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Abstract—Various publications have shown methods to recon-
struct the current distribution of a wire system, e.g. of a PCB, by 
the usage of near-field data. Especially, if there is knowledge about 
the potential current paths, these methods achieve satisfactory re-
sults. This publication presents a novel approach to improve the 
quality of the reconstruction by application of the transmission-
line theory. Additionally, also the termination impedances of a 
PCB trace can be determined by the approach presented in this 
work. For demonstration, several PCB-like structures are investi-
gated with the introduced methods. The results are discussed and 
compared to other methods. 

Keywords—current distribution; current reconstruction; near-
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I. INTRODUCTION 
Near-field scans are more and more commonly used analysis 

methods for EMI investigations. Near-field data provides some 
advantages over antenna measurements. Calculation of the  
far-field of a PCB is possible by knowing the near-field distri-
bution [1], [2]. Thus, near-field data can predict the result of an 
antenna measurement (see Fig. 1). Furthermore, from the near-
field data, the interference sources might be identified by a 
search for high field strengths. In some cases, high local field 
strengths can be misleading, when no radiating structure is avail-
able. Due to this reason it can be advantageous to find the inter-
ference sources by the reconstruction of the current distribution 
in a PCB [3]. With knowledge of the possible current paths and 
current distribution along the paths critical structures can be 
identified and the estimation of the far-field is possible (see 
Fig. 1).  

This paper presents the improvement of an existing method 
to reconstruct the current distribution. Starting point is the multi-
dipole-model of a trace system from a PCB. By creating an in-
verse problem between the dipole currents of the multi-dipole-
model and its near-field distribution, the current distribution can 
be determined. This method is described in [3] and summarized 
in II. A new approach to integrate the transmission-line theory 
in the inverse problem is presented in III. In addition, based on 
the transmission-line theory, two methods are derived to deter-
mine the termination impedances of the investigated wire sys-
tem. Then, the presented methods are applied to simulation data. 
First, the current reconstruction of a PCB like structure is com-
pared to simulation data in IV. Afterward, the methods for de-
termining the termination impedance are used for examples in 
V. In VI, one of these methods is applied to measurement data. 
Finally, the results are summarized and an outlook on our further 
work is presented.  

For all approaches in this paper, the amplitude and phase of 
the magnetic near field are assumed to be known. In addition, 
the position and propagation characteristics of the current paths 
must be known.  

II. BASIC METHOD FOR FINDING THE CURRENT DISTRIBUTION 
Firstly, the magnetic field of an arbitrary oriented current is 

modelled by three orthogonal electric dipoles. These three di-
poles are summed up to a dipole-triple. The current of the -th 
dipole-triple at the position  induces  at the observation 
point : 

 (1) 

Here, the current is described by the dipole moments ,  
and . The matrix  is based on the typical field de-
scription of an elemental dipole like in [4]. In the multi-dipole-
model, there is a defined number of dipole-triples used to repre-
sent all current paths. Therefore, the  dipole-triples are posi-
tioned at the lanes of the investigated PCB and the superposition 
represents the induced magnetic field  at  points:  

 
 

Fig. 1. Possible evaluations based on near-field data. 
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The matrix  represents the effect of all dipole moments  on 
the magnetic field. If there are more (or equal) observation 
points  than dipole-triples , (2) can be interpreted as an in-
verse problem. The Tikhonov regularization is a recommended 
approach to solve this problem [5], [6]. 

It is possible to interpret the dipole moments of a dipole-tri-
ple with its spatial expansion and total current flow. For this pur-
pose, the straight lines of the investigated wire system must be 
defined by starting point, endpoint and number of used dipole-
triples. For the -th line these features are named ,  and 

. In Fig. 2, this exemplary line and the -th dipole-triple, which 
is part of the line, are shown. Starting point and endpoint define 
the direction  

 (3) 

of the current flow . Also, these points specify the total length 

 (4) 

of the -th dipole-triple and each other dipole-triple in the -th 
line. The combination of direction , total current  and total 
length  represents the total dipole moment as 

 (5) 

This allows the representation of (2) as 

 
(6) 

In this step, the current is separated from the dipole moments. 
Thus, the inverse problem between the observed magnetic field 
and the inducing currents can be described by (6).  

