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COMPARISON OF TWO OPTIONS FOR BUILDING THREE-COORDINATE
ELECTRONIC INTELLIGENCE STATIONS

The subject—coordinate measurement methods in ground electronic intelligence (ELINT) stations. The goal is
to conduct a comparative analysis of two options for the composition ground ELINT stations in terms of accu-
racy of measuring coordinate information. The tasks to be solved are as follows: assessing the accuracy of de-
termining the coordinates of the time difference of arrival method (TDOAM) and hybrid method (HM), obtain-
ing analytical ratios for estimating the root-mean-square error (RMSE) of the accuracy of measuring the alti-
tude of radio emission sources (RES) of these methods; on the basis of the obtained estimates and analytical
ratios, a comparative analysis of the methods, under conditions where the accuracy of the coordinate infor-
mation obtained by both methods is commensurate; and development of recommendations regarding the prac-
tical application of HM coordinate measurements. The methods used are: the theory of measurements and the
theory of evaluation of coordinate information. The following results were obtained: a comparative analysis of
the TDOAM and HM was performed according to the RMSE of the determination of plane coordinates and the
altitude of the RES. The accuracy assessment was performed in a known way, based on the linearization of the
functional dependence between the measured primary parameters (range differences, elevation angle) and
spatial coordinates by expanding in a Taylor series with the deduction of the first two terms of the series. Cal-
culations have shown that the presence of the third side station has very little effect on the accuracy of deter-
mining plane coordinates. Significant differences appear only in the results of estimating the RMSE of the RES
altitude. To compare the methods, analytical relationships were obtained for estimating the RMSE of the alti-
tude measurement. The condition is determined under which the accuracy of determining the altitude for the
HM is not worse than that for the TDOAM (the accuracy is the same). Starting from this value and further,
when using the HM, the altitude is determined more accurately. Conclusions. An HM of high-precision deter-
mination of 3 coordinates in ELINT stations, based on measuring two distance differences and direction find-
ing (DF) in the elevation plane, can, with a smaller number of side stations (two instead of three), provide ac-
curacy no worse than the known TDOAM. However, this requires that the RMSE value for DF in elevation
should be tenths of degrees. The practical application of HM is possible for the issuance of target designations
on air defense missile systems radar.

Keywords: hybrid method; bearing measurement; electronic intelligence; time difference of arrival method;
comparative analysis of methods; accuracy of coordinate measurement.

processing and two side receiving stations (SS), which
are located on the same line and remote from CS at a

1. Introduction

1.1. Motivation

Existing ground electronic intelligence (ELINT)
stations present in the armed forces of various countries,
designed primarily for airspace control [1]. To
determine the coordinates of radio emission sources
(RES) in most existing ELINT stations, the time
difference of arrival (TDOA) method is used, which is
the best in terms of accuracy [2, 3]. The TDOA method
(TDOAM) is implemented by simultaneous reception of
signals by spatially separated receiving posts [4, 5].
Estimation of the signal delay can be performed in
different ways, for example, the spectral processing
method [6]. It is known [7] that for the determination of
planar coordinates (2-coordinate option), it is necessary
to have a central receiving station (CS) for joint signal

distance of 10..40 km. This allows the implementation
of a sectoral surveillance zone with a width of about
120°. For third coordinate measurement (elevation
angle, altitude) using TDOAM, it is necessary to have,
except CS, at least three spaced SS [5, 8]. When placing
a "star" of such a 4-position means that on the ground,
in addition to determining the altitude of air targets, it is
also possible to organize a circular area observation [9].
The need for a three-coordinate execution of the ELINT
station becomes especially relevant in such cases, when
the station is part of the air defense forces and is used as
a targeting source for active radar of missile guidance
from air defense missile system or active jamming
station for airborne radar. These means typically use
highly directional antennas in both planes.

