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This paper explores a signal identification problem using a convolution.
We identify the signal with some function belonging to the Hardy space in a
domain outside the half-strip. For this, we use a test function belonging to
the Hardy space in the half-strip. Signals generated by point singularities
and singularities generated by a segment are considered. The exponential
test functions are chosen. For some cases, the exact solutions are found,
for others, a convolution is found, and the possibility of finding the desired
signal is analyzed.
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1. Introduction

The signal detection is a fundamental problem in many scientific and engi-
neering fields, as it enables the identification of meaningful information wi-
thin noisy data. In communications, accurate signal detection ensures reli-
able data transmission over imperfect channels. In radar, sonar, and medi-
cal imaging, it allows the recognition of objects or physiological patterns
that may otherwise be hidden by interference. Effective signal detection di-
rectly impacts the performance, accuracy, and safety of modern systems —
from wireless networks and navigation to diagnostics and defense. Therefore,
developing robust methods for signal detection is crucial for improving informati-
on processing and decision-making in complex environments. One of the
main methods of signal identification theory is the Wiener filter method for
L2-spaces. The classic view of the problem is contained in [1]], [3].
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We will consider the problem of identifying a signal in the half-strip
domain of the complex plane.

Let D = {z: |Imz| < 6,Rez < 0} and D}, = C\D;. Suppose E”[Ds] and
EP[D%],1 < p < +eo,0 > 0, are the spaces of analytic functions respectively
in the domains Dy and D}, for which

1/p

I£=supd [Ir@IIdzl b <o
Y

where supremum is taken over all segments 7, that lay in Dy and Dy, respecti-

vely.

We identify the signal with the function g € E2[D] as in [2]).

B. Vynnytskyi and V. Dilnyi [3] 4] described all functions g € E2[Dg],
for which the convolution

T(0)= [ flw+)gw)dw <0, (1.1)
dDg

is the identical zero for all f € E*[Ds]. The main idea in these studies was to
use the amplitude spectrum

1
i\/27ta

The aim of this paper is to identify the functions g generated by one-

point singularity in Dy, that is g(w) = w_le, wo € Dg, using some test functi-
on f. The problem of identifying of g is identical to finding the point wy.
In [3]], [4] it is proven that for go(w) = ——, wo € D, its amplitude

w—wq’

G(z) = / g(w)e™dw.
Des

spectrum is cyclic. Hence, no such function f € E?[Dy] exists that T(t) = 0,
7 < 0. Therefore, every function f € E?[Ds] can be used to obtain some
information about the go(w) = _1W0 i.e. wo € Dg. But not every such function
f provides enough information to identify the function go.

2. Identification of functions by convolution
Consider three types of unknown signals.

1) Let g(w) = ijo’ wo € Dg. This function has a single point in C,
where it is not analytic. We choose filter functions f(w) = "1, Re(w;) € C..

Then wiw
w—Wwo w—wy

dDgs dDg
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we have
eW]W
T(7) ="' 2miResymyyy——dw = "' " 2mi ™.
w— Wy
Hence,
In(T(7)/2mi

where the branch of the logarithm is chosen so that the point wy is contained
in Dg.
So we can formulate the following elementary statement.

Proposition 2.1. Let g(w) = W_lw with an unknown parameter wo € Dg. Then

wq can be defined by equality , where convolution T is defined by (I.1).

2) Let now g(w) =

. This function is non-analytic only

in the points wy, wy, ... w; Then for f(w) =e"1, Re(w;) € C, we have

n wiw
ag aie
/ZeWIW“ ———dw=2¢e" /Z K dw.
w— Wk

= w—Ww
aDg ¥ aDg =1

Since 7 has the simple pole in wy € Dy, we have

ape & ~

_owiT w T . wiw
T(t)=e€""2mi ];Resw T dw 1"2mi I;ake Wk,

Choosing a set of values wi € # = {wi,wi2,...,wi,} for the test function
f and analyzing the fraction

T(7)

