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THE MATRIX MODELS OF DIGITAL ANTENNA ARRAYS

WITH NONIDENTICAL CHANNELS

V. L Slyusar

Central Research and Development Institute of Armament and Military Engineering

Kiev, Andruschenko Street, 4, e-mail: swadim@777.com.ua

The modern technology of radar and mobile communi-
cations systems is adaptive digital bcam 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 n]) their pene-
trated face-splitting product A®B is the pxgn-block-
matrix[A 0B, ], where "o" -a symbol of Adamar

splitting, B, — is a pxg-block of matrix B:

AoBj
AoBy
A®B=[AcB||AcB,!--1AcB, |--] or A®B=| T
AoBp
The example:
a1 A B,
A= g1 A2z | B= B_z- =
d3) a3 3
b111 b2 a11-byr a2 +byy
b211 b221 as1-bag; a3 by
b311_b321 a31-b3yy a3y -b3gy
bi12 b122 ajy-brz ap2-by
=|b212 b222 |, A®B=|ay,-bj1p azbyp|.
b312_b322 a31+b31y a3y -bigy
b113 b123 a11-by13 212 +byg3
b213 b223 az1-baiz a2 -boys
b313 b323 |231-b313 a33-b3y3

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):

U=4-(Q®F)=4-[QoF,|QoF, |- -IQoF, -],

where -4 — is a complex signal amplitude,

Q1Y) Qu(xy) - Qr xy)
Q: Q21 (x’y) Q22 §X=Y) .:, Q2R .(x7Y)

Qri .(X,Y) Qrz .(X,Y) - Qrr (%)

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

|

Fu;("’) FIR}(O))'

' Fu(:} (‘0) Fu«:} (‘D)
FRl'l((D) FRR.I(O))S ch; (CD) FRR(.3 (CD)

is the block-matrix of amplitude-frequency characteris-
tics meanings ang (oa) of G filters for RxR noniden-

tical receiving channels (F, 1g (@)=F g @));

.Q‘ll(x,Y)If—llg(m) QlR(X,Y)Fmg(“))
QoF, = Q21(X,Y‘)F21g(®) - Q2R(x>y')F2Rg(0)) ,

Qg1 (%, Y)Fng @) -+ Qgrr (st)FRRg @)
U - block-matrix of voltages of the channels responses.

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 = [A ij] and B =[B ig]

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

[Aij[Bil Bj -+ Bjg ]] .

The example:
A Ap o App By By - Bg
ATpo|As A Agr 1 By By Byg |
Apy App -+ Apt Bp; Bpy -+ Bpg

Au@{Bu BlG% i
A21®[Byy ++- Bog ] I
: i

: ¥
Api®[Bp; - Bpg ] i
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The alternative to the above considered is a generalized
transposed face-splitting block-matrices product:

B,

B

For example, it can be written down:

Ay A A | [Bu Bz B
a5p A Ao Agr f5{Ba B B |_
(Api Apy - Apr ] [Bm Bp2 - Beg
By |1 RN Big
By ! By |1} 2G
Ap®| E T ARE T e [ATE TS
Pl N :
{ B H | B
. ABeji  {Beafi 1P PG|
_ | P
- I [ AR |
________ SR S S
By 2 By, i E Big
Ap® B:“ |Ap® B:22 fel Apr® BZ:G
o I :
Bp; ]! (Bpa |} Brg

The response of four-coordinate flat digital antenna
array with RxR nonidentical channels can be present as
(without noise):

-lQw§ uF})a=

where

Q ®[S,@F |S,®F |- {S;@F |-4,

S Siu@) - SIR'I(Z)i ism“(z) SlRT(Z)
= P g
| |
|

Sen(@) -+ Srr1@)! SRIT(Z) SRRT @)

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

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

N L el
S @F
where
5111( ) Suu( ) ]
x R I z |3 Spule) §m_z_1§)
R N e
_Sm(z) SRRT()
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-

r1"'111( ) - Fuu( )
Fi fl_m_(__)__ _Iigm()
F) [F®) = Fagl |
_FRIG( ©) - FRRG( )

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

F
'---.FG]R

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 joint
estimation of angular coordinates, range and frequency,
is obtained:

]
pT.p ; * PT-%
[=—.|~=— ==~ e e e D e
o’ a op T~PE —Q?—T(aa .1 )EP ,
oY i\ oy RRTG 75y

where lgrrg — a unit matrix of dimension

RxRxTxG, g{;— — Neudecker's derivative of matrix P

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

P=QESTF orp=qQ ® § ¥F .

To analyse multistatic radar systems the following
matrix model (without noise) can be used:

81 {511 ST1}|iFn FGI:I
=R s i s o ||,
Q.P Sip - Stp | [Fip - Fop
—Qm *y) - Qiri ®Y) |
Q211 X, ¥) =+ Qar1 (X)
oM | Qe ey) = Qrmr 69)
-2 F e e N
Q. | | Qur &) Qure (1)
F Qzp X ¥) =+ Qare % ¥)
Qrip () Qrrr ¥)
Smp (z) - SlRt? ()
Sip = : s
Sthp (Z) SRRtp @)
Fiigp (‘0) =+ Firgp (m)
Fgp=| : = i |
Frig (©) - Frrg (©)

Uy =(Qp ° Sy © ng)‘é’

P is a number of radar position.
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In the general case, for multiple signals the modeling

243

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=[A, By ], . A ®B=[ay¥B,] .
The example:

A=[A111 AIZIEAUZ Am]
Azl ApitAga A}’

B B, IB B ~

p=|Bu1 BB 122], ABDB=
[13211 By11Ba1z Bags

Au1 Aizils] But Biaalif Anrz Aiza | Buaz Biaz

[ A211 Azyj | Boni Boonfl{ Ao12 Agag) | Baiz Bonaj

A ®B=

[A111 Azl Biti Biza|if Aiiz Argo gl Briz Bioa ‘
[ A211 Azz1] [ Bani Baagli| A212 Agza) [ Baia Boag]

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

U =(Q @(scTDF)XAmR),

where A is the vector of complex amplitudes of signals
of I sources,

_ Ql](menl) QlR("gnJm)

Q=Q, Q QM Qn= : :
[:1 2 } " QRl(xm’Ym) “'QRR(xm,Ym)

S:[Sl 52 aes SM]!
[ S111Zm) - SiriEm) |

Sr114Zm) >+ Srr1\Zm

[ Fiyfom) - Firi(om) ]

Fi16\0m) - Firg|Om

| Frig (©m) * Frro (©m)

1z is a unit matrix of dimension R; ® — symbol of
Kronecker's- products of matrixes.
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