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Abstract: The convergence rate of the power inversion (PI) algorithm is quite sensitive to the power of the

interference with the used fixed parameters in the Pl algorithm leading to degradation of its ability to handle

interference. This paper presents a normalized Pl algorithm that traces the stochastic characteristics of the

interference. The algorithm adaptively adjusts the recursive step size to determine the constrained optimized

parameters for the lowpass filter. Simulations show that the normalized PI algorithm achieves faster con-

vergence and produces deeper nulls. The algorithm makes GPS receivers more robust in environments with

large variations in the interference strength.
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Introduction

GPS receivers need to operate efficiently at all times,
even in the presence of interference and intentional
jamming. In the last ten years, a growing number of
studies have focused on antenna array methods, in-
cluding programmable multibeam arrays, least mean
square (LMS) error adaptive arrays, and applebaum
"¢ The strength of GPS signals reaching the
receiver are often more than 30 dB below the thermal

arrays!

noise power. Adaptive arrays can reduce the effect of
jamming signals so that the spread spectrum mecha-
nism can extract the GPS signals!"). The power inver-
sion (PI) algorithm is similar to the LMS algorithm
except that it does not require a reference signal nor
does it require detailed information about the desired
signal structure or desired signal arrival angle. Thus,
the PI algorithm is ideal for anti-jamming processing
of GPS signals. The PI algorithm seeks to minimize the
array output power with the constraint that the antenna
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element weights do not go to zero. However, it cannot
flexibly determine the lowpass filter parameters which
impact the rate of convergence and the rejection
capability. This paper presents an algorithm using
Compton’s approach to analyze GPS signals. The ap-
proach is normalized to improve the convergence
speed of the algorithm.

1 Power Inversion Antenna Arrays

Compton'” developed the PI algorithm in the late
1970°’s. The PI algorithm forms approximate nulls in
the direction of the jamming based on the power ratio
of the desired signal to the jammer, so that the strong
signal is nulled in favor of the weaker signal if strong
interference is detected. The antenna array in Fig. 1
can be formulated to perform power inversion using
the processor shown in Fig. 2. This power inversion
array is able to operate when neither the signal nor the
arrival angle are known at the receiver. However, the
power inversion array does not always provide as
much signal improvement as adaptive array algorithms,

which require additional information™.

However,
when the interference is strong, the power inversion

array can still provide substantial improvement.
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Furthermore, even through the GPS signals generally
have a low signal-to-thermal-noise ratio, the power
inversion array does not null the GPS signals in the
absence of interference. In the power inversion array,
the number of interference signals to be cancelled is
equal to the number of degrees of freedom where an
M-element antenna array has M—1 degrees of
freedom.
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Fig. 2 Antenna array power inversion processor

The PI algorithm differs from the Applebaum array
in that the integrator in the feedback loop is changed to
a low-pass filter, with a simple offset vector, w, in

Fig. 2, used as the weight vector. The power inversion

array weights are designed to minimize the total output

power under the constraint that the weights are not

permitted to go to zero. The offset vector is chosen to

provide the desired quiescent antenna pattern. For GPS

signals, the desired antenna pattern is omni-directional,
w, =[1,0,...,0]" .

2 Normalized Power Inversion

The differential equation for the tap weights for the i-th

element in Fig. 2 is as follows!":
dw,

i

T—L4w =w, —axs(t) (1
dz

where « and 7 are low pass filter (LPF) gain constants.
-1

Applying the backward difference s = with

T =1 to the control loop in Fig. 2 gives the update

equation:
Wk +1) = ——wi(k) ——— " (k)s(k) ©)
1+7 1+7
(0= 2300w, (0) = w' (k)x(k) 3)

where £ is a time index, x is the array input signal
vector, M is the number of antenna elements, and w is
the adaptive weight vector which satisfies the follow-
ing equation:
w, (k) = wi(k) +w,, (4)
In addition to the update equation, suitable values
for the @ and 7 must be determined based on the
speed of response requirements on the array and the
allowable weight jitter. From Eq. (4),

