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ABSTRACT

An error simulator based on virtual cylindrical néiald

acquisitions has been implemented in order to evalu

how mechanical or electrical inaccuracies may affee
antenna parameters. In outdoor ranges,
uncertainty could be rather important due to thather
conditions, an uncertainty analysis a priori based
simulations is an effective way to

the modelling of the Antenna Under Test (AUT) ahd t
probe and the cylindrical near-to-far-field transfiation.
Thus, by comparing the results achieved consideaimg
infinite far-field and the ones obtained while augli
mechanical and electrical errors, the deviatiomzlpced
can be estimated. As a result, through virtual &ians,
it is possible to determine if the measurement iagu
requirements can be satisfied or not and the etiethe

Several types of results were evaluated for differe

antenna sizes, which allowed determining the efféthe

errors and uncertainties in the measurement for th

antennas under study.

Keywords: cylindrical near-field acquisition, mechanical
and electrical errors, uncertainty, directivity.

1. Introduction

In order to evaluate how mechanical or electricabrs
may affect in the main antenna parameters - idiatian
patterns, directivity, Side Lobe Levels (SLL), beaidth,
maximum and null position —, an error simulatordzhen
virtual acquisitions of the measurement of the atdn
characteristics in a cylindrical near-field fagilihas been
implemented [1], [2]. In this case, the AUT is mbyele as
an array of vertical dipoles and the probe is agslta be
a corrugated horn antenna. This tool allows sinndaan
acquisition containing mechanical errors — deteistim
and random errors in the, y- andz-position — and also
electrical inaccuracies — such as phase errors liteW
Gaussian Noise Then, after
transformation [3], by comparing the results obddirin

where th

a near-to-far-fiel

the ideal case and when including errors, the tewia
produced can be estimated. As a result, throughatir
simulations, it is possible to determine if the sweament
accuracy requirements can be satisfied or not aed t
effect of the errors on the measurement results bean
thecked. This paper describes the error simulator
implemented and the results achieved for some ef th
error sources considered for L-band RADAR anterinas
a 15meters cylindrical near field system.

characterize
measurement accuracy. The tool implemented includes

2. Description of the error simulator for the
inaccuracies evaluation

Since the system analyzed is an outdoor systeme Hre
some error sources more relevant than others. Bgtua
the effects of the wind for the probe positioningd ghe
temperature changes affecting the phase responte of
cables can be significant and thus have to be aedly
e\é(ith this scenario, an uncertainty analysis a piiased
on simulations was chosen. As a result, the styateg
adopted to evaluate the sources of error is to lab@u
these deviations and to examine the influence tiney
Rave in the final results. The first step to eviauhow
errors could affect the final results is to modak t
transmitting and the receiving antennas and to lai®u
the acquisition process including errors. Then, fdre
field radiation pattern is obtained by applying eanto-
far-field transformation. Finally, the simulator ropares
the outcomes achieved from the reference data dne.
infinite far-field) with the ones including deviatis.

A probe correction was applied to achieve the idf
and therefore the received field was calculateth¢pinto
account the field radiated by all the dipoles miedifby
the probe pattern. The field from a dipole in epomt of
the grid is given by the sum of three spherical @gap].
The probe is an ideal conical corrugated horn (keep
u=+1) characterized by the calculated radiationgatbf
the main planes. For this investigation, two AUTreve
evaluated: the first is 5.3meters long and 2.1rselégh

and the second is 2.7meters long and 1meter high.

OIBesides, the AUT radiating elements ax® dipoles
vertically displaced over a ground plane at a dista
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equal toA/4, and assumed to be infinite, so “Imagerange obtained to have an error (difference betvthen

Theory” can be applied.

infinite far-field and the processed acquisitiomyér than

In addition, a uniform column and row excitation in 0.5dB. This evaluation was performed with the two
amplitude and phase is considered, the distancm froantennas varying the probe tower height, as shown i

AUT to probe is 5meters, the vertical path of thebe is
15meters and the frequency selected is 1215MHz.

3. Error simulator for computational, mechanical and
electrical errors

Smulator validation

To validate the algorithm, the array infinite féetfl of the
antenna (product of array factor by the radiatiment
pattern) is compared with the far-field calculathtbugh
the cylindrical near-field acquisition. This comjzan is
also useful to confirm that the elevation rangesa$id.
Figure 1 andFigure 2 show the results achieved.
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Figure 1: Horizontal cut: infinite far-field versus ideal
acquisition
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Figure 2: Vertical cut: infinite far-field versus ideal
acquisition ;
The diagrams obtained showed a very good agreememat can be either calculated or measured. Therelfmth

between both radiation patterns and the validitythef

Table 1andTable 2

Antennal: 5.3meters x 2.1meters
., lL,-D Diﬁ_‘er_ence between
Bp =tan ,[56] radiation patterns <
0.5dB
Lz
(meters) +0, (degrees) 0, (degrees)
15 +52.2 +49.2
12 +44.7 +40.6
9 +34.6 +31.6
6 +21.3 +16.7

