
SCIENCE CHINA
Information Sciences

February 2019, Vol. 62 029304:1–029304:3

https://doi.org/10.1007/s11432-018-9491-y

c© Science China Press and Springer-Verlag GmbH Germany, part of Springer Nature 2018 info.scichina.com link.springer.com

. LETTER .

A multicomponent micro-Doppler signal

decomposition and parameter estimation method for

target recognition

Chen SONG1,2,3, Yirong WU1,2,3, Liangjiang ZHOU1,2,3*, Ruoming LI1,2,

Jiefang YANG1,2, Wei LIANG1,2 & Chibiao DING1,2,3

1National Key Laboratory of Microwave Imaging Technology, Beijing 100190, China;
2Institute of Electronics, Chinese Academy of Sciences, Beijing 100190, China;

3University of Chinese Academy of Sciences, Beijing 100049, China

Received 29 March 2018/Revised 7 May 2018/Accepted 13 June 2018/Published online 22 October 2018

Citation Song C, Wu Y R, Zhou L J, et al. A multicomponent micro-Doppler signal decomposition and

parameter estimation method for target recognition. Sci China Inf Sci, 2019, 62(2): 029304, https://doi.org/10.

1007/s11432-018-9491-y

Dear editor,
The micro-Doppler modulation caused by the ro-
tors on an unmanned aerial vehicle (UAV) can be
employed to recognize the UAV. However, several
rotors on a UAV, as well as multiple targets at
the same scene, lead to a multicomponent micro-
Doppler signal in the radar echo. Conventional
signal decomposition is an important method for
extraction of the features from micro-Doppler
signals [1], although it is incapable of separat-
ing characteristic curves that are overlapping [2]
in the time-frequency (TF) plane in the case of
multicomponent micro-motion, which can lead to
the poor precision of parameter estimation. Thus,
an effective approach to multicomponent micro-
Doppler signal decomposition and parameter esti-
mation needs to be developed. The TF transform-
assisted image pattern recognition, which is a non-
parametric TF transform, has been proposed to
estimate the parameters of targets with micro-
motion [3]. However, in cases where the motion of
the UAV does not match the non-stationary signal
model, the TF transform causes poor energy con-
centration and cross-term interference problems,
resulting in inaccurate parameter estimation. Pro-

viding that the chirplet transform is applied, the
parametric TF transform [4, 5] can effectively im-
prove the energy concentration in TF represen-
tation for a linear frequency modulation (LFM)
signal. However, because of the mismatch of the
kernel function, the micro-Doppler signal of the
UAV, especially the multicomponent signal, is a
sine FM instead of an LFM, so the concentration
of each component cannot be optimized simultane-
ously. In addition, because of the mutual occlusion
between rotors in real situations, the parametric
TF transform leads to fracture and discontinuity
phenomena in the TF curve. Here, we focus on
signal decomposition and high-precision parame-
ter estimation of the micro-motion target under
multicomponent and occlusion effects. A multi-
component kernel function estimation method for
a parametric TF transform is proposed, in which
the Hough transform is combined with Fourier se-
ries expansion. The effectiveness is verified by the-
oretical analysis and simulations. For the moving
rotor, the instantaneous frequency is in the form of
a sine curve [6], supposing that the TF curves for

each component with micro-motion are f̂m-D(t),
which can be expanded using a Fourier series as
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follows:

f̂m-D(t)

=
A0

2
+A1 cos(ω̂1t+ θ1) +A2 cos(ω̂2t+ θ2)

+A3 cos(ω̂3t+ θ3) + · · ·+Ai cos(ω̂it+ θi)

=
A0

2
+

∞
∑

i=1

cos(iω̂it+ θi), i = 1, 2, 3, . . . , (1)

where A0

2 corresponds to its bulk translation, sup-
posing A0 = 0. The rest of (1) can be expressed
as different orders of the harmonic components
weighted by corresponding initial amplitudes and
phases; then, f̂m-D(t) can be simplified as follows:

f̂m-D(t) =

∞
∑

i=1

ai cos(iω̂ix) +

∞
∑

i=1

bi sin(iω̂ix), (2)

where ai = Ai cos(θi), bi = −Ai sin(θi). The ker-
nel function that approximates the real TF char-
acteristics is obtained by Fourier series recursion

