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ESTIMATION THE LOCATION PARAMETERS IN MOTION OF
RADIO EMISSION SOURCE OF ELECTROMAGNETIC WAVE’S
SPHERICAL FRONT

Evgeniy A. Yakornov, Oleg F. Tsukanov
“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine

Background. Modern methods for determining the position of the source of radio emission in the Fresnel zone
from the sphericity of the electromagnetic wave front received by the linear antenna array allow solving the problem of
simultaneous determination of the direction and range only for a stationary source of radio emission. In the case of a radio

source, the accuracy of estimating the location parameters will be low.
Objective. The aim of the paper is to increase the accuracy of the method for estimating the location parameters
for a mobile radio source in the case of the sphericity of the electromagnetic wave front, which is adopted by a linear

antenna array.

Methods. An estimate of the angular direction during the motion of a radio emission source is made by estimating

the phase difference in the “sliding window”. The range estimate is determined from the results of the estimates in the
“sliding window” of the difference in phase differences between the symmetric elements of the linear array antenna.
Results. The considered method, based on the results of simulation, makes it possible to increase the accuracy for
estimating the location parameters for a mobile radio source by 25-35%.
Conclusions. The proposed method can be easily implemented in mobile monitoring systems of radio emission

sources when they are in the Fresnel zone.

Key words: Fresnel zone; radio emission source; sphericity of the electromagnetic wave front; phase difference;
difference of phase differences; linear array; sliding window; wavelength; estimation of location parameters.

Introduction

During the operation in the Fresnel zone [1] the
errors of determining the radio emission sources (RES)
location appear in the monitoring systems of radio
emissions due to the sphericity (curvature) of the
electromagnetic wave (EMW) fronts at the receiving side.
Their reducing is overviewed in Refs [1,2] as the solved
problem of estimating the location of a stationary RES by
measuring the difference in phase difference between
several separated receiving antennas that accept an EMW
with a spherical front. The accuracy of estimation the
location parameters of the fixed RES is determined by the
redundancy of the measurements, therefore in case of
such RES moving, the dispersion of the estimation will
increase.

We will consider a method of determining the RES
location parameters for the Fresnel zone from the results of
measuring phase shifts between the elements of the linear
antenna array (AA), which will allow determining the
location of the mobile source and improve the accuracy of
locating the stationary one.

Formulation of the research task

Let the EMW with a spherical front enter the
input AA consisting of M+1 receiving antennas. The
phase change at the input of the AA can be represented
as [3]

@(L,0,7) = -k-L-cos 0 +k-(L*/2r)-sin* 6
+(L?/2:F%)-cos 6-sin* 6 +n(L,0,r) )
where k=2n/4 — wave number; L — aperture width of
AA, 0 — bearing on RES; r — distance to source; n(L,0,r)
— random phase fluctuations. Further limiting ourselves
to the third order issues, the phase shift (1) at the AA
input can be written as follows
o(L,0,r)=4 ¢@(L,0,r)+44 o(L,0,7) + n(L,0,r). (1.2)
In fomula (1.a), the first term 4 @ (L, 0,1) is the
phase shift due to the difference in the rays’ path
between the symmetric receiving antenna arrays and

equals:
A@(L,08,1r) =-k-L-cos 0, (@)
second term
A4 (L, 0,7) = k-L*sin” 0 /21 3)

phase change due to the curvature of the phase front [5].
The curvature value a to the stationary RES by the
sphericity of the EMW front is found from the results of
the 44 @ (L, 8, r) measurement, taking into account the
errors of its measurement n(L,0,r) from the fomula:

A4 (L, 0,7) = G L? o+ n(L,6, 1), 4)
where G =(k-sin’0)/2; a=1/r - curvature (the value
reversed to distance).

After sampling (3) for a constant bearing value
6, we obtain:
AA@(L, a) = X(L, o) + A(L),
where X(L, o) — the expected vector of the phase shift in
the AA aperture due to the curvature of the phase front
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The estimation of the curvature & under the
condition of the normal law of error the phase
measurement distribution n(L) with zero mathematical
expectation my,, =0 and the known dispersion 042(,, can
be represented based on the least squares method (LSM)
in the following general form:

a=(X()TXW)) X)L, a), 5)

where X (L) — expected signal, in vector form; X(L) T =
GL2/M2X T, (L);

(L) T = (g)z (%—1)2,..1,.. G -1 G?;

Ap(L,a) = |AA@p_m, AAQ m-1),.AA@_,, AAp,,
2 2

AAQ,,.. AApu-1), Adpm|;
2 2

However, for practice it is more convenient to use
the express for the estimation of the phase front
curvature obtained in [4]:

M
15 M2 32 i244¢;

as=lr= G L2 (M/2)(M/2+1)(M+1)[3(M/2)2]+3(M/2)—1]

©)

where AA@; = Ap; — A@p_; the difference of the phase
differences between the symmetric elements relative to
the central AA.