© Anatolij Kobzev, Mykhajlo Murzin, Illia Hridasov, 2024


https://www.multitran.com/m.exe?s=air+defense+missile+system&l1=1&l2=2

Radioelectronic systems

49

1.2. State of the art

In TDOA system, determination of the third
coordinate of an air target (altitude) can be implemented
in another way, without using the TDOA measuring
operation [2, 9]. To do this, it is necessary to implement
a direction-finding channel in the CS for the target
elevation angle [10, 11]. The solution to this problem is
connected with the choice of the necessary design of the
CS antenna system and a suitable direction finding (DF)
method while maintaining the basic property of the
TDOA station (high precision of plane coordinates). At
the same time, the need for a third SS disappears and the
three-position station becomes a three-coordinate.
Reducing the number of SS is a positive effect of such
construction. The option of joint use of TDOA and DF
was studied back in the 70s of the last century in
Military Engineering Radio Engineering Academy of
Air Defense (Kharkiv city) for use in passive radar for
airborne active jammers [2] and had at that time the
name “elevation-time difference of arrival of passive
radar”. Recently, there has been renewed interest in the
joint use of angle of arrival estimation (AOA) and
TDOA methods in radio monitoring systems and ground
ELINT means [12, 13]. The combination of two
different methods for determining coordinates in one
passive supervision station was called the hybrid
method (HM) [14, 15]. In this article, we will also use
this method, meaning in this name the combinations of
“TDOA + DF in the elevation plane”.

An example of the application of such an HM is
the three-position ELINT station DWL002 and its early
analogue YLC-20 [12], which was designed and
manufactured in China. The appearance of the receiving
station DWLO0O02 is shown in Fig. 1.

#£8  Wwideband
Aperture Upper

High Speed Datalink
Apertures

Wideband
Aperture Lower

Low Band Datalink

Apertures Secondary Mast

Fig. 1. Ground ELINT station DWL002 (China)

The message [12] states that this station is used as
a target designation source for radar of air defense mis-
sile systems. As shown in Fig. 1, a distinctive feature of
the station is the presence of two identical antenna
systems, which are located on two masts and spaced in
the vertical plane by several meters, which implies their
use for DF in elevation. The DF method is not specified
in the message, but it can be assumed that using the
amplitude-phase method with the need to eliminate the
ambiguity of phase measurements. Let's pay attention to
the fact that due to the second antenna system, a
the three-coordinate version is implemented without a
third CS.

1.3. Objective and approach

A legitimate question arises: what are the indicators
of the accuracy of determining the coordinates in a
comparative relation of the two discussed methods (TDOA
and hybrid)? Comparative analysis will also make it
possible to evaluate the requirements for DF accuracy in
the elevation plane, where the accuracy of coordinate
information in TDOAM and HM is approximately the
same. In this formulation, the problem of comparative
analysis of the two methods was not considered in well-
known publications. This article is devoted to solving these
issues.

The goal is to conduct a comparative analysis of
two options for the composition ground ELINT stations
in terms of accuracy (measurement) of determining
coordinates. The options differ in the amount of
receiving stations and the type of primary parameters
measured.

2. Methods

Let’s consider a station in which the positions of
CS and SS match Fig. 2. CS («0») is located at the
origin of the Cartesian coordinate system. Described
location of CS and SS sometimes called
«T-shaped» [15] and is usually used for surveillance in
the sector +60°. Distances between CS and SS1, 2,3
denoted as Lq,L,,L;. We assume that the stations are

located on a flat surface and have coordinates:
CS—-xp =0, yg=0, SS—xi, yk(k=1..3).

The heights of the CS and SS antennas do not play
a significant role in solving the problem under consider-
ation. We assume that they provide joint reception of
signals in the analyzed ranges. Radio emission source at
the point X;,y;,z;. Its altitudeh = z; is such that it pro-
vides electromagnetic availability of the signal by all
stations. Using TDOAM the primary parameters are
three distance differences to RES
Anc =Dg —Dy (k=1...3). Where Dg, D, — downranges
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up to RES from CS and SS. In the case of HM, the sys-
tem is excluded from SS3 (shown by dotted line). In this
case, the CS includes a device for measuring the eleva-
tion angle of RES ¢; and primary parameters include the

following measured quantities Ar,Ar,,&;.

Ay RES
Xi, Vi, Zi
n/f// .
Ay I/ X

Fig. 2. Location of CS and SS on the ground

A comparison of TDOAM and HM will be carried
out using Root Mean Square Error (RMSE) determina-
tion of planar coordinates and altitude of RES. Accura-
cy will be estimated in a known way [16, 17], based on
linearization of functional dependence between meas-
ured primary parameters (range difference Ar(x,y,2z),
angle of elevation g(X,y,z)and spatial coordinates by

way of Taylor expansion with deduction of the first two
terms of series [18]. Here, the accuracy of measuring
the primary parameters and their derivatives with re-
spect to coordinates plays a significant role x,y,z ob-

tained at a point X;,Yy;,zjWe will assume that the
measurement errors of parameters Ar, not correlated
with each other and RMSE equal o,,, and RMSE of
the DF in elevation will be denoted o, .

