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Abstract- This article deals with the development of computation method dedicated to the 

extraction of the transient EM-near-field at certain distance from the given 2-D data for the 

baseband application up to GHz. As described in the methodological analysis, it is based on the 

use of fft combined with the plane wave spectrum (PWS) operation. In order to verify the 

efficiency of the introduced method, a radiating source formed by the combination of electric 

dipoles excited by a short duration transient pulse current with a spectrum bandwidth of about 

5 GHz is considered. It was shown that compared to the direct calculation, one gets the same 

behaviors of magnetic near-field components Hx, Hy and Hz with the presented extraction method, 

in the planes placed at {3 mm, 8 mm, 13 mm} of the initial reference plane. To confirm the 

relevance of the proposed transform, validation with a standard commercial tool was performed. 

In future, we envisage to exploit the proposed computation method to predict the transient 

electromagnetic (EM) field emissions notably in the microwave electronic devices for the EMC 

applications. 

 

Keywords- EMC application, Near-field, Planar transform, Plane wave spectrum (PWS), Space-

time analysis, Time-domain computation, Transient propagation. 

 

 

1. INTRODUCTION 

 

According to the exponential growth of electronic system integration density in the confined space for the 

automotive, automatic and aeronautronic industrial environments, the electromagnetic interference (EMI) 

characterization  becomes currently more and more important [1-7]. Therefore, this disturbing phenomenon 

should be taken into account by engineer designers in particular during the study of RF-/digital- and power- 

electronic components for attempting to reduce the EM disturbing source. Due to the increase of the operating 
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frequency which attains nowadays several GHz and the simultaneous commutations of several millions of 

electronic logic gates in the integrated circuits (IC), undesired current peaks can be created in certain parts of the 

integrated system. This undesired pulse current peak can be critical for RF electronic devices because of the 

eventual interferences with other communication systems working at the same frequency. For this typical pulse 

phenomenon, the mean energy of these seemingly transient or non-frequent peaks is almost negligible in 

frequency domain. However, the instantaneous energy providing these transient phenomena can be significant in 

the time-domain [8-16]. That is why the analysis of the physical and electrical effects in the EM environment 

owing to the different electronic components and systems must be mastered. In this way, most of the traditional 

existing modeling and characterization methods for near- and far-field characterization techniques were carried 

out in the frequency domain [17-20]. More generally, the transient EM field propagation is one of concern of 

mathematicians and physicists of different scientist disciplines [21-24]. The assessment and the characterization 

of EM-field emissions in 3-D near-zone for the given radiating electric- or electronic- devices in time domain 

remains complicated in particular if the phenomenon appears briefly. 

For this reason, we are motivated to conduct the present research work. It is aimed at the development of space-

time computation technique enabling to determine the EM near-field cartography in the plan arbitrarily placed at 

a certain distance of the given 2-D EM data in the time-domain. To do this, one employs the space-frequency 

transform theory known as the plan wave spectrum (PWS) method. As introduced in [25-32], this space-

transform is exactly similar to the fast Fourier transform in two-dimension domain.  

For the better comprehension, this article is structured as follows. Section 2 is consecrated to the theoretical 

aspect and the methodological description of the under study technique. In Section 3, an example of 

application dedicated to the calculation of the three magnetic field components Hx, Hy and Hz in the 

rectangular plane placed at different levels {3 mm, 8 mm, 13 mm} from the given data is offered by considering 

an arbitrary combination of five electric dipoles excited by transient pulse electric current. The last section 

describes the conclusion and the prospects of this work. 

 

2. DESCRIPTION OF THE PROPOSED TECHNIQUE FOR THE EM NEAR-FIELD TRANSFORM 

 

Along this study, one supposes that the radiated EM field is recorded at the arbitrary point M(x,y,z) which is 

referenced with the Cartesian system (Oxyz). By taking into account the time variable parameter, the study of 

the whole EM field propagation can be transposed to the analysis of a typically four-dimension tensorial matrix. 

