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This paper concerns the use of derivative null constraint in an adaptive array processor in
the spatial and frequency domains with respect to a composite array processor fo obtain a
modified composite array processor. It is assumed that the frequency of interference signals is
the same as that of a desired signal, interference directions are d.ifferént from the desired
signal, and interference directions and frequencies are known. Simulation results demonstrate
that a higher-order derivative null broadens the null width which is approprate for
eleminating a broadband interference and a zero-order derivative null (i.e., a simple point null)
with Tespect to frequency reduces the residual error inherent in the composite array processor.

The array of elements is steered by delaying

INTHODUCTION element output signals to yield maximum

gain at the look direction (i.e, the direction

An adaptive array processor consists of of a desired signal), while the coefficients of
an array of elements (i.e., antennas/sensors) the multichannel filter are updated recursive-
followed by an adaptive multichannel filter. ly such that nulls are created at the non-
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look directions (i.e., the directions of interf-

erence signals). The application areas of

ikl

adaptive array processing are seismology [1],

radar [2], and sonar [3]. Power minimization
subject to derivative constraints in the spat-
ial domain was discussed in the litereature
[4,5].
constraint in the main beam resulted in a
flat beam in the look direction [4]. The
derivative null constraint applied in the side-
lobe was shown to broaden the null width
[5].

the constrained nulling technique provides a

It was shown that a derivative null

If the interference directions are known,

powerful tool for rejecting interference sign-
als. When the interference directions are not
known, the Frost beamformer [6] may be
used assuming that the direction and freque-
ney of the desired signal is known. Howe-
ver, the Frost beamformer has a signal
cancelation problem caused by signal and
interference  interaction

during  adaptive

process. To seperate the signal from the
interferences in the adaptive process, a
masterslave type composite array DProcessor
was proposed by Duvall {7]. In this method,
the signal components are eleminated by
subtractive preprocessing and the resulting
interferences are processed by the constrain-
ed LMS algorithm [6). The weights indepe-
ndent of the effect of the desired signal .in
the master processor are copied to a slave
processor and processed with time-adjusted
input singnals to produce an array output.
Even though signal cancelation is significan-
tly reduced, some residual power variations
from non-look direction interference signals
in the master processor are present in the
array oufput since the weights of the slave
the same as those of the

Processor are
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master processor. An altermative way to

rejecting non-look direction interferences
more effectively is to create explicit nulls in
the interference directions, as well as at
interferen_ée frequencies, This is possible by
combining pertinent derivative null constrai-
nts into the constrained LMS algorithm.

In this paper, assuming known interfere-
nce directions and frequencies, derivative null
constraints at frequencies as well as directi-
ons are formulated and implemented in the
composite array processor to improve the
nulling performance. Interference directions
may be obtained using some estimation’
methods described in [89]. To find the
performance of the proposed processor, a
single and rmultiple derivative mill constraints
are simulated and their performance is
compared with that of the corﬁposite array
in the
It

processor spatial and frequency

domains. is shown that the nulling

_capability is improved by adding higher-order

derivative null constraints in the spatial as
well as frequency domains.

DERIVATIVE NULL
CONSTRAINT

An M-element linear array with equally
spaced elements in a two-dimensional space
is considered. Each element is followed by
a time delay and a multicharmel tapped

delay line (TDL) filter with N taps. The
element spacing is expressed as
d= ai, )

where o is a real number, A (= c¢/f.)

"is the wave length corresponding to the
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array center frequency J, and c is the

incident wave velocity. Let the array be

illuminated by P plane waves at angles

61,63, -,0p from the amay

axis. Each plane wave consists of Q

frequency components, fl, fz, e, fQ
The array factor in terms of incident
angle and frequency is given by

—izgi(mm 9 "'”T{’)

16 p=5 S oo ,
¥

where the @, are array weights, f; is

a sampling frequency, and =V —1. Then
the /th partial derivative of H(@, /) with

respect to 8 for f= 7. ¢ 15 given by

2RO.L) -5 5] j*z—}r::’-msinﬂl s

W=0 nm()
i‘z%fl(mcus g +%‘ff)

@
1, 2,

q TR Q-

Also the /[th-order partial derivative of

H(8. ) with respect to ffor 8= g,
is given by

m , U1 N=1 . ’__

a (;Hfg i) = -=0:L:n[ —_;-‘j"cf-(macos€p+ ’}C)

"i—%(mam 9.+%)
Binid " € .

»=1, 12, -, P, Y

The lth-order derivative null constraint for /

3
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=12 -+, Lat 6, and f, is obtained

by setting the th-order partial derivatives of
the array factor in (3) and (4) to zero at
6 = 0 ,and f= f,, which are given by

!
a g,
'—]{a(TElqlhwa.:O 5)
and
) =0,1,- - +,L,
a—Hg%—,’AQIMf 0 for p=1,2,- - +,P,
=12, ---,0.

