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Suppression of Multipath Signals by
Applebaum Type Adaptive Array
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ABSTRACT

The potential ability of the Applebaum type adaptive array to suppress the multipath signals is
examined.

The output Signal-to-Noise Ratio is expressed in terms of (1) the tnput SNR,
multipath signal amplitude, and (3) ambient noise when a multipath component is present Com-
puter simulation is done on several performance measures to learn that the performance of the ar-
ray depends upon the magnitude and the phase of the correlation coefficient.

It is also shown that the performance is maximized when the phase of the correlation coefficient

(2) relative

is zero degree.
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I.INTRODUCTION

Modern digital radio operating on terrestrial
paths under normal propagation conditions will op-
erate essentially error free, that is with bit error
rates less than 107!°. However, for some particu-

*Fa Al g AR
Satellite Business Group Korea Telecom

Ml EW 9419

FenE) e 2z

HE o) Aol 5 #prshan ol g W Rl w s
o

EE&YE et

lar times, meteorological conditions lead to the
formation of unusual temperature and humudity

profiles and these cause layered atmospheres. In
a layered atmosphere, energy that would nor-
mally be radiated into space can be refracted
down to the receiving antennas by other paths, as
shown in Fig.1.

Of those couple of models!
the channel of Fig 1.,
sidered to be the simplest and best one to per-

L wich characterize
two path model is con-

form the analysis, which is
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HOw)=1~bexp(—j(w—w,) 1)
or h{t)=ds(t)—bdé(t—1) exp(jw,t) (1

where H(jw) : Transfer function of the multipath
channel

h(t) :Impulse response of the multipath

channel
b : Relative amplitude of delayed lay
T : Delay
Wy : Notch frequency

Figure 1. Multipath Propagation.

For the small fraction of the time that any given
link 1s affected by such propagation anomalics,
system availability may be drastically reduced un
less appropriate countermeasures are employed.

Since the emerging mobile communication te
chnology inherently involves the multipath fading
problem, the importance of the countermeasures
in cellular environments can not be underestim
ated.

The most widely used techniques for multipath
fading reduction are diversity system with IF
combiners, frequency domain equalizers, and time
domain equalizers. And one or couple of these
meEhods have been of course employed in hoth
basestations and mobile stations in cellular com-
munication systems. Moreover, recently, the ap
plication of adaptive antenna array to combatting
the multipath fading in mobile communication
has been attracting 4 lot of attention.

The usage of adaptive array, however, has been

196

restricted to the Widrow type array which uses a
pilot signal injected into the feedback loop. An
Applebaum type adaptive array has not yet been
introduced to such an application.

In this paper, accordingly, we show the possi-
bihity of multipath fading reduction by using Ap-
plebaum type adaptive array. An Applebaum type

. ot
adaptive array'™’

1s capable of pointing a beam
toward a desired signal and suppressing inter-
ferers automatically by the use of a steeriné vec-
tor. Thus an Applebaum type adaptive array has
a potential to reduce the multipath fading.

If the multipath components are not correlated
with one another, it is well known that an Ap
plebaum array tracks the desired signal and re-
jects all the delayed multipath signals provided
that the Applebaum array has a priori knowledge
of desired signal direction, which 1s the case we
are going to deal with. However, it is known that
multipath components are in general correlated
with one another. We, therefore, examine the ef
tect of the correlation on the performance of the

Applebaum type adaptive array.
II. FORMULATION OF THE PROBLEM

We consider the N-element linear Applebaum

tvpe adaptive array shown in Fig. 2.

Figure 2. Feedback loop for k'* element of Applebaum

array
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We assume that the desired signal, d(t) and
multipath delayed signal m(t) are incident on the
array from angles 63 (completely known at re-
ceiver) and On relative to broadside, respectively,
as in Fig. 3.