Table 1. Truncation error evaluation with Antenna 1
(Larger antenna)

Antenna2: 2.7meters x 1meter

., lL,-D Diﬁ_‘er_ence between
6o =tan ,[56] radiation patterns <
0.5dB
Lz
(meters) +0, (degrees) 0, (degrees)
15 +54.4 +51.7
12 +47.6 +44.6
9 +38.5 +35.4
6 +26.4 +20.5

Table 2. Truncation error evaluation with Antenna 2
(Smaller antenna)

From these results it is clear that the formulahef first
column slightly overestimates the valid angulamgen

Pointing errors

There are two different sources of deterministiomr that
affect the AUT pointing: the axis non parallelismdathe
determination of the zero position of the azimuthal
direction (in this case, the random errors causedhb
wind effect are not considered). Both inaccuraces
directly translated to the error pointing, and tieeyld be
evaluated and corrected to minimize them. Whileakis
non parallelism can be measured with an optical
procedure (i.e. laser tracker), the zero positiénthe
azimuthal direction depends on the RADAR positioner
encoder and the triggering of the vector networilyaer

errors can be compensated with a rotation of thetrt

angular margin of the measurement was confirmed. [f€ld [7], and as a result they are omitted fos tstudy.
should be noted that the small discrepancies in thgjechanical errorsin positioning system

extremes of the horizontal angular range are duthe¢o

approximation of the acquisition model.

Truncation errors

To evaluate the effects of the mechanical errorghen

outcomes, mainly due to the windy outdoor condgjon
some simulations were performed including systemnati

To estimate the truncation error, the angular rang&nd random errors in each sampleiy andz directions.

indicated in [5] and [6] is compared with the aragul



The simulations were carried out for different paak Figure 4: Effect of a random error in the x-position of
peak error amplitudes (from £0.0% + 0.2)). the probe on the directivity
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Figure 5: Mean ande of the difference between the
directivity with and without random error in the x-
position of the probe for the two antennas
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Figure 3: Horizontal cut including a random error in It should be noted that the increase in the medrirathe
x-position of the probe axis (x 0.0b mm) standard deviation is almost the same for the mterma

: . sizes.
It was clearly seen the noticeable influence of én@rs

on the main planes of the far-field radiation patteas Phaseerrors

Figure 3 shows. In addition, since the directivity is one of The temperature variations during the acquisiticocess
the most characteristic figures-of-merit that casatibe may cause phase errors in the near-field acquifée.
the behaviour of an antenna, a detailed investigaias  study carried out establishes the influence thas th
been carried out to evaluate how the mechanicar®Ir jnaccuracy may induce on the radiation pattern and
may influence the directivity. In the simulations gjrectivity. As a representative example of theuliss
performed, the directivity was calculated wheniiahg a  achieved,Figure 6 illustrates the effect of the random
systematic error with the shape of a slope inxthesition  phase error in the directivity when increasing #reor
of the probe, a sinusoidal systematic error in ¥3¢ magnitude. In the figure, the broken line indicathe
position of the probe, a uniform random error iexh y-  girectivity without error, the triangles represetite
andz-position of the probe. In this case, 10 iteratioese  gjrectivity with error for each individual simulati and
carried out for each of the peak to peak error auys. the line shows the average value of the directiwtih
For the random error i, y- andz-probe the mean and €rror. Since several simulations were performedefch

standard deviation of the error introduced in thePhase error, the mean and the standard deviatgnsf (
directivity were achievable. From the results acbi it ~ the error in the directivity were calculated, figure 7
was noticed that as expected the magnitude ofrioe i@ ShOws.
the directivity increase while augmenting the error
introduced in the acquisition process, REigure 4 and 32.26 ‘
Figure 5 illustrates. l
|
|
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Mean and Standard Deviation of the Difference between the Directivity with
and without Error (dB)
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Figure 7: Mean ande of the difference between the
directivity with and without random phase error for
the two antenna

Once more, it could be observed, that the meantlaad
standard deviation of the error increase while thase
error introduced in the acquired field becomesdardgn

From these outcomes, it is noteworthy that the naah
the standard deviation of the error in the dirattiv
exponentially increase while augmenting the noise.
Furthermore, the uncertainty introduced by the exass
slightly larger when the antenna is smaller.

