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Abstract—Two fast and accurate probe compensated planar spi-

ral near-field – far-field (NF–FF) transformation techniques, using 
nonredundant NF data, are experimentally assessed. These tech-
niques allow a remarkable measurement time saving since they 
require a reduced number of NF data, which are collected on fly 
by properly and continuously moving the positioners. They have 
been achieved by applying the unified theory of spiral scannings 
for nonvolumetric antennas and adopting either an oblate ellip-
soid or a double bowl to shape an antenna with a quasi-planar 
geometry. By using these modelings, instead of the spherical one, 
it is possible to significantly reduce the error due to the trunca-
tion of the scanning zone, since the NF data can be acquired on a 
spiral lying on a plane located at a distance smaller than one half 
of the antenna maximum size. The NF data required by the 
standard plane-rectangular NF–FF transformation are then accu-
rately recovered from those collected along the spiral. Some ex-
perimental results, obtained at the UNISA Antenna Char-
acterization Lab and assessing the effectiveness of the techniques, 
are shown. 

 
Index Terms—Antenna measurements, near-field – far-field 

transformation techniques, nonredundant sampling representa-
tions, optimal sampling interpolation, planar spiral scanning. 

 

I. INTRODUCTION 
S is well known, the precise measurement of the antenna 
radiation characteristics can be performed only in an an-

echoic chamber, which ensures the free-space propagation con-
ditions by practically eliminating the reflections from the floor, 
ceiling, and lateral walls. Unfortunately, when considering an-
tennas with large dimensions in terms of wavelenghts, the Fraun-
hofer distance requirements are not fulfilled in an anechoic cham-
ber. In such a case, a very convenient alternative to indoor com-
pact range measurements or direct far-field (FF) measurements 
performed on an outdoor FF range is the utilization of near-
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field – far-field (NF–FF) transformations [1]-[3], allowing an 
accurate FF pattern reconstruction of the antenna under test 
(AUT) from the NF measurements. Among these transforma-
tions, those employing the classical plane-rectangular [4], [5] or 
plane-polar scannings [6], [7] are tailored for high gain an-
tennas characterized by pencil beam patterns. From the me-
chanical viewpoint, this last scan is simpler than the plane-
rectangular one, because it is achieved by means of a linear dis-
placement of the probe and a rotational movement of the AUT. 
Moreover, it allows one to cover a scanning zone greater than in 
the plane-rectangular case, for a fixed size of the anechoic cham-
ber. However, its former approach [6] required a large compu-
tational time to recover the antenna FF pattern. Such a short-
coming has been surmounted in [7] by applying the simple bivari-
ate Lagrange interpolation for recovering the plane-rectangular 
NF data from the acquired plane-polar ones, thus taking full 
advantage of the fast Fourier transform (FFT) algorithm to ev-
aluate the far field. However, due to the generic nature of this 
technique, very close spacings were required to make negli-
gible the interpolation error. By exploiting the spatial quasi-
bandlimitation properties of electromagnetic (EM) fields [8] 
and using the optimal sampling interpolation (OSI) expan-
sions, a more efficient interpolation scheme, requiring a sig-
nificantly lower number of data, has been developed in [9]. 

