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Abstract L5 signal is set up for civil aviation exclusively in GPS (Global Posi-
tioning System), and takes up exclusive frequency band. However, the DME
(Distance Measurement Equipment) signal which has already applied for distance
measurement works as the same frequency band as GPS L5. DME signal with high
power will decrease SINR (Signal to Interference and Noise Ratio) of GPS L5 and
even give rise to acquisition failure. On DME interference suppression, the tradi-
tional methods will bring loss to useful satellite data. Thus the performance of GPS
L5 receiver will suffer from serious degradation. In the light of the received signal
model, a new DME interference mitigation algorithm is presented in this paper.
Firstly, frequency is estimated with time-modulated windowed all-phase DFT
(tmwapDFT). Then, we use the estimated frequency to get amplitude and signal
delay information with signal separation estimation theory. Compared with tradi-
tional method, the proposed method can reserve more useful satellite data. The
performance of proposed method is verified by simulations.

Keywords GPS LS5 signal « DME interference mitigation - Time-modulated
windowed all-phase DFT - Signal separation estimation theory - Precise esti-
mation of parameters

1 Introduction

GPS LS5 signal is used for civil aviation exclusively, and takes up exclusive fre-
quency band. Compared with L1 and L2 signal, L5 signal has more power at
receiver, more positioning accuracy, stronger anti-interference capability, and can
be implemented more conveniently. However, there are a lot of interference
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equipment working at the L5 frequency band, among which DME (Distance
Measurement Equipment) signals make greatest influence on L5 signal. DME
interference can cause degradation of SINR (Signal to Interference and Noise Ratio)
at GPS receiver, reduce the sensitivity of acquisition, thus lead to the failure of
convergence of tracking loop, and finally make it difficult to decode the navigation
information [1-4].

Lots of research organizations and universities have been seeking for the
methods to mitigate the error brought from DME interference. Many
anti-interference techniques have been developed, most frequently used of which
are pulse blanking, notch filter and hybrid method.

Pulse blanking method sets the part of signal to zero which is beyond the
threshold in time domain, and thus achieves the goal of suppressing the interference
[5, 6]. It is easy to implement and has already verified on hardware receiver [7].
However, the main deficiency of this method is that a large part of useful GPS
signal will be gotten rid of as well when the interferences are suppressed. And
what’s more, this method will also cause a great amount of data gaps, which will
make the failure of acquisition, tracking and then positioning of the receiver. Notch
filter method mitigates the interference by letting the signal pass a narrow band
notch filter involving DME frequencies [5, 8]. Hybrid method uses a moving
window in time domain to detect the DME pulse interference and filter data in the
frequency domain [5, 9]. Although the next two methods can preserves more useful
signals, the data missing problem still exists.

In this paper, we propose a new DME interference suppression method which
can keep useful GPS signal to a large extent meanwhile suppress the interference.
The efficiency of the proposed approach is verified in the experiments.

2 Data Model and Problem Description

DME baseband signal is a pulse pair which can be modeled as:
s(1) :e—a/z(:—m/z)2 +e—a/2(t—At/2)2 (1)

When the airborne DME equipment take advantage of the channel 64—-126 X for
communication, the ground equipment may respond frequencies ranged from 1151
to 1213 MHz [3, 5]. Unfortunately, this frequency band covers the GPS L5 signal
with central frequency 1176.45 MHz and bandwidth 24 MHz. Generally, the peak
power of DME signal varies from 50 W to 2 kW. The maximum of the pulses from
transponder may be up to 2700 per second. The interference of DME will seriously
degrade the SINR of GPS receiver and then cause the failure of acquisition.

When the GPS receiver is interfered by only one DME base station, the inter-
ference can be eliminated by the method based on NLS criterion [10]. Consider the
scenario that the DME pulse interference comes simultaneously from two or more
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different ground base stations. Due to the difference of distances between GPS
receiver and the two more DME ground bases, the GPS receiver will be interfered
by two more DME pulses with different Doppler shifts.