(8

Using (5) and (B), the derivative null
constrains are combined into the constraint
matrix and vector in the constrained ILMS
algorithm which will be discussed in the
following section.

MODIFIED COMPOSITE
ARRAY PROCESSOR

It is assumed that a desired signal is
incident from a known direction and its
spectral characteristics are known while
interference signals which are uncorrelated
with the desired signal are coming from
different directions from the desired signal
and their spectra are unknown a priori, The
adaptive array processor consists of an M
-element linear array followed by a mmltich-
annel TDL filter with N taps per element.
Each element output signal is time-delayed
by some amount such that the desired signal
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appears in phase one another in the
time-delayed output. It is assumned that
incident signals are plane waves and the
elements are identical and distortionless. The
problem is to extract the desired signal by
filtering out the interference signals in both
the spatial and frequency domains. To this
end, the constrained LMS algorithm updates
the multichannel TDL filter coefficients by
minimizing the mean squared output under
the unit gain constraint at the frequency
band of the desired signal. Frost used the
method of Lagrange multipliers and derived
the following constrained LMS algorithm.

AR+ =D AR —py(BX(R] +G (D

where
D= I-¢croicT, (8)
G = XCTO™'F, @)
. A(0) = G, (10)

and A(R is an MNx1 weight vector, an
MNXMN matrix D is a projection matrix,

X(B) is the input signal vector, ¥(B) is

the output signal, I is an MNXMN

indentity matrix, C is MNXN constraint
matrix, F is an NX1 constraint vector, x
is the and T
denotes matrix transpose. It is to be noted
that X(k) does not include the look

direction signal in the composite array

convergence parameter,

processor. The t#th column of C matrix is

expressed as
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cr={00-+--011---100---00]
(i—1)M 0s M 1s (N—DM 0s
11)
and F is given by
Fl=1[fify " ], (12)
where f,, 1< n=N is the impulse

response of a single TDL filter equivalent to
that of the multichannel TDL filter which
forms the look direction unit gain constraint.
It is to be noted that the Frost beamformer
based on the above constrained LMS algori-
thm have a signal cancellation phenomenon
which is successfully avoided by the compo-
site arTay processor.

The modified composite array processor
in Fig. 1 where a direction
estimator for interference signals is added to

is shown

the master processor in the composite array
processor to estimate the interference arrival
angle [89]. The estimated angles are used in

. the forrmlation of derivative null constraints

The constraint
C and F are modified

to include the derivative null constraints in

in the master processor.

matrix and vectors

the composite array processor. For a single

| [———x1

i

slave
processer

. Tl

;v::ipu( signal

master

precesssr direction

estimater

huil
consiraint

B weight copy

Fig. 1 Block diagram of modified composite array
Processor.
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derivative null constraint, two columns are
added to the constraint matrix C, each of

which comes from the real and imaginary
parts of (3) or (4), and two rows of zeros
are added to the constraint vectar F. Thus,

if U derivative null constraints are added to
the look direction unit gain constraint, C
and F become an MNX(N—I-ZU) matrix
and (N+2U)X1 vector respectively. For

the #th derivative null constraint with res-

pect to 6, the ¢th row component of the

1st and 2nd columns to be added is given
by

2z 1,

7—'-((11 ml)acma + ==

Chagu,u— [ (U-ml),m[

2l
(13)

and

Clazuo= [(v—-mn)sm[ —”&((0 —m)acos d + =)}]

(14)

where n = mod( v-1,M) and m, = nM+1.

For the wth derivative null constraint with

respect to f, the oth row component of the

1st and 2nd columns to be added is given
by

!

Chraumr= [(v myacos 0, +1f£] (15)
27rf nf.
7]
and
Char = [ [mmiecms,+ 2]’ 16)

sm[z—;'&
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The constraint vector F for U constraints

is given by

F™=[ fify- « fy 00+ - -

2U 0s

01

(17

The maximum number of mull constraints is

limited by % < M%‘-ll

The remaining (MM~1)—2x) weights
are used to minimize the array output
power, The filter weights in the master
processor are updated iteratively with the
preprocessed interferences via the constrain-
ed LMS algorithm in (7) with the modified
C and F and then copied to the slave pro-
The input signals which contain the
time-aligned look-direction signal as well as
the interferences are processed by the copied
weights to produce the array output signal.

