P.I. Bidyuk, R.I. Manuylenko, R.L. Pantyeyev, Yu.A. Opanasiuk Hyperboloid Parameterization Using in the ... 47

COMPUTER ENGINEERING

UDC 621.396.551.553(045)
DOI:10.18372/1990-5548.64.14855

'P. I. Bidyuk,
R.1. Manuylenko,
’R. L. Pantyeyeyv,
*Yu. A. Opanasiuk

HYPERBOLOID PARAMETERIZATION USING IN THE MOVING OBJECT POSITION
AND TRAJECTORY DETERMINATION

'"National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Kyiv, Ukraine
*Systems Control Theory Department, Institute of Applied Mathematics NASU, Slovyansk, Ukraine
34 Aviation Computer-Integrated Systems Department, National Aviation University, Kyiv, Ukraine
E-mails: 'pbidyuke 00@ukr.net ORCID 0000-0002-7421-3565, *ronma2016@gmail.com,
*romanpanteevmail@gmail.com ORCID 0000-0003-4707-4608, *yuriy.opanasiuk@gmail.com

Abstract—The problem of the coordinates determining of the radio emission source in the passive radio
monitoring complexes is very relevant, but complex calculation procedure. There are many factors that
negatively affect the accuracy of the method. The method proposed in this article will more accurately
determine the coordinates of the object. The article considers a mathematical model of space-time objects
and a complex radio source. Based on parameterization and coordinate transformation, the hyperbolic
system of object position equations is reduced from three to two equations. As a result, reducing the
number of iterations and the number of calculations in one iteration of Newton's method are more
accurate coordinates of the object. Parameterization quickly determines the new location of the object at
the maximum possible speed. Usually airplanes and drones move at a lower speed, so the use of
difference-range method and parameterization of hyperboloids allow you to find a new location of the
object in one iteration.

Index Terms—Passive radio monitoring; parameterization; convergence; hyperboloid; radio emission

object; passive search direction, Newton's method; reduction of matrix dimension.

1. INTRODUCTION

The problem of determining the coordinates of
the source of radio radiation in the complexes of
passive location is a relevant but complex
calculation procedure. There are many factors that
negatively affect the accuracy of the method. The
method proposed in this article will more accurately
determine the coordinates of the object.

Object detection can be performed on two types
of known methods — amplitude-azimuthal and time-
difference of arrival method [1] — [4]. The time-
difference of arrival method is to solve a system of
hyperbolic equations at the central point of reception.
In order to determine the state of the object, the
points of n observations are selected, the base point is
chosen among them, and the difference in the time of
arrival of the signal is determined by a system of n —
1 equations. The system of mathematical equations
expressing the values of time delays of
communication of signals at the station of receipts
consists of many unknowns with a minimum number
of known parameters. The system of equations must
be well conditioned, i.e., to ensure the stability of
solutions of measurement error parameters.

It is clearly impossible to solve such a system,
and therefore the system of nonlinear equations is
solved approximately by iterative methods [5], [6].
The most common method of solving such systems
is Newton's method. One of the problems that arise
when solving systems of equations of Newton's
method is to ensure an acceptable rate of
convergence of the method.

II. PROBLEM STATEMENT

Generally, the operation principle of the passive
location multi-position systems on the basis of
TDOA method is based on use of four accepting
stations: L, Ly, L;, and C (Fig. 1), where C is a
central station of reception.

Basic data are observation stations coordinates,
speed ¢ and signal passing time 7; from the object to
the observation station, where i is a number of the
observation station. Location of the central station of
reception is accepted as the coordinate’s origin of
the three-dimensional space.

Signal delay period is defined t,,7,,7, on the

known coordinates of stations and time of receiving
signal:

t, =1 (0L +CL, - 0C). (1)
4
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where 1, is the signal arrival time delays of i —
object signal on station C from stations L; OL, is

the distances between RES and stations; CL, is the

distances between the side and central stations; OC

is the distance between RES and the central station.
Ratios (1) connect RES signal arrival times with

the distances between stations L;and a central station

C, with distances between all stations and RES and
also with a speed ¢ of the RES signal distribution
speed in the atmosphere.

