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ABSTRACT as one of the Networks of Excellence financed withie
VI European Frame Program. One of the activitiethisf

Within the European Union network "Antenna Centér o .
. ) . network was dedicated to Antenna Measurements, and
Excellence" — ACE (2004-2007), two intercomparison ; o o .
several universities, research institutes and m@#/a

campaigns among different European measurement . .
systems, using the 12 GHz Validation Standar ompanies along Europe were involved. In 2004 and

(VAST12) antenna, were carried out. These CampaignsOOS’ -the First Facility Comparlson.Campa|gn wag@a
; : . ; . ut with the VAST12 antenna, involving 9 different
are described in the companion paper Dedicated

) . measurement facilities. The results of the campaign

measurement campaign for definition of accurate . .
reference pattern of the VAST12 antenna” dpcumented in the report [2] available from the exmtas
‘ Virtual Centre of Excellence portal [3]. The VASTh&s
. . __designed and manufactured at the Technical Uniyeo$i

The second campaign was performed by TeChmcagenmark in 1992 under the contract from the Europea

e Dt S, Space Research and Tehdogy Gener [4) The
Y e purpose of the VAST12 antenna is to facilitate anée

of Madrid (UPM) in Spain. This campaign consistédo test range intercomparisons for the European Space

onfigurations in cach of t three incttutonagaerical Agency (ESA). The characteristics of this antenaeh
) been detailed in the contribution “Dedicated Meament

gf?rr]izeli ngtiin:cs) chlggti iﬂ?gacitugzgeg]; t;gﬁ?‘?r Campaign for Definition of Accurate Reference Ratiaf
pap y the VAST12 Antenna”.

facilities using this large number of acquisitionghe

acquisitions were performed systematically varying One of the challenges of this first campaign was th

applied scanning scheme, measurement distances| sig establishment of a reference pattern with all the

level and so on. measurements collected, since each measurement was
performed in a different system, with a different

The results are analyzed by each institution combithe  uncertainty budget, and even with a different mezsent

measurement results in near or far field and etitgc technique.

from these measurements: a “best” pattern, an atratu . . .
of possible sources of errors (i.e. reflectionsciamical :;eﬁ?'noe?r,kiﬁgilyl\l/lczzvéa\;nsgj(t:? dn;fj Itrc]) S;‘fdgﬂ’t al?r;:z)cm
and electrical uncertainties) and an estimatiothefitems . . P ) y .
. intercomparisons campaign with the same antennthign
of the uncertainty budget. ) :
case, the main goal of the campaign was to achiewve
Kevwords accuracy. standards. reference. uncertaint best reference pattern for each institution, toagptecise
integrcom ;';\rison Y ' ’ yL’mcertainty budget in order to be able to combine t
P ' results achieved in each institution to establigio@mon
reference pattern. For this purpose, extensive
measurement campaigns in a Compact Range (SAAB
During the period 2004 to 2007, European UnionMicrowave Systems) and in two Spherical Near Field
supported the “Antenna Centre of Excellence (ACE)"

1. Introduction



Systems (DTU and UPM) were performed during 2007removed before all the measurements of the AUT are

and beginning of 2008. completed. The measurement procedure is outlined
below:

Mechanical alignment of the antenna tower and the

probe tower.

Pattern and polarization calibration of the probe.

Mounting and alignment of the AUT on the antenna

tower in the configuration 1.

— Eight full sphere measurements of the AUT (see

This paper details the procedure carried out tdegetthe
reference pattern and the corresponding uncertainty
budget in each institution. For the uncertainty deid in
ACE a list of uncertainty contributions were desdil[6],
extending the ones defined by Newell in [7]. Haeme
of those contributions are reduced averaging diffefar
field patterns.

Table 1).
2. Reference pattern establishment at DTU - Re-mounting a_nd alignm_ent qf the AUT on the
_ o o antenna tower in the configuration 2.
DTU performed 14 different acquisitions modifyingnse ~  Six full sphere measurements of the AUT (see
parameters: inclusion of a extension flange, soaf or Table 1).