W,k +1) = Wy = —— (o, (k) = ) ———x (K)s (k) (5)
1+7 1+7

For stability, assume that 7 is sufficiently largew SO
T

~1. Then,
1+7

w, (k) = w,(k +1)—w (k) = %x: (k)e(k) — (6)
T

The mean square error can be estimated by
&' (k)=w" (k)x(k)x" (kyw(k) (7)
Let w(k +1) denote the updated weight vector at the
(k+1)-th iteration. Then introduce the variable,
Ek)y=w'(k+)x(k)x" (k)yw(k +1)=
&7 (k)+28w" (k)x(k)x" (kyw(k) +
dw' (k)x(k)x" (k)dw(k) ®)
The convergence speed can be improved by induc-

ing the mean square error increment to as small as pos-

sible. The normalized PI algorithm can be derived us-
]

ing the principle of minimal disturbance®.
S’ (k)=&%(k)-&’ (k)=

20w’ (k)x(k)e(k)+dw" (k)x(k)x" (k)dw(k) (9)
Substituting Eq. (8) into Eq. (9) and expanding

yields

2 4da , .
de"(k)y=——¢"(k)x (k)x(k)+
I+7
a

4(1—] S OxOF  (10)
+7

Taking a partial derivation of Eq. (10) with respect
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to a(k) gives

8” (k) 02 T
dath) =4e (k)x (k)x(k)+
S(IL}%k)[xT(k)x(k)f (11)
+7
Setting Eq. (11) equal to 0 and solving for a(k)
yields

1

RN "

One concern is that when the tap input vector is
small numerical difficulties may arise because the
square norm x (k)x(k) includes division by a small

number. To overcome this problem, Eq. (12) is

modified as'' "

1
ak)y=—————— 13
®) 7 +2x" (k)x(k) (13)
where ¥ >0.
The stability of the normalized PI algorithm can be

analyzed by rewriting the update equation as

wik+1) = wi) - 25 (o (yw(ie) =

T+7
1 . H
w(k) - 0 o o) (K)x"(kyw(k)  (14)
Taking the exception of both sides of Eq. (14) gives
1
E{w(k+1)}—{l—m}E{w(k)} (15)

Because 7>0, the matrix | /- is posi-
2(1+7)

tive definite and its eigenvalues are less than 1; there-
fore, w(k)converges in the mean squares sense.

3 Numerical Simulations

Simulations were performed to evaluate the normal-
ized PI algorithm using an 8-element uniform linear
array with elements spaced a half wave length apart.
All elements were assumed to have the same response
characteristics. The desired signal is a baseband coar-
se/acquisition (C/A) code GPS signal. One sinusoidal
jammer with a jammer power to signal power ratio, J/S,
equal to 68 dB is located at =38 . The thermal
noise is 20 dB. All simulations were performed using
two samples per C/A code chip. The simulations were
performed using the update equations in Eq. (2) and Eq.
(14) with 7 =200000".

Simulation 1 shows that both algorithms can form

an antenna pattern null at the jammer location. The null
of the normalized PI algorithm is about 10 dB deeper
than the null of PI algorithm. The antenna beam pat-

terns are shown in Fig. 3.
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Fig.3 Antenna beam patterns

The correlation function for the C/A code for the
same scenario is shown in Fig. 4, where PRN repre-
sents the pseudo random noise. The quality of the cor-
relation function is a function of the J/S ratios of the
jammer and the spatial relationship of the jammer to
the desired GPS signal. The correlation peak is quite
clear with the null steering in the normalized PI algo-
rithm, but almost cannot descend with the standard PI
algorithm. Thus, the simulation indicates that the nor-
malized PI algorithm more effectively filters the jam-
mer to improve the signal-to-interference-and-noise

ratio.
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Fig. 4 Spread spectrum signal correlation function
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The convergence of the PI and normalized PI algo-
rithm was also examined using the equations in Eq. (2)
and Eq. (14) withz =200 000 . The PI algorithm used
a=1 and a=100. The results in Fig. 5 show that
the weight vector of the normalized PI algorithm con-
verged by about the 200 iteration, while the PI algo-
rithm requires at least 1000 iterations to converge even
with a =100 . Thus, the normalized PI algorithm
converges much faster.
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Fig. 5 PI and normalized PI learning curves

The effect of two continuous wave interference
jammers located at 18° and 28° is shown in Fig. 6. The
normalized PI algorithm accurately forms two mulls in
the jamming directions. Thus, the new algorithm is
able to counter multiple jammers.
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Fig. 6 Antenna beam patterns with two jammers
4 Conclusions

This paper presents a normalized PI algorithm for GPS
receivers, which has excellent convergence. Since the
interference environment can not be known a priori,

the design of a power inversion antenna must choose
o to be as small as any interference environment may
require. Thus, the PI algorithm has very slow conver-
gence when the interference power is strong. With the
normalized PI algorithm, the array antenna adaptively
adjusts the factor based on the input signal power to
improve the convergence of the weight vector. Simula-
tions show that the normalized PI algorithm has signi-
fiantly faster convergence, which is significant in GPS
applications.
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