Having expressed ratios (1) in the coordinate
system of the stations position and RES, we will
receive the system of the nonlinear equations in
which all values except coordinates of provision of
RES are known (x, y,z):

1'71.(§)=l(\/(x—xi)2 +(y—y,.)2 + (z—z,.)2 +D, —x +)’ +22)—r,. =0,

C

D =CL, i =1,2,3.

Fig. 1. Operation principle of the RES coordinates
determination by the passive monitoring system

By the software development for the passive
location complexes the problem of the computing
operations volume reduction, increasing accuracy of
the received solutions and also receiving reliability
of the accepted result in the conditions of the limited
temporary resource of the real-time system is very
important.

The purpose of this work is to build a
mathematical model of the space-time situation,
which solves the problem of determining the
coordinates of the object, as well as improving the
real process of calculations aimed at reducing the
time spent on the calculation.

III. HYPERBOLOID PARAMETERIZATION FOR THE
MOVING OBJECT

Define the limits of the interval to set the delay
time. If the object, the base C and one of the
receiving stations are on the same straight line, and
the station L; is located between the base and the
object, the signal is sent to the base through L;. The
delay time is zero. If the base station is located on a
straight line between L; and the radiation source, the
signal is sent to the base station and then to L; and
return to the base. Thus, the delay time t, =2D,/c.

2

Using the inequality of the triangle, the boundaries
will be written

0<t, < (2D, /c). 3)

If the object is on a perpendicular plane between
the base point and the auxiliary station, the signals
of these stations come simultaneously. The time
delay is equal to the time of passage of the signal
between stations 1, =D, /c.

Equation (2) determines the geometric location of
points, the difference between the distances from
which to two given points has a certain value 2r.
This surface is a hyperboloid of rotation. The
hyperboloid equation can be written in a simpler
form if the foci lie on the same coordinate axis.
Thanks to the rotation transformation and parallel
transfer, it can be moved to a new coordinate system
X5V, Z,

If the signal source lies on the same line with the
main and one of the other receiving stations or in a
plane perpendicular between them, the hyperboloid
degenerates in a straight line. The accuracy of the
calculations will be better if you use a hyperboloid
closer to a straight line to calculate

T,C

min(l - O‘)i)z \4/ (’01'2 (o0, + 1)2 ®; = H ) “4)
The coordinate system is transformed so that the
foci of the hyperboloid are located on one of the

coordinate axes.
V4 P __
——— ——5 =L 6]

where ¢ =1/(D22 /4)—r2 .

This transformation is a combination of rotations
around the axis y on the angle ¢, and around the
axis z on the angle ¢, .

The distance between the points in this
transformation remains unchanged, the angles are
equal
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2 + x2
¢, =—arctg=2, @, = —arctgg. (6)
X5 Vs

The turn matrix has the form

COS(,Ccos®, —sin@, —cosQ,sinQ,
" . . .
P =| sinp,cosp, cosp, —sing,sing, |. (7)
sin @, 0 Cos @,
Inverse matrix
COsS(Q,cos(, sin@,cosp, sin,
P =] —sing, cosQ, 0 |. (8
—Ccos@, sing, —sing,sing, cos,

The parametric equation of the hyperboloid will
be written as follows:

x, =gshtcoso,

D
v, =72+rsgn(D2—12-c)ch t, 9)

z, =qshising.

Thus, the three coordinates are expressed in
terms of two hyperboloid parameters: angle ¢ of the

circle and the height parameter . One equation of
this system is performed identically from this
parameterization.

Thus, the system of equations is reduced to two
equations with two unknowns:

For the general case

N
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Fig. 2. The surface on which to look for an object
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Fig. 3. Coordinate system turn

The derivative matrix has the form

oF, OF,

ot 0o
| oF, oF, |

R

The following parameter approximations are
determined from the matrix equation

( tn+l J ( tn J 71 (FI J
= -M .
(pn+l (pn FVZ

IV. MATHEMATICAL MODELING

(10)

Finding the parameters ¢ and ¢, and then use the
representation (8) and (6) of the coordinates of the
object in the new coordinate system. Multiplying the
matrix P — by the resulting vector, we obtain the
answer: the coordinates of the position of the object
in the original coordinate system. The system was
reduced from three to two equations. It can be
reduced the dimension of the Jacobean matrix and
the inverse matrix and thus reduce the number of
calculations in each iteration by the Newton method.

