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Background: 1 e 1. Objective:
A condition for the successful inter-radar comparison between two radars Is the ,,{ ...........
time-space synchronization in the middle region where the comparison Is most [:]l To establish the theoretical basis for the geometrical evaluation of a set of target
effective. In first approximation, a collection of radar beams that overlap in the -+ ¢ 1"~ ... points at equal distance from two neighbouring radars.
middle of two radars is represented as a vertical ‘wall’ with fixed size. How ~— T
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3. Vectorial equations: 4. CIS solution:
RC, 1 Z ,NorthPole local zeniths

Since the two sets of three vectors describe the
position of same target with respect to the Earth

The radars locate the centre, equating them results in three scalar
" : target volume in reference equations:
é : A P“/Cjﬁ to the local spherical fo(t, Be Ts)=Fi(@n Bartar  AnsBas N Hay g, 8,05, Hg ) (1)
2 > - reference system. f (g Bor b )= Fy (@ B ar Andnchas oo 2o i he, He) (2)

fz(aB’IBB’rB): Fz(aA’ﬂA’rA’ Aps@asha Hyy Ay, hg, HB) (3)

For a target point at equal distance from both radars:
I, =15 (4)
Using the four scalar equations it is possible to
obtain the local azimuth and elevation from the
second radar, as well as the equal distance,
The position vector of a common  assuming the geographical coordinates and
target point of two radars relative  antenna heights are known:
to the GCS Is the composition of - -
the three vectors: a position | _ .ccod « \/ b” —2(c—a)d —c)+[plyb* —4(d —c)d ~a)
vector from the geocentric origin = | 2> +(c-a) ]
to the surface of the oblate geoid - -
at the geographical latitude and
longitude of a radar location, an | g =arctan
altitude vector that is normal to
the oblate spheroid surface at

The ‘fixed’
geocentric

vy coordinate
system (GCS)
was chosen as
the prime
framework with
zero coordinates
at the centre of
the Earth.

 Cos g (LIM 3~ L3M1)—/1-cos® a, (J2L3+ 12M 3)
L3M2— L2M 3

Position vector of point C, from ‘fixed’
Local altitudes above the mean sea level

geocentric coordinate system.
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the point of the radar location . OA, —-OB,,
(@) and which represents the height sin B, K1—cosa, cos S, K2—K3
iz of the radar antenna above
g\ @y, P > .
mean sea level, and at third  parameters and constants:
o . LGN, ) o —azimuth vector Is a |Ocal pOSlthn VeCFOr a=(L1° —122(L3M 2— L2M 3)+ 2L1L2(LIM 3— L3M1)— (L3? — L2? | LIM 3— L3M 1)’ L1=11+ 8A“X_gghx K2
=r S —elevation of a common target point bzz{—I2L1(L3M2—L2|\/I3)—L2[L1(J2L3+I2I\/I3)+I2(L1M3—L3M1)]} :A“;_ OB“Z
T r — radial dis tan ce measured from the radar. +{3* - L2 UM 3-LaMI 213+ 12M3) L2=13- KL
= 4§ 2 —longitude ¢=212L2(32L3+12M3)— (L3? - L2 (I 2L3+ 12M3)’ o 1s OAOB, .
< B 4 — latitude d = (L3 -12°JL3M2-L2M3) s =08
.......................................... " ['/\ ol h —altitude |1=sing, cos A, Jl=sing;sind; Kl=sing, M1=J1+ gA“y_gghy
.......... _ H —tower hight 12 =sin A, J2=cos 4, K2 =cosg, Ao ~OBn
f(aAUBA’ rA) f(aB’IBB7 rB) |3=cos¢, cosA, J3=cosgysinl, K3=sinp,sing, —cosa,cos 3, cosd, Mgzjg_g':hhyigzhy K1
) \ \ J |4 =cosea, cos S,sing, cosA, —sina, cos 3,sin A, +sin 3, oS¢, COS A, OAhZ _Oth
FOr independent angles (aA, IBA) we need tO Obtain N . N L, - - - J4 =cosa,cosf,sing,sin A, +sina, cos 5, CoSA, +Sin 5, C0S¢@, Sin A, M3:J4_OA¢—OB: K3
theoretical values of dependant variables (I', &, [g) OC = 9A+ AAhﬂ' AC :PB T BB@_I_ B,C Oh=—— 2 [oosg, 005 4,8, + 003, sin 4,6, +(1-e)sing,g, ] & =0.00669437999014
that determine coordinates of CIS. f(2 ¢Yh H ) 1 ¢m H. ) B Jl‘eas'” P
ArPartias TEA B:¥B''B: "B OB:\/l_ezsin2¢ [cos¢B COS A€, + COS ¢y sinﬁBéy+(1—e2)sin¢Béz] a=6378137.0m
5. Graphical CIS presentation: .
6. Analyse:
Equi-distance from WKR-WSO radars
| CIS from WKR and WSO radars 1) The first approximation: CIS
In the local WKR reference system
(L,W,H )= const ’ L
very robust and inaccurate.

W

2) The second approximation:
(L’W’ H ): 1:(ﬂ“A’¢A’hA’ HA’ )LB’¢B’hB’ HB)
much more accurate but not operationally suitable.

400 3) The third approximation should include the radar
o™ & characteristics:
azimuth (Deg) levation (D BRG _
elevation (Deg) Y (km) 200 -200 X (km) (LW.H)=f A, @0, 0, beamWidth,, beamPulse,,,
The spatial distribution of CIS points generated width 1 Deg azimuth and elevation resolution presented in A, @5, Ng, DEAMWIdth, , eamPulse,
local (WKR) radius-azimuth-elevation space (left) and Descartes reference system (right). and will be operationally applicable.
Summary:

e Converting coordinates to the geocentric coordinate system is essential for obtaining accurate common inter-radar space (CIS) coordinates

 The CIS coordinates depends on the geographical locations of a radar pair

 The CIS coordinates in the local coordinate system are not necessary in the vertical ‘wall’ but more often they are Iin the ‘tilted wall’

 Obtained formulas for CIS are very accurate but not operationally suitable since they determine the geometric equidistant points not the common radar pulse
volumes; next steps will be the inclusion of the technical characteristics of radars and a conversion of geometric elevation to antenna axis elevation
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