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Abstract

In this work a nonnegative matrix factorization based ap-
proach is proposed to mitigate the impact of interference
due to distance measurement equipment (DME) signals in
global navigation satellite system (GNSS) receivers. The
proposed approach operates by separating the DME and
GNSS signals, and the results show that it outperforms the
traditional pulse-blanking based techniques in terms of ac-
quisition and carrier-to-noise ratio metrics without discard-
ing any of the received signal samples.

1 Introduction

Low received power levels of the global positioning sys-
tem (GPS) signals makes them very susceptible to radio
frequency interference (RFI) from either intentional or un-
intentional sources [1–3]. With ever increasing reliance on
global navigation satellite systems (GNSS) for everyday
operation of safety critical and modern infrastructure, de-
tection, localization and mitigation of interference to GNSS
has become of paramount importance [4–9].

The GPS L5 signal, centered at 1176.45 MHz, is de-
signed for safety-of-life transportation, and other high-
performance applications such as aircraft precision ap-
proach guidance. It is broadcast in a band (960–
1,215 MHz) dedicated to aviation safety services [10]. An-
other system which shares the same frequency band is
the distance measuring equipment (DME), operating in the
962–1,213 MHz band [10]. DME is a two-way ranging
system that enables the aircraft to calculate its slant range
to a DME ground station. The aircraft transmits an inter-
rogation signal to the ground station, which then generates
a corresponding reply. The time delay between the interro-
gation and reply signals is then used for range calculation.
Multiple ground stations can be visible to the aircraft, thus
making DME a potential RFI threat to the GPS L5 signal.

Pulse blanking techniques [7, 8, 11] are usually employed
to alleviate the impact of DME interference in GNSS re-
ceivers. These techniques simply zero out (blank) the sam-
ples of the received signal that are above a predefined
threshold either in the time or frequency domains, making
them effective against pulsed-type RFI such as DME. How-
ever, the DME signal is bell-shaped, hence its tails cannot

be eliminated completely. Moreover, in a typical scenario
where numerous DME signals are present in the received
signal, a large proportion of the samples are blanked, i.e.,
discarded, which also include the GNSS signals. To avoid
this loss, we propose a nonnegative matrix factorization
(NMF) based approach to mitigate the DME interference.
NMF is commonly used in blind source separation appli-
cations [12, 13], and in the RFI mitigation context we use
it to separate the DME and GPS signals, thus allowing for
GPS signal detection, acquisition and tracking. We evaluate
and compare the effectiveness of the NMF-based mitigation
approach with that of the pulse-blanking techniques consid-
ering diverse RFI levels. The results show that the proposed
approach is very effective in mitigating the DME RFI when
compared with the traditional pulse-blanking approaches.

The paper is organized as follows: Section 2 provides
an overview of the DME signal characteristics. Sec-
tion 3 details the proposed NMF-based mitigation tech-
nique whereas the performance analysis and comparison
are given in Section 4. Lastly, concluding remarks and fu-
ture work are given in Section 5.

2 Distance Measuring Equipment

The aircraft transmits a pair of 3.5-µs pulses separated by
12 µs whose power varies between 50 to 2,000 W [14].
Typically, the pulse pair rate ranges from 1,200 to 1,500
pulses/s. The DME band is divided into 126 channels for
reply (ground-to-air), and 126 channels for interrogation
(air-to-ground), with channel spacing of 1 MHz and sig-
nal bandwidth of 100 kHz. The interrogation and reply
frequencies are always ±63 MHz apart. For instance, if
the aircraft interrogates at 1,107 MHz, the ground station
replies at 1,170 MHz.

2.1 DME Signal Generation

The baseband DME signals employed in this work were
generated using [9], which allows us to set a myriad of
parameters, such as aircraft position, speed, and altitude,
among others. The simulator employs information of vari-
ous DME ground stations spread across Europe to generate
the received signal at the aircraft. Considering flight level
FL390 with altitude 11,800 m, there are 78 visible ground



stations to the aircraft receiver. Fig. 1 depicts a 1-ms snap-
shot of the generated DME signal in the time and frequency
domains, where numerous peaks are visible in the time do-
main, and a considerable part of the GPS L5 spectrum is
corrupted by the DME signals as shown in Fig. 1(b).

