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Abstract—An essential prerequisite for radars in automotive applications, safety systems, future autonomous driving,
and industry applications is the reliable operation even under difficult conditions such as interference from other radars.
Recently, digital radar principles such as orthogonal frequency-division multiplexing (OFDM) gained increasing attention.
In this letter, an interference-robust processing for OFDM radar signals using compressed sensing (CS) is presented,
which is particularly suitable for random OFDM but also applicable to stepped and standard OFDM. It allows robust radar
operation in presence of interfering signals that have a comparable low instantaneous bandwidth and high narrowband
power. The method is validated experimentally using measurements of an OFDM radar setup at 76 GHz and a state-of-
the-art FMCW radar as an interferer.

Index Terms—OFDM, FMCW, interference, radar, automotive, signal processing, compressed sensing, CAMP, signal separation.

I. INTRODUCTION

Due to the growing demand for radar-based automotive comfort
and safety systems and the limited allowed frequency range for such
sensors, the risk of mutual interference increases which in turn can
lead to a reduced performance of the sensors [1][2][3]. Nowadays,
the majority of radar sensors for automotive applications are based
on frequency-modulated continuous waves (FMCW) which typically
exhibit a low instantaneous bandwidth. Yet, wideband multicarrier
waveforms such as orthogonal frequency-division multiplexing
(OFDM) [4] have recently attracted increasing attention in this
research area, as they promise more flexibility in waveform design
and large unambiguities. However, due to its instantaneous wideband
nature, it is likely that an OFDM signal gets disturbed by other sensors
in its vicinity. As OFDM is still an emerging new concept in radar
science, comprehensive knowledge and research on interference and
its treatment is limited so far. In [5], inter- and intra-system interference
handling for MIMO OFDM radar networks are investigated where
the interfering signal is estimated using pilot symbols and then
subtracted from the receive signal. The mutual interference of OFDM
radars is investigated in [6] where interfered subcarriers are identified
via power detection and removed if necessary. Slow-ramp FMCW
disturbance in automotive radar applications is considered in [7]
where a frequency domain detection and signal recovery via linear
prediction is proposed. In [8] the impact of a fast-chirp FMCW
radar on an OFDM radar is shown using measurements. A simple
frequency domain detection and mitigation method based on signal
leveling is presented.

So far, the procedures have mostly been carried out in advance and
detached from signal evaluation. In addition, a multi-stage strategy is
usually pursued, in which reliable interference detection is required
before signal recovery and signal evaluation. This almost always
leads to an increased computational overhead. Therefore, in this
letter, an interference-robust joint range-Doppler OFDM processing
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using compressed sensing (CS) is proposed that does neither require
specific interference treatment nor specific detection or mitigation. The
proposed approach is inherently robust to interfering signals which
are instantaneously narrowband within a wideband OFDM symbol
and exhibit comparable high power within an OFDM subcarrier.

CS plays a decisive role in the approach. It has been shown that
since radar channels are approximately sparse in range-Doppler and
range-azimuth representation by nature1, such signals are suitable
for CS which offers a powerful tool in radar processing [9]. For
OFDM radar, CS is suggested for channel estimation in passive radar
application [10], or reconstruction of missing subcarriers [6][11][12].
Furthermore, CS plays an essential role in signal evaluation of random
frequency agile OFDM [13][14]. Frequency agile OFDM concepts
combine a reduced instantaneous baseband bandwidth with an agile
carrier frequency to synthesize a wider band over the signal frame
as a major bottleneck for OFDM implementation is the sampling
rate limitation caused by the affordable consumer hardware at both
transmitter and receiver. The agile carrier frequency can be either
chosen deterministically and periodically in a stepped pattern [15]
or randomly [14]. Random signal patterns preserve unambiguities
and are particularly suitable for the application of CS-based signal
evaluation. Therefore, the CS-based interference-robust processing
presented in the following will be derived and validated using random
OFDM [14], however, it can be straightforwardly transferred to any
other OFDM radar concept such as standard and stepped OFDM
as well. Moreover, it will be shown that for random OFDM, this
approach will not increase the computational cost.

