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This paper deals with an issue of determination of the spatial coordinates within confined
area in general terms. Mobile air space control stations were set and related to the system of spa-
tial triangulation. As a result of the air space "scanning", targets appear in adequate representa-
tion, representing identified aircrafts and other flying objects (FOs). The main objective is inter-
pretation of collected data processing, in order to determine the reliable coordinates of an air-
craft. The problem of false target identification occurs when data are analyzed from only two sta-
tions. Descriptive Geometry method, for the construction of the planes containing rays targeted
from the station towards the flying objects, in both classic-orthogonal projections and 3D model,
as well, offers the solution of a problem. Dynamic 3D model consists of two flying objects, moni-
tored from two stations in predefined time periods. The constructive 3D solutions represent geo-
metrical locus of false targets trajectories, for several settings of flaying objects and monitoring
stations. The analyses have shown geometrical positioning of the third station impact to the exact
FO’s coordinates determination. The geometrical solution could be the key for the development of
numerical method, which will lead to applied software solution.

KEY WORDS: spatial triangulation, target coordinates, geometrical model, false targets tra-
jectories.

Introduction

For the improvement of the air space control and within research for the efficient fly-
ing object (further FO) detection' [1-5], spatial triangular network of mobile stations for
the detection and monitoring in infra-red range - IRST (Infra Red Search and Tracking) is
set. Each set of (three) stations carry out a task of successive "scanning" of the air space
segment, resulting with the field of points — i.e. detected FOs (targets). The objective of
data processing, collected from three stations, is determination of the exact coordinates of
FOs (targets). This is three-phase procedure:

lThis is the exact FO’s coordinate determination
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1. Determination of geometrical locus* of possible FOs, when observed from a sin-
gle station (* a straight line connecting monitoring station and FO).

2. Monitoring from two stations A & B of specifically defined FO's (trajectories),
when possible false target's coordinates are of meeting point of two straight lines — join-
ing FOs and adequate monitoring stations.

3. Introduction of the third station C, which serves for the exact FO's coordinates de-
termination.

1. The Concept of the Geometrical Model

Geometrical Model (Fig. 1) is consisting of two mobile land based stations A & B
and two FO-targets” a;& a, within air space segment, at undetermined altitude and mutual
distance. FOs are represented by trajectory segment, within time interval At, from posi-
tion a;, i.e. a,, to the new relative position 3, i.e.3,.

Fig. 1

Regarding practical aspect, it is important to know a distance between FOs — Dy,
and the FO's altitudes too, because of identification and the time interval between two
subsequent air space segment monitoring. Concerning geometrical aspect, the above men-
tioned factors have no influence to the solution. During computer data processing, for the
FO coordinates determination, the difference in station elevations is taken into considera-
tion too. Possible elevation difference towards Azimuth plane is computed. In this analy-
sis it is assumed that all stations are at the same elevation.

1.1. Starting Assumptions
The following assumptions are adopted for the geometrical model:
e FOs are moving horizontally and maintain the parallel alignment
e FOs are maintaining the identical speed

’It is important to emphasize that remote objects (targets), could be at first approximation consi-
dered as points. If object is closer, the adopted point represents the geometrical center of the ‘ob-
ject's silhouette’.
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e Air space control stations A, B and C are in the Azimuth plane.
Geometrical analysis of starting assumptions shows appearance of the false tar-
gets, during monitoring of two targets from two monitoring stations’. It requires geome-
trical positioning and afterwards, the method for elimination of these false targets.

2. Moving of the Flaying Objects — Models

There is a broad range of possible models of moving of FOs. Therefore four models
of FOs movement are partially brought up here:
IFOs are moving horizontally, in parallel alignment, with identical speed v=const®, at
same altitude /#— at minimal orthogonal distance (Fig. 2)
IIFOs are moving horizontally, in parallel alignment, with identical speed v=const, at
different altitudes/ ;and s,— at minimal orthogonal distance (Fig. 3)
IIFOs are moving horizontally, in parallel alignment, with identical speed v=const, at
the same altitude /4, within "formation" (Fig. 4)
IVFOs are moving horizontally, in parallel alignment, with identical speed v-const, at
different altitudes/ ;and 4,, within "formation" (Fig. 5).
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Each figure (Fig.2 - Fig.5) is represented by two orthogonal projections of models:
front view (top drawing), and top view (lower drawing).