III. NOVEL APPROACH 

A. Involving the Transmission-line Theory in the Inverse 
Problem and Determining the Line Termination Impedance 
The definition of the inverse problem in (2) and (6) leads to 

a solution, which implies the current of every dipole. Therefore, 
it is possible, e.g. due to measurement noise, that the current dis-
tribution does not follow physical rules. In order to increase ac-
curacy, in [7] an approach is described to link the phase of neigh-
boring dipole currents. Different to this approach, this section 
shows an elementary modification of the inverse problem con-
sidering the transmission-line theory. 

 

The transmission-line theory generally describes current dis-
tribution on lines [4]. Therefore, the distribution of the -th line 
can be formulated as superposition of an incident current wave 

 and a reflected current wave : 

 (7) 

The propagation constant is given with ,  is a an arbitrary 
position on the line. With knowledge of the propagation constant 
and the dipole positions, the currents of all dipole-triples repre-
senting a straight line can be substituted by only one incident 
wave and one reflected wave. In Fig. 3, an exemplary case is 
shown. The dipole-triples  carry the currents 

 at the positions . Considering (7), 
these currents are described by 

 (8) 

The modelling of short line structures is also possible with a 
similar approach. If a constant value sufficiently approaches the 
current distribution, the presentation  

 (9) 

is possible for the dipole currents. So, all shown dipole currents 
in Fig. 3 are defined by four values:  

 

Fig. 2. Illustration of the -th dipole-triple in a multi-dipole-model. 

 
Fig. 3. Exemplary structure represented by dipoles. 
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 (10) 

The consideration of Kirchhoff’s current law allows an ad-
ditional reduction of the relevant values. If there are not any 
other current paths, the currents  and  on the 
short lines are nearly equal to the currents at the near end and far 
end of the -th line. Thus, the incident and reflected current 
waves are enough to represent all four values in (10): 

 (11) 

Therefore, the inverse problem to determine the currents of the 
exemplary structure in Fig. 3 by using near field data is 

 (12) 

Considering Kirchhoff’s current law is also possible for 
junctions of two or more current paths, which current distribu-
tions are described with incident and reflected waves. If, for ex-
ample, section  ends at the beginning of section , the junc-
tion rule requires 

 (13) 

This is represented in 

 (14) 

Using the Tikhonov regularization to solve this problem takes 
the junction rule in account: 

 (15) 

 

Evaluating the solution  of the inverse problem, the incident 
and reflected waves for every line are known. This allows the 
calculation of the current distribution by using (7). Besides, it is 
also possible to determine the termination impedance of every 
line or rather section that is represented in this form.  

In the following, the workflow for determining the termina-
tion is shown for the example in Fig. 3 or rather (12). In addition 
to the current distribution, with knowledge of the wave imped-
ance , the voltage distribution  along the -th line can 
be calculated by 

 (16) 

The evaluation of current and voltage at the end of the line pro-
vides the termination : 

 (17) 

B. Simplified Determination of Current Distribution and 
Termination 
Another approach to estimate the current distribution and the 

line termination is a stepwise determination. This is done prag-
matically with an evaluation of the magnetic field directly above 
the investigated lines (see Fig. 4). Considering the field in close 
vicinity to the line, it is dominated by the current distribution 

 of the observed line. Hence, there is the relation  

 (18) 

The correction factor  is defined by a calibration for a con-
stant frequency and a fixed distance to the line. This relationship 
only is viable for areas of the line that are far enough from the 
ends, as the magnetic field of an infinite long conductor with an 
infinitesimal cross section is assumed. Thus, the current distri-
bution results directly from the data of the magnetic field. By 
using the description of (8), an inverse problem is formulated to 
calculate the incident and reflected wave. The least square 
method could be used successfully to solve this problem. Same 
as before, the termination results from the determined waves 
(see (17)).  

IV. SIMULATION BASED INVESTIGATION OF CURRENT 
DISTRIBUTION DETERMINATION 

In this section, the improved method to reconstruct current 
distributions is used to determine the current distribution of a 
complex structure with five current paths. The results are com-
pared to the calculated distributions of the basic method without 
consideration of the transmission-line theory (simple multi-di-
pole-model in (2)). Fig. 5 shows the investigated PCB-like struc-
ture. Every line is stimulated by a Thévenin source at the near 
end, which is the left end of the lines shown in Fig. 5. The stimuli 
and the termination impedances at the other ends of the lines are 
listed in Table I.  

The structure is simulated with the field simulation program 
CONCEPT-II [8]. Here, the lines are represented as round con-
ductors with a radius of at a height of  over the 
ground plane. Basic data for the reconstruction methods is the 
magnetic field  above the ground plane. It is simulated in 
an equidistant  grid with a spacing of  

 
Fig. 4. Schematic presentation of the current flowing in a line and the 

induced magnetic field. 

