TRUNCATION ERRORS IN CYLINDRICAL NEAR TO FAR FIELD TRANSFORM. A
PLANE WAVE SYNTHESIS APPROACH

J. Romeu, L. Jofre.

ABSTRACT

Cylindrical Near to far field antenna transformation is expressed as a plane wave synthesis problem
where a plane wave is produced by a cylindrical current distribution that encloses the Antenna Under
Test (AUT). The current distribution that produces the plane wave is directly derived from the near
to far field transformation algorithm.

INTRODUCTION

In near to far field antenna measurements the Antenna Under Test (AUT) near fields are measured
on an enclosing surface close to the AUT. The AUT far fields are found after processing these near
fields. Planar, cylindrical and spherical scanning surfaces are used in practice. In order to perform
the near to far field transformation, the near fields must be known on the entire surface that encloses
the AUT. In the planar and cylindrical case, this condition implies that the surface must spread to
infinity. In practice an error is associated to the limited extent of the measurement surface. This error
is usually known as truncation error. The effect of this error on the antenna far field pattern is among
other factors heavily dependent on the AUT characteristics. The formulation of the near to far field
transformation as a plane wave synthesis process allows to express the truncation error as a deterioration
of the synthesized wave. In this way the performance of the near field range can be expressed
independently of the AUT. On the other hand, plane wave quality is a common figure of merit in
compact or far field ranges.

All antenna pattern measurement schemes find the AUT response to an incident plane wave. In near
field measurements the AUT response to a plane wave is somehow obtained, although it does not
appear explicitly in the transformation algorithm.

In cylindrical antenna near field measurements, a probe scans the AUT near fields on a cylindrical
surface (fig. 1). Consider a reciprocal case where the probe is emitting and the AUT receiving. Let
us define v$?’(p,, 2", ¢ ")as the open voltage measured on the AUT access port when the probe is
placed atp,, 2", ¢ “and fed with an unitary voltage at its input. The superindex (p) can be 1 or 2 and
reflects the fact that two probes are required to perform the near to far field transformation. Consider
now that a cylindrical array of probes is constructed and each probe is fed at its input by a voltage
given by w (2", ¢ ). The AUT response to the cylindrical array can be found as:

Universitat Politecnica de Catalunya. Aptat. 30002, 08080 Barcelona, SPAIN

659



Consider now that w(z ", ¢ ; k 0. ¢ o) expresses the weight that has to be given to the each element
of the cylindrical array placed at pointp,,¢ ", 2", to produce a plane wave propagating in direction
k.o =kcos8,, ¢,and a given polarization &, where v

6-k,=0 )]

750 =ksin6,sin¢,xXx +ksenb,cos¢,y+kcos0,2

In this case the voltage v‘?’ induced at the AUT terminals is the AUT response to a plane wave
propagating in the k , direction and that given polarization é. For a reciprocal antenna this voltage
is the same as the amplitude of the radiated field in the same direction and polarization. The general
problem of finding the weightsw (2", ¢ "; K .0, ¢, )does not have a solution for a finite length cylinder.

An iterating approach to find weight functions that produce good approximations to plane waves in a
certain volume with finite sources is found in [1]. In our case we are interested in finding the weights
that are inherently implicit in the transformation algorithm. The cylindrical near to far field
transformation is well described elsewhere [2,3], and can be written in the following way:

[i. E:I;}er/ffawzkw[ﬁz; EI ;]dw 3
with
5“_51——9”“’%2%1""————’ e’""°"‘)[—?§2) ‘,’w] @
16n°sen6, ,, A(n., ko) ‘be.z) jbfll)
and
A, k) =afP(=k )b P (~k)-aP(<k )bV (~k.) ®)

In these expressions £ ¢(k .0, $o) and E ,(k .o, ¢, ) are the AUT far fields in direction k .4, ¢, and

polarization© and respectively. The voltagesv’.’ (¢, z")andv'? (¢, =) are the measured voltages
by each of the probes required to perform the transformation in position ¢ “, = ". And the coefficients
al?, b, al?,bl? are related to the cylindrical wave expansion of the probe radiated fields.

Notice that w (¢, 2"k 0, o) are the weights that have to be given to probes 1 and 2, in position

¢’, 2" to produce a plane wave propagating in direction k ., ¢,. If we consider that probe 1 is a
vertical infinitesimal dipole and probe 2 a horizontal 1nﬁmtes1ma1 dipole, the current distribution to
produce a vertical plane wave is:

1 z Y n($,- 6 - 6
T(z.6)=-—e Tk Wh IOSD (12) (p- Po)2 (6)
2n n sen®,H (ko po) p
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and to produce a horizontal plane wave is:

- 1 jkuoz pel _n(bg=9) . k.on Q)
J(z,9)=—z=e " j e [-J - Z+
212 Z kZ2poH P (kopoPo)
. 1 ..0(p—Po)
MATIOL
HP (kg,Po) p

with k2o + k2= k2.
Each one of these current distributions produce the following fields inside of the cylinder

= JWP kT ®)
E=——e 6
4m °

B, =C050,C08 X +C0S0,Sin¢,¥ —sin 0,2
and

jou jic'o-'r'$ | )
(]

bo=—sing,X+cos¢oy

However when the cylinder length s finite these ideal plahe waves deterioréte. The resulting synthesized
‘wave results from considering the current distributions given by equations 6 and 7, but with a finite
length along the z axis

ERROR CRITERIA

In order to quantify the synthesized plane wave error, it is convenient to define the following error
function [4]:

I B (F) 12402 H o (D12 (10
|E (7)) 12402 1 H (P 1

T(F)=

where the deviation from the ideal plane wave is defined as

-—

EQFT=F—_E-:pl (11)

-ﬁerr=ﬁhﬁpl

This error function is a scalar function that considers the error in the electrical and magnetic field in
magnitude and phase. It is also interesting to define the root mean square value of the plane wave
error function as: |
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RESULTS

By using expressions (1) (2) it is possible to compute the synthesized plane wave inside the measurement
cylinder. For this purpose the current distributions have been discretized, and the field inside of the
cylinder has been computed as the superposition of the radiated fields of a cylindrical array of
infinitesimal dipoles. Figure 2 shows the electrical field components along the z axis when a vertical
plane wave is synthesized. Figure 3 shows the plane wave error function along the z axis, for vertical
plane wave, for different incident angles. Finally, figure 4 shows the rms value of the plane wave
error computed along the z axis for different cylinder lengths and in function of the incident angle.
The asterisk shows the validity angle (0, ) for the different cylinders defined as:

Zm—Zq 13)

Notice that for the different cylinder lengths, the rms value of the plane wave error function is
approximately the same when the plane wave incident angle is the validity angle. On the other hand,
in figure 4 the top horizontal line is the rms value of the plane wave error considering only a quadratic
phase error along the z axis. The maximum error is 11/ 8 as in the usual far field criteria.

CONCLUSIONS

The cylindrical near to far field transformation has been expressed as a plane wave synthesis process.
In this way the truncation error due to the finite length of the measurement cylinder can be studied
as a deterioration of the synthesized plane wave. By using an error criteria it is possible to compare
a cylindrical near field antenna measurement facility with a compact or a far field range on plane
wave quality basis.
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PLANE WAVE SYNTHESIS
Eilectrical field, vertical polarization
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Figure 1. Synthesis geometry.

Figure 2. Synthesized electrical field.

PLANE WAVE SYNTHESIS
plane wave error, vertical polarization
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PLANE WAVE SYNTHESIS
RMS valus of the plane wave error,vertical polarization
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Figure 3. Plane wave error function.
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Figure 4. Rms value of the plane wave error.