It is supposed that there are P DME interferences received, the signal can be
modeled as:

)= Z apalr— ) +ule) () @)

where x(7) is DME signal, u(¢) is GPS signal, e(?) is the thermal noise. ay, 75, g
represent the complex amplitude, time delay and frequency of DME signal
respectively.

After A/D conversion, the transformed signal model is given as:

y(nT, é apx(n e’“"”’<” 2 +u(n)+e(n) (3)

Because GPS satellites signals are buried under the noise level, GPS signals can
be taken as noise compared with DME signals. Accordingly, the Eq. (3) can be
rewritten as:

P
= T aprln=5)e " () )

3 Algorithm Implementation

3.1 Signal Separation Estimation Theory

Due to the DME pulse is much stronger than GPS signal, it is no need to analyze
GPS signal separately. Once DME signal is detected and estimated, we can estimate
the frequency and complex amplitude of DME signal under the criterion of NLS
[10, 11]. DME pulse pairs can be simply detected by means of calculating the
correlation of received signal and a moving window with the width of 12 ps.

In order to get a more precise estimate accuracy, each group of unknown
parameters is to be estimated with signal separation estimation theory via iteration.

. . . A A N P .
We consider below estimating the unknown parameters {@,,%,, dqp }[)=l by min-
imizing the Nonlinear Least Squares (NLS) criterion [12]

2
P
y(n) - Z x(n —z,)el =) (5)

A A P
Q({ap77p’wdp}p=1> = anrngd
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Let s(n—1,) =x(n—1,)e®»"~%) then Eq. (5) can be expressed as
2

(6)

0({ay tdap}, -, ) = min

- § astn-y

Solving the problem of optimization in Eq. (6) yields the estimate &, 7,, ®g, Of
Qp, Tp, Wgp AS:

2
dgp = arg max bH(a)dp)ylz,‘ (7)
Wgp
T, = N ar, A 5y
P = gmax|a” (w,)S Y, (8)

B 2xf, 7
A _aH(wp)(S Y,)
p= 3 2

©)

wﬂ =Ll)p
where y =[y(=N/2),y(=N/2 +1), ...,y(N/2=1)]", Y =DFT(y), b(wg,) =
[¢/20a(=N72) gi20p(=N/2+1), A..,efz“’v(N/z‘l)]T, S(k) =DFT(s(n)), S =diag{S(-N/2),
S(=N/2 +1), ... .8(N2-1)}, a(w,) = [ (=N/2) gon(=N/2+1), ...,ef“’n<N/2—1>]T,
f; is the sampling rate.
Note that the values of 2@, and @, can be obtained by the FFT of vectors y§
and S*Yp respectively.
The steps of optimized method of signal separation estimation theory are given
as follow:
Step 1 Assume p =1, take a;s(n — 71) as unknown waveform. Then calculate @4,
a1, 71 according to Egs. (7), (8) and (9) respectively
Step 2 Assume p =2, calculate $,(n) by using &;,%;, @4 obtained in Stepl. After
that, &, %, @4, can be gotten with the method similar to Step 1
Step 3 Compute 9 (n) by using d,, %, @4, and then redetermine &;,7%, @y from
31(n)
Step 4 Iterate the previous two steps until convergence is achieved to get the final
estimates
Step 5 Assume p = 3, 4...P, repeat the above steps until all parameters of P DME
signals are estimated and the convergence conditions are satisfied in the
meantime
Finally, the reconstructed DME signals can be expressed as:

P o
Some(n) = Y apx(n—1,)ePnn =) (10)
p=1
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Eliminate the DME interference signal from received signal and get the sup-
pressed GPS signal as:

ii(n) =y(n) —pme(n) (11)

3.2 Frequency Estimation with Time-Modulated Windowed
All-Phase DFT

Although a rather effective method has been afforded above, it is difficult to analyze
frequency component accurately with DFT from Eq. (7) because of spectral leakage
and picket-fence effect [13]. In this paper, time-modulated windowed all-phase
DFT(tmwapDFT) is taken advantage of to deal with the problem [14, 15].