Figure 3. Signals arrival profile

We present the k'' array element signal(k == 1,
2, ..., N) by de(t). Tt is easily seen, then mu(t)
becomes, based on [1],

my(t) = bdk(t — 1) exp(jw, 1) (2)

Assuming the presence of n(t) which 1s stat-
jonary Gaussian noise process with zero mean,
power o.% and mutually uncorrelated, the array
element input(which is denoted by vi(t) in Fig.2)
becomes,

vi(t) =dg(t) +bde(t — 1) exp(Gwo 1) + i (t)  (3)
Here, we note ny(t) is also independent of the

signal di (t). We define an N-dimensional input si-
gnal vector as

Vit)={vi(t) valt) ..... wn(t) 17 (4)
where T denotes transpose.

We give some thoughts and assumptions{which
are for most cases true) in connection with the

array geometry shown in Fig.3 as follows :

* d(t) is a narrowband waveform.

* The array elements are isotropic.

* Interelement spacing, X, — Xi-;, is half wave-
length,

* The wavefront is planar,

Based on above assumptions, Eqn. [4] becomes,
V(t) =d(t) Sq+bd(t —7) S, +N(t) (5)

where Sq4 1s an N-dimensional desired signal phase
vector,

Sq=11exp(jrsindy) .... exp(j(N=1)msinfy) ]T

and S, is an N-dimensional multipath signal ph-

ase vector,
Sm=exp(jwyt) [ 1 exp(jnsingy) ... exp(((N—1Drsindn)]"

and N(t) = [ nj(t) na(t) ... nn(t)]7

The weights of Applebaum array, w,, shown in
Fig.2 are derived adaptively using the a priori in-
formation contained in the steering vecotr. In the
steady state, the weight vector,

We= [ wi wo ... wn T is given by

W=M"lS* (6)

where S* is the steering vector and the asterisk
denotes complex conjugation. M is the covariance
matrix, and V*(t) is the complex conjugate pair
of the signal vector V(t).

M=E[V*(t) VT(t)] (7

where E denotes the expectation,
From [7], the (p. q)'" element of M is given by

E{vp*(t) vy(t)]
=pg exp(j{q—p)rsiny) +bpqs exp(j(q—p)nsinby,)
+bRy(1) explj(nl{q—1) sinfly—m(p—1) sinda + wyt))
+a.° 8.4
+bRs*1) explj(n{q—1)sinbs—={p=1) sinfn —wy1))
197
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where pg=E[d*(t) d(t)].... Desired signal input
power
d*(t) .... complex conjugate pair of the de-
sired signal
dp,q =1 when p=gq, 0 otherwise,
Ra(7) =E[d*(t) d(t—1)].... Autocorrelation

Here, we establish the expression for the corre-
lation coefficient in terms of the parameters sh-
own above,

The complex valued correlation coefficient be-
tween d(t) and m(t) is,

o — L MO} (8)

VP4 VPn

where P, is the power of the multipath signal.
Form equation [2], equation | 8] becomes

Pdm = Rylz) exp(jwy 1) (9)
Py

The assumption that we know the arrival direc-
tion of desired signal leads us to rewrite the equ

ation {67,
W=M"T5* (1))

l.e., the steering vector is identical to the desired
signal phase vector.

In order to evaluate the performance of the Ap
plebaum adaptive array, we have to calculate the
array output SNR, more specifically, the output
Signal-to-Interference plus Noise power Ratio,
the output SINR,

Py,
SINRout:m (1
where Py, : Output power of desired signal
Pro :Output power of multipath inter
ference
Pno : Output power of thermal noise

The output desired signal power can be expres-
sed as

198

Pe=E{|1d(t) S; W|?] (12)
or Pdo = P(i IS:WII (13)

The output multipath signal power can be expr-

essed as
Pn10:EL[bd(t'T)S;W|Z1 (14)
or E)rn(:::b:Z Pd IS::W!: (15)