CESsOor,

SIMULATION RESULTS

The look direction signal consists of two
sinusoids of 10 and 12 Hz and arrives at a
direction normal to the array axis. An
interference signal identical to the desired
signal is incident at 51.32° from the array
axis, The array center frequency and
samplimg frequency are 10 Hz and 160Hz,
respectively. An equispaced 5-element (ie,

M = 4 linear amray with 5 taps at each
element is employed. The clement spacing
is half the wave length of the arTay center

frequency (e, ¢ = 05in (1)). It is assu-
med that the array elements are identical
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and distortionless, and no steering errors are
Also, it assumed that the
interference directions are estimated using an
available bearing estimation technique. An
all-pass filter is used for the constraint

present. is

vector F, ie,

FT=1[110---001], (18)
which means that no interference signal is
coming from the look direction whose
frequency band is different from that of the
desired signal. The convergence parameter
is 0.001, and is normalized by a time-varying
estamate of the input signal power. The
Oth, 1st, and Ind-order derivative mull
constraints for frequency as well as angle
were tested. Also the Oth order derivative
null constraints at one and two frequencies
were implemented in the interference directi-
on. Fig. 2 shows the beam patterns at the
3001th the composite array
processor and modified one with the‘()th, Oth
plus 1st, and Oth plus lst plus 2nd-order
derivative null constraints in the interference
direction. It is observed that as higher-order
I‘derivative null constraints are added, both
This

sample for

the null width and depth increase.

phenomenon is consistent with the result in

{51, where the Oth, 1st, and 2nd order deriv-
ative null constraints are tested separately.
The null with the largest width and depth is
shown in (d) and occurs when the constrai-

nts up to the 2nd-order are employed. It is

shown that the null widths at the gain of °

about -50 db are 04° , 04°, 42°, and
115° in (a), (b), {c), and (d). Also, the null
depths in (a), (b), (c), and (d) are -51.1 db,

100

-70.9 db, -135.6 db, and -144.5db, respectiv-
ely, in the interference direction.
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Fig. 2 Beam pattern for (a) composite array proc-
essor and modified processor with (b) the Oth,

(c) Oth plus 1st. and (d) Oth plus 1st plus

2nd-order derivative null constraints at 51.32° .

To examine the effects of the derivative
constraint in frequency domain, the Oth, Oth
plus 1st, and Oth plus lst plus 2nd-order
derivative null constraints at the 10 Hz
frequency component were implemented in
the The resulting
frequency responses, in the interference dire-
The null width
increases as higher-order derivative null
constrains are added, while the null depth is

interference direction.

ction are shown in Fig. 3.

greater in (c) compared to (b), and less in
{d) compared to (b) and (c). The null widths
at the gains of about -50 db are 0.2 Hz, 0.8
He, and 1.7 Hz in (b), (c), and (d). Also, the
null depths at 10 Hz in (a), (b), (c) and (Q)
are -10.2 db, -138 db, -142.7 db, and -1189
db, respectively.
The nulling capability at multiple freque-

ncies was experimented by placing a single
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Fig. 3 Frequency responses in the interference dir-
ction for (a) composite avay processor and
modified processor with (b) the Oth, (c) Oth
plus 1st, and (d) Gth plus 1st plus 2nd-order
derivative null constraints at 10 H.

Oth-order derivative null constraint at 10 Hz,
and two Oth order derivative null constraints
at 10 and 12 Hz in the interference direction.
Fig. 4 shows the corresponding frequency
responses in the interference direction. The
look direction signal and output signals are
displayed in Fig. 5, Even though the output
signals seem to be almost same as the look
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Fig. 4 Frequency responses in the interference dir~
ection for (a) composite aray processor and
modified processor with (b) one constraint at 10
Hz and (c) two constraints at 10 and 12 Hz.
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Fig. 5 (a) Look direction signal and output signals:
(b) composite array processor (), (d) modified
processor with one constraint at 10 Hz and two
constraints at 10 and 12 Hz, respectively.
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direction signal, it is observed that the
output signal corresponding to two null con-
straints is slightly less distorted than that
obtained from the composite array processor
or a single null constraint. This fact is
evident in the errar signals in Fig. 6, which
are obtained by subtracting each output
signal from the desired signal. The amount
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Fig. 6 Emor signals: (a) composite array processor
(b), (c) modified processor with one constraint
at 10 Hz and two constraints at 10 and 12 Hz,
respectively.
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of the error signal variations for the modifi-
ed composite arTay Drocessor is much small-
er than that for the composite array proce-
gsor. In addition, the amount of variation
for the case of two null constraints is
reduced more than that for a single null
constraint case. This is also apparent from
the power spectra for the error signals as
shown in Fig. 7 in which the 10 Hz compo-
nent is eliminated and the 12 Hz component
is greatly reduced in (b), while both freque-

ncy components are eliminated in (c).
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Fig. 7 Power spectra for the error signals shown
in Fig. 6

CONCLUSIONS

Derivative null constraint was introduced
to improve the performance of the composite
array processor in the spatial and frequency
domains whose weights are updated by the
constrained LMS algorithm. It was assumed
that the incident angle and frequency of the
interference signals are known. It was sh-
own that the proposed method was efficient
in eleminating broadband interference signals
with respect to space and frequency. The
power of the residual interference signals

- [3]
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was successfully reduced by placing null
constraints at pwltiple frequencies in the
interference direction. The simulation results
demonstrate that the proposed processor
performs better than the composite array
Processor.
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