 

 

 

     

    



(see Fig. 5). Varying the amplitude about  of the com-
puted field data and adding a noise signal about , the 
simulated field distribution is closer to measurement data.  

The utilized multi-dipole-model consists of 230 dipole-tri-
ples. Every vertical section of the structure is discretized with  
dipoles. On the horizontal sections, the lengths of the dipoles is 
about . The number of dipoles for the horizontal and ver-
tical sections of every line is listed in Table I. 

In Fig. 6, the reconstructed current distributions of the lines 
3, 4 and 5 for  and  are shown. For both frequen-
cies, the enhanced method considering the transmission-line the-
ory widely improves the precision of the reconstruction. Even 
for currents differing by up to  the method produces accu-
rate results. The biggest relative deviation occurs for the recon-
structed amplitude on line 4 for . Here, the deviation is 
negligible because of the low current strength. In addition, the 
analysis of the reconstructed phase shows a high conformity to 
the simulated distribution. Thus, the wave phenomena are cor-
rectly identified and represented due to the transmission-line 
theory. 

V. SIMULATION BASED INVESTIGATION OF TERMINATION 
DETERMINATION 

At this point, the approaches for determining the termination 
impedance of chapter III are discussed by applying the methods 
on simulation data of PCB-like structures. In CONCEPT II, the 
magnetic near field-data for two different examples is calcu-
lated. Below, these methods are referred to as either “direct re-
construction” (chapter III. A) or “successive” (chapter III. B). 

A. Determination of a Termination Impedance at a Single Line 
Initially, for a single line above ground the method to deter-

mine the terminations is exemplarily investigated. The line has 
a length of , a height of  over ground plane and a 
radius of . Losses are neglected. At the near end on the 
vertical element, a Thévenin source ( , ) stimulates the 
setup. The termination impedance of the vertical element at the 
far end of the line is varied. Its estimation is investigated in a 
frequency range from  to .  

The initial data for both approaches is the magnetic field ex-
actly above the line at heights  of ,  and . It 
is calculated at several points, distance between points is related 
to the wavelength . All points are distributed with a distance of 
approximately , but for low frequencies there are at least 

 points.  

In the investigation with the multi-dipole-model, each verti-
cal section is represented with  dipoles and the horizontal sec-
tion with  dipoles (  spacing of dipoles). This fine 
discretization is necessary because of the shortest chosen obser-
vation height of . For an acceptable field approximation, 
the spacing of the dipoles must be equal or smaller than the ob-
servation distance, due to the point source characteristics of the 
dipole. 

To investigate both methods, the estimated termination im-
pedance is compared to the actual value used in the simulation 
model. This is the known termination in addition to a serial in-

 

Fig. 5. Examplary challenging PCB-like structure. 

TABLE I  
CIRCUITS AT FAR END AND NEAR END OF LINES  

IN EXAMPLARY PCB-LIKE STRUCTURE 

line 
number 

stimulus 
(near end) 

termination 
(far end) 

number of 
dipoles 
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(b) current distribution for  
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Fig. 6. Reconstructed current distributions using the enhanced method 

compared with simulation data (reference) and the basic method. 
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ductor and a parallel capacitor. Both elements describe the par-
asitic effects of the vertical section. They are estimated with 

 and . Disregarding parasitic effects, the real part of 
the estimated termination impedance  is investigated.  
Fig. 7 shows this comparison for the different terminations 
( ,  and ). The wire has a wave impedance of 

, i.e. these terminations represent important reflection fac-
tors ( ).  

The investigation shows that the simple method with a suc-
cessive reconstruction gives accurate impedance values for very 
small measurement heights. The method of direct reconstruction 
is more suitable for estimating the line termination in greater 
heights. 

B. Determination of a Termination Impedance at a Parallel 
Lines Setup 
After proving the feasibility for a simple example, the meth-

ods are used to investigate a configuration of two parallel lines. 
The setup is made of two instances of the line from the section 
before. Both lines are stimulated by identical Thévenin sources 
( , ), but terminated differently. Line 1 is terminated with 

. To impede the reconstruction, the second line has 
a termination close to the wave impedance ( ). 
Thus, there is a mostly homogenous current distribution making 
the reconstruction of the values on line  more complicated be-
cause of an interfering field.  

To investigate the results of both reconstruction methods, the 
distance  between the lines is varied by ,  and . 
As before, the magnetic field is calculated at the heights , 

 and  above the ground plane. Also, the lines are rep-
resented with the same multi-dipole-model as before.  