3. The Solutions for the Assumed Models
Each of the assumed models, predefined with specific setting of FOs, in the given
time interval, and the adequate solutions for geometrical locus of the false targets (further
glt), will be analyzed in order to figure out the way for prompt false targets elimination,
upon detection. Designation of FOs, stations and time intervals are in compliance with
Descriptive Geometry.

*When observing, two targets a; and a,, from two monitoring stations, one can notice cross sec-
tion of lines — the connectors of stations and targets, in two extra points called "false targets".
“In the case of various speeds of FOs, Descriptive Geometry would give the same results which
detection cannot confirm.
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3.1 Model I
This model is presented in Fig. 6, as the specific T moment, where targets a; and a,
can be found and then, after time interval A t, another moment T is considered. In the
moment 7, in meeting points of the straight line segments: Aa;, Ba, and Aa,, Ba,, the
false targets L and [ appear, respectively. In the subsequent moment 7, likewise, in the
meeting points of straight line segments A, B3, and Aa,, Ba,, the false targets L and
[ appear, respectively.
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One must point out that the false targets appear when four points: two stations A &

B and two monitored targets a;& a,, are coplanar. In dynamic terms, the geometrical lo-

cus of the false recognized FOs (glt) are two horizontal straight lines (Fig. 6a), positioned
above each other, in the plane of symmetry s, of stations A & B.

3.1.1. Model Ia

In the given moment T, FO's trajectories are perpendicular to the connection line of

the stations A & B, in relation to the translated axes s (Fig. 7). Connections of the pairs of

false targets L, L, and /,1 are horizontal straight lines, parallel to the FO's trajectories, i.e.

6
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geometrical locuses of the false targets - glt (Fig. 7a). These are intersecting lines of two
planes containing one station and adequate FO's trajectory (the planes Aa,;a; and Baya,,
meet along connection L,L, likewise, planes Ba;a; and Aa,a, meet along connection /, ).
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Fig.7 Fig. 7a

Geometrical locus of the false targets (glt) were found in 3D model (Fig. 7a), as two
horizontal lines parallel to the FO's trajectories, at different altitudes, moved with respect
to the plane of symmetry s (of the stations A & B) and plane of symmetry s; (of the two
FOs).

Control of model I, when 3" station C added (in model I), is represented in Fig. 8.
Top view presents monitoring rays (lines) and their meeting points -apparent false targets:
Lac, Lpcand lac’, Iac, likewise Iac, lgc and Lac , Lpc . Nevertheless, the monitoring
lines from the pairs of stations A & C, and B& C towards targetsa; &3, and a;& a,, are
bypassing in space ( as shown in Fig. 8a), because sets of four points A,C, 3,,3,; B,C, 3,
3, and A,C,a,a, ; B,C,a;,a, are not coplanar.
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Conclusion for the Models I &Ia

e False targets appear only when two stations (A and B) and two monitored targets
(a1& ay) are coplanar, and additionally, if connection line of the monitoring sta-
tions A & B is perpendicular to the FO's trajectories.

e By introduction of the third station C, anywhere in the Azimuth plane (if stations
A, B and C are in non-collinear position) the exact position of both targets can be
determined, i.e. confirmed.

o False targets can be eliminated by setting of two stations A & B in position where
their connection is not perpendicular to the FOs trajectories.

