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Abstract—This study demonstrates the feasibility of human
body imaging using an array radar system for monitoring vital
signs. In this study, a depth camera is used to obtain a numerical
three-dimensional model of a human body, which is used for
electromagnetic scattering simulation. We apply physical optics
approximation for numerical analysis, and the simulated radar
echoes are processed to find the position of the scattering centers
on the human body.

I. INTRODUCTION

Measurement of vital signs in non-medical settings is cur-
rently attracting substantial attention, as exemplified by the
rise of smartwatches, such as the Apple Watch (Apple Inc.
Cupertino, CA, USA). Radar-based remote measurement of
vital signs is emerging as a new technology, and is expected to
play an important role in various applications such as health-
care and nursing [1]. Using microwave or mm-wave, mea-
surements can be performed non-invasively without electrodes
or wearable devices attached to the skin [2], [3]. Thus, the
target individual might not be even aware of the measurement
itself. Monitoring heart rate is important, particularly during
sleep, because many cardiovascular symptoms are caused by
increased heart rate during rapid eye moving (REM) sleep.
Previous studies report that the accuracy of heart rate mea-
surement during sleep is strongly affected by the orientation
and posture of the target person. Nonetheless, the factors
determining the accuracy of remote measurement of heart
rate remain unclear. In this paper, we describe a feasibility
study using array-radar imaging of a sleeping human body
for finding the reflection points, which is crucial for realizing
accurate measurement of vital signs. In this study, a depth
camera is used to obtain a three-dimensional human body
shape, which is used for numerical electromagnetic scattering
analysis.

II. MEASUREMENT OF HUMAN BODY SHAPE USING

DEPTH CAMERA

A depth camera (Kinect version 2; Microsoft Corporation,
Redmond, WA, USA) is used for recording a participant while
lying down 1.5 m from the camera. The depth image size is
512×424 pixels, the frame rate is 30 fps, accuracy is ± 3 mm,
and the horizontal and vertical field of vision are ±35◦ and
±30◦, respectively. Figure 1 shows a depth image recorded
using the depth camera. From the recorded depth image, we
calculate the normal vector n. The angle ψ between the normal

vector n and the line-of-sight direction r is calculated, and
its cosine | cosψ| is shown in Fig. 2. The geometrical optics
approximation detects pixels with a value of one in Fig. 2 to
locate the reflection points. This method instead adopts the
physical optics for estimating more accurate scattering echoes
as introduced by Muragaki et al. [4], which will be described
in the folloiwng section.

III. ELECTROMAGNETIC SCATTERING ANALYSIS USING

PHYSICAL OPTICS APPROXIMATION

We assume a non-modulated radar system with an oper-
ating frequency of 60.0 GHz. The transmitting and receiv-
ing antennas are closely located, forming a quasi-monostatic
configuration. The transmitting antenna is modeled as a short
dipole antenna in the z-direction located at the origin rT = 0.
The azimuth component Hφ of the radiated magnetic field at
position r is

Hφ(r) =
Il

4π

(
j
k

r
+

1
r2

)
sin θe−jkr, (1)

where r = |r|, θ is an elevation angle, I and l are the current
and length of the antenna, respectively, and k = 2π/λ is
the wavenumber corresponding to wavelength λ. The other
components of the magnetic field are zero: Hr = Hθ = 0.

We model the material of the human body surface as a
perfect electric conductor (PEC) for simplicity, which provides
a good approximation at a higher frequency. In physical
optics, the induced current density on the PEC surface is
approximated as i = 2n × H , where n is the normal vector,
and H is the magnetic field radiated from the short dipole
antenna.

The receiving antenna is also vertically polarized and lo-
cated at rR. We calculate Erec

z (rR), which is the z-component
of the electric field at rR, radiated from the induced current.
The total electric field at the receiving antenna position is
obtained by integrating Êz(rR, r), which is the z-component
of the scattered electric field due to the current at r, as

Erec
z (rR) =

∫∫
S0

Êz(rR, r)dS, (2)

where S0 is the entire body surface measured using the depth
camera, and dS is a small area at r.

To locate the position of the surface current contributing the
received signal, we use a visualization technique proposed by
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Fig. 1. Depth image recorded using the depth camera (in meters).
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Fig. 2. Cosine of the angle between the normal vector and line-of-sight
direction.

Shijo et al. [5] using an eye function defined as

w(r0, r) =
{

1
2 (cos(π|r − r0|/a0) + 1) (|r − r0| ≤ a0)
0 (|r − r0| > a0),

(3)

where a0 is the size of the eye function, and is set as a0 = 9
mm in this study. Let Êz(rR, r0) denote the z-component of
the scattered electric field radiated from the current at r0 and
measured at rR. The contribution of a local surface current
Ez(rR, r0) is calculated as

Ez(rR, r0) =
∫∫

S0

w(r0, r)Êz(rR, r)dS. (4)

Figure 3 shows the |Êz(rR, r0)|2 as a function of r0 for a
receiving antenna located at the origin rR = 0. In this case,
we see strong reflections from the left side of the torso, as
well as the right thigh of the target person.

IV. ADAPTIVE ARRAY IMAGING

We simulate multi-channel array radar signals using Eq. (2)
assuming four transmitters and four receivers, which form
a multiple-input multiple-output (MIMO) radar system with
(4× 4 = 16) channels. We apply an adaptive array processing
technique to the radar echoes and generate an image of the
target person. Figure 4 shows an image generated using the
Capon method, which is a high-resolution adaptive array
imaging algorithm. From Figs. 3 and 4, we see that the
dominant components of the reflections are correctly imaged
using the Capon method. The use of such images is expected
to enable identification of the body part associated with the
vital signs to be measured.

V. CONCLUSION

In this paper, we demonstrated the feasibility of imaging a
human body using a MIMO radar, assuming the application of
vital sign measurement of a sleeping person. To demonstrate
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Fig. 3. Surface current contributing to the received radar echo calculated
using the physical optics approximation (in decibels).
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Fig. 4. Image generated using the Capon method from sixteen-channel radar
echoes (in decibels).

the feasibility of adaptive array imaging, we calculated the
radar echoes using an electromagnetic scattering simulation
with physical optics approximation. Our simulation method
generates realistic radar echoes. In addition, using the visual-
ization technique of electromagnetic scattering, we identified
the body parts providing the dominant contribution to the
received radar echo. High-resolution imaging using the Capon
method was applied to the radar echo and an image similar
to the effective surface current distribution was successfully
obtained.
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