The dispersion of the error estimation &
0f =(X(LY'XL)™ oF,, &
taking into account the structure X (L)
o0& =9003,,M*/

GI? [3 (%)2 +3(3)-D1(3) M2+ M+D. (8)

To obtain the fomula for the estimation 6, we use
the ratio (2). In order to fact that 4¢ is related to 6 by
the cosine function, which is nonlinear, it is impossible
to apply the classical LSM. However, if Kg= cos8 is
taken as the estimated value, then fomula (2) becomes
linear and then using the LSM with the representation
X(L)"X(L) in the form of a row [5], we obtain fomulae
for estimating K, and estimation dispersion 01(2’9 of the

cosine bearing:

Ky=-15 M? ?:1 i2A@/k 1> (M/2)(M/2 + 1)
M+ 1D)[3(M/2)?] +3(M/2) —1] )

0, =9003,M*/kL*[3(M/2)? + 3(M/2) —
11 (M/2)(M/2 + 1)(M + 1). (10)

The weight vector X1,(L) shows that only the
central antenna’s AA signal is received without
conversion, the others — with weights inversely
proportional to the square of the antenna’s number,
from the left and right of the central antenna with a total
number of M+1.

The estimation dispersion g2 (8) is proportional
to the measurement dispersion O'AZ(p and decreases

insignificantly while increasing the number of receiving
antennas.
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Fig.1. The dependence o = 1 of M

It means that for immovable RES the decrease of
the estimation dispersion o2 can be achieved only due
to the redundancy of the measurements AA¢@(L, @),
namely by averaging the multiply obtained values & by
the number of measurements. On the basis of fomula (7)
it can be concluded that while the RES moving, the
dispersion aAz(p will be determined by errors in the
measurement of phase shifts only at the current time and
therefore can not be reduced due to redundancy of the
measurements themselves.

Assessment of the parameters of the locations
when moving RES

Since the accuracy of the estimation of & will decrease
with the RES moving, the task of increasing, in our
opinion, needs to be solved in two stages:

1) by analyzing the fomulae (2), (3), (6), (8) determine
the conditions under which the valuesog , o, can be
reduced for a moving source;

2) to determine the steps sequence necessary to evaluate
the parameters of the location when the RES moves.

To determine the conditions for decreasing of
quantities o, og,, we consider fomulae (8) and (10),
respectively. The o depends on 644,, and o, on g3,.
The disperses O'AZ(p and UAZM, are determined by errors in
the measurement of phase shifts 4¢. When the RES
moves, the errors in the measurements of the phase
shifts 4¢ will increase, hence the disperses of the errors
O'Azq, and O'AZA(p which means the same to accuracy of the
estimation of the RES location parameters.

Therefore, in order to reduce the estimating
location parameter errors r, 6 it is necessary to reduce
the error determination dispersion A@p u AA@. The
values o3, and 0},, can be reduced by obtaining the
estimates A¢ and AA¢ taking into account the model of
phase change in time and the sequence of measurement
combination 4¢;, A@;i_q, APi_y,... AP, n Ay,
AA@pi_q, AAQ¢_3,... Ap;_, in some time, where p is the
width of the “sliding window” [6]. The complexity of
the problem of estimating the RES location parameters
according to the EMW front curvature r, 8 is related to
the impossibility of transforming fomulae (2) and (3) in
the form of a linear dependence (7). In addition, it is
possible to determine the values of the derivatives 7, 6
only by numerical differentiation. It should also be
noted that the representation (2), (3) in the space of



58 INFORMATION AND TELECOMMUNICATION SCIENCES VOLUME 8 NUMBER 2 JULY-DECEMBER 2017

conditions would allow us to use the Kalman-Buci
dynamic filter to solve the problem of estimating the
location parameters [6]. That is why, the estimation of
the location parameters during the RES movement will
consist of two operations: the first one is the phase shift
estimation, and the second one — the direct estimation of
location parameters.