3.2. Model IT
Two FO's targets are shown in Fig. 9. Both FOs have horizontal flying trajectories
on the different altitudes. A connection of stations A and B is set parallel to the FO's tra-
jectories, obtaining the same plane including trajectories.’
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The trajectories a;,a; and a, 3, are horizontal lines of inclined plane, where stations A
and B are also included (all six points: stations and FOs are coplanar). The false target /
arises as meeting point of straight lines Aa;& Ba, and false target L, as meeting point of
straight lines Aa, and Ba, and likewise, B3, and A3a,meet in L , while B3, and A3, meet
in [.Meeting points (false targets) of all the other corresponding pairs of straight
lines(rays) of two monitoring beams from stations A & B lay on two connectors L,Land
1,1 which are geometric locuses of the false targets. These are two inclined lines g/t in the
observed plane (model in Fig. 9a). They meet in the plane of symmetry s of FO's trajecto-
ries.

The case (Fig. 10) when FO's trajectories a; & a, are perpendicular to the connection
line of the stations A & B, is also considered. The assumed false targets, with labels /, I

5Observing from direction of the FO's trajectories, the plane, containing stations and targets, is
seen as a straight line, while trajectories and connector AB appear as points.
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L, in the top view (Fig. 10), do not appear in the model (Fig.10a), because four points
(stations A& B and FOs a;& a,) are not coplanar. Therefore the connections of A jand
B ,, A ; and B |, likewise, Aa, and Ba;,Aa; and Ba,,by pass, so it won’t be any false

targets (Fig. 10a).
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The 3" station C was added to the base model (Fig. 11), previously shown in Fig 9. Con-
nection AC is perpendicular to FO's trajectories (like in model in Fig. 5, where no false
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targets can be found), and connection BC is inclined in rela-
tion to the FO's trajectories, creating a disposition for the
false target removal. When monitoring targets a; and a,, i.e. |
and ,, from the stations B and C, apparent false targets /¥,

* L* “*appear only in the top view (Fig.11), while the 3D
model (Fig. 9a), regarding non-coplanar position of stations
and targets, obtains confirmation of thetrue targets.

Conclusion for the Model IT

o The false targets appear only if the connection line,
of the pair of monitoring stations, in the air control system, is
parallel to the FO's trajectories and, additionally, if observed
targets and stations are coplanar.

e [f connection of the pair of observing stations is per-
pendicular or inclined to the FOs trajectories, then no false
targets can be found.

3.3. Model III
There are three typical cases shown in Fig.12a-c — disposi-
tions of the FOs and stations, where the false targets appear.
The FO's trajectories are translated®, parallel and have

® Previously, this disposition of flaying objects and their trajectories is called "in a formation".
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tical speed. Thereby, FO a,is ahead of FO a,, at distance Av. FOs are moving obliquely in
relation to the connection of stations A and B. Since two targets a;, a, and two stations A
and B, define a plane (the connection a;a, is horizontal — parallel to "0 horizontal" AB),
the false targets / and L appear. When speaking in geometrical terms,"0 horizontal" is the
trace of the inclined plane, in fact, in all considered cases, a connection line of the pair of
monitoring stations. If dynamic aspect included, the geometrical locus (glt) of the false
recognized FOs are two horizontal straight lines.

a, a,

a, a, 8y

Oa

y\/ ¥
&

Fig.12 a b c

The Case 1
FOs are moving between stations A & B, where the axis (0a) of symmetry of the two
FOs crosses the connection line AB (Fig. 12a).Two parallel lines, false targets (glt),at
different altitudes, pass by, between FO's trajectories.
The Case 2
FOs are moving between stations A & B, in a way that the axis (0a) of two FOs
passes through the point B (Fig. 12b). One of the false targets lines (glt), is between FOs
trajectories and the other, is in the external space.
The Case 3
FOs are moving off from the connection AB, i.e. off from the axis (0a), not meeting
it (Fig. 12¢).The pair of false targets lines (glt) is beyond "flying" space, from the oppo-
site sides of the FO's trajectories.
When analyzing of the three above mentioned cases, it is noticed that while moving
of station B, in relation to the axis (0a) of the FOs trajectories, the locuses of the false

10
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targets (glt) have a tendency of moving from "inner" (between FO's trajectories) towards
the area of the "outer" space. The boundary cases will be a subject of special analyses on

given presumptions.