scan in¢, variation of the measurement distance an
introduction of a 3 dB attenuator. The measureme
setups are shown in Fig. 1. The AUT, in this cdse t
VAST12 antenna, was measured in two configurations:
configuration 1 it was mounted directly to the midog

flange on the antenna tower, whereas in configuma?i it

was mounted to the antenna tower through the ertens
flange of 150 mm length. In both cases the oridithe

measurement CS was located 280 mm forward from th
front flange (visible under reflector in Fig. 1n brder to
obtain this in the configuration 2, the antennadowas

dThe alignment of the AUT in each configuration irddd

N} series of the flip-tests with the aim to checH aarrect

the following errors: intersection between the honial

and vertical axes of the antenna tower, horizoatad
vertical pointing of the horizontal axis of the amha
tower. The measurements in Table 1 are designaithd w
two-digit numbers: the first digit denotes the
configuration, while the second digit denotes thening
flumber for the measurement. The measurement
parameters for the VAST12 antenna are given indabl

translated backward by 150 mm, as compared to fhieasurement Description
configuration 1. Configuration 1
11 Scan inB, 0=<180°, measurement distance 1
VASTI2 12 Scan inB, 18&@<360°, measurement distance 1
13 Scan ing, 0<8<180°, measurement distance 1
14 Scan in, 0=@<180°, measurement distance 2
15 Scan ind, 183<¢p<360°, measurement distance 2
oricin of the origin of the 16 Scan ing, 0<6<180°, measurement distance 2
Sy EEurement €S extension SRR € 17 Scan ing, 0<B<180°, meas. distance 2, 3 dB attenuator
S antenma S ontemo 18 Scan ing, 08<180°, meas. distance 2, 3 dB attenuatol
o o Configuration 2, 3 dB attenuator
configuration 1 configuration 2 21 Scan ing, 05(p<180°, measurement distance 1
Figure 1. Configuration for measurementsat DTU. 22 Scan ind, 18G<(<360°, measurement distance 1
. . 23 Scan ing, 0<8<180°, measurement distance 1
The antenna tower provides two axes of rotation:|a ,, Scan in, 0<g<180°, measurement distance 2
vertical axis @-axis) and a horizontal axigp-axis). The 25 Scan ind, 180xg<360°, measurement distance 2
near-field of the AUT can hereby be measured in any g Scan ing, 0B<180°, measurement distance 2

(6,9)-direction at a constant distance, i. e. a fulhep Table 2. Description of the full sphere measur ement
measurement, using the probe mounted on the probe
tower. Two orthogonal componenFs of the 'l’\ea_r'.f@id Measurement frequency: | 12 GHz, single frequency
measured. The RF system comprises a Scientifim#tla| Measurement type: Full sphere measurement
SA2180 signal source and a Scientific Atlanta SAL79 Measureme”: g!s:ance ;1 gg;g f7“5m

f easurement distance 2. . mm
vector measurement receiver. The measurement gcan angle range, increment0 < 6 < 359.5°, 0.59
automated and contrql!ed by a computer programmetep angle range, increment: 0 < p< 1799, 1°
developed at the facility. The near-field to fali | Probe Dual channel probe X3
transformation is performed with the SNIFTD softevar| Probe pattern correction: | Included. Probe pattern measured using

[5]. Prior to making any measurements of the AUT SGH with identification BL150.

. . . . "Probe polarization Included. Th t larizati
pattern and polarization calibrations of the Prali® | comoston v u;?fgagéﬂgavmanza on
performed. Before the last step of the polarizatign identifications BL152 and BL159.
calibration is performed, the probe is placed sfihal Table 2. M easurement parametersfor the VAST 12

position on the probe tower. The probe is then not antenna



An optimum averaging procedure would require N gair In this way, e.g. the results;;Tand T, have

of the far-field results with the effect of somecartainty weights 3/8, while Phas weight 2/8.
being opposite in the two results of each pairaddition, 4. The results AY and AV, are averaged in
the number N should be equdl 8uch that the averaged between.

results are then also averaged in pairs. The dlaildata The averaging was done in the linear scale between
do not satisfy this requirement completely, sinbe t corresponding field components. It is noted that th
number of the pairs of the far-field results is aqual 2n.  absolute phase is slightly different in the obtdimesults.
It is easy to identify several possible averagiognarios, This is partly due to drift and partly due to thiéetent
but due to the above difficulty the final averagingmeasurement distance. It is also noted that thesepha
procedure is a bit complicated. pattern is sensitive to the location of the origihthe
measurement CS and it is thus critical to reprodtEe
The following assumptions were made in the chosefocation in the second measurement configuration as
averaging procedure: compared to the first one. Comparison of the reAu
1. The results at two measurement distances ares. AV,, done after the step 3 of the averaging procedure
affected by multiple reflections in essentially above, has shown that there is certain progregdiase
opposite way. deviation between these, which can be essentially
2. The results at two measurement configurationgemoved by moving the origin of the CS for the A 2
are affected by support structure in essentiallynm along z-axis. Both Ay and A\, were then
opposite way. normalized such that the phase of the co-polar cowept
3. The results from the twB-scanning schemes are is equal to 0 on-axis and averaged as describsign4.
affected by mechanical uncertainties in
essentially opposite way. The second purpose of this measurement campaitpe is
4. The support structure interference and theestimation of the influence (and reduction if pbsj of
receiver  non-linearity are  independent the following uncertainties sources:
uncertainties. .
5. The results from the@-scanning scheme and from
any of the twob-scanning scheme are affecteds Amplitude and phase drift and noise
equally by mechanical uncertainties.