The estimated impedance  of the termination  is 
shown in Fig. 8. As before, taking parasitic effects into account, 
inductive and capacitive effects at the end of the lines are con-
sidered and the real part of the estimated impedance is examined. 

Using the successive reconstruction, the estimated termina-
tion value shows less precise results than in the investigation be-
fore. Generally, for greater distances between the lines, the cou-
pled field decreases. Therefore, the estimation is not as much 
affected by the field of the second line. This is shown by the 
reconstructed value for all investigated cases. Overall, the termi-
nation is better estimated with a direct reconstruction. This is 
primary based on the process to identify the current distribution 
on all lines in one inverse problem considering all currents as 
field sources.  

VI. DETERMINATION OF TERMINATIONS FROM MEASURED 
MAGNETIC FIELD DATA 

Finally, the direct reconstruction method for determining ter-
mination impedances is applied to a real setup. The setup is 
shown in Fig. 9 and can be seen as a simple PCB representation. 
The radius of all lines is  and the distance between the 
lines is . They have a height of . For the wire 
system, vacuum propagation characteristics are assumed. All 
lines are terminated with  resistors (right side on the figure) 
and stimulated with a function generator (  square wave 
with  amplitude via power splitter, left side on the figure).  

 successive reconstruction   direct reconstruction 

 

Fig. 7. Comparison of the estimated impedance  for several 
termination impedances of a single line for different observation  

heights  of the magnetic field. 

 
 

(a) measurement point height  
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(b) measurement point height  
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(c) measurement point height  
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Fig. 8. Comparision of the estimated termination impedance  in the 
parallel line configuartion for several line distances. 



For several heights, the field is measured exactly above the 
line. The measurement points are gridded with  distance. 
The points in a distance of less than 1 cm to the near or far end 
of the lines are not considered. Thus, there are no measurement 
points above line 1 and 3 close to the far end of line 2 (see  
Fig. 9). Only the field component orthogonal to the lines is  
measured. 

To measure the magnetic field with amplitude and phase, a 
probe (Langer EMV MFA-R 0.2-75) and an oscilloscope (Tele-
dyne LeCroy WavePro 760Zi-A) are used. By applying an FFT, 
the measured data is transformed into the frequency domain and, 
therefore, known in magnitude and phase.  

For the reconstruction, a multi-dipole-model made of 168 di-
poles is used (3 dipoles at vertical sections, 30 dipoles per 5 cm 
at horizontal sections). In the inverse problem, the setup is mod-
eled by two (multi-transmission-) line systems: three and two 
parallel lines. They are described as section 1 and section 2 in 
Fig. 9. Using this model, the superposition of the incident and 
reflected waves on the different areas on the lines is considered. 

The calculated termination impedances ,  and 
 for line 1, 2 and 3 are shown in Fig. 10. Here, the real 

and imaginary part of the impedances are independently pre-
sented. Thus, the real part can be compared to the installed ter-
mination. Parasitic effects of the used terminations, connection 
cables, and connectors have a major impact on the imaginary 
part.  

It can be found that the terminations are close to the expected 
values for high frequencies. In particular, for the nearest meas-
urement, the estimated impedance agrees well with the actual 
values for the lines 1 and 3. Noise from the measurement setup, 
numerical errors from the signal processing, and the weak de-
coupling between near and far end might be reasons for devia-
tions. 

VII. CONCLUSION AND OUTLOOK 
In this work, a reconstruction method for current distribu-

tions by magnetic near-field data was extended by applying the 
transmission-line theory as an additional constraint. In the 
shown examples, this feature widely improved the quality of the 
calculated current distributions. Furthermore, the approach ena-
bled the calculation of the incident and reflected wave of the 
lines in the investigated structure. From these insights, a method 
has been developed to determine the termination impedances of 
the lines. A good agreement between simulation and measure-
ment has been found. Especially for high frequencies, the pre-
sented methods were able to estimate the terminations in the in-
vestigated structures. For low frequencies, the estimated termi-
nation values were less accurate. Here, further investigations are 
required. One possible approach is the usage of frequency 
domain measurement technology. In this case, the presented 
methods must be adjusted to enable the calculation based on 
only magnitude fields. Further works will apply multiconductor 
transmission-line theory for better estimation of the termination 
impedances.  
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Fig. 9. Measurement setup for investigation of terminations. Areas for 
observation points are marked green. 

    

 

Fig. 10. Determined termination of the measurement setup for different 
frequencies and measurement heights. 
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