The measurement time saving is currently one of the most 
relevant issue related to the NF-FF transformation techniques, 
since the acquisition time is very much greater than the com-
putational one needed to perform the transformation. To this 
end, the nonredundant sampling representations of EM fields 
[10], [11] have been properly exploited in [12], [13] and [14]-
[16] to achieve a huge decrease in the NF data number in the 
plane-rectangular and plane-polar scanning, respectively. An-
other effective option to reduce the measurement time is, as 
suggested in [17], speeding up the NF data acquisition by means 
of continuous and synchronized movements of the involved 
positioners. In particular, planar spiral NF-FF transformations, 
which maintain all the advantages of the plane-polar ones, 
have been developed in [17]-[22]. Among these transforma-
tions, those [19]-[22] exploiting the nonredundant sampling rep-
resentations are even more efficient from the measurement time 
reduction viewpoint, since they require a minimum number of 
NF data and spiral turns (Fig. 1). The data for carrying out the 
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NF-FF transformation with plane-rectangular scan [5] are then 
efficiently retrieved from the nonredundant spiral ones by em-
ploying proper OSI expansions. Recently, NF-FF transforma-
tions using NF data acquired along a helix or a spherical spiral 
have been developed too. The interested reader can find in [23] 
an exhaustive bibliography. The nonredundant representations 
for the probe response (voltage) over the plane and the related 
OSI expansions have been obtained by modeling the antenna with 
a sphere [19], [20], an oblate ellipsoid [21], or a double bowl 
(i.e., a surface consisting of two circular bowls having an identi-
cal aperture and possibly different lateral bends) [22]. According 
to the unified theory of spiral scans for nonspherical antennas 
[22], the scanning spiral has been determined in order to allow 
a two-dimensional interpolation. Therefore, its pitch must co-
incide with the spacing relevant to the radial line interpolation. 
Then, a voltage representation on the spiral, using a nonredun-
dant number of samples, has been developed. It must be stressed 
that, when considering antennas having a quasi-planar ge-
ometry, the oblate ellipsoidal and double bowl AUT modelings 
are more effective than that adopting a sphere. As a matter of 
fact, they reduce the volumetric redundancy of the spherical 
modeling for these antennas and allow one to locate the scan-
ning plane at a distance less than one half of the antenna maxi-
mum dimension, thus lowering the error due to the measure-
ment surface truncation. 

The aim of the paper is just to provide the experimental assess-
ment of the NF-FF transformations with planar spiral scan for 
quasi-planar antennas based on the oblate ellipsoidal [21] and 
double bowl [22] modelings of the AUT (see Figs. 2 and 3, 
respectively). The experimental validation has been performed 
in the Antenna Characterization Lab of the University of Sa-
lerno, equipped with a plane-polar NF scanning system sup-
plied by MI Technologies. 

The paper is organized as follows. The nonredundant repre-
sentation of the probe voltage over a plane from its samples col-
lected on a spiral and the related OSI expansion are presented 
in Section II. The optimal parameters of such a representation 
are specified in the subsequent section for various AUT model-
ings. The key steps of the plane-rectangular NF-FF transforma-
tion when using an open-ended rectangular waveguide as probe 
are reported in Section IV. Exhaustive experimental results vali-
dating the effectiveness of the proposed techniques are shown in 
Section V. Conclusions are finally drawn in Section VI. 

II. NONREDUNDANT VOLTAGE REPRESENTATION ON A PLANE 

Let an AUT be considered as enclosed in a rotational surface 
Σ bordering a convex domain and the voltage be measured by a 
nondirective probe moving along a planar spiral at z = d, with 
(x, y, z) being a Cartesian coordinate system with the origin at 
the AUT centre (Fig. 1). A spherical reference system (r, ϑ, ϕ) 
is employed for denoting any observation point, whereas a 
point P lying on the plane can be also identified by the plane-
polar coordinates (ρ, ϕ). The voltage measured by such a probe 
has the same effective spatial bandwidth as the field radiated by 
the AUT [24] and, therefore, the theoretical results in [10] can 

 

  
Fig. 1. Planar spiral scanning. 
 

  
Fig. 2. Oblate ellipsoidal AUT  modeling. 
 

  
Fig. 3. Double bowl AUT modeling. 
 
be properly exploited to get a nonredundant sampling repre-
sentations for it. Accordingly, when dealing with its repre-
sentation over a curve C lying on the plane, it is convenient to 
introduce the “reduced voltage” 

    V (η) =V (η) e jψ (η )  (1) 
 

where η is the optimal parameter adopted for describing C, 

 ψ (η)  is an appropriate phase function, and   V (η)  is the volt-
age measured by the probe

   
(Vϕ ) or by the rotated probe 

  
(Vρ) . 

Because    V (η) is not rigorously spatially bandlimited, an error 
occurs when approximating it with a bandlimited function. In 
any case, such an error approaches very small values as the band-
width becomes greater than the threshold 

 
Wη  [10]. Therefore, it 

can be effectively reduced by imposing that the approximating 
function has a properly increased bandwidth 

  
χ 'Wη ,  χ '  being 

an excess bandwidth factor slightly greater than unity for elec-
trically large antennas [8]. As shown in [10], the surface Σ must 
fit very well the AUT geometry in order to optimally reduce the 
required number of samples. 

