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Evaluation of Position Estimation of a Human Body around a Vehicle

by FDTD Propagation Analysis
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As a method of estimating position of a human body around a vehicle, a sensing technique using radio wave is considered. In
this paper, we assume radio wave is transmitted from a transmitting antenna on the side of a vehicle and the received signals including
the reflected waves from a human body are received by multiple receiving antennas mounted also on the side of the vehicle. Based on
the array of the received signals, the position of the human is estimated. We calculated the propagation characteristics of the received
signals by FDTD. We used the near-field Beamformer and the near-field MUSIC methods as the estimation methods. We showed as a
result of the analysis on the estimation that even when the number of the elements of the receiving array is small such as 3, the resolution
in the angular domain is high when MUSIC is applied. However, the range resolution is unacceptably low considering the practical
usage of the estimation method. We therefore consider a different arrangement of the array antennas to improve the estimation accuracy.

We show that the probability that the estimation error becomes 1 m or less can be improved from 50% to 90%.
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Fig. 1. Schematic diagram of channel coefficient

calculation of reflected wave from human.
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Fig. 2. Linear array and near-field wave source.
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Fig. 3. Evaluation environment.
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Table 1. Electric constants of vehicle
and human body model.
Material Relative Conductivity
permittivity [S/m]
Vehicle body )
Inner wall 2.25 2.26 x 104
Seat 1.00 1.00 x 107
Window 5.00 1.00 x 107
Human body 52.7 1.77
Table 2. FDTD calculation parameter.
Excitation frequency 2.5 GHz
Excitation polarization y direction
Cell size 0.012 m cubic
Position of transmit antenna (1.0,5.01, 0.8)
Number of receiving antennas N 3,11,27
Interval of receiving antennas 0.06 m
Center position of receiving antennas (1.0,4.5,0.8)
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Table 3. Range and angle of spectrum peak.

Range [m] | Angle [deg]
(aN=3 =10.0 40.9
BF b)N=11 1.95 41.4
(c)N=27 1.70 41.3
(a)N=3 =10.0 41.2
MUSIC (byN=11 1.95 42.0
(c)N=27 1.90 41.1
Table 4. Width of S in range and angle.
Range [m] | Angle [deg]
(ayN=3 =10.0 =554
BF (byN=11 =10.0 12.7
(c)N=27 2.20 7.80
(ayN=3 =10.0 5.20
MUSIC byN=11 =10.0 3.80
(c) N=27 0.950 2.60
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Table 5. Probability of position estimation error less

than 1 m.

Probability of position estimation

error less than 1 m [%]

N=3 N=11 N=27
BF 30 57 ]7 Modified system
A MUSIC 36 52 79 (b) Position estimation procedure
BF 40 88 100 Fig. 8. Position estimation method in modified system.
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