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E F F I C I E N C Y  OF M U L r I s T A G E  C O M M U N I C A T I O N  S I G N A L  S E A R C i j  ~ir:i

C O N S I D E R A T I O N  DF ~ E C E I V  EH C O M P L E X I T Y

Yu .  S. A g a f o n o v

The a lj j nj n a ~~i o n  of i n i t i a l  f r e q u e n c y  and t i m e  a m b i  j u i t y  in

c o m m u n i c a t i o n  ~~ s t em s  w i t h  p s e u d o r a u d o m  J isc r e t e  p h a s e - m i n i p u l a t e d

s i g n a l s  r e q u i re s  l ar g e  a m o u n t s  of t im e .  T h e  s i g n a l se ar ch  t i m e  can  be

reduced by u s i n g  m u l t i s t a g e  p r o c e d u r e s  a n d  rnu ltich an rie L li~~g. r h ~~n t h .~

numbe r of stajes an~i cuannels ~‘rovidiny the mi n imu m me a n s iq niI

search time at a fixed complexity and given lualit y of i?tection are

determin ed . ~‘n~ pla ne of ambiguity is broken down into rm: tanjular

cells. The s i l e s  of the rectangle are equal to the freluen cy and time

search intervals. Ttte search intervals are selected to ootain the

ffi ni L1~-J~ search time , wi th  t h e reduc t ion in th e level f t~~e si gn a l
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ambi guity function being 0.5 in this case [1). Signal search consis’~s

of determining the position of a cell on the parameter plane.

We will use the multistage procedure with single-thr eshold

sa mpl ing of ce ll s ch ar a c t e r i z e d b y the g ra dua l  im p r o v e m e n t of

detectjo~ quality from stage to stage [2, 3 ]..

After sequential testing of cells in the first stage , the number

of cells selected in each successive stage is random m l  we will

assume that its listribution adheres to the binomial law :2 , 3).

The ~uaiity of detection for t h e  independent solutions found in

the stages of an b— stage procedure is characterized by t r i e

probabilities of correct detection and false alarms :1-3):

D~ fl D~, (I)

4 L

F= [1 P~. (2)

where Di , Fg are the probab ilities of correc t deteCtion an d false

alaL m , respectively, in the i—tb step.

T~~ t otal me a n search time in the absence of a ;ign-m l [1]

FT —ID( r~2 ) 1—0 2)1—77
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r =I
~~(T~÷F 1T~÷ ...+

’
h

’ F1r~) . (3)

w h e r e  f is f r e q u e n c y  a m b i g u i t y .  H z ;  N is t im e  a m b i g u i t y ,  e xp r ~~ssed in

t h e  n u m b e r  of e l e m e n t a r y  pulses  of the ps eudorandom signal; and T

is t h e  s i g n a l  a c c u m u l a t i o n  tj m ’~ in a cell iii the i—t im s t a g e .

f l i e  t o t a l  m i n i m u m  of n o n l i n e ar  f u n c t ion ( 3 )  w i t h  b o L l n i a r y

c o nd i t i o n s  ( 1 )  ar i d (“M is f o u n d  by  d y n a m i c  p r o g r a m u i i n j  :3 ’ 4 ) .  The

p r o c e d u r e  is optimize-I on a tlinc k—22 computer for tha letection of a

signa l whose amp lit u d 2 fluctuates according to Ray lei gh’ s law in

normal stationary noise and whose phase is evenly distri~~ited in the

interval [0—2 w) , when [5]

1+ p T1Fj=m ,D1 , (4)

where m~ is the number of channels in the i—th stage; p is the

si gna l/noise ratio in the signal band..

We will point out that signal search is termin ated ~ t the time

of arr ival in the first stage. The number of channels in the first

stage of search is

PT ;— ; 2 )  
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,n1-= mt+rn, . (5)

where mt and m1 are the  number of time of arrival m l  f r e~~u en c y

ch a n n els, respec tively.

The number ot channels in each successive stage is ~~ ual to rn,

We found th~ valu e of the gain in sear ch time U for th e

multistage procedure with several channels compar~ O to tri e

single—stage procedur e with one channel at a detection quality of D =

0.9, F 1 0 0 . Tae curves in Fig0 I shoi the gain in search time for

the two— (——-) , t hree— (— )  and four— (-
~~~

— .— .- — .) step procedur es,

depending on m 1 w ith parameter m (the numb ers on the curve) .

The solutio~ii used for selecting the bes t version of the search

system should he based on ~he selection of tne so—called 
1 pref era b le ’

versions, i.e., those for which all the remaining solutions result in

excessive expenditures or an insufficient reduction in ~em rch ti m~~. A

num ber of ver sions of con struct in g the search system were compared I~y

this met n~~J. We dill use the following complexity m o1~~L:

c~ I +k,mt+k,m,+k~~Lrn,, (6)

wher e k1, k1 are coefficients which consider the complication of

- -
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t h e  r ece iver  fr oe  t h e  a d d i t i o n  of each ti me a n d  f r e q u e n c y  search

ch a n n e l , t.espectiveiy ; k,r is a coeffic ient which consUers the

compl ication ~t t~m c receiver ~ue to the introduct ion of more than on~

st age

As an e x d m p l e  of t h e  c a l c u l a t i o n  of t h e  e f f i c i e n c y  of a s e a r c h

sys tf - m w h i c h  p r o v i d e s  a 1 0 0 — f o l d  s e a r c h  t i m e  g a i n , t h e  c o e f f i c ient s

in f o r m u l a  ( 6 )  c~ 
- r a t h e r  a r b i t L a r i l y  se lec ted  as f o l l o w s :

kt = ~0 25; k, 0,25; kOT =O. 15.

The  ~~U L V ~~~I in  F i g .  1 show t h a t  a g i v e n  g a i n  in s ea t . : h  t i m e  ca r .

be u n t a m ed w i t h  a l i f f e r e n t  n u m b e r  of ch a n n e l s  in  eac~ p r o c e d u r e .

The i e~ e n I e n c e  of t h e  s earch  t i m e  g a i n  ( f o r  t h e  t w o —  ( -- -) • three—

(—) an tout. — (- . —. — .)  s t e p )  p r o c e d u re  on c o m p l e x i t y  is p lo t  t~~d in

Pig. 2 f o r  e a c h  v e r s i o n  of t h e  s o l u t i o n  t o  t r t ~ p r oL l~~m. t~~e n u m b e r s

on t h e  c u r v e s  sh o w  t h e  n u m b e r  of f r e~~u enc y a n d  t i m e  of a r r i v a l

channels , respectively. For this example ~D = 0., 9 , F = ? ) 2 ° )  t h o

structure of the se ar c h  s y s t e m  s h o u l d  be: t h e  t h r e e — st e p  earc h

p r o c e d u r e  s h o u l d  ~e use-I ; f o u r  channels cacti should be isei for time

and fre~ ucncy search..

we can use tim e curves (Fig. 1) to find the optimum structure of

the search system in each case for other complexity models.

PT .
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