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1. Introduction 
An undesired electromagnetic radiation power from a printed circuit board (PCB) becomes more 

and more serious according to the uses of high speed and nonlinear electronic circuit elements. A 
frequency band tends to spread widely as well by the same reason. Therefore, it is highly probable that 
the unexpected portions on the PCB become the sources of the undesired radiation. In order to take 
measures for reducing the radiation from the PCB, it is necessary to localize these sources.  

The MUSIC algorithm is widely used to estimate the direction-of-arrival (DOA) for the waves 
come from far field. Moreover it has been reported that the original MUSIC algorithm is sufficiently 
applicable for the waves whose sources separates from the observation antenna more than 5 
wavelengths. However, considering actual situations such as the power level of the wave from the 
PCB and the dynamic range of the equipment to measure, the localization method for more closer 
sources should be investigated. 

This paper investigates the localization of the electromagnetic sources in a finite distance using 
the MUSIC algorithm with a spherical mode vector [1][2]. The localization procedure is performed in 
2-dimensional for applying the PCB. 
 
2. Spherical mode vector MUSIC algorithm 

The geometry of problem is shown in Fig.1 a)~c). We assumed that the sources on the PCB are 
placed in x-y plane at z=z0. The planar array [3] to observe the wave is also in the x-y plane. The 
received signal xnxny of (nx ,ny )th array from L sources is expressed as 
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Fl is the emitted amplitude from lth source, dnxny is distance from wave source to (nx ,ny )th array, dnxcnyc 
is distance from wave source to base element, dxnx dyny is distance from base element to nxth nyth array 
element, Φnxny is phase delay. z0 is a distance from array plane to wave source plane which is known 
apriori. Amplitude vector F, mode vector matrix of planar array A, the observed data X can be 
expressed as 
 

A= +X F W    W: noise vector of Nx×Ny-dimension  4) 
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a) Array antennas and wave sources      b) Wave sources plane (z=z0)   c) Array plane (z=0) 

Fig.1 Planer array antenna and wave source 
 
3. Spatial Smoothing for Spherical wave 

The spatial smoothing is effectively used for the decorrelated coherent signals when the plane 
waves are incident to the uniformly spaced array. However, the original spatial smoothing technique 
can not be applied to the spherical waves studied in this paper by reason of the non-uniformity of the 
phase delay. In other words, the signals received by the uniform array correspond to the signals 
received by the non-uniform array. In this paper, the phase delays at all antenna are corrected so as to 
use the uniform array by using on interpolation matrix B [4][5] which is determined by 

2
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BA A , where A is the mode matrix for the spherical waves, A  correspond to the mode 
matrix for plane wave, 2

F
D denotes Frobenius norm. The correlation matrix is interpolated by the 

matrix B as 
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where, [ ]•E  is a statistical expectation, []H  is the Hermitian transpose, σ2 is the thermal noise power 
and I is a unit matrix. RxxI can adapt spatial smoothing. 
 
4. Incoherent spherical wave estimation 

In this section we discuss the localization of two sources for the case of the incoherent waves. 
The antenna array was set 5×5 whose space antenna is λ/2 for the frequency at 600MHz. Fig.2 shows 
the MUSIC spectrum when the distances between the array plane and the PCB z0 are λ and 2.5λ. In 
the examples SNR is 30dB. It is found that the locations of the sources are detected correctly. Fig.3 
shows the estimated resolution between two sources in which one source is fixed at (0,0) and other 
sources is placed at the coordinate (x, y) on the PCB. It is found that those sources are estimated as 
one source when two sources are close each other. Its region is indicated as an inestimable-area in 
Fig.3. The maximum radii of the inestimable-area (simply indicated as DE hereafter) for z0=λ and 2.5λ 
is about 7 cm (λ/7) and about 10 cm (λ/5), respectively. Thus, the closer the array approaches the PCB, 
the higher the resolution is achieved. The concrete relation between the distances of the SNR is shown 
in Fig.4, which is indicated as DE. 
 
 
 
 

  

Sources plane (z=z0) 

Source 0( , , )l lx y z  

 

xl 

yl 
x 

dyny 
x 

lth source 

y y 

dxnx 
Base element

(0,0,0) 

z 

x 

y 

Array plane (z=0) 

x 

y 

x yn nd

ycxcnnd  

- 854 -



 

 
a) z0=λ 

 

b) z0=2.5λ 
Fig.2 Example of estimation when the sources are located at (0,0) and (8,8) 
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a) z0 = λ 
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b)  z0= 2.5λ 

 
Fig.3 Estimation error with SNR 30dB 
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Fig.4 SNR vs. distance from array plane to wave sources plane 
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5. Coherent spherical wave estimation 
In this section we discuss the localization of two sources for the case of the coherent waves. The 

antenna array was set 7×7 and the sub array element was set 5×5 whose space antenna is λ/2 for the 
frequency at 600MHz. Fig.5 shows the MUSIC spectrum when the distances between the array plane 
and the PCB z0 are λ. In the examples there is no noise. It is found that the locations of the sources are 
detected correctly. Fig.5 shows the estimated resolution between two sources in which one source is 
fixed at (0,0) and other sources is placed at the coordinate (x, y) on the PCB. The DE for z0=λ is about 
5cm (λ/10).  
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6. Conclusion 

In this paper, we have shown that MUSIC algorithm is applicable for near-field estimation by 
using the spherical mode vector and interpolation. For the incoherent spherical wave estimation, the 
higher SNR and the closer z0 give the higher resolution. Furthermore the coherent spherical wave 
estimation, it has been shown that the resolution of two sources is less than �/10 when there is no 
noise. However, further investigation should be continued for noisy data multi-frequency estimation 
and so on. 
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Fig5 Example of estimation where   
location of waves is (0,0), (8,8) 

Fig6 Estimation error with no-noise 
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