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Abstract— Spherical near-field (SNF) measurement 
techniques have become the preferred approach for antenna 
testing. This paper argues in favour of importing detailed 
measured pattern data obtained from such testing into the on-
platform (and other) modelling of these antennas when in situ 
performance is required. Two representative examples are given.  
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I. INTRODUCTION 
It is well-known that when an antenna is mounted on a 

complex platform (eg. ship; aircraft; land-vehicle) its radiation 
pattern is altered by the presence of the platform. Much effort 
may be needed to model the effect of the platform to 
determine a suitable location for the antenna such that its 
pattern performance will not be so distorted as to render it 
inadequate for its intended system function. The availability of 
commercial computational electromagnetics (CEM) 
simulation software and modern computing power has, over 
the past 30 years, made theoretical trade-off studies of 
platform-based antennas possible and (almost) routine. In 
most instances, the modelling of the platform itself is 
computationally taxing. Fortunately, detailed modelling of the 
actual antenna is not needed if only pattern effects are of 
interest (as opposed to input/output port return loss, and 
coupling to other antennas [1]). Thus equivalent source 
distributions have been successfully used to emulate actual 
antennas in such placement modelling applications for many 
years, starting with those for quite simple antennas [2].     

Since the late 1990’s commercial electromagnetic 
simulation tools have become widely available. A non-
exhaustive list includes FEKO (Altair), CST (Dassault), HFSS 
(Ansys) and Empire (IMST). Initially, software suites were 
developed around a single CEM approach but have evolved to 
allow the user to select the approach (eg. method of moments, 
finite element method, hybrid methods) which is best suited to 
the particular problem. Our experience with the problem class 
at hand is with FEKO, and so the remainder of this paper will 
be unavoidably FEKO-centric. In Section II we briefly note 
what antenna representations are possible (without having to 
model the details of the antenna structure). Two examples of 
ways in which measured antenna pattern information can be 
used in on-platform studies are described in Sections III and 
IV. Conclusions are drawn in Section V. 

II. ANTENNA PATTERN REPRESENTATIONS 
As with many things in engineering, once a new tool 

becomes established the demands on the technique are steadily 
tightened in attempts to answer increasingly difficult technical 
questions. In the case of on-platform antenna placement 
studies (assuming platform details are being properly 
modelled), this has resulted in queries as to how precise the 
equivalent-source modelling of the target antenna radiation 
patterns can be, and needs to be. Any response to the latter 
questions must consider not only the theoretical advances that 
have occurred, but also the significant improvement in the 
information forthcoming from antenna measurement systems. 
Many antennas are now being tested in spherical near-field 
(SNF) measurement facilities. It is the use of this detailed data 
to represent the antenna in CEM simulations that we are 
primarily concerned with in the present paper. 

 

III. BACK-PROJECTION OF SNF DATA FOR RADIATION PATTERN 
MODELLING 

Once SNF measurements have been performed on an 
antenna, this information may be “supplied” to the modeller in 
a hierarchy of formats, such as : (a). The spherical wave 
coefficients computed from the measured near-fields; (b). 
tabulated near-zone data (amplitude and phase) over a chosen 
surface close to the antenna; (c). tabulated far-zone data 
(amplitude and phase) in selected pattern cuts; and so on in 
order of decreasing available pattern data detail.   

The spherical wave coefficients could be used directly with 
the CEM model of the platform (a capability available in some 
commercial electromagnetic simulation codes). However, in 
some cases this detailed measurement information is withheld 
by antenna suppliers for proprietary reasons. If a given 
antenna has some specially shaped radiation pattern, an 
equivalent planar source model can be provided by back-
projection [3,4] of SNF data onto the plane over which the 
equivalent-source is assumed to exist, even if the spherical 
wave coefficients cannot be made available to the modeller. 
Fig.1(a) shows an example of an antenna that has undergone 
SNF testing, plus a fictitious projected aperture. The back-
projected field data (only magnitude shown) on the latter 
aperture is shown in Fig.1(b).  



 
                           (a)                                                       (b) 

Fig.1 : (a). Offset-fed reflector showing the location of a projected aperture, 
and (b). back-projected field distribution (from measured SNF data) over the 

projected aperture in (a). 

 

Fig.2 : Reconstituted radiation patterns for fixed 23.5θ =  at 13.75 GHz. 