Axes intersection and pointing of the mechanicalse

« Receiver non-linearity

The third assumption means that after averaging the Probe polarization and channel balance
results from the twd-scanning schemes the mechanical
uncertainties are considered to be compensatedettaw
there is no such complementary pair for the avkilab « Mounting structure interference

result from thep-scanning scheme as indicated in the last_. . . .
assumption. Therefore, it was decided to use thelte R|_ght now, the compllatl_o_n of the uncertainty esties is
from the @-scanning scheme and from tiescanning still on-going at DTU facility.

schemes with approximately equal weights.

Multiple reflections between the AUT and probe

3. Reference pattern establishment at SAAB

The final averaging procedure is as follows: Microwave Systems

1. The results from the measurements with twoThe measurements at SAAB MS (compact range fagility
measurement distances are averaged. This formsnsisted of in total 12 directly measured farefipatterns
6 results, which are designateds, TT1,, P, To;,  as cuts in the main and diagonal planes, which aiened
T,y Po. T stands for thé-scanning scheme, P at estimate of influence and at reduction of tHifdng
stands for thep-scanning scheme, first number is uncertainties:
for the configuration, while the second number
indicates the limits of th8-scanning scheme.

2. The results from theé3-scanning schemes are ¢« Edge diffraction at the compact range reflector
averaged: T7=(T11+T1)/2 and 5=(T,1+T2)/2.

3. The results from the different scanning schemes
are averaged as follows:

AVF(M”J,Z The final re§ult is formed as a complex far-fieleemge
2 of all 12 available patterns.

Wall reflections

Multiple reflections between the AUT and the
compact range

T,+P,

Asz( +sz/2 The measurements at UPM (spherical near-fieldifggil

consisted of in total 18 full-sphere near-field @isgions,



which were aimed at estimate of influence and aivere performed to be able to average with casean@d?2

reduction of the following uncertainties:

05 to cancel the effect of the reflections. Finally
acquisitions 13 and 14 modify the contribution bgt

» Mechanical uncertainties of the setup
» Chamber reflections

» Mounting structure interference

* Receiver non-linearity -
» Multiple reflections between the AUT and probe

* Amplitude and phase drift and noise

4. Reference pattern establishment at UPM

The measurements at UPM (spherical near-field ifgkil
consisted of in total 18 full-sphere near-field aisgions:

Al | oA STEP M easur ement
number Conditions
01 0 0<¢p=<179 R=544cm
02 0] 0<6<179 R=544cm
03 [0} 181<6<360 R=544cm
04 0 181<¢ <360 R=544cm
05 0 0<¢=<179 R=544cm
R=544cm, with
06 ¢ 0<6<179 absorber
R=544cm, with
07 o 0se=179 absorber
08 181<6 < 360 R=544cm, with
absorber
09 0] 0<6<179 R=544cm, 6dB att.
10 0 0<¢=<179 R=544cm, 6dB att.
11 0 0<0<179 R=5{14cm,kj4 probe
displacement
12 0 0<0<179 R=5{14cm,kj4 probe
displacement
R=544cm, centre of
13 ¢ 0<6<179 rotation displaced
R=544cm, centre of
14 0 0s¢=179 rotation displaced
15 0] 0<6<179 R=295cm
16 0 0<¢=<179 R=295cm
17 0] 181<6<360 R=295cm
18 0 181<¢ <360 R=295cm
Table 3. Description of the full sphere measurement at
UPM

Acquisition 01 and 05 were repeated with the same
configuration to check the repeatability of the
measurement procedure. The standard measurement
distance is 544 cm, although some scans were expaht

a smaller distance (295 cm). Different scan coméitians

in @ and inB were carried out (lower sphere, upper sphere,
right and left hand side). These configuratiotevalus to
evaluate the effect of mechanical errors and chambe
reflections effects. In acquisitions 06 to 08, Hrgenna
structure and support was partially covered with an
absorber to reduce the effect of AUT scattering
contribution. Measurements 09 and 10 were performed
including a 6 dB attenuator in order to reduceetfiect of

non linearity amplitude effects. Acquisitions 11dah2

mechanical errors on the radiation pattern.

The procedure to establish the UPM reference patser
done following the next criteria:

The individual measurements are processed and the
worst cases are excluded.

A first average of the selected scans is done,aand
first reference value is obtained.