To do this, one considers the space-time tensorial data of the EM field components expressed 

as )],,,(),,,,([),,,( tzyxHtzyxEtzyxX = . In this Cartesian coordinate system (Oxyz), one denotes Xx(x,y,z,t), 

Xy(x,y,z,t) and Xz(x,y,z,t) , the three components of X-field radiated in the rectangular plan delimited by Xmin, Xmax, 

Ymin and Ymax as represented in Fig. 1 for the time-vector t = [0, Tmax] with time step ∆t. According to the signal 

processing theory, the corresponding frequency evolution of the field-vector X  can be determined toward the 

fast Fourier transform (fft) in the equivalent frequency range varying from fmin = fstep = 1/Tmax to fmax = 1/∆t 

through the following classical relation: 

dtetzyxXfzyxX
ftj

∫
∞

∞−

−= π2
),,,(),,,( ,            (1) 

where j is the complex number 1− .  
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Fig. 1: Illustration of the calculation method by using the space-time data ),,,( tzyxX and the 

corresponding space-frequency data ),,,( fzyxX  obtained with the FFT operation. 

 

To calculate the radiated X -field in the other plane z0-distant from the reference plane where the given data is 

mapped, we proceed with the plane wave spectrum (PWS) method as illustrated in Fig. 2. 
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Fig. 2: Different steps for the extraction of ),,,( 0 tzyxX  from ),0,,( tyxX . 

 



Page 4/12 

 

 

In summary, the space-time data ),0,,( tyxX  is first, converted in space-frequency data ),0,,( fyxX . Then, with 

the obtained data in frequency domain, one can apply the PWS operation by assuming )( fk  the wave vector 

associated to each frequency, f and referenced in the classical Cartesian coordinate system (Oxyz) having the 

unit vectors xu , yu  and zu : 

             zzyyxx ufkufkufkfk )()()()( ++= .            (2) 

One recalls that the modulus of this wave vector which is known also as the wave number at the frequency f is 

given by: 

             
)(

2
)()()()( 222

f
fkfkfkfk zyx

λ

π
=++= .          (3) 

By denoting c the wave speed in the considered medium, one denotes λ(f)=c/f the propagating wavelength at the 

frequency, f. The PWS operation consists in the transformation of the planar EM-field in its 2-D spectrum 

similar to the fast Fourier transform known with the instruction fft2 in Matlab language. It is mathematically 

defined by the following expression [25-32]: 

∫ ∫
∞

∞−

∞

∞−

+−
== = dxdyefyxXfkkP

yfkxfkj
zyxzX

yx ])()([
0

2
)0( ),,(

4

1
),,(

π
.     (4) 

The introduced technique of the EM near field field extraction which enables to predict the value of the field 

surrounding the electronic emitting source was already introduced in [29-31] especially in frequency domain. As 

depicted in Fig. 3, in the PWS domain, )( 0zzXP = at the height, z = z0 can be extracted from ),,()0( fkkP yxzX =  

with the relationship: 

          0
0

).(.
)0()( ),,(),,(

zfkj
yxzXyxzzX

zefkkPfkkP
−

== = .          (5) 

Hence, ),,(
0

fyxX zz =  can be merely extracted through IPWS, likely to the ifft2-transform:  

∫ ∫
∞

∞−

∞

∞−

+−
= yx

ykxkj

yxX dkdkefkkPfyxX yx )(

2
),,(

4

1
),,(

π
.        (6) 

Fig. 3 explains the different steps of the proposed near-field to near-field transform which require the successive 

passage in space- and PWS- domains. 
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Fig. 3: Calculation principle of frequency data X(x,y,z0) from X(x,y,0) by using the PWS transform. 
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3. THEORETICAL RECALL ON THE CONSIDERED EM RADIATION 

 

As can be seen in Fig. 4, an electric dipole is placed at the origin reference point O(0,0,0) of Cartesian 

coordinate system ),,,( zyx uuuO  and the arbitrary point M(x,y,z) where the magnetic field will be expressed. 