Changing the values A¢p and A4¢ during the
time [t,_q, t,] while RES movement at the moment of
time t, is possible to write down by the algebraic
polynomial of m-degree

Apy =A@o+ Ay (ty — th_1)+
0.540,(ty — tp_1)*+..., (11)

Ad¢; =04¢q+ Mg, (ty = ty_1)+
0.504, (ty — tn_1)?+.... (11.a)

where Aq;, A4@, — values of Ap u Adp at the
moment of time ¢,;

A, Adg, — first derivatives Ap and AAgp at the
moment of time t,,_;,

A, Adg, — second derivatives Ap and Adg at the
moment of time t,_;.

The problem is to estimate the magnitude of the
phase difference 49; by the set of the sequence A¢;,
Ap;_y, A@i_y,.... A@;_p, In accordance with model
(11), and by the set of the sequence A4 ¢, 44 ¢;_4,
AA @¢_y,.. Ad@¢_, in accordance with (1l.a), the
estimation of difference in phase difference Ad¢g, is
being obtaining. Ap, n Ad@, estimates will be found
with the help of LSM in the "sliding window" For this,
the model of the received signal phase changing during
IRI motion is represented by a second-order
polynomial:

Ap, =ay+ At +aAt?  (12) Ao,

= by+ byAt + byAt? (12.a)
where At = t,, — t,,_;, coefficients Ampr =|ay, a4, a, |
are analogs to A@g, A, Ap,,
and have a physical meaning of the model (11), and
AAM)T = |by, by, by | match to Adg,, Adg,, Adg,
model (11a).

In the solution of the problem of estimating
LSM, the choice of the time interval At = t, — t,_4
between the measurements A¢;, A4¢;_,, Ap;_, ..and
AA ¢, AA @p_q, AA @i_,.. has a great importance,
because the shorter time interval between
measurements, the higher the estimation accuracy. The
width of the “sliding window” p is selected depending
on the nature of the RES movement and it is obvious
that the greater the speed and acceleration of the RES,
the greater the value of p.

The vector of unknown coefficients in (12) can

be represented as
A= (B"B) 'BTF (13)

And further in accordance with (12), the values
estimates A, u AA¢, are calculated.

The second step, namely the sequence of steps
for determining the position while the RES moving,
based on the estimation of the phase difference A¢ and
the difference in phase differences 44¢ of the received
signals, is as follows:

- the “sliding window” vector of the phase
sequence of the received signals is forming:

AFR=|A¢e, A1, A Arpl;

- the approximation coefficients A,, of the vector
Ag, (13) are calculating;
- by the coefficients A,,, the estimate of the phase

difference A¢, (12) is determining;

- of the sequence of the phase differences is forming
AAszlAA(pt’ AA(pt—l' AA(pt—27"" AA¢t_p|;

- in accordance with (13), the approximation
coefficients Ay, of the vector A4F,;

- using the approximation coefficients A,u,, the

estimate of the difference of the phase differences AA¢,
(13).

- the last elements A¢;_,, and A4¢;_, of the vectors
AF, and, respectively, AAE,,  are discarded, the
remaining “shift to the right” to “empty places” the
measured values A¢;, and 44¢; are recorded.

- in accordance with (9), the cosine of the bearing
Ky is determined;

- with the help of the fomula (6), the distance 7 is
estimated.

The proposed method was investigated by the
method of imitating the ensemble of input signals,
obtained on the basis of the reference trajectory of RES
moving between the near and far zones, (Ry, =22 m.,
R, =480 m) with the characteristics AA 2 =0.15 m, M
= 40 respectively and given errors statistical
characteristics of phase shifts measurements of the
received signals. The width of the “sliding window” p =
10 provides the minimum mean-square error (MSE) of
the estimation of # and 8. The centimeter-wavelength
range is chosen to determine whether the proposed
method can be used in portable devices of RES
positioning.

The main results of the simulation are shown in
Fig. 2-5. Fig. 2 shows the graphs of the changing A4¢ -
measurement, AA¢ - standard, AA¢ - the difference in
phase difference between the RES and the distance r
(the last two coincide). It is seen that as the range
increases, the measurement errors A4 increase.
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Fig. 3 shows the trajectories: the standard 7 and the
range estimate 7 while moving RES within the near and
far zone with a constant bearing value 8 of the method
presented in [4].