The output thermal noise power is

Po=E[{NT(t) W|* ] (16)
or })nu 5 ﬂ'rz» Wl‘ W* (17)

Obtaining equation {17 ], we have used the fact
that ni(t) is mutually uncorrelated stationary Ga-
ussIan process,

Using Eqn. [13], [15] and [17] we formulate the
array output SINR as

Pq|SiWI*
b Py IS, W +a2 W W*

SINRw = (18)

As mentioned earlier in introduction, we are go-
ing to examine the effect of the correlation on
the performance of the Applebaum type array.
This task is to be done by computer simulation of
SINR,w in equation {18] with varying the corre-
lation coefficient shown in equation [9] under
various parameters. These parameters include nu-
mber of array elements ; signals arrival direction ;
input desired signal-to-noise ratio ; relative ampli-
tude of delayed lay. If we restrict our observation
to the minimum phase fading case, the reciprocal
of the square of relative amplitude of delayed ray
1s interpreted as the input desired signal-to-multi-
path signal ratio.

. COMPUTER SIMULATION RESULTS

In the following simulation, we have used 486
PC as a platform and the MATLAB as a comput-
ing software, We note that, based on Eqn.[9], by
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properly changing the values for the center fre-
quency(wy) and delay(t), the complex valued
correlation coefficient, pg., can easily be changed.
For the convenience of the analysis, we take the
amplitude and phase of p4n as follows ;

Ra(1)

20 pun | = —2d'T)
C 2 Pam | P, (19)
42 Pan =Wyt (20)

Fig.4 shows the output SINR versus C for sev-
eral values of ¢, phi, for the case of 5 elements
linear array, that is, N =5,

Desired signal and the multipath signal are
assumed to come from the boresight and 30 de-
gree direction, that is, 84 ==theta—d =0 and 0,n, =
theta —m= 30, respectively. Desired signal input
power and the multipath signal input power are
both assumed to be 20 dB above the antenna ar-
ray thermal noise, that is, a=alpha=P4/P,,, £
=heta=Pqy/o?.

It 1s seen that the output SINR depends upon
both the magnitude and the phase of the complex
correlation coefficient. As is mentioned in intro-
duction, when the desired signal and multipath
signal are not correlated with one another, i.e., C
={), our Applebaum array completely rejects the
mutipath signal. We claim the suppression as fol-
lows ; '

Array antenna is characterized to have a linear
SNR increase with the number of array elements.
In other words, where there is only a desired sig-
nal existing as the input to any array antenna,
the output SNR is equal to the product of the nu-
mber of array elements and the array input SNR.
If there is an interferer, however, the array out-
put SNR, in this case, SINR will be degraded.

In Figure 4, we note that when C =0, the out-
put SINR is 27 dB despite there are desired sig-
nal input and undesired signal (multipath signal in-
put) due to the multipath signal suppression by
Applebaum adaptive array.

20k
al 2
1:alpha= 1
2:alpha= 2
18 3:alpha= $
1 alpha= 10 .4
16} ’
1 . . c
0 01 02 03 04 05 06 07 08 09 i

SINR(dB)

18} 3 B
16}
14} 1: phi= 0 (in degree)
2: phi= 60
3 : phi= 180
12+
10f
8 c
0 0.1 02 0.3 0.4 05 0.6 0.7 08 0.9 1

Figure 4. Output SINR vs C for various values of ¢, phi.

