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Abstract— Joint time-frequency representations of the radar
return from human motions show interesting microDoppler
features due to the movements of the human limbs. We examine
the microDoppler signatures of some anomalies in the human
gait patterns, such as walking while holding an object. This is
carried out by comparing the anomalous gait signatures with
that from normal gait. Both simulated and measured
microDoppler data are presented.
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I. INTRODUCTION

There has been a great deal of interest recently in
developing Doppler radars for detecting, tracking and
monitoring human activities in non-line-of-sight environments
for security and surveillance applications [1]-[6]. Moving
humans are easily detectable by Doppler radar since stationary
background clutters commonly encountered in urban settings
can be largely suppressed. Microwave frequencies below
5GHz are capable of penetrating through most wall materials
[7]. Most importantly, a human is a non-rigid body, and the
swinging movements of the human arms and legs give rise to
interesting “microDoppler” features [8], [9]. When the
Doppler returns are viewed in the joint time-frequency space,
the time-varying microDoppler features from different moving
parts of the human can provide revealing information about
the types of human motion. MicroDoppler signatures have
been exploited for identification and classification of different
human motions [2],[3],[10]. Recent simulation and
measurement studies have also suggested that even complex
inhomogeneous walls do not significantly distort the
microDoppler returns of a moving object behind a wall,
making them rather robust features [11]. In this work, we
examine human microDoppler signatures due to anomalies in
human gait patterns, such as walking while holding an object.
MicroDoppler data are generated from both electromagnetic
simulation and laboratory measurement.

II. SIMULATED SPECTROGRAMS OF REGULAR AND
ANOMALOUS HUMAN GAIT PATTERNS

In [12], we proposed a method for simulating the Doppler
spectrograms of different human motions described by
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computer animation data. The scattered returns from a human
are simulated using the primitive based prediction technique
proposed in [13]. Different parts of the human body are
modeled as simple primitive shapes such as spheres and
ellipsoids, whose radar cross sections (RCS) are well
characterized [14]. The dielectric property of human flesh [15]
is also incorporated in the computation of the RCS. The
human Doppler returns are generated from the complex sum
of the returns of all the body parts. It is noted that this
approach ignores the possible mutual shadowing of the body
parts, as well as any higher-order interactions among the body
parts.

We first simulate the Doppler spectrogram of a normal
human gait pattern. The animation data is obtained from
ACCAD Motion Capture Lab from Ohio State University.
The human walks from (-7,1,7)m to (-3,1,3)m over a duration
of 3s and the radar is assumed to be located at (0,1,0)m. The
Doppler returns are simulated for a carrier frequency of
12GHz. The time-varying Doppler returns are processed with
the short-time Fourier transform (STFT) with a dwell time of
0.1s and the resulting spectrogram, £,z (t.f), is shown in Fig.
la. Here, strong returns at 120Hz arise from the motion of the
torso of the human. The periodic features arise from the
movements of the arms and legs of the human. The motion of
the legs gives rise to the highest Dopplers. This is followed by
the motion of the arms. Fig. 1b, shows the Doppler
spectrogram, Xomatousi(tf), of a human walking without
swinging his arms. All the microDoppler features observed in
Fig. la are again observed in this figure except for the
microDoppler from the arms. Fig. 1c, shows the Doppler
spectrogram, Xgomaious2(tf), of @ man carrying a 1.1m long
stick in his left hand (Fig. 1d). The stick is modeled as a metal
cylinder, whose RCS is again well characterized [16].

A simple way to deduce the presence of anomalies in the
human gait is to compare the spectrograms of the anomalous
human gaits Xy uomaouss2(tf) With the regular human gait,
Xrequiar(t.f), spectrogram. This is carried out by generating two
types of difference maps: (1): Xyequiar(tf) = Xanomatousi(tf) and
2): Xpnomatous2(tf) = Zrequia(t.f). The first map is generated by
subtracting the spectrogram in Fig. 1b from Fig. la in the
decibel scale. The resulting spectrogram in Fig. le indicates
that the microDoppler features corresponding to the
movements of the arms are absent in X,.,ai0us1(2,f)- The second
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map, Fig. 1f, is generated by subtracting the spectrogram in
Fig. la from Fig. lc. It shows the additional microDoppler
feature present in X, maius2(2,f), Which arises from the motion
of the metal stick. Thus microDoppler features arising from
anomalies in the human gait are identified in the Doppler
spectrograms. In the next section, we verify this concept using
measurement data.