As suggested by the unified theory of spiral scans for non-
volumetric antennas [22], the voltage on the plane can be effi-
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ciently reconstructed from a nonredundant number of its sam-
ples acquired on the spiral by means of a two-dimensional OSI 
expansion, achieved by determining the spiral whose step co-
incides with the spacing needed for interpolating on a radial line 
and deriving an appropriate nonredundant sampling representa-
tion over such a spiral. 

The bandwidth, the optimal parameterization and phase func-
tion relevant to a radial line are [10], [22]: 

    
Wη = β ' 2π  (2) 

 

    η = π/ '( ) R1 − R2 + s1' + s2'⎡⎣ ⎤⎦  (3) 
 

   ψ = β /2( ) R1 + R2 + s1' − s2'⎡⎣ ⎤⎦  (4) 
 

where   '  is the length of the curve   C ' (intersection between Σ 
and the meridian plane through the observation point P), β the 
free-space wavenumber, 

  
R1,2  the distances between P and the 

tangency points 
  
P1,2  on   C ', and   

s1,2'  the corresponding curvi-
linear abscissas. 

The sample spacing required for interpolating on a radial 
line and, as a consequence, the pitch of the spiral is then 

  Δη = 2π (2N"+1), where   N"= Int (χ N ')+ 1, Int(x) denotes 
the integer part of x, 

  
N '= Int(χ 'Wη )+1 , and χ > 1 is an 

oversampling factor, which controls the truncation error [10]. 
Thus, the spiral equations are: 

 
  

x = ρ(η) cosφ
y = ρ(η) sinφ
z = d

⎧
⎨
⎪

⎩⎪
 (5) 

 
where   ρ (η) = d tanθ (η)  and the parameters φ and η are re-
lated by: 

  η = kφ  (6) 
 
Accordingly, since the pitch is determined by two suc-

cessive intersections of the spiral with a radial line, it results 
that   k = 1 (2N"+ 1)  [22]. It is useful to note that θ, unlike the 
zenithal angle ϑ, can assume also negative values and that the 
azimuthal angle ϕ has a discontinuity jump of π when the 
spiral crosses the pole, while the spiral angle φ is always con-
tinuous. At last, it is noteworthy that the scanning spiral can be 
viewed as obtained by projecting on the plane, via the curves 
at η = constant, a spiral wrapping with the same pitch the sur-
face Σ modeling the AUT. 

The unified theory of spiral scannings for nonvolumetric an-
tennas [22] shows also the way to derive the nonredundant rep-
resentation along the spiral. The optimal parameter ξ for de-
scribing the spiral and the related phase function γ are 
determined as follows: ξ is equal to 

  
β /Wξ  times the arclength 

of the projecting point lying on the spiral that wraps the 
surface Σ, whereas γ coincides with the phase function ψ 
relevant to a radial line. As regards the bandwidth 

 
Wξ , it is 

chosen in such a way that the parameter ξ spans a 2π range 
when the entire (closed) projecting spiral is drawn. Then, 

 
Wξ  

is  β / π  times the length of the spiral that wraps Σ from pole 
to pole [22]. 

According to these results, the voltage at the point P on the 
radial line at ϕ can be reconstructed [21] by the OSI expansion: 

    

V η(ϑ),ϕ( ) = e− jψ (η) V ηn( )G η,ηn,η , N, N "( )
n=n0− q+1

n0+q

∑  (7) 

where 2q is the number of the retained intermediate samples
 

   V (ηn), namely those at the intersections between the radial 
line through P and the spiral,   n0 = Int (η −η0 ) /Δη[ ], and 

   ηn = ηn(ϕ) = kϕ + nΔη =η0 + nΔη  (8) 

In (7), 

   G η,ηn ,η , N, N "( ) = DN" η −ηn( )ΩN η −ηn,η( )  (9) 
 

where 

   
DN " η( ) = sin (2N"+1)η 2  ( )

 (2N"+1) sin (η 2)
  (10) 

 

 
  
ΩN η ,η( ) =

TN 2 cos(η /2) cos(η /2)( )2 −1⎡⎣ ⎤⎦
TN 2 cos2(η /2)−1⎡⎣ ⎤⎦

 (11) 

 
are the Dirichlet and Tschebyscheff sampling functions [10], 
[21], with   TN (η) being the Tschebyscheff polynomial of de-
gree   N = N "− N '  and  η = qΔη . 