II. STANDARD AND RANDOM OFDM RADAR

An OFDM signal frame composed of M symbols of duration T
and N orthogonal subcarriers with constant spacing of ∆ f=1/T has a
total signal bandwidth of W=N∆ f . On each subcarrier a sequence of
M complex-valued data symbols, that are drawn independently from

1A signal is considered (approximately) sparse if it has only few coefficients with
significant amplitude in some transformation domain where all other coefficients
are (almost) zero.



a modulation alphabet (e.g., QPSK), is transmitted. At the transmitter,
an inverse discrete Fourier transform (IDFT) is performed on the
complex data of each OFDM symbol, then the symbols are extended
by a cyclic prefix, arranged consecutively, digital-to-analog converted,
filtered, and mixed to the desired carrier frequency fc .

Based on a standard OFDM frame of size M×N , a corresponding
random signal as in [14] is derived by applying two modifications.
First, the baseband bandwidth is reduced to Wmax=Nmax∆ f ≤W
relaxing the requirements to the analog-to-digital converter by a
factor γ=Wmax/W=Nmax/N with 0≤γ≤1 while maintaining the same
subcarrier spacing. Second, instead of a fixed carrier frequency, an
agile carrier is used that allows the flexible upconversion to any
frequency fc+b∆ f with integer b ∈ [0,N−Nmax−1]. The change of
the carrier frequency is initiated randomly after symbol blocks of at
most Mmax OFDM symbols each. Thereby, a random sampling of the
desired equivalent signal frame is imitated. In order to guarantee a
sufficient variance of the blocks within the desired bandwidth, which
determines the degree of randomness, the length of each block is
limited to Mmax�M .

At the receiver the incoming signal is first down-converted to
the baseband using the individual carrier frequency of each OFDM
symbol and then sampled. Using a discrete Fourier transform (DFT),
each OFDM symbol is decomposed into its spectral components, the
subcarriers, and the complex modulation is reversed using element-
wise complex division. This signal representation is further referred
to as frequency domain. For easier depiction, the discrete signal is
arranged in a matrix of size M×Nmax. Then this matrix is increased
to the corresponding actual channel frame size M×N by shifting
each transmitted signal block to its corresponding baseband carrier
frequency. Principally, the range-velocity (r-v) evaluation using 2D-
(I)DFT can then be carried out according to standard OFDM. Since a
random signal pattern potentially leads to artifacts in the r-v-image,
instead a 2D-CS approach comprising a 2D-(I)DFT is used. Similar
to [14], a 2D extension of a complex approximate message passing
(CAMP) [16] is applied. This approach is called 2D-CAMP in the
following.

III. INTERFERENCE-ROBUST SIGNAL PROCESSING

Standard OFDM signal evaluation yields a high processing gain
and thus a large signal-to-noise ratio (SNR) in the r-v-image limited
by the inherent OFDM system noise power. However, in presence of
high power interference, this performance severely degrades [6][7][8].
In this case, the incoming signal at the receiver is a superposition
ỹ(t)=y(t)+z(t) of the desired and the interference signal z(t) within
the same frequency band. The corresponding frequency domain frame
is

Ỹ = Y + Z ◦ D∗ , (1)

where D∗ is the element wise complex conjugate data matrix, Z

encompasses the additional noise and interference, and ◦ is the
Hadamard product. The corresponding r-v-image obtained by 2D-
(I)DFT then yields

Ĩ =W−1ỸW = I +Z , (2)

which is still a superposition of the desired image I and the
interference image Z where W and W−1 are the unitary DFT and
IDFT matrices, respectively. The challenge now is to separate the
image I from Z.

In [17] and [18], signal separation based on a variation of the
morphological component analysis and CS is used for FMCW and
CW interference of FMCW radars, respectively, using the SALSA
algorithm. It allows to separate signals that are sparse in two different
domains. Sparse means that only few coefficients have a high value
while all others are close to zero. However, the task for OFDM is
different due to the different signal properties. Moreover, the novel
approach should also be able to exploit both range and velocity
information, which requires an extension to a 2D approach. Therefore,
an adapted and enhanced signal separation approach called dual-2D-
CAMP is proposed.