φR
S,i(a, b, ω̂; τ) = exp

{

−j
1

2π

[

Ω
∑

i=1

ω̂iai cos(ω̂iτ)

+
Ω
∑

i=1

ω̂ibi sin(ω̂iτ)

]}

, (3)

φT
S,i(a, b, ω̂; τ, t) = exp

{

−j2πτ

[

Ω
∑

i=1

ai sin(ω̂it)

+

Ω
∑

i=1

bi cos(ω̂it)

]}

, (4)

where Ω is a harmonic number, a = {a1, a2, . . . ,
aΩ}, b = {b1, b2, . . . , bΩ} and ω̂ = {ω̂1, ω̂2, . . . , ω̂Ω}
are respectively the sine coefficient, cosine coeffi-
cient, and harmonic angle frequency; and φR

S,i(a,

b, ω̂; τ) and φT
S,i(a, b, ω̂; τ, t) are the operators of

frequency rotation and frequency translation. In
the iterations, the TF plane using parametric TF
analysis of the micro-Doppler signal [5] is denoted
as follows:

PTF(t, ω; a, b, ω̂)

=

∫ ∞

−∞

f̂m-D(τ)φR
S,i(a, b, ω̂; τ)φ

T
S,i(a, b, ω̂; τ, t)

· g∗σ(τ − t)exp(−jωτ)dτ. (5)

For each component of the micro-Doppler sig-
nal, the TF ridge can be identified by the peak-
time detection of the instantaneous frequency
along the time axis at the end of each iteration.
The approximate TF characteristic of the compo-
nent can be expressed with the TF ridge by

f̂m-D,i(t) = argmax
ω

{|PTF(t, ω;Pi)|}, (6)

Λi =

∫

|f̂m-D,i(t)− f̂m-D,i−1(t)|dt
∫

|f̂m-D,i(t)|dt
< ξ, (7)

where f̂m-D,i(t) is the approximate TF character-
istic peak ridge obtained by the i-th iteration, and
the initial value f̂m-D,0(t) is zero. For param-
eter estimation of targets with multicomponent
micro-motion, which is equivalent to the overlap-
ping of multiple sinusoids in TF representation,
the micro-Doppler signal has a serious overlapping
phenomenon due to multiple occlusion phenomena
between the rotors. Because the parameterized
TF analysis in the initialization degenerates into
short-time Fourier transform (STFT), the TF rep-
resentation is less concentrated, and it is possible
for the peak value of the frequency at any given
time to have more than one peak at that moment.
The proposed kernel function approximation is im-
plemented to perform circular approximation for
the TF characteristics of the signal. The Fourier
series expansion of the kernel function f̂m-D,i(t) is
used to calculate parameter Pi = {ai, bi, ωi} for
the (i + 1)-th iteration; then, the kernel function
Pi+1 = Pi is updated to perform the (i+1)-th pa-
rameterized TF analysis. The iterative termina-
tion criterion is characterized by the relative error
Λi of the TF characteristic obtained by the i-th it-
eration estimation and the (i−1)-th iteration esti-
mation. Combined with the Hough transform, the
separation and parameter estimation algorithm for
a multicomponent micro-Doppler signal is shown
in Algorithm 1.

Algorithm 1 Multicomponent kernel function estimation
method

Initialization:

Input: ξ, i = 0, Pρ,0 = {aρ,0, bρ,0, ωρ,0} = 0, Γ(rh, ωh, θh)
= 0(rh ∈ [rhmin, rhmax], ωh ∈ [ωhmin, ωhmax], θh ∈
[θhmin, θhmax]).

