iri sii;u?.tio~s .c:hc;.a t h y  arc .e.o.i~~ -LO bc suboptil;~.&l, but s5snL-C to be 

c::ccllerr+; r-~:~'a:cit?ztioas t o  the o y t i z ~ x  detectors. [5-81. 

S; -;LA.-?. r.+. r (.b > of ?seconds 6-a-rsrxiol-i plus a rmC1o;a coq3onent a(';) a l s o  cslleC 

h-, . O.cdli~~~il.j, bo'clil 2:";) enC n ( t j  are assa.ied co 5s gaussian ?andon p c -  

s-;c-;:s,~c - (y) used in tbs de b ~ o ~ ~  - 4  - - ~ > I O C ~ S S .  Xence, the avcraze perf o--?~--* * *.iu--cc 
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,-.I ~ n e  ~ ~ o ' s ' c r  c;P cietermiiiing the probabi l i ty  Law gove2ni~g Z(T)  aac?/or z 3 r s  

cl;-:zSy becn i:xestigsted f o r  so= special cases. Fo- example, Kac and 

. -  
C:Z-vc~-~;,.). :::-,.cI"I~?.~ J dc;^ iv~i i  all exl>resslon for  the signal-Lo-noisc r a t i o  of 

*- , , ,. . - ,,lei c;c-ky:x% 02 c~;rc.;atian d2l;eci;or. Z~cpa rd  L2j (gee a l so  ',:'ir;ha-l.t 
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,,, ,,,i ,b ; j 2 j  j eb-&:/tfi& -cr?_e - o r ~ b & i I i t y  de-si+xr. f&zc;is;. far eoyr$e;o;-. - -3 

Q L ~ ~ L ~ ~  ,?or. s (: j = i J  - b l  - 7.. se only i n  both charnels), ixue and ?L?lte [hQ] 

cb'-,alined %LC prcbabili-by clensity M c t i o n  fo r  the correlz tor  output f o r  Yne 

s-,eclz.l cases: s ( t )  = ~ ( t )  = O (noise only i n  both c'nannels); rjt) = 0 
* 

(si.-r,zl 9 2 s  cc lsz  i n  t;12 input channel, but noise only i n  Yne refererice - -- 
2 2 

ckzmel); ~ ( t )  = ~(t), n (t) = m ( t )  (the saxe signal cozponents i n  both 

chatlnslr, with eql.m:l sig.?&l-to-noise r a t i o s  i n  both ciszsnels 1. Pinaliy, 

cog-cy [25] co:r~.--- J~ ,i,d -- t1.i-3 probabi l i ty  dzrrsity fvnction f o r  the correia tor  ~ a t -  

~ u t  foi- t h e  i'ollcs;.;.lng cases: s j t )  +- n ( t )  = r ( t )  + i ~ ( t ) ,  s ( t )  = cos e'~ 

/ (qxiira;ic dc tec to :~) ;  s (t) = c3s at, r ( t )  = 0 (sinc wave. g l ~ s  n ~ i s e  i; cna - - 
2 ckil-rcl, coise only i n  ~ t h e r  channel ) ; s ( k  ) = r t ) = cos t,&> n ( t  ) = Zi2 (t ) 

(idc;?",icd sinc >r2-~e signals and c ~ u a l  signal-to-noisa r a t i o s  i n  boti., c:la:~~els). 
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:\a ~ - c s L ~ ~ s  20~. 4 ~ n e  - case oi' wneq~a l  signal-to-noise raJ~ioa  i n  the I;:$~",ariG 

-- : e-- : 
L J V C U L ~ U A C S  02 X(T)  ar-ti/or z f o r  t h i s  case are kx-0r:an-L since: i n  xost  

37 -,. 7. 

i r i c c t i c d  s i t~a" i~o; l s ,  it is possible t o  obtain a reTerence ~ ~ z v e f o n ~ i  0;: 

cc;.,slZ~r~-'oly highel: signal-to-noise ~ a - k i o  than Yne inp-at 57&1reforn. _!cilo"i3.er 

i 
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k .  i ? . x j s ( This sl'cuatiort. nay a r i s e  sue $0 L-?~r-ect 

s ( c )  Zrcn przvlous2.y --;.i.cclvci! date ccd a2 cznbiased estimate i s  noJ< avzii~32.e. 

