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Comparison of learning models for wideband interference mitigation in

automotive chirp sequence radar systems
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Abstract CS (Chirp Sequence) radar plays a crucial role in the safety
of autonomous driving. However, its widespread adoption increases the
probability of wideband inter-radar interference, leading to miss-detection
of targets. To address this problem, we utilize RNN (Recurrent Neural
Network) and self-attention models to mitigate wideband interference in
automotive radar systems and compare 12 different learning models in
terms of SNR (Signal-to-Noise Ratio) and processing time.
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1. Introduction

To address traffic accidents and congestions, the demand for
autonomous driving is increasing. To accurately perceive the
surrounding environment, autonomous vehicles convention-
ally are equipped with three types of sensors: cameras, Li-
DAR (Light Detection And Ranging), and millimeter-wave
radar. Among these, millimeter-wave CS (Chirp Sequence)
radar [1] is particularly advantageous due to its robustness
against nighttime and adverse weather conditions, as well as
its cost-effectiveness.

With the widespread use of radar, inter-radar interference
has become a significant issue. Inter radar interference [2]
can be categorized into two types: wideband interference,
which leads to missed detections due to increased noise
levels; and narrowband interference, which causes false de-
tections due to ghost targets. In this study, we focus on
wideband interference, which has a higher probability of
occurrence.

Various threshold-based interference mitigation algo-
rithms [3] have been proposed, however, they struggle to
adapt to the diverse scenarios of wideband interference, es-
pecially when the number of interfering radars is large, and
the interference duration is long. To this end, threshold-free
learning-based interference mitigation methods, which can
adapt to diverse environments and exhibit high performance,
have gained significant attention in recent years [4, 5]. In
this paper, we utilize RNN (Recurrent Neural Network) [6]
and self-attention models to mitigate wideband inter-radar
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interference and evaluate the performance and processing
time of 12 different learning models through simulations.

2. Interference in CS radar

2.1 Principle of CS radar

The block diagram of the CS radar is shown in Fig. 1. The
CS radar transmits a signal that is frequency-modulated in a
sawtooth pattern and receives the reflected signal from the
targets. The transmitted signal is given by Eq. (1).
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where fj is carrier frequency, Af is sweep bandwidth, and
AT is sweep period. The transmitted signal and the reflected
signal from the target are mixed at the mixer and passed
through a Low Pass Filter (LPF) to obtain the beat signal.
The beat signal could be represented by Eq. (2).
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where R is target’s relative range, v is target’s relative ve-
locity, and c is the speed of light. Subsequently, the beat
signal undergoes a range-FFT (Fast Fourier Transform) to
derive the target’s range information, and then a Doppler-
FFT to extract the target’s velocity information.

fB = , 2

2.2 Wideband interference

When radar signals from other vehicles are received, inter-
radar interference can occur. Figure 2 illustrates wideband
interference, which arises when the chirp rate of the inter-
ference signal differs from that of the victim radar’s signal.
When the beat signal of the interference radar falls below
the LPF bandwidth, a pulse-like signal appears in the time
domain. Whereas in the frequency domain, it leads to an
elevation in the noise level across the entire spectrum. This
heightened noise level can result in the failure to detect tar-
gets.

LPF: Low Pass Filter
ADC: Analog-Digital Converter

Tx: Transmitter
Rx: Receiver
PLL: Phase Locked Loop Oscillator FFT: Fast Fourier Transform

Fig.1 Block diagram of CS radar
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Fig.2 Wideband interference of CS radar

3. Interference mitigation method

In this work, we utilize RNN and self-attention models to
mitigate inter-radar interference. The input x; of the model
is the beat signal with interference, and the label j; is the
beat signal without interference. The loss function L is
defined as the (MSE) Mean Squared Error between label i;
and output y, as Eq. (3).
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where N is the number of samples.

Figure 3 illustrates the architecture of the RNN-based in-
terference mitigation methods. Specifically, RNN processes
the data sequentially thus considering the data’s order. On
the other hand, self-attention processes the entire input se-
quence simultaneously, accounting for the significance of
each sample. For the model without attention block, 3 lay-
ers of RNNs are stacked. When the attention block with
skip connections is employed, it is inserted between the
RNN layers, resulting in a total of 5 layers. The output
of the final RNN layer undergoes average pooling to gen-
erate the model’s output which has the same size of the
input. In this work, we employ 3 widely used RNN models,
i.e., VanillaRNN, GRU (Gated Recurrent Units), and LSTM
(Long-Short Term Memory), and their respective bidirec-
tional versions, i.e., BIRNN, BiGRU, and BiLSTM.

3.1 VanillaRNN
VanillaRNN is the most basic RNN model. The forward
propagation of VanillaRNN is given by following equation.

Yr = ht = tanh (Wx, + Uht—l + b), (4)

where x; represents input at time step ¢, y, represents output
at time step ¢, i, and h, represent hidden state at time step
t — 1 and t respectively, W, U and b represent weight matrix
and bias vector. By incorporating the hidden state /,_ in the
calculation of the output y,, the model conducts inference
that accounts for the time series nature of the data.

3.2 GRU
To regulate the hidden state /4, and the input x;, GRU
uses stochastic gates throughout its processing. The forward
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Fig.3 The architecture of RNN and self-attention based wideband inter-
ference mitigation methods

propagation of GRU is given by following equations.

rr =0 Wex; +Uphiy + by) %)

r = 0'(sz + Uth—l + bZ) (6)
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where r; and z; are reset gate and update gate respectively, hy
is the candidate activation, and the symbol © is Hadamard
product.