The selection of the desired hyperboloid can also
approximately determine the angles between the
direction from the base station to the object and from
the base station to the auxiliary, which allows you to
more accurately select the first approximation for the
iterative method.

Analysis of the results showed that the
construction of the hyperboloid and the
determination of the coordinates of the object by
parameterization significantly speeds wup the
calculation.

Consider how, when using the parameterization
of the hyperboloid, you can find the coordinates of
the source of radio radiation, taking into account its
displacement in the observation zone.

As the object is moved, its coordinates change. In
the general case, the difference between the
distances between the observation stations also
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changes. Therefore, another hyperboloid must be
constructed to find the object (Fig. 4).

0 1 2 3 4 56 7 8 9 f

Fig. 4. Hyperboloids, which determine the position
of a moving object

Parameters ¢, @ choose the same ones that were
found at the previous time (Fig. 5).
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Fig. 5. Lines of equal parameters ¢, @ by delay time
change 1

V. CONCLUSIONS

As can be seen from Fig. 5, if the delay time is
changed, the lines of equal parameters ¢, ¢ are the

arcs of ellipses. Calculations were performed for a

space rocket that flies 8 m in a period of 107 s. It is
shown that to find new parameters ¢,¢ and,

accordingly, the new coordinates of the radio
emission source, usually used one iteration of
Newton's method, sometimes two iterations.

Parameterization quickly determines the new
location of the object at the maximum possible
speed. Usually airplanes and drones move at a lower
speed, so the use of time-ifference of arrival method
and parameterization of hyperboloids allow you to
find a new location of the object in one iteration.
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IIL. I. Bimiok, P. I. Manyiinenko, P. JI. ITanTtee, 10. A. Onanaciok. 3acTocyBaHHsl napaMeTpu3aii rinep0oJioiga
i/l Yac BU3HAYEHHA MOJI0KEHHS 1 TPaeKTOpii pyXoMoro 00’ ekTy

3amaua BU3HAYCHHS KOOP/AMHAT JPKEpelia paliOBUIPOMIHIOBAHHS B KOMIUIEKCAaX MACHBHOTO PaJiOMOHITOPHHTY € JYXKe
aKTyaJbHOIO, ajie Mpolleaypa OOYMCIICHHS KOOPIMHAT € JOCHUTh CKIIAIHOI0. IcHye Oarato (pakTopiB, sKi HEraTUBHO
BIUIMBAIOTh HA TOYHICTH Di3HUIEBO-AAJIEKOMIDHOTO METOAy. MeTon, 3amporoHOBaHMW B JaHid CTaTTi, J03BOJISIE
TOYHIIIIe BU3HAYATH KOOPAWHATH 00'€KTY. Y CTaTTi pO3IIIAHYTI MaTeMaTHYHI MOJIEN IIPOCTOPOBO-4acoBUX 00'ekTiB. Ha
OCHOBI mapameTpu3allii i KOOPJIMHATHOI'O IIEPETBOPCHHS TiNepOoNiyHa CHUCTeMa pPIBHAHL IIOJIOKEHHS 00 €KTa
CKOPOYYETHCS 3 TPHOX JI0 ABOX PIBHsAHB. B pe3ynbTaTi 3MEHINCHHS KiJIbKOCTI iTepalliii Mmerona HproToHa 1 KiIBKOCTI
o0uucIieHb B OJIHIH iTepalil ToYHilIe 3HAXOASAThCS KoopauHatu o0'ekry. [lapamerpu3zanist 10oBOJI IIBUAKO BH3HAYa€E
HOBE MICIIE3HAXOKEHHS 00’€KTa 3a MAaKCHMaJIbHO MOXIIMBOI IIBHIKOCTI. 3a3BUYai JITAaKH Ta OC3MIJIOTHUKU
pyXalThCs 3 MEHILIOK IIBHIKICTIO, TOMY 3aCTOCYBaHHS PI3HHUIIEBO-JIAJIEKOMIPDHOTO METOAY 1 MapaMeTpusais
rinepOoJIoiNiB JO3BOJIAIOTH 3HANTH HOBE MICIIE3HAXOKCHHS 00’ €KTY 3a OJIHY ITepallilo.