This dipole is supposed with physical length, d and excited by time-varying current denoted i(t).  

 

O
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φ

x

y

z

r

 

Fig. 4: Elementary electrical dipole placed at the centre of Cartesian coordinate system. 

 

As reported in [13], the expression of dipole moment exhibited by infinitesimal time-varying electric dipole 

depicted in Fig. 4 is expressed as: 

               zE urtptrp ).()(),( δ= ,               (13) 

where δ(r) is the Dirac delta function. In this case, the variable moment p(t) is related to the temporal current i(t). 

By denoting c the wave-velocity in the considered medium, it is clear that the time retarded variable is defined 

as crt /−=τ . Hence, the spherical magnetic field components of ϕϕθθ utrHutrHutrHH rr ),(),(),( ++=  are 

merely given by: 

                   0),( =trH r ,              (14) 

                   0),( =trHθ ,              (15) 

              












∂

∂
+

∂

∂
=

2

2

2

)()(

2

)sin(
),(

t

p

c

r

t

p

r
trH

ττ

π

θ
ϕ .          (16) 

Toward the classical relationship of spherical to rectangular transformation, one can determine the corresponding 

Cartesian coordinates of these magnetic field components. Then, based-on the time domain fast Fourier 

transform combined with the PWS transform method, it is possible to generate easily the harmonic components 

of H . We will demonstrate later that using the PWS method applied to these frequency or harmonic 

components, it is possible to extract the z-direction component of the radiating structure knowing the two other 

horizontal ones (x- and y- components).  

 

4. COMPUTATION RESULTS 

 

In this section, the radiating source is assumed as the combination of five electric dipoles, Di with (i = {1 ... 5}) 

as represented in Fig. 5. These dipoles are placed in the horizontal plane z = 0 at the points with coordinates 
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Di(Rcos[2(i-1)π/5], Rsin[2(i-1)π/5]). We emphasize that we choose voluntarily this arbitrary association of 

EM dipoles because as reported in the recent studies published in [17, 18], from any EM near-field maps 

radiated by electronic equipments, one can synthesize an optimal set of dipoles placed in the horizontal 

plane. During the calculation, one chooses arbitrarily R equal to 9 mm. It is worth noting that the axis of the 

dipoles are oriented differently: D1, D3 and D5 vertically along (Oz), and horizontally for the two others D2 along 

(Oy) and D4 along (-Ox). 
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Fig. 5 : Association of five electric dipoles in the horizontal plan z = 0. 

 

Throughout the calculation and the simulation, the five dipoles sources were simultaneously excited by a 

baseband pulse current whose the temporal evolution and the frequency spectrum (in semi-log plot) are 

displayed in Fig. 6. One points out that this current form can be assumed as the undesired perturbations as 

the eventual harmonics in the electronic systems. One finds that more than 80 % of the injected signal 

spectrum energy belongs in the baseband frequency delimited to 5 GHz. 
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Fig. 6: Temporal plot of the excitation current, Io(t) (in left) and its frequency spectrum,  

Io(f) = fft[Io(t)] (in right). 

 

After implementation of the analytical relations presented in section 2 and following succintly the methodology 

of the proposed calculation technique with Matlab, one obtaines the magnetic field radiations depicted here after. 

During the computation, a rectangular plane delimited by xmin = -35 mm, xmax = 35 mm, ymin = -40 mm and 
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ymax = 40 mm was considered for the calculation of Hx, Hy and Hz. With the excitation current shown in Fig. 6, 

one gets the results represented by the cartographies of Fig. 7 at t = 1 ns and z = 2 mm. 
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Fig. 7: Cartographies of magnetic field components Hx, Hy and Hz, and the whole modulus |H| at the time, 

t = 1 ns and calculated in the horizontal plane placed at the height, z = 2 mm  

above the plane of the radiating sources. 