2mieW1 T’

one can numerically calculate wy, wy, ... , w, as the solution of some system

of exponential equations (or algebraic equations concerning e"1"%).
3) Suppose g(w) = f —dz, where wgy, w; € Dg, and integration is

over segment [wo;w;] C D6 This function g is a Cauchy-type integral and
therefore g is analytic in C outside the segment [wo;w]. We interpret this fact
in such a way that the singularity of g is generated by this segment.
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For f(w) = "™ we obtain

w1

—WwW

dDg wo

_ / e(Wl(W'i'T))(ln(W—Wl) —ln(W—WO))dW,
dD¢s

where In(w — ) is the main branch of logarithm with the cut
{w=u+ilmp : u € (—eo;Ren)}. Therefore

T(’L’) =hL+hL+15,

where
= [ (log(u-+ic —377) ogu-+ic 7)) du
0

ewl‘l?-l—ile N N
= ———— (log(ic —wi) — log(ic — wp)) —
wi
1 ~ — T —
_ <6w1r+w1w1 Ei(w1 (iG _ WI)) _ MWW E1<W1 (iG _ WO))) ,
w1

0 .
b :/ e(H“_’G)W‘(log(u—iG—?ﬁ)—log(u—ic—%)) du =

ewlf—iwlc
= —— (log(—ic —wy) —log(—ic — wp)) —
wi
1 == — e —
—— (eW'HWlW‘ Ei(wi(—ic —wy)) — " T Ej(w (—ic —wo))>,
wi

c .
I = / 01 (Tog(iy — wy) — log(iy — W) ) dy =
—0
wiT 1 iw; o . —~ . —~
=" [— <e 1% (log(ic —wi) —log(io —wp)) —
wi

e*iW[G(

log(—io —w) —log(—io — %))) -

_%@W(Ei(wl(m—ﬁ» ~Ei(wi(—ic —w1)))—
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_e"1W0 (Ei(w1 (ic —wp)) — Ei(w(—ioc — %))))] .
Then after the notification

H(z):= (1 —|—i)(—eiw1610g(i6—z) e ™ log(—ic — )+

NIPALE <Ei(w1 (ic —Z)) — Ei(Wl(_iG _Z))>

we have e
T() =" (H(T) ~ H(io)), (22)

where branch cut of Ei is taken on the positive real axis. At the fact, we
proved the following simple statement

Proposition 2.2. For a signal defined by the segment-generated singulari-

w1
ty gw)= [ Z%dz with wy, wi € Dg and a test function f(w) = e"™" its
W

w

0
convolution is given by (2.2)).

Finding the unknown parameters w; and wy in Equation is quite
difficult in this case. This shows that a test function that is successfully used
to identify one type of signal may be less useful for another type.
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Y emammi oocniosxcyemvcs 3a0aua ioenmupixayii- cuenanie 3a 0ono-
Mmoeoro 320pmku. CueHan mMu OmMOmoONCHIOEMO 3 0K YHKYIE, Wo Hale-
oHcums npocmopy 1apoi 6 obnacmi noza niecmyeoro. /[ns yb0o20 UKOPUCO-
8YEMO mecmogy (yHKYilo, wo Hanexcums npocmopy lapoi y niecmysi. Po3-
2NA0AIOMbCIL. CUSHANU, NOPOONCEHT MOUKOBUMU CUHSYIAPHOCMAMU, A MAKON*C
CUHSYTIAAPHOCIAMU, NOPOOHCeHUMU 8i0pizKom. OOPaHO eKCNOHeHYIIHI mecmo-
81 ¢ynxyii. [{na oeaxux aunaoxie 3HAU0eHO MOYHI P38 'sa3KuU, O/ IHUWUX 3HA-
UOEHO 320pMKY 1 NPOAHANIZ08AHO MONCIUBICIG 3HAXOOHCEHHS ULYKAHO20 CU-
CHALY.

Knrouoegi cnosa: npocmip ['apoi, ioenmughikayisi cuenanis, piGHAHHSA 320p-
mKuU.
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