The complex average of the far field is done inrai
in order to estimate only one effect at each tiFa.
instance:

e 02 is averaged with 11, and it is assumed that the
average compensate the multiple reflections.

e 02 is averaged with 03 and 04 with 05. These
scans are performed with different mechanical
errors and different chamber reflections. We
assume that the average improves both effects.

e 02 is compared with 06 to establish the effect of
AUT support scattering. In this case, we assume
that both measurements only differ in the
contribution of the support scattering, and in case
06 this contribution can be neglected.

e 02 is compared with 09 to establish the effect of
receiver non linearity. We assume that the effect
of non-linearity is worse in the first case (atdea
for the peak directivity).

This large number of acquisitions allows us to
repeat the evaluation of some uncertainty sources.
Other uncertainty sources (i.e. noise, leakageitale
drift and cable and rotary joints variations) are
evaluated through simulations according to [8].

- The uncertainty for the peak directivity of each
of the previous scans or averages of scans is
calculated comparing the peak directivity value
of each set of scans or set of averages with the
first reference value. This allows us to solve
simple equations to derive each uncertainty
source value.

- Five sets of four comparable acquisitions are
complex averaged, and their uncertainty is
calculated using the results obtained previously.
This estimation has been performed assuming
that some source of errors in the average can be
considered negligible. These five sets include 12
full sphere acquisitions (so, some of them are
repeated).



- The uncertainty of each set is calculated addind-acility Comparison Campaign. Final Report”, Do®.N
the variance of the values of the uncertaintyFP6-IST-508009-A1.2D2, Tech. Univ. of Denmark,
sources obtained before. Report R728, 2006.

- The UPM reference value is obtained using thg3] Antennas Virtual Centre of Excellence portal,
same expressions that will be explained in themww.antennasvce.org
next section.

[4] J. E. Hansen, “Definition, design, manufacturest
and use of a 12 GHz Validation Standard Antenna”,
Executive Summary, ESTEC contract No. 7407/87/NL
Although compilation of the uncertainty estimatessiill  /PB, Technical Report R672, Tech. Univ. of Denmark,
on-going at the facilities, the final referencetpat will 1997.
be-gfstabhs_hed by averaging the results- from - iffer [5] A. Frandsen (ed.). "Spherical near-field tramsfation
facilities with weights inversely proportional tohet . -

program with probe correction". Manual for computer

estimated uncertainties, according to [9]: program SNIFTD. TICRA report S-270-01, TICRA,
d Copenhagen, 1995.

3
d, =Y ——x’@,)
= ut(d) [6] L. J. Foged (Ed), “Deliverable A1.2D2. Recommen
dations and comparative investigations for neddfie
where: antenna measurement techniques and procedures”, Doc
- “d" represents the directivity of each of the No.FP6-1ST-026957-A1.2D2, SATIMO, 2008.

contributions (“dipry”, “dir saag”, “dir ypm”),

5. Establishment of the Final Refer ence Pattern

[7] A. S. Newell, “Error Analysis Techniques forarhr
- “uz(di)" designates the square of the standard\ear-Field Measurements,”I[EEE Trans. Antennas

uncertainty for each contribution, Propagat., vol. AP-36, no. 6, pp. 754-768, June 1988.

w2~ m .. [8] Sergey Pivnenko, Jeppe M. Nielsen and Olav
u (dW? denotes the square of the uncerta.mty lmBreinbjerg, ‘Electrical Uncertainties In Spherical Near-
the Weighted Reference Value (WRV), which is Field Antenna Measurements’, Proc. of the First Antenna

given by: Measurements Techniques Association Europe (AMTA
L s( 4 Europe) Symposium, pp.183-186, Munich, May 2006.
d,.)= [
VW) /;{uz(di)] [9] D. G. Gentle, A. Beardmore, J. Achkar, J. Pak,

MacReynolds, J. P. M. De Vreedd\dtional Physical
Laboratory (NPL) Report CETM 46: Measurement
6. Conclusions Techniques and Results of an Intercomparison of Horn

) Antenna Gain in IEC-R 320 at Freguencies of 26.5, 33.0
Antenna Centre of Excellence has been working on,q 400 GHZ September 2003.

intercomparisons for antenna measurement in order t

improve the measurement accuracy of the involved

institutions. The existence of an accurate refexgrattern

of a reference antenna allows benchmarking of the 8. ACKNOWLEDGMENTS

antenna test ranges and estimating their measutemefhis work was supported by the European Union under
uncertainties. A dedicated measurement campaigredar ine contract FP6-IST-026957 “Antenna Centre of
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reference pattern of the VAST12 antenna has been
described in this paper. This paper has shown three
different approaches to calculate the referenceepaand

to estimate the uncertainty budget at three differe
European measurement facilities.
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