3.3 LSTM

LSTM employs three stochastic gates to capture long-range
dependencies in sequential data. The forward propagation
of LSTM is given by following equations.

fi =0 (Wrx; + Urhi—y + by) 9)
ir =0 (Wix; + Uihi—1 + b;) (10)
0 =0 Wox, + Uphs—1 + by) (11)
&, = tanh (Wox, + Uohy_y + be) (12)
¢ =fi0c-1+i: OC (13)

h; = y; = o; © tanh(c;) (14)

where f;, i;, o, are respectively known as forget gate, input
gate, and output gate, ¢; and ¢; respectively represent the
candidate cell state and update cell state.

3.4 Self-attention

To further capture the relationships between different sam-
ples of a sequence, we insert self-attention block into RNN
models. Figure 4 illustrates the architecture of self-attention
block. In the self-attention, the input x, which is the out-
put of the previous RNN layer, is first linearly transformed
to query Q, key K, and value V based on the following
equations.

Q =xWQ+bQ (15)
K =xWg + bk (16)
\ %4 =xWV+bV (17)

Subsequently, they are used in the calculation of Scaled Dot-
Product Attention. Specifically, the dot product of Q and K
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Fig. 6 Frequency spectrum of RNN models
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Fig.4 The architecture of self-attention block

is computed to determine the similarity between the query
and each key. This result is then scaled, by which an atten-
tion score is obtained. By applying the Softmax function to
the attention score, an attention weight is computed, trans-
forming the scores into a probability distribution. The at-
tention weight indicates the importance of information from
each time step for a given input at a particular time step.
The calculation of Scaled Dot-Product Attention is given by
Eq. (18).
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where dj is the dimension of Q and K. The output of
self-attention is obtained by concatenating the outputs of all
heads and passing them through a linear layer to transform
them into a matrix with the same shape as the input.

Attention (Q,K,V) = softmax ( ) |4 (18)
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Fig.5 A frequency spectrum example of test data

4. Simulations and evaluation results

We train the models using randomly generated simulation
data and evaluate their performance. Table I shows the radar
parameters in the simulations. The training dataset consists
of 50 scenarios, each comprising 75 chirps. Among them,
3375 instances are used for learning and 375 instances are
for validation. The Adam optimizer was adopted with a
learning rate of 0.001 and a batch size of 128 inputs. The
training process is ended after 100 epochs. All models are
trained using the Nvidia RTX A5500 Laptop GPU.

Firstly, Figs. 5, 6, and 7 depict frequency spectrum exam-
ples of test data (without and with interference), the miti-
gation results of RNN models, and the mitigation results of
Attention RNN models, respectively. From Fig. 6, we ob-
serve that bidirectional RNNs generally exhibit higher SNR
than un-directional RNNs, with LSTM and biLSTM out-
performing other models. From Fig. 8, it is evident that the
performance could be greatly enhanced by Attention LSTM,
Attention biGRU, and Attention biLSTM, but degraded in
the Attention RNN and Attention biRNN, by which the peaks
cannot be detected at all.
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Fig.7 Frequency spectrum of attention RNN of models

Table I Parameters of radar simulations

Table II Result of RNN models

Paramaters Range w/ int RNN GRU LSTM
Center frequency 76~78GHz SNR[dB] 16.25 20.5 211 21.7
Distance 1~130m time w/ CPU[ms] 20.9 222 205
Velocity —50kmv/h time w/ GPU[ms] 8.69 17.9 19.2
Chirp period 20~40ps w/o int biRNN biGRU biLSTM
Sweep bandwidth 100~200MHz SINR{dB] 23 23 | 807 | 238
IRA— . time w/ CPU[ms] 89.7 526 432
umoer o rgets
g time w/ GPU[ms] 17.4 323 31.1
Number of interferences 1~4
Table III  Result of attention RNN models
Subsequently, we evaluated the mitigation performance w/ Attention Block
of these:r Irlnodels in terms of average SNRdand [;)rocl;assmgl GRU biGRU | LSTM | biLSTM
time. e processing time was measured on both inte
SNR[dB 21.0 29.1 227 27.0
core-i9 12900H CPU and Nvidia RTX A5500 Laptop GPU. . L4B]
Tables 1T and IIT present the SNR and processing time re- time w/ CPU[ms] 339 647 284 332
sults averaged across 10 testing scenarios. Among the RNN time w/ GPU[ms] 23.9 50.1 22.0 42.9

models, bidirectional architectures typically offer an SNR
increase of approximately 2 dB, with biLSTM exhibits the
best performance. Incorporating the attention block, yields
a significant enhancement in SNR for both biGRU and biL-
STM models. Particularly, the attention biGRU achieves the
highest SNR performance at 29.1 dB, closely approaching
the SNR of clean data, which is 29.5 dB.

Finally, we examine the processing time on both CPU
and GPU. On the CPU, the processing time increases in
the order of VanillaRNN, LSTM, and GRU. Additionally,
bidirectional models generally have much longer processing
time than un-directional ones. For all models, the processing
time on GPU is significantly faster than on the CPU. No-
tably, the attention biGRU demonstrates the best SNR per-
formance, but also has the longest processing time among

all architectures.

5. Conclusion
In this work, we employ RNN and self-attention models for
wideband interference mitigation and evaluate the effective-

ness and processing time of 12 different models by extensive
simulations.
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