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The invention of vehicles has shaped our modern society

and accelerated our economy while causing many tragic inci-

dents simultaneously. Some advanced driver-assistance sys-

tems (ADAS) based on surrounding environment sensors are

widely applied and installed in modern vehicles to avoid

possible casualty and property loss. Radar is one of the

most promising sensors for its robustness in adverse weather

and ability to work all day [1]. With the surge of automo-

tive radar implementation, it is necessary to consider the

co-existence of multiple automotive radars. The wide in-

stallment of automotive radars, especially the appliance of

frequency modulated continuous wave (FMCW) radar, the

original assigned frequency band, i.e., 76–79 GHz, is ex-

hausted and mutual interference (MI) among automotive

radars becomes a severe issue that undermines the perfor-

mance of automotive radars.

Many studies have been proposed to mitigate MI among

automotive radars. The methods can be categorized into

four groups, i.e., joint radar-communication methods, wave-

form design methods, machine learning methods, and signal

separation methods [2]. Among them, the signal separa-

tion method has the advantages of low cost, low time delay,

and high portability; thus, it is one of the most promising

methods and attacks much attention from both academic

and commercial communities. A signal processing method

usually follows the routine that transforms the signal un-

der a certain base and then separates the interference sig-

nals and useful echo signals, making searching for bases cru-

cial to the performance of interference mitigation [3]. How-

ever, previous signal processing techniques typically concen-

trate only on the received signals of a single chirp or one

channel, disregarding the correlation of the received signal

across channels. Therefore, in this study, we propose a novel

range-Doppler (RD) sparse regularization-based interference

mitigation, target detection, and 3-D parameters (range,

velocity, and direction) estimation method for automotive

radars. We first analyzed the low-rank characteristic of the

strong single mutual interference in the time domain, then

showed the feasibility of the principle component analysis

(PCA) method in simple interference contaminated circum-

stances. Herein, we considered the sparsity of targets in the

range-Doppler domain, proposed the optimization problem,

and designed an alternating direction method of multipliers

(ADMM) method to solve the problem. Numerical simula-

tions and real-scene experiments are implemented to prove

the feasibility and superiority of our method compared with

the other methods.

Signal model. The transmitted FMCW chirp can be pre-

sented as [4]

T (t) = Atx exp (j2π (fc + γt) t) , (1)

where Atx is the amplitude of the transmitted signal, fc is

the carrier frequency, γ is the chirp rate, and t is the full

time. For an FMCW radar system, the de-chirp processing

is commonly accomplished by mixing the received signals

with the conjugate of the transmitted one, i.e.,

T ∗
(

t, tf
)

= Atx exp (−j2π (fc + γt) t) . (2)

After the de-chirp processing, the chirps are flattened, which

significantly reduces the sampling rate requirement accord-

ing to the Nyquist sampling theorem. The resultant signal

of the de-chirp processing can be formulated as

X
(

tf , ts
)

= R
(

t, tf
)

× T ∗
(

t, tf
)

, (3)

where tf is the fast time. As for the mutual interference

transmitted by the aggressor radars and reaching the vic-

tim radar’s receiver antennas, the mutual interference after

dechirp processing can be expressed as

I
(

tf , ts
)

= T ′
(

t− τ ′, tf − τ ′
)

× T ∗
(

t, tf
)

. (4)

Herein, note that the interference directly arrives at the re-

ceivers of the victim radar, and then the time delay of in-

terference is a one-way delay.

Practical automotive radar systems often transmit a set

of chirps to estimate the Doppler parameters. We assume

that the number of chirps in one set is L, and the received

signals of an automotive radar system can be expressed as

Y = X + I +N , (5)
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Figure 1 (Color online) (a) Fast decay of singular values of mutual interference I matrix; (b) sparsity of useful echo signals X

matrix in the RD domain.

where Y , X, I, N ∈ CK×L, K presents the sampling points

of one single chirp. As shown in Figure 1(a), the sharp drop

of singular values of a measured automotive radar signal

polluted by MI reveals its low-rank property, which can be

implemented to mitigate interference [5].

After performing a 2-D fast Fourier transform (FFT) to

Y , the signal is transformed to the RD domain. Useful tar-

get echoes can be formulated as

XRD(fr , fd) = FFTts(FFTtf (X(tf , ts))), (6)

where ts is the slow time. In this case, targets, includ-

ing vehicles, pedestrians, and other scatterers, are focused

within limited range-and-Doppler cells, as illustrated in Fig-

ure 1(b). In this domain, targets can be considered as sparse

points.

Proposed range-Doppler sparse regularization method.

Based on the low-rank property of the mutual interference

and sparsity of targets in the RD domain, we propose an

optimization problem as

min
I,XRD

‖I‖∗ + λ‖XRD‖1

s.t. ‖Y − I − F−1 (XRD) ‖2F<δ, (7)

where ‖ · ‖1 denotes the ℓ1 norm, XRD denotes the use-

ful echo signals X in RD domain, and F(·) denotes the 2-D

FFT operation with its inverse operation being F−1(·). The

problem above can be solved by alternating optimizing each

variable with closed-form solutions using ADMM. The spe-

cific steps are shown in Appendix A. The algorithm of the

proposed method is listed in Algorithm 1.

Experiment results in this study are shown in Ap-

pendix B.

Conclusion. In this study, we conducted a rigorous anal-

ysis of the signal characteristics of both the received echoes

of targets and mutual interference. We then considered the

low-rank property of strong mutual interference in the time

domain, alongside the sparsity of targets within the RD do-

main. We then introduced a novel method predicated on

RD sparse regularization for interference mitigation, target

detection, and the estimation of three-dimensional parame-

ters (range, velocity, and direction) for automotive radars.

Detailed iteration deviation and experiment simulation can

be found in Appendix B.

Algorithm 1 Proposed method

Input: Y , λ, µ;

1: Initialize X
(0)
RD;

2: while not converged do

3: t← t + 1;

4: UΛV
H = Y − F−1(X

(t)
RD) +

Y
(t)
1

µ(t)
;

5: I
(t+1) = USVT 1

µ(t)

(

Y − F−1(X
(t)
RD) +

Y
(t)
1

µ(t)

)

V
H;

6: X
(t+1)
RD = ST

(

Y − I
(t+1) +

Y
(t)
1

µ(t)
, λ

µ(t)

)

;

7: X
(t+1) = F−1(X

(t+1)
RD );

8: Y
(t+1)
1 = Y

(t)
1 + µ(t)(Y − I

(t+1) −X
(t+1));

9: µ(t+1) = min(ηµ(t), µmax);

10: end while

11: Output: I, X.
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