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Abstract. One model of parametrically controlled coherent filters, with a wide application including
radar systems, mobile communication systems to improve noise resistance, has been analysed. The
application of the frequency domain-sampling theorem is used to obtain a set of frequency filters
with variable parameters. Theseinclude autocorrelation signal processing, decomposition of Tailor
series of the input signal, analysis of the control signal as a complex function with manageable
parameters.
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1 I ntroduction

A one model of parametrically controlled coherélterfs is described and analysed, applied in radar
systems and mobile communication systems to imprmige resistance (Barton, 2004; Gray, 2006;
Petrov, 2017). It is known that coherent filterasgive or active, in response to normal white noise
form an output response proportional to its autadation function (Bissel, 2006; Fish, 2011).

= ral AT s 2(,)eidt)
[Sout (t)]coh Re{ﬂ_.([Sn (a))e da—} (1)

Where:A = const with dimensionalit)[A] = L ;

(S0 (@)

S, u (jw)= S, 4l and set the spectrum of the input signal with titakayt, ;

t, - moment of maximum of the autocorrelation functomver, w- angular frequency.
In case of Gaussian noise,

= ém 2 jolt-to) — ém 2 joolt-tg)
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Where:
W(a)) =W(a))/WO - i.e. the normalized energy spectrum of the nisiseduced to the upper expres-
sion (1), the signal at the output of the pararodilter being equal to

S0 =Rel A5, e (et @

Here: H(jewt)= jfhg(y,t)e_w(” dy (4)
0

ha(y,t) - is a pulse characteristic of the parametricesyst

If we presean(ja),t) with the application of the theorem for signal géing in the frequency do-

main (Marks, 2009), we will obtain the correspompget of frequency filters with variable parameters
Again using the same theorem, but in the time domai will get delays with deviations, each of which
is a function of time (Ryzhak, 2003). In a numbécases, signal processing in a delayed-line filter
model is practically unacceptable as large amotidewiations are required one after the other at ex
tremely short intervals. Therefore, the model vétlket of frequency filters, especially at the pnése
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level of development of microelectronics, is preafly useful in micro-radar systems, (Proakis, 2000
Petrov, 2017).

2 Explanation

We assume that the input signal spectrum is limiilgdhe ideal bandwidth filter in the range:
-wl2swsa+wl2.
Under this condition, we will present formula (fh)the following form:

[ S Oeon e{ js (cw)eiet dw}

wy—ws 12

A N @ +Awy /2 ' (5)
= Re{—Z [Sila +(w- )] xelareali-uldle + (w- 04)]}
i=1 & -Aay, 12
Therefore:
Wyt 12
[S.u (t)] e{ .[Sn ejw(t—to)dw} -
wb ws 12
Aw 12 (6)
St R
-Aw,, 12
Where:

N=aw/Aw,)l; @ :cq)—a)slz+(i —%jAcqn; i=123..,N

Breaking Taylor's ordéi,nz(w+ Jw) , by degrees 0bw and limiting to his first member, we ob-
tain:

smA?“(t—tO) N

AAw, 3 (t-to)
S (w)e’™ (7)
7 Sh-t)

2
SinceAw,t,((1, the above equation acquires the type:

[ Sout (t )] coh =R

Hl(l)((0>f) Hz(l)(a),t) [Sout loon DRe{ Al ZSn( )em t-t, }

N N
A (8)

S (1)(1)

m

We convert the signal at the output of the paramete
filter (3) in the same way (1), as the autocorretatunc-
tion response to the output signal from normal &hit
noise disturbance, making the bandwidth of eadhef

frequency filter sets equal fda, (Naydenov, 2014).

Fig. 1. SpectrumS’m(l)(Z) of signal
transmitted to the controllable filte

With these assumptions, we will get:
S prm-RE{ [EX Jwem"HJaJte’“dw} e{—“*"an jag)er ) (iw,t)} ©)

Where, in the case of a periodic increase of eatedrequency filters with frequency the mem-
berH(jawt) will be, fig. 1:
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H(j@.t) =Ho(jw)+Hy(jw)codat + x; )+ H,(j@)cod2at + x,, ) +...  (10)
Since the spectrufS,, (t)]Ooh is locked in the range) — . /2< w< w, + w, /2, the upper row
(10) of this requirement only corresponds to twcm’nersHO(jcq) ande(qu)cos(Zcqt +)(2i). It
Ho(jcq)does not provide any options compared to passivehimg filters. Interesting is the member
Hz(jcq)cos(Zcqt +)(2i)that converts the frequen2w — @) = . If we substituteHo(jcq) (10) in

an expression (9) and separate from the spec{tEBJLr,;r(t)] a frequency corresponding to the combi-

prm
nation2«) — &y, we get an output signal that must be proportitofh, (t)]Ooh (Ryzhak, 2003). As a

result, we will obtain a system of equations deignihe required characteristics of a manageablereoh
ent filter:

> Su()Ha(w)oodat +at ~4.(w)+ o= Y S, (@)oosat-t)

Or if, we equate to zero:

> Sy()H.(@)eodat+at, ~4.w) ra]- A3 S (@)eosat-t) =0 (2)

We will obtain:

N
> Ho(@)oode(t=to) + @t +1) - #(@) + xa - 4AS, (w)cosu(t-t,) =0 (13)
i=1
Equation (13) is satisfied when:
Qlty +14) - g(w)+ x, = 27,1 = 01.., (14)
Hz(cq) = ,[)’ASn(cq), foreach = 12,,...,N (15)
To find a clear dependency H(j w ,t)from a control signal we will look H(j w ,t)at acom-
plex function with controllable parametegsdependent on control signals,, . ; , thatis
H[J CL{ ! Cl (Ucontr.i )] (16)
Breaking (16) in Taylor's order by degreesnf,. ; / note: the control signal will be recorded without
the “contr.” Index/, we obtain:

contr.i ?

dH[j«w.¢ (0)] dg; (0)

H H .
lia.q () =Hlia.q O]+ =25 =770 = +
. (17)
1| dHliw,6 (0] d%(0) , d*Hliw. (O] d6(0)) | - ,
2! dg, du;? dg? du, L
Note that thisy;, is a function of time:
1¢q+A(4n/2
)= e{ I o ()P (g xe"“dw}z
q-Daw, 12 (18)

Scontr. (a{ )Awm CO{C{{ (t - tcontr. ) + ¢contr. (a{ )]

N

Where:
Scoml(j a)) = Swm,.(w)e"%""'(“’)- is the spectrum of the control signgl;,, -the moment of control
signal input;@_., - is the phase offset. It is clear from the exporss(17 and 18) that the quadratic

element of the order (17) generates the seconddmicrofu, . We ignore the influence of the higher
harmonic members in the second member, due todheil values (Ryzhak, 2003).
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It has to be said that if we consider all the fdtéo be identical and couny as their resonance
frequency av, = 0, then we will obtain:

Aw.’c,
H 2 (@)COS(ZCL{'[ + Xoi ) = TZI Sczontr. (a{)COE{a{ (t - tcontr. ) + ¢contr. (aﬂ) )] (19)

¢, is a coefficient, in front os,” of the row (17).

3 Conclusion

If we substitute the expression (19) in the expoass(14) and (15) we will obtain:
Aty = (2o, 1o )]+ 2 (@)~ #5(@) =0, for i=12,.,N;1 =0

Then:
t0 = 2tcontr. - td = tcontr. + (tcontr. - td)- td and to are Symmetrical abOlIEOmr_ (20)
1 .
¢contr.(a‘f):§¢s(a‘f) I = :L2,,N,| =0 (2]_)
2
Acgn_nzcz S (@)= BAS, (@), from where

S (@) = BS, (@), 1= 12...N (22)
or B= {ﬂ}z )

Czi Aa)mz

If at the moment; , we want to limit the spectrurﬁn(ja)) of the signal passed to the controlled

filter input - fig. 3, it is necessary to submititdhe above-described control signals satisfyivgrela-
tions (20), (21), (22).) The condition of the exggi®n (21) mean that, at an input signal with adm
law of variation of the frequency modulation steegs) the law of the frequency modulated control
signal should be twice as large fig. 2 (Ryzhak,2@ook, 1971; Naydenov, 2014).
In the examined model of a controlled matchedrfikach of its sectors - Fig. 2 is essentiallynglsi-
contour parameter converter. The model can be suizeddor a case of a two-loop parameter converter
in each of the controllable filter sectors. It

> H"(w.1) should also be said that the software simulation
r )
-t t -t
b m(ﬂ) () N o
’ — [Som’( r)]csn J—l al t
lS‘flT(r) % 4\— ;
0 t; t+r, t, t+1,/2 1,
} o
— H"(.1) 2
L9 o, (1) o, (1)
T : . ,
0
S (1)
Fig. 2 Block diagram of a parametrically con- Fig. 3. Spectral characteristics of a controlled
trolled filter. coherent filter.

could examine the possibilities of sampling thetomrsignal and determining the spectral charastieri
of the output signal. The analysis of variationsfrefjuency and temporary filter parameters within
certain limits opens the possibility of examinitg tpurity of the spectral characteristics of thgpau
signal.
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