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The modern technology of radar and mobile communi-
cations systems is adaptive digital beam forming. When
considering the multicoordinate digital beam forming
in radar and communication systems with nonidentical
channels of antenna arrays there is a problem of com-
pact matrix record of the receiving channels responses.
To solve the given problem it is proposed to operate
with a special type of the matrices product, named by
the author as "penetrated” and "generalized face-
splitting" products.

According to the definition [1], for pxg-matrix A and
pxgn-matrix B with pxg-blocks (B =[B,]) their pene-
trated face-splitting product A®B is the pxgn-block-

matrix[A o B, ], where "o" -a symbol of Adamar

splitting, B,, — is a pxg-block of matrix B:
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As an example, the response of three-coordinate flat
digital antenna array of RxR elements can be written
down through penetrated face-splitting product of ma-
trices as (without noise):

= 4.(Q®F)=4-[QoF,|QoFy |- 1QoF, |-,

where -a — is a complex signal amplitude,

rQu(X,Y) Q2 (x¥) -+ Qur (X,¥)
Q=|Qu&xy) QuXxy) - Qr &xy)
Qri ) Qra ) - Qrg (,)

is the matrix of the directivity characteristics of primary
channels in azimuth and elevation angle planes (can
not be factorized),

Fu;(m) FIRI(CO)E Fiig (@) - Firg (0)
Frit(o) - FRRI( )i IFri (©) -+ Freg (©)
is the block-matrix of amplitude-frequency characteris-
tics meanings ang () of G filters for RxR noniden-

tical receiving channels (F, g (@)=F rrg @);
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U - block-matrix of voltages of the channels responses.
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To select a single source on four coordinates (azimuth,
elevation angle, frequency and range) the response of
digital antenna array can be written down through
generalized face-splitting product or generalized trans-
posed face-splitting product (the theory of face-splitting
products is presented in [1-4]). According to the defi-

nition, for block-matrices A =[Aij] and B =[Big]

with pxg- blocks their generalized face-splitting prod-
uct ATB is the block-matrix

[Aij[Bil Biz ++ Big ]] :

The example:
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The alternative to the above considered is a generalized
transposed face-splitting block-matrices product:

Byj

[Bai

For example, it can be written down:
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The response of four-coordinate flat digital antenna
array with RxR nonidentical channels can be present as
(without noise):

=(Q m § 7F})-4=Q ®[s®F |S,@F ! {S.@F -4
where

B 5111(2) Suu(Z)l S 511':r( z) - SIRT ()

SRll( ) SRRI(Z) ism (Z) SRRT (2)

is the matrix of the responses of single signal in T
range gates (all channels have nonidentical radio im-
pulse curve Sy¢ (m)¢ St (u)) ).

The alternate to considered above variant of analytical
model of four-coordinate radar with flat digital antenna
array is

v=QefF})i-ou 1 |4

SIRI( )
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"R" is the symbol of block-rotation (this new block-
matrix operation is proposed by author).

With the considered matrices models, on the basis of
Neudecker's matrix derivative [3,4] an information
Fischer's block-matrix, describing the accuracy of j Jjoint
estimation of angular coordinates, range and frequency,
is obtained:

i
pT.p | «pT. &
S ) S I Y .
L) B Y ot v
o)  \ay RRTG 75y
where lgprg — a unit matrix of dimension

RxRxTxG, 2—; — Neudecker's derivative of matrix P

on vector Y formed of unknown estimations of angular
coordinates, range and frequency of sources,

P:Q@{SEF}orp=Q w § ’-”F}.

To analyse multistatic radar systems the following
matrix model (without noise) can be used:
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Ugp =(Qp ° Spp ng)'éa

P is a number of radar position.
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In the general case, for multiple signals the modeling
concept, based on using of block generalized face-

splitting product (symbol “® ") and block generalized
transposed face-splitting product (symbol " ®") can be
proposed. According to the definition,

A®B=[ApTBy ], . A ®B=[A,, "B, ] .

n
The example:
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I
The model of four-coordinate radar with flat digital
antenna array in multisignal case can be written as:

U =(Q @(SGJF)XA@MR),

where A is the vector of complex amplitudes of signals
of I sources,
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1R is a unit matrix of dimension R; ® — symbol of

Kronecker's- products of matrixes.
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