The intermediate samples    V (ηn)  are determined [21] via 
the following OSI expansion along the spiral: 

    

V ξ (ηn)( ) = V ξm( )G ξ (ηn),ξm,ξ , M , M "( )
m=m0− p+1

m0+ p

∑  (12) 

where   m0 = Int ξ (ηn)/Δξ[ ], 2p is the retained samples num-
ber,  ξ = pΔξ ,   M = M "− M ', and 

   ξm = mΔξ = 2πm (2M"+ 1)  (13) 
 

being   M" = Int[χM ']+ 1  and 
  
M ' = Int [χ 'Wξ ]+1 . 

Since small changes of ξ give rise to large variations of φ in 
the zone close to the pole ( ϑ = 0 ), a properly increased excess 
bandwidth factor  χ '  must be considered to prevent that the band-
limitation error grows significantly in such a zone [21]. 

A realistic example of a scanning spiral with the related sam-
pling points arrangement is shown in Fig. 4. As can be seen, 
the spiral step increases moving away from the center, as well 
as the spacing between two consecutive samples. In the figure, 
the spiral turns beyond the pole, providing the required guard 
samples, are depicted in red and the related samples are shown 
with crosses instead of points. The denser samples distribution 
around the pole, due to the required increasing of  χ '  in this 
zone, is also visible. 

The voltages 
 
Vϕ  or 

 
Vρ  at the points required by the classical 

probe corrected NF-FF transformation with plane-rectangular 
scan [5] can be then accurately determined by properly exploit-
ing (7) and (12). Unfortunately, the probe must maintain its 
orientation with respect to the AUT in order that the formulas 
in [5] be valid, so that it must co-rotate with the AUT. A probe 
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Fig. 4. Spiral sampling arrangement. 
 
characterized by a far field with a first-order ϕ-dependence can 
be properly employed to avoid the co-rotation. In fact, in this 
case, the measured voltages 

 
Vϕ  and 

 
Vρ  are related to the corres-

ponding co-rotated ones  VP  and  VR  by:   
 

  
VP =Vϕ cosϕ −Vρ sinϕ ; 

  
VR =Vϕ sinϕ +Vρ cosϕ  (14) 

In Section IV, the probe corrected formulas relevant to the 
NF-FF transformation with plane-rectangular scan and the 
probe characterization of an open-ended rectangular wave-
guide, which exhibits the above characteristics when excited 
by a  TE10  mode, are reported for reader’s convenience. 

III. ANTENNA MODELINGS 

Any arbitrary finite size radiating source can always be con-
sidered as enclosed in the smallest sphere of radius a able to 
contain it (spherical antenna modeling). In such a case, as 
shown in [19]-[22], it results:  

  
Wη = βa

 
; η = θ

 
(15) 

   ψ == β r 2 − a 2 − βa cos−1 a / r( )
 

(16) 
 

and the projecting curves at η = constant are radial lines. 
The spherical modeling is the easiest to use and understand of 

the three AUT models described herein. However, its use is no 
longer convenient when considering antennas having a quasi-
planar geometry, which usually are those characterized in a 
planar NF facility. In fact, it prevents to locate the measure-
ment plane at a distance less than one half of the antenna maxi-
mum size, and this gives rise to an increase of the error due to 
the truncation of the scanning surface. Moreover, the redun-
dancy of the spherical modeling implies an ineffective in-
crease of the required NF samples number. 

For a quasi-planar AUT, a convenient modeling is achieved 
by choosing the smallest oblate ellipsoid, having semi-major 
and semi-minor axes equal to a and b (Fig. 2), as surface Σ con-
taining it. A huge decrease in the number of the required NF 
data, as well as a reduction of the distance of the measurement 
plane, can be so achieved. In fact, the plane must be, now, out-
side an oblate ellipsoid with semi-minor axis b, instead of a 
sphere with radius a. In such a case, as shown in [10], [21], it 

results: 

   
Wη = 4a/λ( ) E π / 2 ε 2( )  (17) 