A. Sparse Transformation Domains

First consider the r-v-domain (2). As each target reflection of the
OFDM signal yields a peak at the target position in the r-v-image,
the desired signal is approximately sparse in I. Since this property
is independent of waveform and modulation, it is common to all
imaging radars and is typicially exploited by CS radar approaches.
On the opposite, Z is not sparse since, for example, the range
evaluation (Z ◦D∗)W of the interfering term is a circular convolution
of the discrete time OFDM transmit signal and the (sampled) noise
signal z[l]. However, in general, these signals are independent and
decorrelated such that the interference and the noise power get spread
approximately equally along the range map which may increases the
noise floor. Eventually, the DFT for the velocity estimation preserves
this property which means that Z is not sparse in (2). Therefore, the
r-v-domain is defined as the sparse domain of the desired signal I.

An interfering signal with comparable high instantaneous power but
low instantaneous bandwidth, e.g., an FMCW interferer in an OFDM
signal, will be compressed into just a few subcarriers Nint�Nmax≤N
in frequency domain [8] which means that Z in (1) is (block) sparse.
Moreover, typically, the interfered samples also exhibit significantly
higher amplitudes due to the compression. Since in contrast Y is
dense in (1), the frequency domain is defined as the sparse domain
for Z .

B. Dual-2D-CAMP

For the separation algorithm, a 2D-CAMP is desired as the
basic algorithm. CAMP offers an iterative approximation of the
`0-minimization problem, works without matrix inversion, is self-
tunable, allows 2D extension, and shows fast convergence. In the
basic CAMP, in each iteration i, an estimate X [i] of the signal and
a residual R[i] are determined, where the latter is also the input to
the next iteration.

For the dual-2D extension, two signal estimates X [i]I and X [i]Z are
sought. Therefore, in the first step of each iteration, signal separation
is performed through two transformations to the sparse domains with
halved power using

SI = X [i−1]
I +

1
2
W−1R[i−1]W , (3)

SZ = X [i−1]
Z +

1
2
R[i−1] , (4)

where R[0]=Ỹ and X [0]Z =X
[0]
I =0. Since both R and XZ are frequency

domain signals, no transformation is required in (4). Next, in both
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Fig. 1. Excerpts of the frequency domain signal of an FMCW interfer-
ence in random OFDM with γ=1/4 (Wmax =256 MHz). The correspond-
ing interfering ramps are framed in red.

domains new estimates X [i]I ,Z are determined by soft-thresholding
according to

X [i]I ,Z = soft
(
SI ,Z , τI ,Z · σ̂I ,Z

)
(5)

with thresholds composed of the estimates of the magnitude of the
signal samples σ̂I ,Z multiplied by a scaling factor τI ,Z similar
to [19]. The scaling is independent of σ̂I ,Z but influences the
sensitivity of the threshold step. While a low sensitivity of τI=4.3
is selected for the OFDM signal to suppress false alarms, a high
sensitivity of τZ=τI/3≈1.4 is selected for the disturbance to ensure
complete detection of the interfering signal, accepting the selection
of interference-free elements in this case as well.

The decisive step of the algorithm is the determination of a
common new residual which will serve as the starting point of the
next iteration. For this purpose, the two separated signal estimates
must first be transformed back into the common signal domain, where
their superposition is used to determine the residual

R[i] = Ỹ−P ◦
(
WX [i]I W−1 + X [i]Z

)
+

���X [i]I
���
0

2Nmax
R[i−1] . (6)

P∈BM×N is the binary transmission pattern, with Pmn=1 indicating
whether the element was used for transmission, and |x |0 denotes the
`0-pseudo-norm, which is the number of nonzero elements of x. The
output of the algorithm is the desired recovered OFDM signal

Î = X [i]I +
1
2
W−1R[i]W (7)

and additionally, if desired, an estimate of the interference signal
given by

Ẑ = X [i]Z +
1
2
R[i] . (8)

C. Computational Complexity

Although dual-2D-CAMP can be considered as two intertwined
2D-CAMP algorithms, the complexity is the same. The reason is
that the additional signal estimation requires no extra transformation
and the threshold determination using a median calculation has only
complexity O(MN). Therefore, the complexity of dual-2D-CAMP

is determined by the complexity of the 2D-(I)DFT operation of
O(MN log N) which is identical to the complexity of 2D-CAMP.