Fig. 4 shows the trajectories: the standard 8 and
the range estimates # while the RES movement within the
near and far zone, obtained using the proposed method.
The simulation results showed that the LSM of the range
estimation on the entire RES motion path, with constant
bearing, without estimation A¢ and AA¢ is less than 5
meters, and with an estimate of less than 2 meters from
the standard.

Comparison of the MSE estimations of # obtained
by averaging over the ensemble of input signals (Figure
5) allows us to state that the proposed method makes it
possible to improve the accuracy of determining the
location parameters by 25-35%.

Conclusions

1. The analysis of a number of aspects of the RES
positions determination based on the curvature of the
front of received EMW during its motion in the Fresnel
zone was made.

2. With constant bearing, the error in determining the
RES location parameters depends on the distance

Variance
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estimation error. Moreover, the error of determining the
range to RES is the greater the closer source to the far
zone, which is associated with the growth of measurement
errors in the phase difference of the received signals.

3. Estimation of the difference and the difference in the
phase differences of the received signals makes it possible
to improve the accuracy of determining the location
parameters for both mobile and fixed RES.

4. The results obtained in the paper can be used in the
design of RES multi-channel auto-tracking systems for
their operation in the Fresnel zone.
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Axopnoe E.A., I[ykanoe O.®.

Ouinka napameTpiB Micusi po3TallyBaHHS MiJ Yac pyxy Axepesia palioBUNIPIOMIiHIOBaHHS A/ cepUYHOrO
(pPOHTY eJIeKTPOMArHITHOI XBHJIi

Ipo6GaemaTuka. Cy4yacHi MeTOIM BH3HAYEHHS MICIl PO3TAllyBaHHS JDKepesia pamioBHUIIPOMiHIOBAHHS B 30HIi
Dpenenst o chepudHOCTi (POHTY €NEKTPOMArHiTHOI XBWII, IO TNPHUIAMAETHCS JiHIMHOIO aHTEHHOIO PEeUIiTKOM,
J03BOJISIIOTH BUPILIYBaTH 3a4ady OJHOYACHOIO BU3HAYEHHS HAMPSAMKY i JAlbHOCTI TUIBKU Ui HEPYXOMOIO JDKepesa
paxioBurnpoMiHoBaHHs B pazi pyxy mkepesa palioBUNPOMIiHIOBAHHS TOYHICTh OLIHIOBAHHS MapaMeTpiB poO3TallyBaHHS
OyZle HEBHCOKOIO.

Meta pociaigkensb. ITigBUILIEHHA TOYHOCTI METOALY OLIHKMU MapaMeTpiB po3TalllyBaHHs IJId PyXOMOIO JKepela
panmioBUINIPOMiHIOBaHHS B pa3i chepudHOCTi (PPOHTY eNeKTPOMAarHiTHOI XBWIJIi fKa NMPUHAMAETHCS JIIHIWHOI aHTEHHOIO
peliTKoxo.

Metoauka peaizauii. OLiHKa KyTOBOro HalpsMKY IpU pyci Jxepesna palioBUIIPOMiHIOBaHHsS MPOBOAMUTHCS
LIJIIXOM OLLiHIOBaHHS B "KOB3HOMY BiKkHI" pi3HMUI (a3. OLiHKa AaJlbHOCTI BU3HAYa€ThCSA 3a pe3ysbTaTaMH OLIHOK B
"KOB3HOMY BiKHI" pi3HMUI pi3HULE (a3 MK CUMETPUYHUMM IIOAO LIEHTPAJILHOIO €JIeMEHTaMM JIiHiliHOI aHTEeHO
peuriTku.

PesynbTraTn gociimkeHb. Po3rmmsiHyTHit MeTon 3a pe3yiabTaTaMM  iMIiTaliiHOTO MOJENIOBAHHS JI03BOJISE
MiABUIIUTH TOYHICTh OLIIHIOBAHHsS MapaMeTpiB po3TalllyBaHHs sl pyXOMOIO JKepesia paJioBUIPOMIiHIOBAaHHS Ha 25-
35%.

