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1. Introduction

Recently, huge earthquakes, landslide and flood disasters have frequently happened all
around the world. In order to prevent victims increasing, it is one of the most important problems to
localize the 3D position of the survivor buried under the collapsed house, rubble and soil as soon as
possible. Many living-body detection systems have already been developed which are based on the
monostatic pulsed Doppler radar system [1]. Because the displacement of the breast motion is
about 1 cm by breathing, the frequency range around GHz is used. Thus, the measurement area is
limited. If we apply a bistatic MIMO radar technology to this system, we would quickly estimate
the 3D position in the wide area. However, to widen measurement area increases the signal
attenuation by propagating the medium. So, we develop a single frequency MIMO Doppler radar
system around 250 MHz. We discuss the localization algorithm based on beamformer algorithm by
using the complex amplitude at the Doppler frequency measured with MIMO radar and apply
MUSIC algorithm to improve the resolution [2][3].

2. Outline of MIMO radar system

Figure 1 shows the block diagram of developed single-frequency MIMO radar system.
This system can measure the matrix transfer function between 8 transmitting and 8 receiving
antennas from 200 to 350 MHz. The phase lock loop (PLL) circuit generates a single local
frequency (512 MHz) using a reference signal (19.2 MHz) led from TCXO. A directional coupler
distributes a transmitting signal into a local signal for receiver. The frequency of the transmitting
signal is divided by 256 MHz at a 1/2 pre-scaler circuit and amplified with a power amplifier up to
15 dBm. The SPST switch IC sequentially switches the transmitting signal for 8 antennas through
coaxial cables. The return loss and isolation of the switches is measured by 30 dB and 35 dB,
respectively. The power of the local signal is divided by resistor-based power divider and led to 8
1Q detectors as a local signal. We use a quadrature demodulator (AD8348) as a IQ detector. This
IC needs a local signal having twice the frequency of a RF signals because of generating a
quadrature signals internally. Each IQ detector detects a IQ signal of the transfer function obtained
in each receiver. The IQ signals are measured by 16 channel-16 bit A/D converter board having a
sampling frequency of up to 100 kHz / 1 channel. So, IQ signals of 8 receivers are obtained with
the sampling frequency of 6.25 kHz. The switching

frequency of transmitter is 78 1Hz, which is almost S; —=]
-~ 8T [=
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transfer functions. This system has a dynamic range  —¢i—amm _ (/iQD 21;33%) —@——é
i A/D Conv. :
of 100 dB for 0.3 Hz in the case of 90 seconds D Conv = [ —]

sampling. Fig. 1 Block diagram of radar system
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3. Imaging algorithm

3.1 Analysis model

Figure 2 shows a system model to be considered in this analysis. The small electric dipole
antennas are assumed as transmitters and receivers in this system and are arraigned at arbitrarily
position and orientation. A target is modelized as a sphere having much smaller radius than the
wavelength. The radius is time-dependently changed as a(f)=a, +Aa(r) . i and i, are a unit
vector oriented to incidence and polarization, respectively, in a spherical co-ordinate. Also, i_ is
defined as a unit vector perpendicular to i, and i,. Here, 6, is an angle between i, and scattered
orientation. Also ¢/, is defined as an angle between i, and the orientation to which the scattered
orientation is projected onto the plane including i,and i.. Generally, the scattered wave from the
target is expressed as S(6°,¢",a(?),pB,,r) . If Aa(r)is much smaller than the wavelength, the
following approximation holds:

S0 ,¢",a®), By,r) = S(0°,¢",ay, By, r) exp(jfAa(t)) (1
Eq. (1) means that the change of the directivity depends on only the phase change by the motion of
target radius. Moreover, if we consider that 6° and ¢" can be limited in the limited area, the
following second approximation holds:

S0, ¢, a4, By,r) = T(ay, By) exp(=jByr)/ r (2)
Eq. (2) means that the scattering signal is a function of the distance between receivers and scatterers.

