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An Inverse QR Decomposition Algorithm for Full Adaptive Array

Gong Yu Tang Xianghong
( Department of Electronic Engineering, UEST of China Chengdu 610054)

Abstract QR decomposition LS algorithm (QRD) is a widely used algorithm for adaptive arrays
recently, which has good numerical stability and can be easily mapped to Systolic structure for parallel
processing. However, for full adaptive array where optimal weights are needed, this method typically re—
quries three Systolic modulars to produce optimal weight. This paper presents a new method to solve the
nulling problem of a full adaptive array using inverse QR decomposition LS algorithm (IQRD) and its
Systolic implementation- It can easily obtain optimal weight vector using only one Systolic array- Since it
still directly deals with the input data matix and is based on unitary transformation, the IQRD algo—
rithm has the same numerical stability as that of the Q RD algorithm.

Key workds adaptive algorithm; adaptive array; signal processing; systolic array

Beacuse Q R Decomposition LS Algorithm ( Q RD) has good numerical stabi]ity[l]. which is
widely used in adaptive array processing,it typically needs three Systolic modulars for a full adap—
tive array. The inverse QR Decomposition (IQRD) can obtain the optimal weight vector by one
Systolic modular. The idea of IQRD was first presented by C. T. Pan et. al”!. Alexander et. al. "*!
applied it to a time-domain adaptive filter. This paper applies the idea to space domain processing,
presents a new [QRD algorithm fora full adaptive array, and derives the recursive equation for the

algorithm using multiple complex variable.

1 Recursive Equation for the Optimal Weight

The QRD method " is an effective algorithm to obtain the optimal weight vectorin the sense
of maximizing SN JR for an array. It transforms the input matrix X into an upper triangular ma—
trix R by an unitary matrix Q

omBmxm=| R |

The optimal array weight vector wopt is obtained as follows

(1)

R '(n)p(n)
Wapi= ——— (2)
Il p(n)ll°
where
p(n)= R "(n)s (3)

. o . 4 . .
and s is the aiming vector. Schreiber et. al ! Jpresented a Systolic structure based on this algo—
rithm, using three Systolic modulars to obtain wop.

Received April 25, 1996 and revised June 8, 1996

* The pwject supported by the National Science Foundation of China



1 : OR

25

Carefully observeing Eq. (2),one finds that it is easy to obtain wep if directly deal with R

(n). This is theidea of IQRD. Iis recursive equations are given below.
1) R '(n)
The recursive equation for QRD algorithm is

”)[ Sf((nn)_ ! }:[ R(gr) ]

where G(n) is a series of Givens rotations. Let

A b
G(n)={ W W}

and since G(n) is an unitary matrix, we have

b= - %Ac

(4)

(3)

(6)

Substituting Eq (5) into Eq. (4) and taking inverse of the upper sub—square matrix of both

side, we get

R-'(n):[ UR(n - 1) - hex(n) ] e

2) p(n) and w(n)
Form Eq. (3),we have, at the moment (n— 1)
s = R'(n- Dpn- 1
Then
Up(n - 1)
s = U[WR"n-1) 0 x (016" n)Gn) Uvn- 1)
0
Let
Up(n - 1) d(n)
Gn) UWm-1 = Uy(n - 1)
0 z(n)

Substituting Eq. (10) into Eq. (9),there results
s = U’R"(n)d(n)
From Eq. (11) and Eq. (3). we have
d(n)= U’p(n)
Substituting Eq. (12) into Eq. (10), there results

Up(n - 1 8,
G(n){ p(n- 1) }: [ p(n) }
0 z(n)
From Eq. (13) and Eq. (5),one obtains
pn) = 4apin- 1
Substituting Eq. (7) and Eq. (14) into Eq. (2),there results

Il p(n- 1l 2 .
w(n) = —z{fl}gw(n— 1) - %(Z—%%e(lﬂn— 1}
Il p(n)ll

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)
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where
b(n)= 1+ d" (n)a(n) (16)
u(n)= R (nu;(nl))a(n) (17)
enln - 1= x"(mw(n- 1) (18)

-H
a(n):R nx (n

(19)

Eq (18) has the clear physical meanings prediction of the error at the moment n by that at

the monment n— 1.

)M pm)ll?
From Eq. (13) and Eq. (5),wehave
I pnll = Tll pin= DIl > = Gl z(n)? (20)
and
z(n) = - Wa" (n)p(n - 1) (21)
On substituting Eq. ( 16)~ (19) and Eq. (21) into Eq. (20) , there results
I pmll = Bl pn = 1)l 2= Wl(n)ll pn= DIl Lenln— 1?2 (22)
Thus the recursive equation of w(n) is obtained A
w(n)= ko(n){wmn - 1) — ki(n)e(nln - 1)) (23)
where
_ﬂ_)_ u(n)
ko(n) = ()l Jki(n) = Uh(n) (24)

and Il p(n)” ?is obtained by Eq (22).

2 IQRD and Its Systolic Implementation

From Eq (23) and Eq. (24), we can see that all the unknown parameters depend on R ' (n—
1). So the key of the algorithm is to obtain the recursive equation of R™' (n). Through the follow-
ing analysis, it shows that the recursive equation of R '(n) is similar to that of R(n) in QRD al-

gorithm.
Taking theinverse of the upper sub-square matrix of both side of Eq. (4) and using Eq. (16)
~ (19),we
have
-1 - H
Ril(l’l)RiH(n)‘l' u(n)uH(n)= R™ (n-— 1)15 (n—=_1) (25)
or
U'R"(n- 1) ] [ R " (n) }
= 2
G(n)|: 0 uH(n) ( 6)

From Eq. (16)~ (19),we have

a(n) 0
{ 1} { b(n)N | (27

Based on the matrix theory, it is known that there must exist an unitary matrix G (n) statisfing

G(")[ a(’;) }: [ bo(n) ] (28)

where G (n) is also a series of Givens Rotations. It can be proved that
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G (n) = Gn) (29)
thus
lp-H _H
G(n)[ an) U'R"T(n-1 } _ [ 0 RH (n) } (30)
1 0 bin) u"(n)
Eq. (30) is the key recuresive equation for IQ RD algorithm which is very similar to the one for
QRD algorithm, Eq. (4). Therefore the Systolic structure of IQ RDis the same as that of QRD, ex—

cept the following

(1) The recursive object of QRD is the upper triangular R(n) . whereas IQRD s is the lower
triangular R '(n).

(2) Theinput for QRD systolic array is data matrix X (n), whereas the one for IQRD sisa
(n),which is derived form X (n).

From the Systolic array of the IQRD, we can obtainb(n),u(n) and Il p(n)ll g Substituting
them into the liner recursive equation of w(n), Eq. (23), the wopr will be derived.

For the IQRD algorithm, the initialization of the Systolic is very important. The methods we
used is called Diagonal loading Intialization:

R "(0)=\E (31)
A< (32)
The value ofT1 is related to the SN JR of the input data.
Correspondingly
w(0) = s (33)
Il peoyll >= 221 sll 2 (34)

3 Summary

This paper presents an Inverse Q R Decomposition LS Algorithm for a Full Adaptive Array.
It can easily obtain wepr by using only one Systolic array. At the same time because it still directly
deals with the input data matrix and is based on unitary transformation, IQRD remains the similar

numerical stability of the Q RD algorithm.
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