BucHoBkH. 3anponoHoBaHUN MeTOH MOKe OYyTH JIerKo peaizoBaHMii B MOOIJBHUX CHUCTEMax MOHITOPUHIY
JDKEpeT padioBUNPOMiHIOBaHb MPH 1X 3HAXOMKEHHI B 30HI DpeHens

KnrouoBi caoBa: 30Ha ®DpeHens; MKeperao padioBUIIPOMIHIOBAHHA; CPEPUUYHICTb (POHTY €JIEKTPOMAarHiTHOT
XBWJIi; pizHuUA (a3; pi3HUUS pi3HULL (a3; JiHiliHA aHTEeHHa pelliTKa; KOB3HE BiKHO; JOBXXMHA XBWJIi; OLlIHKAa MapaMeTpiB
po3TalIyBaHHSI.

Axkopnoe E.A., Ilykanoe O.®D.

OneHKa MapaMeTpPOB MeCTOINOJIOXKeHHs] TMPH ABHKEHHH HCTOYHUKA pagHoOH3JIydeHHs AJsi cepHuecKoro
¢poHTA 37IEKTPOMATHHUTHOM BOJIHBI

IMpo6aemaTtnka. CoBpeMeHHbIE METOIbl OMNpEeIeNIeHUs MEeCTOMOJIOKEHUsI HCTOUYHMKA PpaJuOU3IydeHHUs B 30HE

DpeHens 1o chepuIHOCTH HPOHTA SIIEKTPOMATHUTHOMN BOJIHBI, MPUHUMAEMOM JTUHEHOW aHTEeHHOI PelIeTKOM, MO3BOJISIOT
pewath 3anadyy OJHOBPEMEHHOrO ONpeNesIeHUs] HalpaBieHUs W JaJlbHOCTH TOJBKO [JIi HETOJABMKHOTO HCTOUYHHKA
panuousnydyeHusa B cilyyae nBMKEHWs UCTOYHHMKA PaAUOU3IIyYE€HUs TOYHOCTh OLEHUBAHMS MapaMETPOB MECTOMOIOKEHUSA
OyZeT HeBBICOKOM.

Lenr ucciaenoBaHuii. [loBbillleHHWE TOYHOCTM METOJA OLIEHKHW MAapaMeTpPOB MECTOINOJIOKEHUS AJsl MOJIABHUKHOTO
HCTOYHMKA PaAUOU3JIydeHUs B ciydae cpepuyHOCTH (pPOHTa JEKTPOMArHUTHOI BOJIHBI KOTOpas MPUHUMAETCS JIMHEHHOMN
AHTEHHON PEIIETKOM.

MeTtoanka peanuszanuu. OLieHKa YIJIOBOrO HaMpaB/IeHUs IIPpU JBUXKEHUM MCTOYHUKA pPaJUOU3IydeHUs
MPOU3BOIUTCS ITyTeM OLIEHMBAaHHS B 'CKOJB3slIeM OKHe" pasHocTH (a3. OlneHka HalbHOCTH OMpeAessieTcsl Io
pe3yibTaTaM  OLIEHOK B "CKOJIB3AIIEM OKHe" pa3HOCTH pa3HocTeil (a3 MexAay CUMMETPUYHBIMU OTHOCHUTEILHO
LIEHTPAJILHOI'O JIEMEHTaMU JIMHEMHOW aHTEHHON pELIETKH.

PesysabTaThl HcciieaqoBaHuii. PaccMOTpeHHBIH METOH IO pe3yJibTaTaM HMMUTAUMOHHOIO MOIEJIUPOBAHUA
MO3BOJISIET TMOBBICUTH TOYHOCTh OLIEHUBAHWSA MapaMeTpoB MECTOMOJIOKEHMUS] JJi1 MOABMXKHOTO HMCTOYHHUKA
panuousnydeHus Ha 25-35%.

BbiBoabl. [lpeniokeHHbIE METOO MOXET OBIThb JIETKO pealin30BaH B MOOWIBHBIX CHUCTEMaX MOHHUTOPHHTA
WCTOYHUKOB PaJIUOM3IyYeHUI MPU UX HAXOKIAEeHUN B 30He DpeHesst

KiioueBble cioBa: 30Ha DpeHens; WCTOYHUK PaTuoOW3IydeHMs; cHeprIHOCTh (pPOHTA 3IIEKTPOMArHUTHOU
BOJIHBI; pa3HOCTH (pa3; pa3HOCTh pasHOCTel (a3; JMHEeIHAs aHTeHHAasl PelIeTKa; CKOJIb3sIIee OKHO; JUTMHA BOJIHBI; OLIEHKA
napaMeTpOB MECTOIOJIOKEHUS.
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