It is also worthwhile to mention the heavy de-
pendence of the output SINR on the phase of cor-
relation coefficient. When the two signals are
partly correlated with one another by C=0.4, the
output SINR is 23.7 dB when ¢=0 degree while
it is 19.7 dB when ¢ =180 degree. The 180 degree
difference in the phase of correlation coefficients
results in 4 dB performance deviation. Figure 4
clearly shows us that even when the desired sig-
nal and multipath signal are almost correlated(C
x 1), an Applebaum adaptive array has the po-
tential ability to suppress the multipath signal,

SINR(dB)

Figure 5. Output SINR vs C for various values of a=al-

pha = py/pm
199
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In Fig.5.. we assumed the same scenario as i
Fig.4. except that, in this case, the phase of cor
relation coefficient is fixed at (0 degree while the
desired signal to multipath signal ratio, e - alpha,
is varied from one to ten, It Is interesting to note
that the performance of the array even in multi
path fading environments generally conforms the
nature of power conversion'®! of an Applebaum
adaptive array. When C is greater than or equal
to the vicinity of 0.7, in other words, under multi
path condition, the output SINR of our array de
creases as the input desired signal to multipath

signal power ratio increases.

SINR(dB)
30

251 i

S N=5
-.N=10 1

-~ N=3

N=2

theta_d= 0, theta_m= 30 e

-5t alpha= 1, beta= 100, phi= 0 e
—

01 02 03 04 05 06 071 08 09 1

Figure 6. OQutput SINR vs C for various values of the

wumber of array elements N

Figure 6. illustrates the effect of the number of
the array elements, N, on the performance. When
C is less than or equal to the vicimty of 0.3,
which means that the two signals are uncorrelat
ed or hardly correlated with each other, the per
formance improves with the number of array el
ements and this is one of the well known charact-
eristics of array antenna. As C increases, how
ever, the linear dependence starts to be violated.
We see the output SINR for the case of N=5
starts dominating the output SINR for N 10
when C is around 0.4. This discrepancy has yet to
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be further studied associated with the mutual

correlation of two signals.

30 v T v
_ then_m=30 ]
20f 4
g
15} theta_m=45 1
104 R e
. theta_m==15 !
st T 1
[ 4
N=35, theta_d=0
-51  alpha=1, beta=100, phi=0
.10 " C
[} 0.1 02 03 04 0.5 0.6 0.7 08 09 1

Figure 7. Output SINR vs C for various values of 0y, =
theta-m, direction angle of multipath inter

ference

In Kig.7., the direction, 0, from which the multi-
path components (s coming has been varied. De-
sired signal 18 subject to cancellation particularly
when the undesired signal 1s coming from within
the main lobe of the beam pattern of the Apple-
baum adaptive array and this cancellation pheno-
menon 1s explained in literatures '’ In the figure,
the lower two curves, represent the situation that
undesired signal 1s coming near the desired signal
and obviously the output performances have been
degraded. Note that when the multipath compon-
ent 1s comung from 3() degree apart from the bro-
adside. the output SINR remains almost unchang-
ed over the whole range of C. The reason 1s be-
lieved to be that the original beam notch 1s loc-
ated very near 30 degree and therefore with few
pattern update, our array is completely able to
nullify the multipath component signal.

The effect of the phase of the correlation coef-
ficient has been shown in Fig 8. As mentioned be-
fore, when the coefficient phase is zero degree,
the array performance is maximized. Fig.8 also in-

dicates that the array performace is detenorating
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with the coefficient phase until the phase reaches
180 degree and it bounces back once the phase
exceeds 180 degree.

IV. CONCLUSION
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We have examined the performance of an Ap-
plebaum type adaptive array on multipath compon-
ents. The potential ability of the adaptive array
to suppress the multipath component has been
shown by computer simulations. Couple of intere

sting facts are found and they are :
(1) The performance depends upon the magni-
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phase of the correlation coefficient is zero degree. & et ph.D
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munication system is suffering from the multi- . . ~ . o
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path fading and the Applebaum type adaptive ar- Senior Engineer

ray could be an useful countermeasure. The im- 199251 190 - 199341 890 AFA) £ 8k 58] #lRv]4 ol
plementation difficulty including the settings for 24
steering vector, high cost, etc., however, has yet 199351 3¢~ abal @ bl 4l A ARl The) g

to be resolved and a lot of efforts has been made
and will be made continuously.
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