... 2.1. a 
t~ QG~>~?;* 2 n'*- nr, rr- ~ A C  + L A , A ~  c,L t ~ \ r i s L i c  function, ;?robability densi.'cy f'usc-i;ic;, ,.LC 

t:~ .-- . ..... o-o.;b: x i  1 - ~  L J  C.ic--- wlribuJiion 2~1nct;ion f o r  the ra11dwi.i 

2 PT 
z =  7 \sJ  -:- c . ) ( r  i n ) 
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a?e ca:i,".ated Zor t k e  goreral case, su j j ec t  only to the f o l l o ~ ~ ~ n g  resti- ic ' i loc~; 



',hc r , ~ r 2 ~ : : !  va=i~Slec 11 ., $=19 . . . :, 22: Soxn c 22% of 23; s:utxjlLy i;:&?3e?-csr+2; 
2 - 

- - 3 
U ~aussi,zfi 2 ~ . i ? ~ ~ ~ ~  ~~c,-ric;ble:: of Identical vzriances, i. c., (;I<- 3:) (:.-- 12-i - 

J " -A -. -4- ; - li 



Let 
3: . 'a s . 3- xl . 2 j = 1 ,  2 , .  . ., 2X . 
J J  2 

= Y + X i 2  , j=i, 2, . . ., 28  
J I; d 

;:r:lL ye ';;A, .+ . r . ~r;ii  r-: are k~own nl~x%ers and the n,, m, cox:;?rise a ses of kX 
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,-.. ---d . - .t---ly ,-, , izd?=le.?2;,erLt, zero mean, unit varience, gaussian rando~t varlzbles . 
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r .  = 1: .  y = ( s j  i n . ) ( r  -I- m . )  
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, wLccia:-e 553.1 Se t o  cozipute owing, i n  t he  orCe 

li, (3 = cha-acter is t ic  fuxction of z ,  
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P(B) + =  p ( z )  Bz = groba'oility distr:bu?ion fanci io3 f o r  z .  
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?;;y :.A;- of ,",o-:il.%i~n 3 : ~  &fiile i;fie fol7owhg ,yy::~ols: 1 1 
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= 1 1 (k2 i- r ') = Zwr;gc of energies of ~ ( $ 1  r(;j. %.. -, 
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3 L; ) s :. = cross energy 02 s (tj md r (t). 
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j =; 
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- - 1= $1-1 

.;-(zj = r~;,sr32%ec! Ecssel x%ncLlon of the second kind 
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,- -',., a : - - - 0 ,c: I,.L~L;LL:;Z -i,iCT C C : I ~ . ~ C ~ ~ Z L ~ C ; I S  ; 3 r~ fe r  -LO clsress the  ci~arrcteriscie 



- 1 2 ~ ~  .- 21uLLLility - .- ,- -. ,. decsity fm?ction for z is given by %he inverse Fo~rier 

l ~ ~ n c f o ~ m  o r  6 : { 2 ) ,  I, e . ,  

-.. 
~ r l 2  i r ' i c g r d  a::,sears scm3~i'nat fo~a idcb le  so we resort to a t~ylor series 

-. -3 c,L-yansLo;2 c r  $22 T i r s t  two eqonectizl Pant-&ions of thz ixkegrac6: 
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To ev-a1ua"ze tho ini;egi-jl of Eq. (7 )  we firs* ~ r r i t e  

. . .,,&;;LO- G..- - --.7---,.- ., - ibr tx;?31:';12, T.Q c2,n use 'ine finite serLes represer'iai;io;z 

..? 7-,- &c-? :t:12 ~ C C Z C : :  ;"t:r*c%lon l i ( l  





for z is given by 



, .  . Ifi -Gr,ls sccJ~l ,os vz c:;i;er,d Lke ~~aalysis of t'..e prececding section t o  cover the 
- 

case GL' correicted noiscs in t h e  i7170 channels, i . e , ,  n;x& = pG,, . yor -2- ..-s 
d ,, .C 

,:.s be"ore, %he ittzgrals are eusi1.j cvaluateb to ob-iain t'ne characteristic 

,:-,~nlil 2 s  z ~ . - i n g  Lke z ; i;o be indepcr,c',e;c*-t idzn%i icalig di s';ribu-i;eS. rzrdom vzria>le s 
c! 