   
η = π 2( ) E sin−1u ε 2( ) E π / 2 ε 2( )⎡⎣ ⎤⎦  (18) 

 

 
  
ψ = βa v v2 −1

v2 − ε 2
− E cos−1 1− ε 2

v2 − ε 2
ε 2⎛

⎝⎜
⎞
⎠⎟

⎡

⎣
⎢

⎤

⎦
⎥  (19) 

 
wherein λ is the wavelength, E(• | •) denotes the elliptic inte-
gral of second kind,   u = (r1− r2) / 2 f  and   v = (r1+ r2) / 2a  are 
the elliptic coordinates,   r1,2 being the distances from the ob-
servation point P to the foci of the ellipse   C ' , and f the semi-
interfocal distance. Moreover,   ε = f /a  is the eccentricity of 

  C ' . It is noteworthy that the projecting curves at η = constant 
are no longer the radial lines of the spherical modeling, but hy-
perbolas confocal to the ellipse   C ' . It must be stressed that the 
oblate ellipsoidal model contains the spherical one as particu-
lar case. In fact, when b = a, the ellipsoid becomes a sphere 
and relations (15), (16) are easily obtained from the general 
ones (17)-(19). 

Another modeling for quasi-planar antennas is got by choos-
ing as surface Σ  a double bowl,  consisting of two circular 
bowls with identical aperture diameter 2a. The radii c and c' 
of its upper and lower arcs may differ for a better fitting of the 
AUT shape (Figs. 3 and 5). In this case, the expressions of 

 
Wη , 

η, and ψ are obtained from (2)-(4) by taking into account that 

   '= 2 a− c( )+ a− c '( )+ c + c '( )π 2[ ] and substituting in them 
the proper values of the distances 

  
R1,2  and curvilinear abscis-

sas   
s1,2' , which change depending on the position of the tan-

gency points 
  
P1,2  (Fig. 5). Note that, if ρ < a, these points are 

located on the upper bowl, whereas   P2  is on the lower one, 
when ρ > a. Therefore, for ρ ≤ a , we get [22]:  
 

   R1 = (ρ + b)2 + d 2 − c2 ;   s1' = − (b+ cα1)  
(20) 

 

   α1 = tan−1 R1 c( )− tan−1 (ρ + b) d[ ] ;  b = a − c
 

(21) 
 

   R2 = (b− ρ)2 + d 2 − c2 ;   s2' = b+ cα2  
(22) 

 

   α2 = tan−1 R2 c( )− tan−1 (b− ρ) d[ ]  
 

(23) 
 

and, for ρ > a,   R1 ,   s1' , and  α1  can be again evaluated by 
means of relations (20) and (21), whereas it results [22]: 
 

  
Fig. 5. Geometry of the double bowl AUT modeling. 
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   R2 = (ρ− b')2+ d 2− c ' 2 ;   s2' = b+ cπ 2 + c'α2  
(24) 

 

   α2= tan−1 R2 c '( )− π 2+ tan−1 (ρ − b') d[ ] ;   b' = a − c'
 

(25) 
 
It must be stressed that the spherical modeling can be ob-

tained from the double bowl one by setting   c = c' = a . 
A brief discussion about which of the two described AUT 

modelings for quasi-planar antennas can be conveniently chosen 
now follows. Since the overall number of NF samples on any 
closed observation surface (also unbounded) surrounding the 
antenna is equal to the area of the surface Σ enclosing it [10], 
the proper modeling to reduce as much as possible the number 
of required samples is that minimizing such an area. In any 
case, the representation adopting the ellipsoidal oblate modeling 
is simpler than that using the two-bowl one, since the related 
expressions are in closed form. On the other hand, the latter is 
more flexible, since it allows one to better fit antennas character-
ized by a non-symmetrical extension with respect to the plane 
identified by their maximum transverse dimension. 