 

With the proposed computation process developed in the previous section, one can determine the cartographies 

at z0 = {5 mm, 10 mm, 15 mm} from the calculated magnetic field components Hx(t), Hy(t) and Hz(t) at z = 2 

mm,. Therefore, one gets the comparative results displayed in Figs. 8. One can see that the presented results are 

in good correlation with those yielded from the direct calculation. 

Moreover, one underlines also that as depicted in Fig. 9 that with the proposed method, one can forecast 

the global magnitude behaviour |H(x,y,z0)| of the transient radiated near-field at certain distances of the 

given EM field map. 
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Fig. 8: Comparison between the cartographies of magnetic field components Hx, Hy and Hz directly 

calculated and that one extracted from the PWS method at the time, t = 1 ns and calculated in the 

horizontal plane placed at the height, (a) z = 5 mm, (b) z = 10 mm and (c) z = 15 mm above the plane of the 

radiating sources. 
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Fig. 9: Comparison between the cartographies of the global magnetic field modulus |H| directly calculated 

and that one extracted from the PWS method at the time, t = 1 ns and calculated in the horizontal plane 

placed at the height, (a) z = 5 mm, (b) z = 10 mm and (c) z = 15 mm above the plane of the radiating 

sources. 

 

In order to evidence more clearly the efficiency of the herein introduced technique, comparisons of the profiles 

of Hx, Hy and Hz along Oy are also performed. As depicted in Figs. 10, once again, as expected very good 

agreement with the reference data is observed. It was found also that the error is generally higher when moving 

away to the radiated sources.  
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Fig. 10: Profiles of H-field components in the cut-plane with x = -5 mm at the height, (a) z = 5 mm  

and (b) z = 10 mm above the plane of the radiating sources. 

 

One points out that with the time-vector containing 101 points and the detection plane resolutions with 

Nx x Ny = 141 x 141 points, the Matlab elapsed time during the calculation is 1561 seconds by using Intel Core 

2 Duo CPU, P8400 @ 2.26 GHz and with memory 2 Go RAM. The error contributed by the proposed technique 

is more and more significant when moving away the radiating source in particular if the distance between the 

computation plane and the reference plane exceeds λ/15. To improve these results, higher time and space 

resolutions should be set. But for this representation, it is interesting to point out that the error can be significant 

in areas where the field values is 10 times lower than the absolute value of the maximal field value. 

 

5. CONCLUSION 

 

A relevant computation method enabling the near-field/near-field transform in time-domain for the RF-/high- 

frequency EM applications is reported. The presented method permits the reconstitution of the maps of EM-

near-field emission at any distance of the given 2D-data according to any transient perturbations. The 

developed computation process is based on the use of the PWS principle combined to the fft operation.  

As reported in [26-28], till now, the PWS theory was generally employed for the prediction of the EM field 

radiation for example from near- to far-field limited only in frequency domain. The methodology of the 

proposed technique is described. In order to evidence the functionality of the method, the magnetic field mapped 

in the plane placed at the height, z = 2 mm from the reference plane where are located the electric dipoles excited 

simultaneously by a transient signal presenting spectrum presenting a frequency range more than 5 GHz is 

considered. Hence, a comparison between the components of the magnetic field directly calculated with the 

analytical formulation of Hx, Hy and Hz and those extracted from the introduced PWS method at different 

distances, {3 mm, 8 mm, 13 mm} from the given planar magnetic field data was made. Therefore, a good 

agreement between the proposed computation results and the direct analytical calculations was realized. 

In the continuation of this work, we have planned to apply the presented computation technique for the study of 

transient radiations of electronic devices in particular for the prediction of the undesired infrequent radiation in 

the electrical and electronic systems where frequency analysis is not enough for the modeling of the disturbing 

radiated emission. 
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