., ;St= -- cc,n *<:rite i::,?ficdia';ely the chazac2;eristic Falzz-&ion f o r  z: 

I 

$ 2  - ,~OS.SC ~ Y O C ~  ssz s ZTC G ~ S O  vclld for %he case of co-----\' A , C - Z ~ C L  





P3G;3AaILiTY Qr x&;(Oi< 

.in :r,c;si; c~~,..:;nication sys.ie;r;?s cn ur:oizsed dc"tec";sr is ez~ployed. For ar. 

-G,-:,A :-, -.../,,- +, :J.-d;7 ;;* L L . L ~ ~  .-<- L?ia-L 'c'nz correictor o ~ k p u t  does no'~ exceec zero, i.e., 

21,5 
f- 

PT, = ~ ( 0 )  = Frob ( 1 ( s j  -I- n )(rj i mj) < 0 7 
Jlr 3 _1 (28)  

I . - 
Zni- car: also e>QTc:;s Yfie k SiX%t: i ;Cl?  z.s a i1ygcrgeoii2ztric fizction, i .e. ,  

.. . .- .- ~ L C ~ ~ ~ ~  c 2 - .: .. u- . .~  :- c J::L?G.I~~~ ; s i.j-~-c oi, ' -* .- ,crc::-c :. signci-to-zolse ra4;ios In 

. . b;-c ~~"i-p.  b - ~  - -  E L $  -Azfeyei;cc c>&ac.ls. lor "b'  ALL^ case 
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;J c., ;;:aicca:,:; ~ e c t l o n ~ :  t h . 2  c'xii-ac'ieristi; fmction, groba,'b'uility cczx.z?.;y 

iunctio-1, c-2~1 ::.issbsbili%y dlsJ;r i iut ion f~12ctio2 for  '~1:s outpd% of Tke csrril2- 

L bi(jn &c-i,eci;or y.;erc co1:1puted crid fomC t o  Czpend on: 

2N - yfie <-crfier.si~naliL';y of the vec'iors represen'king t;>3 i3.pc-L &I26 

. refe;:.ence wavef o%%s ; 

r? ,. ; g ~ a e  isAle~ p r o k c t  of the s igazl  conponeat vectors; 
* 

-- ,. - .:;D r.oi+p<iee2 crosscorralation c(jefficicr;t of Lks l i k e  ;sorZinz%es 

02 2;~c 2o-i se c~rr,.ponents of the in.~uI; and re5rence  ~?a,veforrns. 

, , ~2:;infienc~ of zve:^a;e g e r f o r ~ ~ w c e  of Cfi3 correlation detector OII - G ~ c !  

*&A Lr  -I.--,.. A - A  ;kc casa of corrclztcd i~oise  p:=ocess i n  charnels, ~ L ' G  tl?e t'^-n25 

u>a<.pzi si;.n:.J--to-nol u sc ra-Lj.0 s, ij tf-3 -bp:o c1iSmel a i s  i l l ~ s t r - t e d  2 s  Pig. 5. 

-- ,<ere t : ~ ~  s : .~na i -20-~o i s~  r a t i o  3.2 or,2 chmiel i s  3 bile ?fie signal-to-noi;i: 

-* *. 2- 2 z*, aslo 5 : ~  tk2 ~ " i h z r  ~ 1 3 9 -  -cr-214d. is B I. 
uczoueref; :lui.i.ng ?;:* coU:c;e of t h i s  inve s t igct ion was the ideI2'ci-l;~ 

-;:kj.,> ~ i - ~ ~ ~ ~  i n  tLp2andix 3 n - . ~ d  in Fgp-pndix A. TO the ~ * L x ~ o Y ' s  i~'l~?i- 
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In this i3:p+!~dix r.ie prove‘ the idefiUci'cjr 
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n-1-1 
(f n4-r.r, \ + f ni-22 

= -, / 1 n /I \ n-1 
n=O 

9-FL r n F 1  ni-mi-1 nt-ia+l 
V) 

+ 1 ( n - l / a  (2-3 
n:=O n=i  

1 TDL. .-;- L.. , ~ s t  -:ex on t'ne rizht hzn3 side of' Eq. (5-3) %re trrfte I 

! 
I 2,.,.i-i 

~-t-;:??-l 2rfi-i-2 
f n-in '.\ 1 -i = -- s i* Zin-iil {B-* ; 

r-.l 4 m 
p...,2 , 
--. 

-- 
2 s ~ ~  %ii3 seeon5 -T ,,,..A -. -- - or 'c;ke :*L&1;-t h ~ ~ d  si6e of Eq. (3-4) ti2 xnite . 




