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ABSTRACT 

The aim of this study is to find an indirect method to measure the impedance of an unknown antenna structure.  This is 
necessary where direct techniques e.g. direct measurement by a network analyser cannot be used. 

This paper describes a two-port method where the impedance of an unknown antenna structure is found by using 
measured impedance of a known probe antenna (S11 measurement). The unknown antenna is loaded by different 
impedances and the change of the impedance of the known probe antenna is measured. From measured data the antenna 
impedance is solved by matrix calculations. 

INTRODUCTION 

Indirect methods are used, if it is not possible to measure directly some physical value [1]. In this work the term 
‘indirect method’ means that the unknown antenna impedance is calculated from a set of measurements of related 
impedances. Impedance measurements are done normally by using a network analyser. However, if the device is very 
small compared to the wavelength of the frequency of interest and the device under study is part of the radiating 
structure, then measuring cable that is connected from network analyser to the device will affect to results. In that case 
an indirect technique is needed.  

The radiation of interference from interconnecting cables is controlled by filtering at the cable penetration to an 
enclosure. The radiation takes place from the antenna structure formed by the cable and the enclosure.  The termination 
impedance of a filter is a very important parameter when EMI filtering is design parameter under consideration. If the 
enclosure is electrically small than any other cable associated with the network analyser will affect the measured 
radiation impedance and an indirect method becomes appropriate. This measurement of this radiation impedance is the 
starting point of the work described here.  

TWO-PORT METHOD 

The basis of the technique is the description of the coupling between two antennas (the probe antenna and the device 
under test antenna) through their mutual impedance. In this description, the two antennas have individual radiation 
impedances and the coupling is described by their mutual impedance. The input impedance of a probe antenna is 
determined by the radiation impedance of the probe antenna, the radiation impedance of the device under test antenna 
(the measurand) and the mutual impedance between them. It is also determined by the impedance loading the device 
under test antenna.  

Whilst it is not feasible to connect a cable to the device under test antenna, it is possible to connect varying load 
impedances. An analytical expression for the radiation impedance of the load antenna has been derived in terms of the 
measured input impedance of the probe antenna and three differing values of the device under test antenna load 
impedance. The three impedances are zero, fifty Ohms and one MegOhm 

In this paper a dipole antenna as the device under test to evaluate the potential of the proposed technique. All antennas 
used in the experiments are placed in free space. The system is analysed numerically and the results are compared to the 
calculated results from measured data. 



In this method the device under test antenna is measured through a two-port network shown in, [2] 413. In Fig. 1, the 
two-port network describes the mutual coupling between two antennas. Zin is the impedance that is seen by the network 
analyser at the terminals of the probe antenna. Z11 and Z22 are the self-impedances of the antennas. ZL presents the 
loading impedance of unknown antenna. After making reference measurements, the Z22 impedance is calculated. 
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Fig. 1. Two-port network 

At first the equation for the unknown antenna impedance Z22 is solved. The coupling impedance Z12 and Z21 are equal 
because of the reciprocity of the antenna behaviour,[2], [3] and [4]. Now the impedance formula can be written, 
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Three loads, ZL(x), ZL(y) and ZL(z), are introduced. Now the unknown term Z22 can be solved by matrix calculus. At 
first the impedance formula must be formulated as a matrix A and a vector B.  
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Now the unknown term Z22 can be solved just taking inverse matrix from A and multiplying the product by vector B. 
[5]. 

     YBA =⋅−1  (3) 

Where Y is holding Z11 and Z22 results. 

SIMULATIONS 

Simulations were made by using the modified NEC-2 (Numerical Electromagnetic Code) program (nec2d). The NEC 
code is based on Method of Moments (MoM). The method is built around the numerical solution of integral equations 
for the currents induced on the structure by sources or incident fields. This approach avoids many of the simplifying 
assumptions required by other solution methods and provides a highly accurate and versatile tool for electromagnetic 
analysis. [2], [6] and [7]. 

In this work, a 174mm long dipole antenna was chosen as the device under test. A similar dipole was used as the probe 
antenna. The frequency range from 400MHz to 1.2GHz was used in the simulations and measurements. 

