
The study has been carried out with a twofold objective: to analyse at 1 GHz the Doppler spectrum of a walking person; to highlight what time-

frequency analysis between the short-time Fourier transform (STFT) [1], the reassignment spectrogram (RE-Spect) [2] and the Wigner-

Ville distribution (WVD) [3] allows the best characterization of the Doppler signature of a human physical activity.

The investigation at low frequency on the time variation of the Doppler spectrum of moving targets is of interest for emerging radar applications 

devoted to the detection of people in highly cluttered environment.
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Aim of the research activity 

Analytical Doppler frequencies of the human body elements

A human model has been 

modelled as having 11 body 

parts to reproduce faithfully the 

motions of a human walking 

cycle: head (H), neck (N), torso

(T), right arm (RUA) left arm

(LUA), right forearm (RLA), 

left forearm (LLA), right thigh

(RUL), left thigh (LUL), right

leg (RLL), left leg (LLL).

Analytical Doppler frequencies of a human body at 1 GHz.

The motions trajectories have been acquired by Microsoft Kinect V2 [4].

Setup

observation time 6 s

walking cycle 2 s

averaged speed 0,4 m/s

frames 241

sampling frequency 30 Hz

frequency 1 GHz

Analytical 

Doppler features

(1) 2,86 Hz

(2) 15,08 Hz

(3) 0,56 Hz

(4) 3,16 Hz

(5) 2 s

Five features have been chosen 

to characterize the Doppler 

shifts of the physical activity at 

1 GHz [5]:

• (1) The Torso Doppler 

frequency, related to the 

speed of the human subject.

• (2) The Total Doppler BW,

related to the speeds of the 

limbs motions.

• (3) The Offset which 

outlines the forward and 

backward motions of the 

limbs.

• (4) The Bandwidth (BW) 

without micro-Doppler.

• (5) The Period of the limbs 

motions.

The features (2), (3) and (4) are identified by

using the Doppler frequency envelopes HFE

and LFE. At each time bin, HFE is made up

by the highest frequencies and LFE by the

smallest ones.

Time-Frequency analysis of a walking man

Doppler spectrograms at 1 GHz of a walking man.

STFT RE-Spect WVD

STFT: Doppler features RE-Spect: Doppler features WVD: Doppler features

Simulation Setup

horn Antenna LB-770-10

gain 10 dB

power 0 dBm

frequency 1 GHz

bandwidth 0 Hz (CW)

polarization VV

azimuth angle 0°

elevation angle 0°

sampling frequency 0 Hz

CPI 3 ms

• The dielectric properties of the 

human model:

𝜺𝒓 = 50, 𝝈 = 1 S/m.

• The reflected EM field has been 

provided by a physical optics 

(PO)-based analytical model
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• Numerical tests have been carried out analysing at 1

GHz the Doppler spectrum of a walking man.

• Three joint time-frequency techniques have been

applied to the backscattered response of the moving

target provided by a PO-based analytical model.

• Five Doppler features have been extracted both to

characterize the frequency signature and to

discriminate the best time-frequency analysis

• The pseudo WVD proved to be the best time-

frequency function to detect and characterize the

physical activity of a real subject.

Conclusions

The Doppler features have been compared with the analytical ones presented above.
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Measurement Setup

frequency 1 GHz (CW)

antenna Yagi

polarization VV

power 0 dBm

sampling frequency 10 kHz

Geometry of the bistatic radar.

L = 16 m.

𝟐𝟐, 𝟕° ≤ 𝜷 ≤ 𝟕𝟕, 𝟒°

(5)

(1)

Torso Doppler Frequency.

(2)(3) (4)

High and Low Frequency Envelopes.

Experimental tests observing a 

subject walking within the forest

GOAL:

• Analysis at low frequency 

(UHF-band) of the impact of a 

highly cluttered environment 

on the Doppler spectrum of a 

moving target.

Doppler spectrum of a man walking within the forest, analysed at 1 GHz. Man walking within the forest.

Averaged speed = 1,08 m/s.

Measured and simulated Doppler features.

Measured speed retrieved by the torso Doppler frequency.

torso

legs

effect of 

obstructing trees

The human body parts are shadowed by the trees. Consequently, 

a fragmentation of the Doppler spectrum is highlighted.