Fig.2 is the radiation pattern, in the cut indicated, as 
reconstructed by FEKO from the measured spherical wave 
coefficients, and from an equivalent planar source obtained by 
simply sampling the back-projected complex field data. The 
equivalent planar source can provide the patterns in the field 
of view forward of the aperture only; it cannot supply this in 
the region of the back lobe, which the spherical wave 
coefficients could provide. In the case of high directivity 
antennas, the number of significant spherical wave 
coefficients is large, and then use of the equivalent planar 
source might be the more computationally efficient route to 
follow anyway. 

IV. BACK-SCATTERING FROM ARCTIC ICE STRUCTURES 
Consider a shipborne radar, whose intention it is to detect 

and broadly classify types of sea ice [5]. To identify the type 
of ice it is necessary to determine the object’s signature. If we 
know the electric field strength of the radar antenna at the 
location of the object, and the strength of the scattered field 
back at the location of the radar antenna, we can estimate the 
object’s signature. Because the object is floating on the sea 
surface, the effect of the sea cannot be ignored, neither for 
incident field nor scattered field [6]. The sea becomes part of 
the “platform” because of its effect on the radar antenna’s 
pattern. Fortunately, the same CEM modelling methods 
mentioned earlier can be used in the modelling of such 

scenarios. The electromagnetic properties of the various ice 
objects, and the sea, have been studied [7,8]. A floating ice 
object can thus be modelled as a lossy dielectric object located 
on an infinite planar sea (eg. Sommerfeld half-space with the 
properties of sea water), and the scattered field computed. As 
an example, Fig.3(a) shows the cosecant pattern of a radar 
antenna whose spherical wave coefficients were measured on 
an SNF range. These coefficients could be used with back-
projection to determine an equivalent planar source, and the 
antenna located at its on-platform height above the sea surface 
used to specify an incident field in a FEKO model of the ice 
object above the planar sea. As an illustration, the scattered 
field from such an ice object comprised of glacial ice, above a 
conducting planar sea, is shown in Fig.3(b). The back-
scattering direction is that of the positive x-axis. 

    
                           (a)                                                       (b) 
Fig.3 : (a). Cosecant radiation pattern reconstituted in FEKO from measured 
SNF data (for an L-band radar antenna) acquired on an NSI-MI spherical 
near-field range, and (b). computed scattered field from an ice object on a 
conducting sea surface, for an incident field other than that in (a).  

V. CONCLUDING REMARKS 
The advantage of using the most detailed available model of 

an antenna’s pattern obtained directly from measurements 
(preferably the full set of spherical wave coefficients) is that 
one knows the antenna patterns used are accurate. This 
removes one of the many uncertainties that exist when trying 
to model complicated real-world situations.   

REFERENCES 
[1] Y.T.Lo and S.W.Lee (Edits.), Antenna Handbook (Van Nostrand 

Reinhold, 1988) Chap.20. 
[2] M.Kragalott, M.S.Kluskens, D.A.Zolnick, W.M.Dorsey and 

J.A.Valenzi, “A toolset independent hybrid method for calculating  
antenna coupling”, IEEE Trans. Antennas Propagation, Vol.59, No.2, 
pp.443-451, Feb.2011. 

[3] A.C.Newell, B.Schluper and R.J.David, “Holographic projection to an 
arbitrary plane from spherical near-field measurements”, Proc. AMTA 
Symposium, Denver, USA, Oct.2001. 

[4] D. Janse van Rensburg and C.Walker, “Implementation of back 
projection on a spherical near-field range”, Proc. AMTA Symposium, 
Cleveland, USA, Nov.2002. 

[5] S.Haykin, E.O.Lewis, R.K.Raney and J.R.Rossiter, Remote Sensing of 
Sea Ice and Icebergs (Wiley, 1994) Ch.2.  

[6] E.A.Shtager, “An estimation of sea surface influence on radar 
reflectivity of ships”, IEEE Trans. Antennas Propagation, Vol.47, 
No.10, pp.1623-1627, Oct.1999. 

[7] M.R.Vant, R.O.Ramseier and V.Makios, "The complex-dielectric 
constant of sea ice at frequencies in the range of  0.1-40 GHz", J.  Appl. 
Physics, Vol.49, No.3, March 1978. 

[8] A.H.Sihvola and J.A.Kong, "Effective permittivity of dielectric 
mixtures".  IEEE Trans. Geoscience Remote Sensing, Vol.26, No.4, July 
1988

 


	I. Introduction
	II. Antenna Pattern Representations
	III. Back-Projection of SNF Data for Radiation Pattern Modelling
	IV. Back-Scattering from Arctic Ice Structures
	V. Concluding Remarks
	References