A critical aspect of the technique is the spacing and orientation of the probe antenna and the device under test. The 
technique relies on the coupling between the device under test antenna and the known probe antenna.  A larger spacing 
results in a smaller mutual coupling. The attainable accuracy of the technique is a trade-off between the sensitivity of 
the measurement being reduced by a larger spacing and the measurand (the device under test antenna’s radiation 
impedance) being affected by the proximity of the probe antenna. The NEC simulations were used to evaluate the 



device under test antenna impedance in isolation and also to simulate the two antenna measurement system. The 
spacing between the two antennas was investigated in the range 200mm to 600mm.  

RESULTS 

The measured results and the simulated results and the simulated results from NEC are in good agreement over the 
central part of the frequency range evaluated. The results are in best agreement both with the numerical simulations and 
with conventional theory at the half wave resonance frequency of the device under test antenna with significant errors 
only becoming apparent at the lower end of the frequency range.  Figure 2a shows a set of measured results of the 
device under test antenna impedance based on the theory outlined above in equations (1) to (3). Ten measurements are 
shown indicating the variability of the technique due to the position placement errors.  

The test conditions for all tested error sources were free space conditions. The antennas were placed parallel, 40 cm 
distance from each other. The distance measurement is exception. In distance variation case the distance between 
antennas were changed from 200 mm to 600 mm by 20 mm steps. The physical measurements were made with the 
antennas in anechoic conditions with the device under test antenna supported on a low permittivity expanded 
polystyrene mount. 

With the experimental results agreeing with the numerical simulations it is possible to use the simulations to investigate 
the sensitivities of the system. All test cases were simulated 1000 times with randomly generated parameters such as 
load impedance accuracy, placement accuracy and wire bends.  

The effects of inaccuracy in the relative positions of the probe and the device under test antenna have been investigated 
using NEC simulations. These show that a positioning accuracy of +0.5mm is acceptable giving a spread of results 
comparable to those shown in Fig 2a.  

The accuracy of the physical construction of the device under test antenna has also been investigated. The physical 
antenna is made from 1.5mm diameter copper wire taken from a reel. Such antennas have small residual bends which 
can be modelled in NEC by using piece-wise linear approximations to the observed residual bends. The simulations 
indicate that the small residual bends in the physical antenna are not critical.  

The simulations indicated that the most critical aspect of the experimental system is the accuracy of the three load 
impedances used on the device under test antenna. The simulation errors were calculated also for the loading impedance 
variations. An accuracy of 1% was assumed for the 50 Ohm and 1 MegOhm loads. Only the resistive part of the load 
was taken into account. The frequency dependent reactive parameters of the 50 Ohm and 1 MegOhm loads used was 
ignored. That was because the used loading resistors were hi radio frequency models. The total ratio between actual 
impedances and the informed resistance is smaller than 1.1 over the used frequency range (|ZL|/RL < 1.1, when f < 
1.2GHz), [8]. The NEC simulations have been used to investigate the sensitivity of the results to variations in the load 
impedance values. Fig 2b shows the mean value and the minimum and maximum envelopes of the sensitivity analysis 
derived from a series of loads applied to the device under test antenna, the loads varying by up to 1% of their nominal 
values. The importance of this aspect warrants further investigation particularly the effects of reactive components in 
the load values and the potential for using purely reactive loads. The optimisation of the three load values also needs 
investigation. It may be that there is a set of load values that give the best results for a particular value of device under 
test antenna impedance. 

CONCLUSIONS 

We have devised a technique for the indirect measurement of the radiation impedance of an antenna for use in 
circumstances where the connection of a conducting cable would be inappropriate. The technique shows some promise 
with the test antenna used to date. The numerical simulations have been used in association with the physical 
measurements to gain a deeper understanding of the sensitivities of the measurement process. The two-port method is 
suitable for simplified antenna impedance problems but has some limitations. As can be seen from dipole simulations 
and from reference measurements, the method is sensitive for errors. Possible physical error sources can be the accuracy 
of the loading impedance, placement of the antenna under test and the measuring distance. These error sources will 
produce uncertainties to the measurements. In next part of the programme other indirect methods are also to be studied. 
One possible technique is to measure the scattered electric field and voltage over the load from the loaded antenna. The 
similar method is used for Q-measurement for unloaded patch antenna [9]. 



 

 

Fig. 2. Measured impedance vs. calculated impedance, (loads: 0, 51 Ohm and 1 MegOhm). 
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