The variation of previous models is established in Fig. 13, with such settings, where
two stations A&B are "aligned" with targets ; and ,. For the pair of monitoring stations
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Fig. 13

A & B, two false target locuses glt were deter-
mined, and additionally inserted station C, for
the confirmation of the targets.

Conclusion for the Model I11I:

e False targets appear in the case when
connection of monitored pair of targets — FOs
(a1& a) is parallel, or "aligned" with connector
of the pair of monitoring stations (A& B).

e By introduction of the third station C,
anywhere on the terrain in front of the stations
A & B, the exact target position can be deter-
mined.

3.4. Model IV

This is the case when two FOs fly in the
formation, at different altitudes, monitored from
stations A & B (Fig. 14), such as connector AB
is parallel to the FOs trajectories, and addition-
ally, all six points — targets and stations are cop-
lanar. Front view is perpendicular to FOs trajec-
tories and connector of the stations A and B, as

well. Hence they appear as points, while the inclined plane containing them appears as a

line.

Fig. 14

Fig. 14a

11
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The false target locuses (glt) are straight inclined lines meeting in the plane of symme-
try of FO's trajectories. Since FOs trajectories are horizontal lines, then the connection of
stations A & B must be ‘0’ horizontal of the inclined plane, i.e. it's trace.

Conclusion for the Model I'V:

e The false targets appear only in the case when connection of two monitoring sta-
tions is parallel to the FOs trajectories and additionally if all six points — targets and sta-
tions are coplanar.

¢ By introduction of the third station C, anywhere in front of the stations A & B (with
exception of direction AB) the exact coordinates of targets can be determined.

o The false targets won’t appear if target monitoring straight lines are bypassing, in
fact, if two stations A & B are not coplanar with four targets.

4. Model Applicability

Contemporary topics of "remote sensing" [1] and human ecology care, in the future,
are actual for a long time, in the scientific research. Many scientific disciplines gave their
contributions to these themes in the field of: cosmic research, peacetime military de-
mands, modelling of climatic conditions, etc., in domain of ecological vision of the
world. "Lidar" techniques [2,p.1] (active tasks, such as: emission, creating of the beam of
signals, their reception and processing ) which enable "data collecting" from atmosphere
(temperature, atmospheric pressure, chemical composition....) with precise description of
location of "event" and it's prediction, in the problems of monitoring of flying targets,
need a strict solutions in Mathematics, Physics and other theoretical disciplines.

From the interdisciplinary point of view, in narrow range of monitoring of flying ob-
jects, as "friendly program", Descriptive geometry [4] has found its role in introspection
and solutions of spatial aspect of the problem. With its dynamical geometrical models,
illustrated in this paper, Descriptive geometry gave solutions - data base for the algo-
rithms useful for the IRST (Infra Red and Tracking) systems [3].

5. Conclusion

The considered models give solutions for geometric false targets locuses for the sev-
eral possible dispositions of stations and FOs trajectories in the observed air space. De-
tailed conclusions were given at the end of each model explanation. Each of the above
presented models can be considered as "mechanism" which has general, peculiar and
border cases, within specific disposition of the observing stations. Obtained solutions
could function as the basis for development of corresponding numerical models.

Model solutions indicated that system of triangulation [3] makes sense. Valid for all
the cases is that introduction of the third station provides solution for exact determination
of the true targets.

For the practical applications, in the problems of "determination of the locus of mul-
tiple detected point objects" [3] the following factors are of the special significance: how
quickly FO's coordinates could be defined, reliability of method and error tolerance for
chosen geometry’. For each pair of assumed FOs, in concrete "tracking" problem, is ne-
cessary to determine the critical distance — orthogonal or inclined (D ).
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INPUMEHEHUE METOJ0B l'\I'POEKIII/IOHHOI‘/'I TF'EOMETPUU B 3AJJAYAX
INPOCTPAHCTBEHHOU TPUAHI'YJIALIUU VIS BBISIBJIEHUA
OIIMBOYHO UAEHTUOPUIINPOBAHHBIX OB BEKTOB