IV. PLANE-RECTANGULAR NF-FF TRANSFORMATION 

The probe-corrected version [5] of the plane-rectangular 
NF-FF transformation relies on the Lorentz reciprocity theo-
rem. For reader’s convenience, the basic formulas in the con-
sidered reference system are reported in the following:  

   
Eϑ ϑ ,ϕ( ) = IR EϕP

' ϑ ,−ϕ( ) − IP EϕR
' ϑ ,−ϕ( )( ) Δ

 
(26) 

   
Eϕ ϑ ,ϕ( ) = IR EϑP

' ϑ ,−ϕ( ) − IP EϑR
' ϑ ,−ϕ( )( ) Δ  

(27) 
 

where 

   
Δ = EϑR

' ϑ ,−ϕ( )EϕP
' ϑ ,−ϕ( ) − EϑP

' ϑ ,−ϕ( )EϕR
' ϑ ,−ϕ( )

 
(28) 

  
IP, R = A cosϑ e jβ d cosϑ⋅   

 
  

⋅
−∞

+∞

∫
−∞

+∞

∫ VP, R (x, y)e jβ xsinϑ cosϕ e jβ ysinϑ sinϕ dxdy
 
(29) 

A being a proper constant. 
In relations (26) - (28), 

  
EϑP

'  and 
  
EϕP

'  are the FF compo-
nents radiated by the probe, whereas 

  
EϑR

'  and 
  
EϕR

' are those 
radiated by the rotated probe, when they are employed as trans-
mitting antennas. 

According to [25], the FF components of the electric field, 

  
EϑP

' , 
  
EϕP

' , radiated by an open-ended rectangular waveguide 
(of sizes   a'  and   b'  along x and y) excited by a  TE10  mode are: 

  
EϑP

' = fϑ (ϑ ) sinϕ e– jβ r

r
=

 
 

    
= AE  

1+ kz / β( )cosϑ
1+ kz / β( )

sin β b '/ 2( )sinϑ⎡⎣ ⎤⎦
β b '/ 2( )sinϑ sinϕ e− jβr

r  
(30) 

  
EϕP

' = fϕ (ϑ )cosϕ e– jβ r

r
= AH cos β a' / 2( )sinϑ⎡⎣ ⎤⎦ ⋅  

 

 
  

⋅ cosϑ + kz / β( ) + Γ cosϑ − kz / β( )⎡⎣ ⎤⎦
π / 2( )2 − β a' / 2( )sinϑ⎡⎣ ⎤⎦

2
+C0

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
cosϕ e− jβr

r  
(31) 

 
where 

 
  
AE = AH

4
π2

1+ kz / β( ) + Γ 1− kz / β( )( )⎡⎣ ⎤⎦ +C0{ }  
(32) 

    AH = − jβ 2a' b' E0 / 8
 

(33) 

  kz = [β 2 − π /a'( )2]1 2  is the propagation constant of the 

 TE10  mode,   E0  is its amplitude, and Γ is the reflection co-
efficient at the end of the waveguide, whose measured values 
are reported in [25]. Moreover,   C0  is a real constant which 
can be numerically evaluated [25]. 

It can be easily verified that: 

   
EϑR

' = fϑ (ϑ ) cosϕ e– jβ r

r
 (34) 

   
EϕR

' = − fϕ (ϑ ) sinϕ e– jβ r

r
 (35) 

V. EXPERIMENTAL VALIDATION 

The experimental validation of the described planar spiral 
NF-FF transformations is provided in this section. The tests 
have been carried out in the anechoic chamber of the UNISA 
Antenna Characterization Lab, which is provided with a plane-
polar NF facility system, besides the cylindrical and spherical 
ones, all supplied by MI Technologies. The pyramidal absorbers 
covering the anechoic chamber walls ensure a reflectivity 
lower than – 40 dB. The planar spiral scanning is carried out by 
using the plane-polar NF facility, which has been realized by 
mounting the probe on a linear vertical positioner and the AUT 
on a rotator. The rotator is attached to an L–shaped bracket, 
mounted on a horizontal slide, so that the scanning plane dis-
tance can be properly changed. A vector network analyzer is em-
ployed in the set-up to perform the amplitude and phase meas-
urements of the transmission coefficient   S21 , which is related 
to the output voltage of the open-ended WR90 rectangular wave-
guide used as probe. 