In accordance with Fig. 1, the functional connec-
tion of primary parameters with coordinates Xx,y,z pre-

sented as

A (X,y,z) =Dy —Dy =«/x2+y2 +2° -

o0 ey

zZ

The results of the calculations are the linear RMSE

g(X,y,z) =arctg ; (k=1..3), (1)

of the planar coordinates Gp=(6X2 +cy2)”2 and

RMSE of altitude o, .

3. Results

Calculations have shown that the presence of SS3
has very little effect on the accuracy of determining
planar coordinates o, and both considered methods
give almost the same result. There are insignificant dif-
ferences only at short ranges to the radio source. Signif-
icant differences appear only in the results of the eval-
uation of radio source altitude oy, .

As an illustration, in Fig. 3 shows the results of
calculating the indicator o, depending on the horizontal
distance Dy | for two methods. The initial data are given
in the caption. It can be seen from the figure that the
RMSE of the altitude for the HM has an approximately
linear relationship with Dg  and for the TDOAM it has

a quadratic relationship. Starting from a certain range
D*o,| when using the GM, the height is determined more
precisely.

257
o}, km

120 140 160 180 200
Dy, km

40 60 80 100

Fig. 3. Dependence of the RMSE altitude
on the horizontal range

(ca=5m,0, =0.5°, h=5km,L;=20km)

To be able to compare two methods in terms of the
accuracy of determining the altitude h for any initial
data, we will find analytical relationships for the RMSE
oy, considering only two stations — CS and SS3, since

only they participate in determining the 3rd coordinate.
The comparison will be performed in a situation where
the radio source is on the axis vy
(X; =0,y; =Dy ,Z; =h) . Note that the system configu-

ration chosen for the study and the placement of the
radiation source on the y axis for analysis of the TDOA
method correspond to the maximum accuracy of the
TDOA method.

Under these conditions, the altitude h is deter-
mined by the TDOAM with the greatest accuracy. Let
us explicitly find the relationship between the RMSE of
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the altitude estimation oy, and the RMSE of the range
difference Ary for the TDOAM using the dependence
Ary(z) and the rule from the work [19].

From (1) for k=3 we have

ody  oar _ Sar(Doy+h)(Dy+Lz+h)
o = = @
aAr3/ h|Ar|
oz
Similarly, for the HM we obtain
6. (D3, +h?
() _ O ¢(Dg; +h?) @)

Do,

e

Here derivatives are taken at the point z=h.
Of greatest interest is the case of long ranges Dy |,

since target designation for air defense missile systems
radars must be formed at the maximum possible range.
In this case, it is possible to consider, that Dg|>h;
Do) >Lj3; Arg~Lgand expressions (1), (2) can be
represented in approximate form

2
(rd) oarDoy |
o R,
hLj
(4)
Ggp) ~c.Dy -

From here we obtain the condition, under which
the accuracy of determining the height for the HM is not
worse than that for TDOAM,

oD
< Ar O’I.

< 5
% S ©)

To compare the two methods, it is also possible to
indicate the range at which RMSE of altitude is the

same. For o, =, () from (4) we have

Gshl_?, ,

SAr

(6)

Do, =

If, as an example, we substitute in (6) the values of
the quantities indicated in the caption of Fig. 3, then we

get D*OJ =175 km. From a comparison with the data in

Fig. 3 we see, that the relative differences between the
approximate ratios and the exact ones are about 11%.

For the condition Dy |)D"; RMSE for HM is always
less than that for TDOAM.

4. Discussion
Peculiarities of using the hybrid method

The main advantage of the HM over the TDOAM
is the reduction in the number of SS to 2 instead of 3.
This expands the possibilities of choosing a suitable
location for the CS and SS on the ground, satisfying
several conditions. Such conditions include the need for
direct visibility between the antennas of the CS and all
SS, the availability of access roads and power supplies,
considerations of the necessary mutual position of the
CS and SS (for example, "in line"), and remoteness
from powerful ground-based RES, etc. This advantage
becomes practically useful if it is possible to implement
sufficiently accurate target designation in terms of both
angular coordinates and distance. In modern ELINT
stations, the RMSE in range is units of km (at large dis-
tances from the station), which can be considered ac-
ceptable for assessing the level of danger to air targets.
The accuracy of determining the azimuth when estimat-
ing planar coordinates using the TDOAM is much high-
er than that in active radars. For example, in the Vera-
NG station, the errors in determining the azimuth corre-
spond to the value 0.01° [7]. Such target designation
accuracy becomes even redundant compared with the
required accuracy. Direction-finding accuracy in eleva-
tion (RMSE o) must correspond to the requirements for
target designation accuracy of the means, that is the
direct consumer of information (air defense missile
system radar or jamming station). The best situation is
when the errors of target designation in elevation angle
with a high probability do not go beyond the width of
the angular pattern of the radar (jammer station). This
ensures the capture of the target for auto-tracking "with
a shot" (without searching).