Knaw4oBi cinoBa: nacuBHHMH — paJiOMOHITOPHMHT;  NapaMeTpH3allis; KOHBEpreHmis; rirmepbonoin; 00 €KT
paznioBUIIPOMIHIOBAaHHSI; TACHBHHI HAIIPSMOK NOIITYKY; MeToa HbI0TOHA; 3MEHIIIEHHST pO3MipHOCTI MaTpPHIIi.
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II. U. bumok, P. U. Manyiinenko, P. JI. IlanteeB, }O. A. Onanaciok. IIpnmenenne napamerpu3anuu
runepooI0Hu/1a MPHU ONpeie/IeHHH MOJI0KEHHSI M TPAEKTOPHH ABMKYIIErocsi 00heKTa

3amaua onpenesieHns KOOPAMHAT UCTOYHHKA PaJUOU3IYYEHUS] B KOMIUIEKCaX MAaCCHMBHOI'O PaJHOMOHUTOPUHTA OYE€HBb
aKTyallbHa, OJIHAKO, MpOLEeAypa BBIYMCICHHS KOOPAHMHAT SBIISETCS JOCTaTOYHO CIIOXKHOH. CyIlecTByeT MHOro
(baKTOpOB, KOTOpBIE HETATUBHO BIMSAIOT Ha TOYHOCTh Pa3HOCTHO-IAILHOMEPHOro MeTona. MeToa, MpeyioKeHHbIH B
JIAHHOM CTaThe, IMO3BOJMT TOYHEE ONpPEESHTh KOOpAMHATHI 00bekTa. B crarbe paccMaTpuBaeTcs MaTeMaTH4ecKHe
MOJIETIH TIPOCTPAHCTBEHHO-BPEMEHHBIX 00BeKTOB. Ha OCHOBe mapameTpu3alid ¥ KOOPAMHATHOTO MpeoOpa3oBaHHs
runepOonnyeckas cucTeMa YpaBHEHUH IOJIOXKeHHs 00BbEeKTa COKpallaeTcs ¢ Tpex A0 ABYX ypaBHeHuil. B pesymbraTe
YMEHBIICHUs] KOJMYecTBAa HTepauuii Merona HbOTOHA M KOJIMYECTBA BBIYMCIEHHH B OJHOM WTEpalliH, TOYHEE
HaxoJATCsA KOOpAUHATHI oObekTa. Ilapamerpusanus 1OBOJIBHO OBICTPO ONpEZeNsieT HOBOE MECTOHAXOKIEHHE 0ObEKTa
IIPU MaKCUMaJIbHO BO3MOXKHOH CKOpocTH. OOBIYHO CaMOJEThl M OECIMIOTHHKH JABWKYTCS C MEHbBIIEH CKOPOCTHIO,
MOATOMY TPHUMEHEHHE Pa3HOCTHO-JATBHOMEPHOTO METOAa M IapaMeTpH3alis THIEpOOJIOWIOB IO3BOJSIIOT HANTH
HOBOE MECTOHAXO0X/ICHHE O0BEKTa 33 OAHY UTEPALHIO.

KnroueBble cioBa: TacCHBHBIA pPaMOMOHUTOPUHT; NapaMeTpU3alys; KOHBEPICHIWs; THUIEpOONOHT; OOBEKT
pasMoM3IIydeHUsI; TACCUBHBII HalpaBlieHNE MOUCKa; MeToll HpI0TOHA; yMEHbBIIEHHE Pa3MEPHOCTH MAaTPHIIBI.
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