Output: Kernel function parameters Pρ,i and the micro-
Doppler signal frequency curve.
For i-th Step:

1: Get PTF(t, ω;Pρ,0) by parameterized TF analysis;
2: Do the Hough transform on the TF domain in step 1,

and find the local maximum value point in Γ(rh, ωh, θh)
as Γ(rhρ, ωhρ, θhρ), the number of local maxima is M ;

3: ρ = ρ + 1, i = 1, Pρ,i = [aρ,i, bρ,i, ωρ,i] = [rhρ sin θhρ,

−rhρ cos θhρ, ωhρ];

4: Get the peak ridge f̂m-D,ρ,i(t), and calculate φR
S,ρ,i

(a,

b, ω̂; τ) and φT
S,ρ,i

(a, b, ω̂; τ, t);

5: Calculate Pρ,i, get PTF(t, ω;Pρ,i) by parameterized TF
analysis;

6: Calculate Λρ,i using (7);
7: If Λρ,i > ξ, then i = i + 1, Pρ,i+1 = Pρ,i, and go to

step 4; else, and if ρ 6 M, go to step 3.
END

The TF resolution is used to evaluate the ac-
curacy of the method. It is determined by two
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Figure 1 (Color online) Results of (a) STFT, (b) component 1, (c) component 2, (d) component 3.

parts. One is the bandwidth of the signal in
the [t − σ

2 , t +
σ
2 ] after the frequency rresolution

as well as spectral concentrationotation opera-
tor during the TF processing (σ is the width of
the Gaussian window), referred to as ∆PTF(t, σ).
The other is the Gaussian window bandwidth ( 1

σ
)

of the time domain. The frequency resolution
of the micro-Doppler signal in the TF plane is
∆PTF(t, σ) + 1

σ
. With an increase in the num-

ber of iterations, once the estimated kernel func-
tion matches the real value of the instantaneous
frequency, ∆PTF(t, σ) = 0, and the minimum fre-
quency resolution is achieved at 1

σ
. Using the pro-

posed method, the time resolution, frequency res-
olution, TF center can be adjusted to the point
that best matches the real signal.

Simulation validation. The simulation study is
performed to verify the proposed method. The va-
lidity of parameter estimation and signal decompo-
sition for a multicomponent micro-Doppler signal
caused by several rotors on a UAV, which leads to
fracture and discontinuity phenomena in the TF
curve because of the barrier effect between rotors,
is investigated. To verify the robustness of the
algorithm, the parameter estimation problem of
a three-rotor UAV in a low-SNR environment is
analyzed. The bandwidth of the radar system is
1.2 GHz, center frequency is 34.6 GHz and PRF
is 125 kHz. Assuming that there are three-rotor
UAV targets 2 km away from the radar, the ro-
tor length is 0.3 m, the rotation frequency frot =
60 Hz, the initial rotation angles of the three rotors
are 0◦, 120◦, and 240◦, respectively, SNR = 0 dB,
and fD- max = 26.106 kHz. The simulation is car-
ried out using 10 Monte Carlo experiments.

Figure 1(a) shows the STFT results; because of
the mutual occlusion between rotors, the disconti-
nuity of the micro-Doppler curve can be observed,
and it is impossible to extract the micro-Doppler
curves of the three rotors by STFT. The concen-
tration of the TF plane is poor, and the parameter
estimation is not accurate. Figures 1(b)–(d) show
that the results of the proposed method, which

can effectively separate the micro-Doppler curves
of the three rotors in the case of low SNR and mu-
tual occlusion, have a high TF resolution as well
as spectral concentration.

Conclusion. An algorithm for multicomponent
micro-Doppler signal decomposition and param-
eter estimation is proposed, and it has practical
value for UAV recognition. First, a radar echo
model for a UAV with micro-Doppler modula-
tion is established. Then, a signal decomposi-
tion method utilizing the Hough transform and
a parameter estimation method that is based on
a matching kernel function are respectively de-
veloped. When the appropriate parameters are
chosen to match the TF characteristics of a cer-
tain component, the energy concentration of the
TF representation is significantly improved and
the energy distribution of the other components
is more dispersed. Finally, the simulation results
show that the multicomponent micro-Doppler sig-
nal can be effectively decomposed by the proposed
method, obtaining the target parameters accu-
rately.
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