The issues of choosing a DF method in terms of
elevation and its technical implementation, which con-
sidering the peculiarities of using the combination of
TDOAM + DF, play a key role in the use of HM. Let us
note these features are available in almost all types of
known ELINT stations. These features include the coor-
dinated non-search nature of the survey of space when
implementing time difference of arrival measurements
through the use of weakly directional (therefore, small-
sized) antennas in the horizontal plane, providing in-
stantaneous reception of signals in the sector +60°. So,
for example, in the station Vera-NG the size of the an-
tenna system is limited by the size of the cylindrical
module 0,5x1,8 m, therefore, DF in elevation should
also be based on the non-search principle [10]. The ob-
servation sector in the vertical plane can be limited to

the range £~0..30 , how it is done in the stations of
the Czech company “ERA” (“Tamara”, “Vera-E”,
“Vera-NG”). The frequency range of DF measurements
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can be limited to those values that are most commonly
used on board airborne targets. This includes the fre-
quency section of waves near 1 GHz, where response
signals of the “friend or foe” identification systems,
interrogation signals of the TACAN-type short-range
radio navigation system and signals of the Link-16 data
transmission system can be emitted. Be sure to also use
the 8...12 GHz frequency section for DF, where the air-
borne radars of aircraft and helicopters operate. At these
frequencies, in addition to obtaining coordinate infor-
mation, it is possible to determine the type of aircraft by
the characteristic features of radar signals.

When implementing elevation DF, the use of the
amplitude-phase method can be considered as a prelim-
inary option. To achieve this, it is necessary to have two
identical antenna systems with a vertical separation of
the phase centers by d, similar to how it was done in
station DWLO002 (see Fig. 1). In each antenna, identical
radiation patterns with mismatched maxima in the verti-
cal plane are formed, which are the basis of the
monopulse amplitude DF and allow a rough estimate of
the angle &. Refinement of the coordinate ¢ is carried
out using the phase method by measuring the phase dif-
ference of the signals at the outputs of two antennas

Ap= %sin(s), 7

here A is the wavelength. To eliminate anomalous errors
caused by the ambiguity of measurements of the phase
difference Ag, it is necessary that the amplitude DF

errors with a high probability do not exceed the unam-
biguity of phase measurements [10]. Such a two-scale
method for estimating the angle & can provide high ac-
curacy. A separate detailed study of this method is re-
quired. In this case, it is necessary to consider the influ-
ence of reflections from the Earth and local objects on
the accuracy of DF [20]. The greatest influence is ex-
pected in the frequency range around 1 GHz, where the
reflections are close to the specular type. It can be as-
sumed that the reduction of this influence can be
achieved using the results of cross-correlation of signals
received by the CS and SS for phase measurements.

Conclusions

The hybrid method of high-precision determina-
tion of 3 coordinates in ELINT stations, based on meas-
uring two distance differences and DF in the elevation
plane, can, with a smaller number of side stations, pro-
vide no worse accuracy than pure TDOAM. However,
this requires a fairly accurate DF. The data given in
Fig. 3 and relation (5) show that the DF RMSE value
should be tenths of degrees.

Future research directions. Further research
should be directed towards the development of a high-
precision two-scale method of elevation DF. The es-
sence of the method is as follows: in the first stage, a
rough estimate of the elevation angle € of the RES is
carried out using the amplitude-phase method, and in
the second stage, the obtained value is refined by meas-
uring the phase difference of the received signals using
the phase DF method.
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MOPIBHSIHHS IBOX BAPIAHTIB ITOBYI0BU TPUKOOPINHATHHUX
CTAHIIIN PATIOTEXHIYHOI PO3BIIKHA