IV. EVALUATION USING MEASUREMENTS

The proposed algorithm is validated using interference-free and
interfered random OFDM measurements. The radar setup from [15]
is used for measurements. The equivalent standard OFDM signal
consists of 2048 subcarriers with spacing 500 kHz yielding a total
bandwidth of 1.024 GHz. The complete OFDM frame consists of 3072
consecutive symbols with duration 2 µs per symbol. The equivalent
isotropically radiated power (EIRP) is 8.5 dBm. For the random signal,
the instantaneous bandwidth is reduced by a factor 4 (γ=1/4), which
equals 512 subcarriers and 256 MHz. The maximum number of
symbols per block is 4. The interfering state-of-the-art FMCW radar
operates at 76 GHz with a bandwidth of 2 GHz, an up-ramp time
of 89.92 µs, and a ramp repetition time of 119.92 µs. Its EIRP is
17 dBm.

In Fig. 1, an interfered frequency domain signal is shown. Although
interference is present within the equivalent signal frame, the received
signal is not necessarily interfered, as it would be the case for standard
OFDM. Additionally, the sparseness of Z in (1) is noticeable.

In Figs. 2(a) and (b), the r-v-profiles after conventional (random)
OFDM processing using 2D-CAMP for measurements with and
without interference are shown, respectively. In Fig. 2(c), the r-v-
image of the interfered measurement after dual-2D-CAMP processing
is presented. Additionally, the estimated SNR is given. The observed
scene consists of three corner reflectors at ranges of 4.25 m, 5.6 m
and 6.1 m with an interferer at 5.6 m. Comparing the conventionally
processed measurements, in case of interference, the SNR severely
decreases such that target detection is aggravated and the weakest
target at 5.6 m is barely visible any more. However, if dual-2D-CAMP
is used instead, approximately the same SNR as in the interference-
free case is achieved. All targets, even the weak one, become clearly
visible again. For better comparison, additionally, the range profiles
at v=0 m/s of the interference-free, interfered with 2D-CAMP, and
interference-robust dual-2D-CAMP processing is given in Fig. 2(d).

Moreover, in Table 1, the average achieved SNRs in the r-v-image
for several standard, stepped, and random OFDM measurements are
compared for different mitigation approaches i.e. zeroing, leveling,
and linear prediction. It shows that the proposed dual-2D-CAMP
approach achieves the best results.

It should be mentioned that dual-2D-CAMP can be applied to both
interfered and interference-free random, stepped, and standard OFDM
radar signals without further adjustments. Moreover, equivalent to
the findings of 2D-CS in [14], of course dual-2D-CAMP also works
without restrictions for non-stationary target scenes as the kind of
range and Doppler information in frequency domain is mathematically
the same. Soley their detection and recovery is applied to different
dimensions of the frequency domain matrix. As a consequence, the
joint r-v processing is independent of the distribution of the sparse
coefficients (targets) in the r-v-image.

V. CONCLUSION

An enhanced processing for OFDM radars is proposed that is robust
to interference signals that comprise a comparable low instantaneous
bandwidth and high narrowband power, e.g., FMCW signals. It is
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Fig. 2. In (a)-(c), the r-v-images and SNR of random OFDM measurement are shown. In (a) the signal is not interfered and processed using
2D-CAMP, in (b) the signal is interfered and also processed using 2D-CAMP without interference treatment, and in (c) the same interfered signal is
processed using dual-2D-CAMP. In (d) a comparison of the range profiles (v=0 m/s) of the three results is shown.

TABLE 1. Comparison of average achieved SNRs in the r-v-image of
different mitigation approaches ( ∗with 2D-CAMP).

Standard Stepped (γ = 1/4) Random (γ = 1/4)

Interference-free 43.9 dB 45.0 dB 55.1 dB ∗

In
te

rfe
re

d Zeroing 43.4 dB 43.7 dB 54.5 dB ∗

Leveling [8] 43.3 dB 43.6 dB 53.9 dB ∗

Linear Pred. [7] 43.3 dB 43.7 dB 54.0 dB ∗

dual-2D-CAMP 44.3 dB 56.5 dB 54.9 dB

shown that through signal separation via dual-2D-CAMP it is possible
to separate the interference from the desired OFDM signal during
signal evaluation. The approach is particularly suitable for random
OFDM but can also be applied for standard or stepped OFDM.
Based on random OFDM measurements at 76 GHz with a state-of-
the-art FMCW radar as interferer, the method is validated. With the
proposed approach, robust signal evaluation even in the presence
of interference is achieved without degradation of target detection
performance compared to an interference-free scenario.
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