The original windowed all-phase DFT can be implemented as below

Yop(k) =DFT([y(n)Ry(n) +y(n—N)Ry(n—N)]) (12)

where, R,,(n) is the correlation window function. FFT can be used here to reduce
computation complexity.

In order to improving the deficiency of missing a half of information, a complex
factor Wy is modulated to the received signal in time domain.

Ym(n) =y(n) Wiy (13)
Hence, the time-modulated windowed all-phase DFT is defined as
Yop(k) =DFT([ym(n)Ry(n) +ym(n—N)Ry(n—N)]) (14)

It is a better choice to get estimate @, of wg, by tmwapDFT instead of original
DFT.

4 Experimental Results

To test and verify the performance of the proposed method, the experiments have
been carried out. Where, the satellite data are interfered by DME pulse and
down-converted at the intermediate frequency of 1.25 MHz same as the GPS sig-
nal. The sample rate is 5 MHz, the SNR (Signal-to-Noise Ratio) is 18 dB.

Mean square error (MSE) of time delay and frequency change with JNR
(Jammer-to-Noise Ratio) are shown in Figs. 1 and 2. Frequency estimation error of
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original DFT is too large to reconstruct the DME signal exactly while the proposed
method in this paper has a better performance. Frequency error after fine estimation
has been further declined in lower JNR condition, while there is no distinct
improvement after fine estimation with the JNR increasing because the error of
tmwap DFT method is already very small. Time delay error before precise esti-
mation is accurate enough to reconstruct the DME signal exactly. Nevertheless,
more little error estimate can be attained after precise estimation which further
improve the anti-jamming performance.



DME Interference Mitigation Algorithm ... 405

Received Signal before Processing Received Signal after Processing
2000 20
(a) (b)
1500 15
[0} [0)
o °
2 2
= 1000 = 10
S S
< <
500 5
ol A
2 2.5 3 3.5 4 4.5 0 2 4 6 8 10
Time delay (ms) Time delay (ms)

Fig. 3 DME interference mitigated by proposed method

Six DME signals from different base stations are received in company with the
four GPS signals during the experiment. The JNR of them are 50, 55, 65, 60, 40,
45 dB and the time delays are 2, 2.5, 3, 3.5, 4, 4.5 ms correspondingly. The
comparison results between the original signal and the suppressed signal with the
proposed method is demonstrated in Fig. 2. The DME signal is mitigated after
processing while the useful satellite signal still remains.

The acquisition results of the original and proposed method is given in Fig. 3.
Pulse blanking method which lose a lot of useful GPS signal will result in the
correlation peaks of acquisition lower than the threshold. The useful data missing
problem still exists in hybrid method. Although the correlation peaks are higher
than pulse blanking method, the results still do not reach the threshold. Further
descending the threshold may let the GPS signal be detected, but the signal power
could be too low to finally get an accurate position. The proposed method has
prevailed performance and easily acquire the signal. It is slightly bad than GPS only
circumstance because the proposed method almost maintain entirely useful signal.

5 Conclusions

The traditional DME interference suppression methods which bring about the loss
of GPS signal will suffer from serious performance degradation of GPS receiver. In
this paper, a new DME interference suppression method for GPS L5 signal are
proposed, when the DME interferences come from more than one base station.
Firstly, frequency is estimated with time-modulated windowed all-phase DFT
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(tmwapDFT). Then, we use the estimated frequency to get amplitude and signal
delay information with signal separation estimation theory. In order to further
improve the estimation accuracy, a two-dimension fine estimation method is pro-
posed, which takes the previous estimated results as the initial values. Experiment
results show that the proposed method could estimate the parameters precisely, by
which DME signal can be reconstructed and eliminated. It can be shown from the
experiment results that the proposed method which keeps more useful satellite data
has a better performance compared with conventional ones.
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