The first set of results (from Fig. 7 to Fig. 12) refers to the NF-
FF transformation technique relying on the oblate ellipsoidal 
AUT modeling and to a planar slotted array by Rantec Micro-
wave Systems Inc., operating at 9.3 GHz (AUT1), shown in 
Fig. 6. This array has a radius of about 23 cm and is placed on 
the plane z = 0. An oblate ellipsoid having semi-axes a = 23.5 
cm and b = 8.1 cm has been chosen to fit it and the probe has 
acquired the voltages 

 
Vϕ  and 

 
Vρ  along a spiral lying on a 

plane at z = 18.3 cm and spanning a circle of radius 110 cm. 
In order to validate the accuracy of the OSI formulas, the am-

plitudes of the interpolated voltages 
 
Vϕ  and 

 
Vρ  on the radial 

lines at ϕ = 90° and ϕ = 30° are reported in Figs. 7 and 8 to-
gether with those directly measured (references). The reconstruc 
tions of the phases of the corresponding more significant vol-
tage are also shown in Figs. 9 and 10. As can be seen, the recon- 
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Fig. 6. Photo of the planar slotted array (AUT1). 

 

structions are very good, save for the zone characterized by very 
low voltage levels (below about –60 dB), wherein the error is 
mainly due to the noise and the residual reflections from the 
anechoic chamber walls. It is noteworthy that the interpolated 
voltages exhibit a behaviour smoother than the directly meas-
ured ones, since the interpolating functions are able to reject the 
spatial harmonics of the noise exceeding the AUT spatial band-
width, due to their low pass filtering properties. The above re-
constructions have been got by choosing χ = 1.25 and p = q = 7, 
which guarantee a truncation error smaller than the measure-
ment one [21]. Moreover, to make the aliasing error negli-
gible, an enlargement bandwidth factor equal to 1.25 has been 
employed, save for the zone of the spiral corresponding to the 
24 samples centred on the pole, wherein such a factor has been 
further increased in such a way that the sample spacing is re-
duced by a factor 9. 

The overall effectiveness of such a NF-FF transformation is 
assessed by comparing the FF patterns in the E- and H-planes 
(Figs. 11 and 12) reconstructed from the NF data collected 
along the spiral with those obtained by employing the NF cylin-
drical scanning facility. As can be seen, a good agreement results. 

It must be stressed that the number of the acquired NF data is 
2 197 (2 005 regular + 192 extra samples), about the same as that 
(1 987) needed by the plane-polar NF-FF transformation [15]. It 
must be pointed out that the number of plane-polar NF data 
needed by the approaches in [6], [7] is 29 105, whereas that 
required by the standard NF-FF transformation with plane-
rectangular scanning [4], [5] is 18 769. 

The interested reader can find in [26] other experimental re-
sults relevant to a different testing antenna, which further vali-
date the efficiency of the NF-FF transformation based on the ob-
late ellipsoidal AUT modeling. 

The second set of results (from Fig. 14 to Fig. 18) refers to a 
dual pyramidal horn antenna (AUT2) with horizontal polariza-
tion operating at 10 GHz and located on the plane z = 0. Each 
horn has a 6.8 cm × 8.9 cm sized aperture and the centre-to-
centre distance between the apertures is 26 cm. A photo show-
ing such an antenna, its mounting, the probe, and the rotator 
attached to the L–shaped bracket is reported in Fig. 13. Note 
that the photo has been taken before covering the rotator and 

AUT support with the necessary absorbers. The NF data have 
been acquired along a spiral lying on a plane at z = 17 cm and 
spanning a circle of radius 110 cm. A double bowl having 
a = 18.6 cm and c = c' = 2.7 cm has been adopted as AUT model-
ing. The amplitude and phase of the reconstructed voltage 

 
Vρ  

 

 
Fig. 7. Amplitudes of  Vϕ ,

  Vρ  on the radial line at ϕ = 90°. Solid lines: 
references. Crosses: reconstructed from the planar spiral NF samples when the 
AUT1 is modeled by an oblate ellipsoid. 

 

 
Fig. 8. Amplitudes of  Vϕ ,

  Vρ  on the radial line at ϕ = 30°. Solid lines: refer-
ences. Crosses: reconstructed from the planar spiral NF samples when the 
AUT1 is modeled by an oblate ellipsoid. 

 

  
Fig. 9. Phase of  Vϕ  on the radial line at ϕ = 90°. Solid line: reference. 
Crosses: reconstructed from the planar spiral NF samples when the AUT1 is 
modeled by an oblate ellipsoid. 
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Fig. 10. Phase of  Vρ  on the radial line at ϕ = 30°. Solid line: reference. 
Crosses: reconstructed from the planar spiral NF samples when the AUT1 is 
modeled by an oblate ellipsoid. 