M. IparoBua*, JIp. Kuesesnu*, [llamOuna C.JI.**, A. Uygakosua*, M. CpekoBuga™
*Benepadckuu Yuueepcumem, bBeaepao, Cepbus,
**Poccutickuil ynusepcumem opyicovl Hapoodos, Mockea, Poccus

)IaHHaSI CTaThs MOCBAIICHA BOIIPOCY ONPECACICHUA IMPOCTPAHCTBEHHBIX KOOPAWHAT B OTpaHUYCH-
HOM TIPOCTPAHCTBE B O0IMX yCIOBUAX. JIJIs1 KOHTPOJIS BO3MYIITHOTO IIPOCTPAHCTBA UCIIOIB3YIOTCS
MOOWIILHBIC CTaHIIWH, CBSI3aHHBIE C CUCTEMOW MPOCTPAHCTBEHHOW TPUAHTYISIWMH. B pesynbpTare
«CKaHUPOBAHUA» BO3AYIITHOT'O ITPOCTPAHCTBA, 00BEKTHI 0T06pa>1<a}0T051 B aJICKBAaTHBIX ITPEACTaB-
JICHUSIX, XapaKTEePU3YIOIMHX MOJOKEHNE HACHTHGUINPYEMOTO caMOoIeTa MM JAPYroro JeTaTellb-
Horo oowekTa (JIO). OcHOBHAS 3amada COCTONT B MHTEPIIPETANN M 00pabOTKe COOpaHHBIX JTaH-
HBIX, C TEM, YTOOBI C BHICOKOH CTEIEHBIO HaJIC)KHOCTU ONPEACINTE KOOPJAWHATBI BO3IYHIHOIO
cynHa. [Ipobiema ommbodHON HIeHTH(PHUKAINN 00BEKTa IMEET MECTO B TOM CITydae, CiIi aHaIn-
3UPYIOTCS JaHHBIE, TOIYdCHHBIE TOJIBKO C ABYX cTaHuui. [Ipemmaraercs pemeHue 3Tol mpoodie-
MBI ITIYTEM HCIIOJIB30BaHUA METOa HaHCpTaTeJILHOI\/‘I TCOMETPUHN JIA TOCTPOCHUA HHOCKOCTeﬁ,
coacpKaMXx JIy9d, HAIPaBJICHHBIC OT CTAHIIUU K JICTAIOIINM 06’bCKTaM, KaK B KJIACCHUYCCKHUX OpP-
TOTOHAJIBHBIX NMPOEKIMSX, Tak U B Buae 3D-monemu. J[unamuyeckas 3D- Moenb COCTOUT U3 IBYX
JICTATCIIbHBIX O6’bCKTOB, OTCIICKUBACMBIX C IBYX CTaHI_II/H\/‘I B TCUCHUEC 3apaHEC ONPECACICHHBIX I1C-
pronoB BpeMeHH. KoHCTpyKTHBHBEIE 3D-pemenns mpencTaBisiioT co0oi reoMeTpuIecKkoe MeCTo
TpaeKTOpI/II\/‘I JIOXKHBIX 00BEKTOB JUI1 HCCKOJIBKMX BApUAHTOB B3aMMMHOTO ITOJIOXKCHU A JICTATCIIBHBIX
00BEKTOB M CTAaHIMII MOHUTOpPHHTA. McciemoBaHus 1oKas3aid BIMSTHAE T€OMETPHIECKOTO TIO00-
JKEHUSI TPEeThel CTaHIMM Ha TOYHOCTH ompexaeneHus koopaunar JIO. 'eomerpuueckoe permieHne
MOKET CITYKUTb OCHOBOI JJIA pa3sBUTUA YU CICHHOTO ME€TO1a, KOTOpBIfI TNIPUBEACT K IPUKIIATHOMY
MIPOTPaMMHOMY PEIIeHHIO.

KJIFOYEBBIE CJIOBA: mpocTpaHCTBEHHAS TPHAHTYIAINSA, KOOPAWHATE OOBEKTa, TEOMETpHIE-
CKasi MOJIETIb, JIOKHBIE TPACKTOPHU O0BEKTA.
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