On the other hand, €/, and @], is a transmitting and incidence angle of the antenna. The
scattered wave vector p, and ¢, obtained in each transmitting and receiving antenna are expressed
with a spherical mode vector whose elements have p, and ¢, .

o .
SO xpcipl) 4= ) 3)
Lix Lk

Here, the matrix transfer function between each transmitter and each receiver obtained from D
scatterers is expressed as follows:

X, ()= A q,T, p/ exp(jB,Aa(t)

Pix

k=1 4)
= AQ-T - P" exp(jB,Aa(t))
0=lg 4. - 4ol
P=[p, p, - Pyl S . v
I =diagIy, T, - T}) P Yo,

Where 4, D and T means multiplication of the
antenna effective length, number of the scatterers
and transpose of the matrix, respectively. Here, the received signals X (¢) is expressed as follows
by using the signal scattered from stationary targets X, and noise signal X, (¢):

Fig.2 Definition of the antenna array and target

X=X, +X,(0+Xy@) (6)
Here, we assume that X (#) periodically varies with the frequency of f, . The Fourier
transformation of each element of X(¢) can reject the signal from the stationary targets as follows:
Y(f,)=AQ-T-P'C(f,)+¥,(/,) 7

Where C(f,)is a Fourier coefficient of exp(jB,Aa(?)) at frequency f, , which is generally expressed
as a Bessel function. Therefore, ¥(f,) keeps the information of the position of the targets even if
the Fourier transformation is applied.

3.2 MIMO-Beamformer algorithm

To estimate the 3D position of the target, we use conventional space-steering algorithm.
Here, we define the receiving and transmitting steering vector v,(x,y,z) and v,(x,y,z) as a
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spherical mode vector whose elements have g, and p,, for the target position (x,y,z) ,respectively.
The beamformer algorithm is based on searching the maximum correlated position between the
received signal matrix and steering vector. Thus, the following evaluation function can be defined:
.12 2 2
Py =y ey )" YL, o2 |, 2| oy () ®)
Where H and * means complex conjugate transpose and complex conjugate.

3.3 MIMO-Music
The correlation matrix of the received signal R,, = E[Y(f,)Y(f,)"]is expressed as follows:
R, ~QUP'PT'Q" +ol 9)
The eigen-analysis of Eq.(9) can separate the signal eigenspace and the noise eigenspace by
comparing the eigenvalues to the noise variance. When the number of antennas is N, we can obtain
the N-D noise eigenvector e, (m=1,2,..N-D). Thus, the following MUSIC spectrum obtained from
receiving array is obtained:

2

v, (x,».2)|
- 2
Dot e, (x,3,2)
The transpose of ¥ means the receiving matrix when the transmitter and receiver are exchanged
each other. So, we can obtain the MUSIC spectrum P, (x,y,z) from the transmitter side by using

Y", then MUSIC spectrum P,, is expressed as follows
b.(x,y,2)F(x,y,2)

(10)

b.(x,y,2) =
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Fig. 4 Example of received signal for 82sec. sampling
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generated by the crystal oscillator. The S/N ratio is estimated to be about 10 dB for a single channel.
The red line shows the power spectrum after applying subtraction of the moving average for Ssec.

Figure 5 shows the estimation result of the position of the target. Fig.5 (a) and (b)
correspond to the beamformer and MUSIC result, respectively. The symbol +, X and 0 means the
position of the transmitter, receiver and target, respectively. The maximum value of P, appears at
the breast of the living body in Fig.5 (a). This means that the complex amplitude extracted at the
Doppler frequency has the information of the target position. But, it is found that the resolution in
the y direction is much lower than that in the x direction. Because the spherical mode vector
approaches the plane wave mode vector as the propagation distance from the array increases. On
the other hand, it is observed that the resolution of y direction is improved in Fig.5 (b) by MUSIC
algorithm. Figure 6 shows imaging results for both a human and a metallic hemisphere having the
diameter of 40 cm. The reflector can sinusoidally vibrate with the displacement of 7 mm by the
electromagnetic shaker. Even if the number of the target is increased, the peaks of the image appear
around the true target position.

5. Conclusion

In this paper, we presented a developed MIMO radar system to estimate the position of
living bodies. This system has a sufficient SNR to detect the target position in free space. We
showed the complex amplitude of the Doppler peak obtained in each channel has information of the
position of the target in the frequency range of 256 MHz. It is also shown that the MUSIC algorithm
is applicable to localization of the target with this system. It is a future work to analyze the optimal
antenna arrangement and to evaluate the resolution and accuracy in much more realistic situation.
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