III. MEASURED SPECTROGRAMS OF REGULAR AND
ANOMALOUS HUMAN GAIT PATTERNS

Measurement data are collected for three different cases
using a 2.4GHz Doppler radar testbed in our laboratory [2]. In
the first case, the human subject undergoes a regular walking
motion for a 6s duration. The subject first walks towards the
radar for the first 3s and then turns around and walks away
from the radar. The spectrogram, X ¢..,(,f), shown in Fig. 2a.,
is generated by applying the STFT on the time-domain
measurement data using a time window of 0.25s. The
spectrogram resembles the spectrogram of a normal human
gait generated earlier from simulated data in Fig. la. The
Doppler resolution is much poorer because of the lower
carrier frequency at 2.4GHz when compared to the simulated
results at 12GHz. However, the microDopplers arising from
the movements of the arms and legs are clearly visible. In the
second case, the human subject repeats the same movement
while carrying a heavy metal box in his left hand. This results
in the left arm and leg not swinging as freely as the right arm
and leg. This situation is reflected in the Doppler spectrogram,
X nomatousi(t,f), shown in Fig. 2b. Next, the human subject
repeats the walking motion while carrying a long metallic pole
in his left hand. The motion of the human subject carrying this
long pole differs significantly from the computer animated
motion of the human carrying a metal stick in the previous
section. Here, the pole is used like a walking stick. The
resulting spectrogram, X ,omaious2(%,f), is shown in Fig. 2c.

A difference map is generated from X, (tf) -
X pnomatousi(t,f) and shown in Fig. 2d. The figure focuses on the
first 3s of data where the spectrograms in Figs. 1a and b are
well aligned along the time axis. Here, we observe some
microDoppler features at time instants (0.2 — 0.6)s, (1.2 —
1.7)s and (2.4 — 2.7)s corresponding to the movements of the
left arm and leg. The figure clearly indicates the missing
microDoppler features from the limited motion of the left
limbs in the second measurement case. Next, Fig. 2e is
generated from  Xymaious2(tf) Krequi(t.f). Here, the
microDoppler feature from the pole is clearly observed at time
instants (0.2 — 0.5)s, (1.4 — 1.5)s and (2.7 — 3)s. The results
from Figs. 2d and 2e are qualitatively similar to the findings
from the simulation data. Additionally, we generate a
difference map from Xouu(tf) - Xanomatous2(t.f). The non-
negligible energy observed in Fig. 2f indicates that there are
also some missing features in the walking-with-pole data from
the normal gait data. This could be due to the shadowing of
human body parts by the metal pole. This phenomenon was
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not observed in the simulation data since the simulation
ignored mutual shadowing between body parts.

IV. CONCLUSION

The spectrograms generated from simulation and
measurement data indicate that some anomalies in the human
gait can be discerned from the Doppler spectrograms of
human gait. Features extracted from the data may be useful
for identifying various anomalies which would be useful in
situations involving through-wall surveillance.
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Fig. 1. (a) Simulated spectrogram of regular human gait at 12GHz (high resolution data), ... (%.f)-
(b) Simulated spectrogram of human walking without swinging the arms, Yuumauousi(t,f)-
(c) Simulated spectrogram of human walking while carrying a 1.1m metal stick in the left arm, Yuomaos2(2,f)-
(d) Computer animation data of the human carrying the stick used to simulate Fig. 1(c).
(©) Yregutar (1) = Yanomaonsi(,f) shows the missing microDoppler features in Fig. 1(b) due to human arm motions.
) Yanomatons2(4,f) = Yrewuiar (1,f) Shows the additional microDoppler feature in Fig. 1(c) due to the metal stick.
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Fig. 2. (a) Measured spectrogram of regular human gait at 2.4GHz (low resolution data), ¥,.cu.(%.f)-

(b) Measured spectrogram of human walking while carrying a heavy tool box in the left hand, Yuwmaousi(t,f)-

(c) Measured spectrogram of human walking with a long metal pole in the left hand, yuomaow2(2,f)-

(d) Yreguiar (1) = Kanomaions1 (1,f) shows the missing microDoppler features in Fig. 2(b) due to motions of the left arm and leg.

(€) Yanomatous2(1,f) = Xreguiar (1.f) sShows the additional microDoppler feature in Fig. 2(c) from the metal pole.

(£) tregutar (1) = Yanomaious2(t,f) sShows the missing microDoppler features in Fig. 2(c) due possibly to shadowing by the metal pole.
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