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Abstract – For the short-range MIMO sensor to detect the 

obstacle intrusion, this paper proposes the new method (ESF-
MIMO) which improves the conventional method (SF-MIMO). 
The computer simulation shows that ESF-MIMO can provide 
improved detection performance over the SF-MIMO. 

Index Terms — MIMO Sensor, Short Range, Obstacle 
Detection, Signal Subspace. 

I. INTRODUCTION 

In wireless high-power charging systems such as electric 
vehicles, we may have a problem of a fire from the obstacle 
which gets into the charging system. Therefore, sensing of 
the obstacle intrusion is essential for the practical application 
of wireless charging of electric vehicles. MIMO (Multiple-
Input Multiple-Output) is often used for sensing of the 
obstacle intrusion [1]. In this paper, we apply the short-range 
(near-field) MIMO sensor to detect the obstacle intrusion in a 
limited space such as the wireless charging system [2],[3]. So 
far, we have compared two detecting methods which use the 
MIMO channel matrix and the SIMO (Single-Input Multiple-
Output) signal-subspace eigenvectors, respectively [1],[3].  
By using the latter method, we can configure a simpler 
system. However, this method is degraded in detection 
performance compared with the method using the MIMO 
channel matrix [3]. Consequently, we try to improve the 
method using the SIMO signal subspace. 

II. MIMO SENSOR ARRANGEMENT 

MIMO is a radio system that uses multiple antennas both 
for transmitting and receiving signals. When the number of 
transmitting antennas is  and the number of receiving 
antennas is , array received signal  obtained from the 

-th transmitting antenna at time instant of  is expressed as 
follows: 

 (1) 

Here,  is the transmitted signal from the -th 
transmitting antenna,  is the propagation channel vector 
for the signal  , and   is the internal noise vector. 

III. DETECTION METHOD USING MIMO CHANNEL MATRIX  

We express channel matrices  for the 
environments with no obstacle (denoted by “NO”) and with 
an obstacle (denoted by “OB”) at time instant of  as follows:  

NO NO, , , NO,  (2) 

OB OB, , , OB,  (3) 
where NO,  and  OB,  are channel vectors from the -
th transmitting antenna. 

The obstacle detection is carried out by using the following 
equation. 

D NO OB  (4) 
Equation (4) uses as the intrusion evaluation the Frobenius 
norm of the difference of two channel matrices, which is 
referred to as CF-MIMO [3]. 

IV. DETECTION METHOD USING SIGNAL SUBSPACE AND 
IMPROVED METHOD 

This method uses the first eigenvector corresponding to the 
maximum eigenvalue of the correlation matrix of SIMO-
based array received data. The correlation matrix  of the 
array received data  obtained from the -th 
transmitting antenna is expressed as follows: 

 (5) 

Here,  is the eigenvector,  is the eigenvalue 
corresponding to . Then, in the same manner as (2) and 
(3), it is possible to construct the matrices by using first 
eigenvectors with no obstacle and with an obstacle at time 
instant of  as follows: 

NO NO, , , NO,  (6) 

OB OB, , , OB,  (7) 

where  is the phase adjustment factor. The obstacle 
detection is evaluated by using  in place of  in (4). This 
method is referred to as SF-MIMO [3].  

In the improved method, we use the maximum eigenvalue 
 for weighting of eigenvectors as shown in the following 

equations.  

NO NO, NO, , , NO, NO,  (8) 

OB OB, OB, , , OB, OB,  (9) 

Because the eigenvalues represent capacities of the individual 
eigenvector channels, it can be expected to improve the 
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detection performance by increasing the detection sensitivity. 
The obstacle detection is evaluated by using  in place of  
in (4), which is referred to as ESF-MIMO in this paper. 

V. COMPUTER SIMULATION  

Figs. 1 and 2 show the antenna arrangement for MIMO 
sensor for two cases with different Tx element spacing of  λ/2 and 5λ/2 (λ: wavelength). Table I shows the simulation 
conditions. Since the electromagnetic field is dominated by 
the near field, we use the MoM (Method of Moments) for 
calculating the propagation channel vector . As for the 
detection rate, it is judged to be detectable if the evaluation 
value at time instant  with the obstacle is out of the range of 
the average 3σ (σ: standard deviation) of that in the case of 
no obstacle. Figs. 3 and 4 are results of evaluation showing 
the detection rate versus SNR (calculated from the 2000 
trials). Figs. 3 and 4 correspond to the cases of Tx element 
spacing of  λ/2 and 5λ/2, respectively. The three methods 
described above are compared. As found from Fig. 3, at SNR 
= 5dB, conventional SF-MIMO shows the large degradation 
of about 80% in the detection rate compared with CF-MIMO. 
We suppose that this is because the channel matrix of CF-
MIMO is obtained from MIMO, whereas that of SF-MIMO is 
obtained from superposition of SIMO. On the other hand, it is 
confirmed that ESF-MIMO can provide improved detection 
rate of about 70% over the SF-MIMO. However, as found 
from Fig. 4, CF-MIMO has almost the same detection rate as 
SF-MIMO, and the detection rate of ESF-MIMO slightly 
deteriorates although ESF-MIMO achieves 100% detection at 
SNR = 0dB or more. Therefore, we can say that the improved 
method is effective when the Tx element spacing is narrow. 
Further, from Figs. 3 and 4, it can also be seen that we can 
enhance the detection rate of the SF-MIMO by increasing the 
element spacing of transmitting antennas.  

VI. CONCLUSION 

In order to improve the detection performance of the 
conventional SF-MIMO, we have proposed ESF-MIMO 
which uses eigenvalues as weighting of eigenvectors in SF-
MIMO. As a result of computer simulation, when the 
element spacing of transmitting antennas is narrow, it is 
shown that ESF-MIMO exhibits a significant effect on 
detection performance. It is also found that the detection rate 
of the SF-MIMO can be improved by increasing the element 
spacing of transmitting antennas. 

As future works, it is necessary to improve further the 
ESF-MIMO and consider the antenna placement for effective 
obstacle detection in the limited space. 
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Fig. 1: MIMO sensor and 

obstacle(Tx spacing = λ/2) 

 
 
 
 
 
 
 
 
 
 

 
Fig. 2: MIMO sensor and 

obstacle(Tx spacing = 5λ/2) 

 
TABLE I: SIMULATION CONDITIONS 

 

Frequency[GHz] 2.45 
Transmitted power[W] 1 

Antenna λ/4 Mono-pole 
SNR[dB] -10 to 20 

Number of trials 2000 
Size of cube obstacle[cm] 2.5 

Material of obstacle Copper 

 
 
 
 
 
 
 
 

 
 

 
Fig. 3 : SNR vs detection rate (Tx spacing = λ/2) 

 
 
 
 
 
 
 
 

 
 
 

 
Fig. 4 : SNR vs detection rate (Tx spacing = 5λ/2) 
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