4. Error analysis based on Montecarlo simulations

Typical calculation of errors in antenna measurdmén
based on the calculation or estimation of the stehd
deviation of each error term and the applicationthef
central limit theorem for the combined uncertairitythis
particular case, a Montecarlo study with one hutdre
iterations per antenna excitation was implemenidte
Montecarlo simulations were carried out in order to
establish how the residual errors due to inaccesacbuld
affect the final outcomes.

addition, it should be noted that in this case therpe gntenna simulated was 5.3metres long and 2etsnet

uncertainty introduced by the phase error is lakgeen
the antenna is smaller.

Errors due to a White Gaussian Noise

In order to evaluate the effect of the noise indh&enna
parameter, a White Gaussian Noise has been added
each value of the acquired field with respect te th
maximum. Then, the same procedure as for the prsvio
error sources has been appli€igure 8 and Figure 9
represent the results achieved:
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Figure 8: Effect of the noise on the directivity
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Figure 9: Mean ande of the difference between the
directivity with and without random error due to a
White Gaussian Noise for the two antennas

high, the antenna and the probe were separatestancé
equal to Smetres, the probe tower was 15.5metmgis hi
and the valid angular range of the measurementtsesu
was from -20.9degrees to 123.2degrees. In additfon,
next deviations were added in the near-field adtipis a
random error of £1millimetre in the- andy-position of
the probe, a random error of +0.5millimetre in the
position of the probe, a phase error of tldegred @n
noise considering a signal to noise of 75dB wiipezt to
the maximum. In this study the inaccuracies in ri@n
parameters of the antenna —directivity, pointing
directions, SLL and beamwidth — were calculated.

Besides, it is worth noting that for this casefedi#nt
amplitude distribution — sum and difference diaggam
electric tilt... — were examined:

— Sum amplitude distribution in the horizontal and in
the vertical planes,

— Sum amplitude distribution in the horizontal plane
and difference amplitude distribution in the veati
plane,

— Difference amplitude distribution in the horizontal
plane and sum amplitude distribution in the vettica
plane.

These cases were studied with the antenna mechgnica
tited 16.08 degrees from the vertical axis andhwit
electrical tilt of Odegrees or 40degrees in thetiwar
plane. As said before, the results obtained with th
simulator show the comparison between the idedidd
radiation pattern with the far-field radiation peatt
including errors. In the representation of the itssi00
lines, one for each simulated measurement. In this
analysis, the probe correction was not includedethuce
the computational time of the simulations.Higure 10,
Figure 11 and Figure 12 the following figures, some



diagrams of the far-field achieved with the anterma Far Field: Horizontal Cut
these scenarios.
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From the graphs, it could be noticed that the cuemare
valid over the angular range expected. Furthernitoi® e
remarkable that the errors are particularly sigaifit at

the noise level (75 dB of S/N), as it was expected. *
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Figure 12: Comparison simulations with and
without errors: Vertical cut, Sum amplitude
distribution, 100 iterations

The simulator also represents the histograms of the
error in the different antenna parameters. Foraics,
Figure 13, Figure 14 andFigure 15show the histograms
of the sum diagram distribution, which allows detiring
the probability distribution of the errors.
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Figure 13: Histogram of the error in the directivity
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Figure 15: Histogram of the error in the position d
the maximum in the horizontal cut

In addition, the Montecarlo study was completechuiite
statistical analysis achieved from the 100 iteratidable
3 summarizes the results obtained when no electiitéa
considered.

Cut (degrees)

SLL (-20 dB to -30 dB) - - 0.5dB
SLL (-30 dB to -40 dB) - - 1.5dB
Position of the maximum in

the Horizontal Cut (degrees) 0 10710 0.0030
Position of the maximum in

the Vertical Cut (degrees) 73.92 2.94 19 0.0084
for the sum pattern

Position of the null in the

Vertical Cut (degrees) for 73.92 2.74 10 0.0062
the difference pattern

RMS MAXIMUM
PARAMETER QUANTITY ERROR ERROR
Directivity (dBi) 32.24 1.86 19 0.0044
Beam Width in the "
Horizontal Cut (degrees) 3.28 3.01 19 9-510
Beam Width in the Vertical 6.93 2.48 10 0.0065

Table 3: Statistical results of the Montecarlo stug

5. Conclusion

A simulator has been implemented for evaluating the
influence of mechanical and electrical errors ire th
measurement antenna parameters of the AUT in a
cylindrical near field antenna measurement systéhe
simulator allows introducing deterministic and rand
errors and after a near-to-far-field transformatitive
different radiation parameters - radiation patterns
directivity, beam width, position of the maximuntan be
calculated. Therefore, this tool allows not onlygteantify

a priori the value of the systematic error and the
uncertainty introduced in the measurement systemalba

to evaluate the limits of the accuracy in the améen
measurements according to the kind of antenna had t
mechanical and electrical performances of the Bystén
addition, through Montecarlo simulations, it is pib$e to
establish the probability distribution of the esor
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