Anamoniii Koozes, Muxaiino Myp3in,
Inna I'pioacos

IIpenmer crarTi — METOAM BUMIpIOBAaHHS KOOPAWHAT y HAa3eMHHX 3ac00ax pamiorexHiyHoi possimku (PTP).
Merta — npoBeeHHs MOPIBHAIHHOTO aHANI3y ABOX BapiaHTiB MOOYAOBH Ha3eMHHUX 3aco0iB moBiTpsHoi PTP 3a moka-
3HMKaMH TOYHOCTI BHMIipIOBAaHHS KOOpAWHAT. 3aBAAaHHSI: TIPOBENCHHS OMIHKMA TOKA3HWKIB TOYHOCTI BH3HAYCHHS
KOOpAWHAT pi3HUIEBO-nansHOMipHOTO (PJIM) Ta ridbpumHoro meronis ('M); oTpuMaHHS aHANITHYHUX CIiBBiIHO-
IIeHb OIMiHKH cepenHabokBaapatnaHoi moxuOku (CKII) TogHOCTI BUMipIOBaHHS BHUCOTH JKEpENl BUIIPOMiHIOBAHHS
3a3HAYCHUX METOIiB; Ha OCHOBI OTPHIMAHWX OIIIHOK T4 aHANITHYHUX CITIBBiIHOIIEHH MPOBEACHHS MOPiBHIHHOTO
aHaJ3y METOiB, 30KpEMa YMOB, 3a SIKUX TOYHICTh KOOPAWHATHOI iH(pOpMaIIii, OTpuMaHOi 000Ma METOJaMH, MOXKHA
TOPIBHATH; PO3POOKA PEKOMEHAAIIN MIONO MPAKTHYHOTO 3aCTOCYBAaHHS TiOPHUIHOTO METOAY BHMIipY KOOPIHHAT.
BukoprcToByBaHIMHU € MeTOAM TEOPii BUMIPIOBAHb Ta TEOPil OMiHKKA KOOpAWHATHOI iH(opMariii. OTpuMaHi HaCTy-
mHi pe3yasTaTth. [IpoBeneno nopiusuibHui ananiz PIM ta I'M nmo CKII Bu3HaueHHs IUTONMHHUX KOOPAMHAT Ta
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BHCOTH JpKepena panioBunpominioBanHs ([PB). Ominka To4HOCTI MpoBOAMIIACS BIIOMHM CIIOCOOOM, 3aCHOBaHHUM
Ha JiHeapu3amii (YyHKIIOHAIBHOI 3aJIe)KHOCTI MK BHMIPIOBAaHMMH TEPBHHHUMH TMapaMerpaMu (pi3HUII JabHO-
CTeH, KyTa MICII) Ta IPOCTOPOBUMH KOOPAMHATAMH IIUIIXOM PO3KJIaJaHHA B psin Teitiopa 3 yTpUMaHHIM HEPIINX
JIBOX WIEHIB psmy. OOYMCIICHHS ITOKa3ajiy, 10 HasBHICTh TPETHOI OIYHOI CTaHII] Iy)Xe Majo BIUIMBAE HA TOYHICTH
BH3HAYCHHS TUTONIMHHNX KOOPAWHAT. 3HAYHI BiJIMIHHOCTI 3’ ABIIOTEHCS Juie npu orinroBanni CKII sucoru JIPB. 3
METOI0 MOPIBHSHHSA METOJIB OTPUMAaHO aHaNITH4HI criBBiaHOmEeHHs a1t oninku CKII BumiptoBaHHs BucoTH. Bu-
3HA4YE€HO YMOBY, 3a SIKOI TOYHICTh BM3Ha4deHHsS BUcOTH miusi ['M He ripma, Hix s PAM (TouHocti oxHakoBi). ITo-
YMHAIOYH 3 [[bOT0 3HAYECHHS 1 Jaii IpH BUKOpucTaHHI ['M BUcoTa BH3HadaeThes TouHie. BucHoBkm. ['iOpumHmit
METOJl BUCOKOTOYHOTO BU3HaueHHs 3-X KoopauHat y craHuisx PTP, 3acHoBaHui Ha BEUMIpi IBOX Pi3HUIb JajIbHO-
cTel 1 meneHranii y KyTOMICHIH TJIOIINHI, MOX€ MPU MEHIIIH KUIbKOCTI O1YHMX CTaHIH (1Bi 3aMiCTh TPBOX), 320€3-
TIEYUTH TOUHICTH He Tipiue, Hbk Binomuii PJIM. OnHak npu 11boMy 1MoTpiOHa BUCOKOTOYHA MEJIEHTALisl 110 KYTY Mic-
1, a came BexmunHa CKII menenranii Mae ctaHOBHTH JiecsiTi YacTku rpaaycy. [Ipaktuyane 3actocyBanHs I'M Moxk-
JIMBE ISl BUJadi BKa3iBKM Ha pajionokaniiHi cranmii 3PK.
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