(a) (b)

Fig. 1. Generated DME signal in the time (a) and frequency
(b) domains.

3 Proposed Mitigation Algorithm

The NMF decomposes a nonnegative matrix X ∈ RN×M
+

into two low-rank matrices W ∈ RN×S
+ , H ∈ RS×M

+ , with
S < min(N,M), so that X ≈WH [13]. Unlike other low-
rank decomposition techniques such as principal and inde-
pendent component analysis, NMF provides physical inter-
pretation of the resulting decomposed matrices. A multi-
tude of applications employ NMF, such as blind source sep-
aration (see [13] and the references therein), where matrix
X represents the magnitude spectrogram, the S columns of
W represent spectral information and the S rows of H de-
note the time activation of such columns, i.e., the time in-
stants where the frequencies represented in W are active
across the spectrogram. The decomposition of X is ob-
tained via an optimization process described as:

min
W,H

L (X, [W,H])

subject toW� 0,H� 0, (1)

where L (·) represents a generic similarity function be-
tween X and [W,H], and the symbol “�” denotes entry-
wise nonnegativeness. This similarity is usually measured
by means of the β -divergence [15]. The most popular
ones are the Euclidean (β = 2), Itakura-Saito (β = 0) dis-
tances, and the generalized Kullback-Leibler (KL) diver-
gence (β = 1) [12]. The update equations for matrices H
and W as a function of β are described in [15].

3.1 Supervised NMF for GNSS

The estimation of W and H can be further enhanced if prior
knowledge is employed, such as the frequency content of
the sources at hand. Considering blind source separation,
clean version of the sources may be available. In the con-
text of GNSS, the RFI signals can be obtained through a
prior characterization process. Further, the unique spread-
ing code associated with each GPS signal and previously
acquired DME signals can be used to estimate the RFI and

GPS signal W matrices, hereafter named WRFI and WSOI
respectively, and further employ the NMF algorithm to es-
timate the respective activation matrices H, while keeping
W fixed. This process can be better described as follows:
during the training phase, the clean version of the sources
in hand are used to estimate their respective dictionary ma-
trices WRFI and WSOI. In the second step, called the test
phase, those matrices are concatenated to yield a single
W matrix, W = [WRFI WSOI], which is kept fixed and em-
ployed to estimate H =

[
Hᵀ

RFIH
ᵀ
SOI

]ᵀ, with (·)ᵀ represent-
ing the transpose operator. Therefore, via Wiener filtering
process [13], it is possible to reconstruct the complex spec-
trogram of each source using W and H as

R̂RFI =
WRFIHRFI

WH
⊗R ; R̂SOI =

WSOIHSOI

WH
⊗R, (2)

where R represents the short-time Fourier transform
(STFT) matrix of the received signal r, ⊗ denotes the
element-wise product, and the division in (2) is also per-
formed element-wise. Thus, the inverse STFT (iSTFT) is
used to recreate both the RFI (r̂RFI) and the signal of inter-
est (r̂SOI) in the time domain respectively. The block dia-
gram of the proposed supervised NMF framework for DME
RFI mitigation is illustrated in Fig. 2.
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Fig. 2. Supervised NMF framework.

4 Performance Evaluation

The performance of the proposed NMF-based technique
is evaluated considering various jammer-to-signal ratios
(JSRs), and compared against the pulse blanking meth-
ods which are widely employed to mitigate the DME RFI
for GNSS [7, 8, 11]. Generalized signal-to-noise ratio
(SNR) [16], which is related to the mitigation performance
at the GNSS acquisition block, and the post-correlation
carrier-to-noise ratio (C/N0), estimated using the narrow-
wideband power ratio method [17], are used as figures of
merit to assess the performance.

4.1 Experimental Setup

The sampling frequency is set to Fs = 50 MHz. One GPS
L5 signal is generated using [18], with its power set to
achieve an SNR of −20 dB, combined with the DME sig-
nals generated for flight level FL390, and corrupted by cir-
cularly symmetric additive white Gaussian noise, with vari-
ance σ2 = 1. The JSR varies between [30,60] dB with 5 dB
steps. The discarding threshold for the PB-Time and PB-
Freq methods is set to γ̄ = 2.146 so as to achieve a false
alarm probability of 0.01. The coherence time considered
for acquisition is 1 ms, with 200 independent runs. Overall,



200 ms of DME signals are generated, and at each acqui-
sition time the aircraft is at a different position, hence the
DME interference is different for each independent run.