 

 
Fig. 11. FF pattern of AUT1 in the E-plane. Solid line: obtained from cylindri-
cal NF data. Crosses: reconstructed via the planar spiral NF-FF transforma-
tion using the ellipsoidal AUT modeling. 

 

 
Fig. 12. FF pattern of AUT1 in the H-plane. Solid line: obtained from cylindri-
cal NF data. Crosses: reconstructed via the planar spiral NF-FF transforma-
tion using the ellipsoidal AUT modeling. 

 
on the radial line at ϕ = 90° are shown in Figs. 14 and 15 together 
with those directly measured (references). The comparison be-
tween the recovered and directly measured amplitudes of

  
Vϕ  

and 
 
Vρ  relevant to the radial line at ϕ = 30° is also reported in 

Fig. 16. These reconstructions have been obtained by using the 

 

 

Fig. 13. Photo of the dual pyramidal horn antenna (AUT2) and of the UNISA 
planar NF facility. 

 

 
Fig. 14. Amplitude of  Vρ  on the radial line at ϕ = 90°. Solid line: reference. 
Crosses: reconstructed from the planar spiral NF samples when the AUT2 is 
modeled by a double bowl. 
 

 
Fig. 15. Phase of  Vρ  on the radial line at ϕ = 90°. Solid line: reference. 
Crosses: reconstructed from the planar spiral NF samples when the AUT2 is 
modeled by a double bowl. 

 
same values of the OSI parameters χ, p, and q as in the previous 
set. In such a case, since the AUT is smaller, a  χ ' value equal 
to 1.35 has been adopted save for the zone of the spiral cor-
responding to the 24 samples around the pole, wherein it has 
been further increased in such a way that the sample spacing is 
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reduced by a factor 9. At last, the E- and H- plane patterns 
reconstructed from the NF spiral samples are compared (see 
Figs. 17 and 18) with the ones attained through the NF cylin-
drical scanning system. As can be seen, also when using the 
double bowl AUT modeling, very good NF and FF reconstruc-
tions have been obtained. 
 

  
Fig. 16. Amplitudes of  Vϕ ,

  Vρ  on the radial line at ϕ = 30°. Solid lines: refer-
ences. Crosses: reconstructed from the planar spiral NF samples when the 
AUT2 is modeled by a double bowl. 

 

  
Fig. 17. FF pattern of AUT2 in the E-plane. Solid line: obtained from cylindri-
cal NF data. Crosses: reconstructed via the planar spiral NF-FF transforma-
tion using the double bowl AUT modeling. 

 

 
Fig. 18. FF pattern of AUT2 in the H-plane. Solid line: obtained from cylindri-
cal NF data. Crosses: reconstructed via the planar spiral NF-FF transforma-
tion using the double bowl AUT modeling. 

It is worth noting that the number of the used spiral samples 
is now 1 807 (1 615 regular + 192 extra samples), about the same 
as that (1 661) required by the nonredundant NF-FF transforma-
tion with plane-polar scan [14]. It must be pointed out that such 
a number is much smaller than the ones 33 581 and 21 609, 
needed by Rahmat-Samii’s plane-polar NF-FF transformation 
[6], [7] and by the classical plane-rectangular one [4], [5], re-
spectively. 

VI. CONCLUSION 

The experimental validation of the planar spiral NF-FF trans-
formation techniques adopting either an oblate ellipsoid or a 
double bowl to model a quasi-planar antenna has been provided 
in this paper. The very good agreement found in the NF recon-
structions, as well as that resulting from the comparison be-
tween the reconstructed FF patterns and those obtained by em-
ploying the cylindrical NF facility available at the UNISA An-
tenna Characterization Lab, has fully confirmed the effective-
ness of the described NF-FF transformations also from the ex-
perimental point of view. For both the AUT models, the number 
of used NF data has resulted to be remarkably smaller than 
those needed by the standard plane-rectangular and plane-polar 
scans, thus showing that the NF-FF transformations employing 
such an innovative scanning allow a significant measurement 
time saving without any loss in accuracy. 
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