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EFFICIENCY OF MULTISTAGE COMMUNICATION SIGNAL SEARCH WITH

CONSIDERATION OF RECEIVER COMPLEXITY

Yu. S. Agafonov

The 2limination of initial frequency and time ambijuity in
communication systems with pseudorandom discrete phas2-minipulated
signals requires largs amounts of time. The signal search time can be
reduced by using multistage procedures and multichann2lling. Then the
number of stages and channels providing the minimum mean signal
search time at a fixed complexity and given quality of i2tection are
determined. Th2 plane of ambiguity is broken down into ra2ctangular
cells. The sides of the rectangle are equal to the fr2jusncy and time
search intervals. The search intervals are selected to obtain the

minimum search time, with the reduction in the level 2f tae signal
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ambiguity function being 0.5 in this case [1]. Signal seacrch consists

of determining th2 position of a cell on the parametar plane.

We will use the multistage procedur2 with singla-thra2shold
sampling of cells characterized by the gradual improvement of

detection guality from stage to stage [2, 3]

After sequantial testing of cells in the first stage, tha number

ot cells selected in each successive staje 1s random ani we will

assume that its distribution adheres to the binomial law 2, 3].

The guality of detection for the independent solutions found in

the stages of an L-stage procedure 1is characterized by th2

probabilities of correct detection and false alarms [1-3]:

L
D= n Dy, (1)
ies]
L
F=[1Fb )
(=]
where Di, F; ar2 the probabilities of correct detection and false

alarm, respectively, in the i-th step.

The total m2an search time in the absence of a signal [ 1]
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L—1
N
T=-%§(Tf+FJ§+."+ rlfmi). %)
; =1

where f is frequ2ncy ambiguity, Hz; N is time ambiguity, 2xpressed in
the number of 2l2mentary pulses of the pseudorandom signal; and Ts

is the signal accumulation time in a cell in the i-th stage.

The total minimum of nonlinear function (3) with boundary
conditions (1) and (1) is found by dynamic programminjy [3, 4 ]. The
procedure is optimized on a Minsk-22 computer for th2 d=2taction of a

signal whose amplitude fluctuates according to Rayleigh's law in
normal stationary noise and whose phase is evenly distribated in the
interval [0-2»], when [5]

FimmD T8, 4)

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

signal/noise ratis in the signal band.
We will point out that signal search is terminated at the time

of arrival in the first stage. The number of channels in the first

stage of search is

FTD=-ID(RS)I-0391-77
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wvhere m and ms are the number of time of arrival anl frejuancy

channels, respectively.
The number of channels in each succassive stage is 2qual to my,

We found the value of the gain in search time Q for the
multistage procedure with several channels compared to tn2
single-stage proca2dur=2 with one channel at a detection quality of D =
0.9, F = 10°10, Tae curves in Fig, 1 show the gain in seacch time for
the two~ (---), three- (—) and four- (-e—-.-e=-.) st2p prdcedures, A

depending on m; with parameter ms (the numbers on the curve).

The solutions used for selecting th2 best version 2f the search
system should be based on the selection of the so-callsd "preferable”
versions, i.e., thoss for which all the remaining solutions result in
excessive expenditures or an insufficient reduction in s2arch time. A b |
number of versions of constructing the search system wer2 compared by

this method. We will use the following complexity moial:

c=14kim+kims+ksrLmy, (6)

where kt, ky are coefficients which consider the complication of
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the receiver from the addition of each time and ftrequency search

channel, respectively; kw is a coefficient which considers the

complication of tane receiver Jue to the introduction of more than on2

stage.

As an exampl2 of the calculation of the efficiency of a search
system which provides a 100-fold search time gain, the co=fficients

in tormula (6) c» rather arbitrarily selected as follows:

ky=025; k=025 ko =0,15.

The curves in Fig. 1 show that a given gain in seiarch time can
be obtained with a2 different number of channels in each procedure.
The dependence of the search time gain (for the two- (---), three-
(—) and four- (-.-.-.) step) procedure on complexity is plotted in
Fig., 2 for each varsion of the solution to the problem. The numbers
on the curves show the number of frequency and time of arcival
channels, respectively. For this example (D = 0.9, F = 1)-10) the
structure of the search system should be: the three-step search

procedure should ne used; four channels s2ach should be us2d for time

and fregquency seatcha

We can use the curves (Fig. 1) to find the optimum structure of

the search system in each case for other complexity models.
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