Regarding the STFT and NMF parameters, two sets of pa-
rameters are used. For NMF-256, a rectangular window of
length L = 256 with N = 256 DFT bins is used, with a hop
size of R = 1 sample and number of components S = 60.
NMF-1024 employs N = L = 1024, R = 1, and S = 400.
The KL divergence (β = 2) is used in both cases. For esti-
mating WRFI and WSOI, DME signals are generated using a
different aircraft position and hence, they are different from
the ones employed for performance evaluation.

4.2 Mitigation Results

The generalized SNR performance of the proposed, and
the time and frequency blanking techniques along with
the case where no mitigation is employed is shown in
Fig. 3. As it can be observed, NMF-1024 outperforms
all the techniques considered, with NMF-256 outperform-
ing the blanking techniques for JSR∈ [30,50] dB. This im-
plies larger correlation ambiguity function (CAF) peak am-
plitude with a lower noise floor, i.e., lower spurious CAF
peak amplitudes, thus improving the GNSS signal detection
and subsequent acquisition performance. Further, when no
mitigation technique is employed, the generalized SNR de-
creases as the DME power increases, indicating that the cor-
rect CAF peak would not be detected. To illustrate this,
Fig. 4 shows the CAFs for JSR = 60 dB considering a GPS
L5 signal with code delay τ = 10 µs and a Doppler shift
Fd = 1.5 kHz without, Fig. 4(a), and with, Fig. 4(b), NMF-
1024 based mitigation. As can be observed, in the absence
of mitigation the CAF presents many spurious peaks hin-
dering the GPS signal detection. The proposed technique,
on the other hand, is able to suppress the strong interfer-
ence, allowing the detection and subsequent acquisition of
the GPS signal.

Fig. 3. Generalized SNR with and without mitigation for
different JSR values.

Considering the post-correlation performance, Fig. 5 de-
picts the C/N0 values for the proposed and blanking tech-
niques. Similar to what was observed in the generalized

(a) No mitigation. (b) NMF-1024.

Fig. 4. CAF without mitigation (a) and for the NMF-1024
technique (b) for JSR = 60 dB.

SNR analysis, NMF-1024 technique yields the best perfor-
mance, providing the highest C/N0 values for all JSR val-
ues, followed by NMF-256. Despite having lower general-
ized SNR values than PB-Freq for JSR ∈ {55,60} dB, and
PB-Time for JSR = 60 dB, NMF-256 outperforms these
techniques in terms of C/N0. In fact, the samples discarded
by PB-Time and PB-Freq in the time and frequency domain
respectively reduces the GNSS signal power, thus degrad-
ing the C/N0. To better illustrate this effect, Fig. 6 shows the
percentage of discarded samples for each JSR value for the
PB-Time and PB-Freq techniques. For JSR = 60 dB, PB-
Time discards more than 78% of the received signal sam-
ples, whereas PB-Freq zeroes out more than 30% of the
frequency bins, which may result in tracking and naviga-
tion data losses. It is important to note that the performance
achieved by the proposed technique comes at the expense
of higher computational complexity relative to the blanking
techniques.

Fig. 5. C/N0 with and without mitigation for different JSR
values.

5 Conclusion

In this paper a novel framework to mitigate DME interfer-
ence based on NMF was presented. The proposed scheme
relies on separating the GPS signals from the RFI via an
optimization process. The simulation results indicated that
the NMF-based method outperforms classic pulse blanking
techniques in terms of generalized SNR and C/N0 in strong
RFI scenarios, verifying the effectiveness of the proposed
framework to mitigate interference due to DME signals.



Fig. 6. Percentage of discarded samples for the PB-Time
and PB-Freq methods for different JSR values.

Further, unlike the pulse-blanking techniques, the proposal
suppresses DME without discarding samples, thus preserv-
ing the GPS data. Future work will aim at implementing the
NMF-based framework in hardware with a view to further
validating its performance.
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