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Chapter 1

Introduction

1.1 Organizational Background

Within the European Union (EU) 6th framework research program, the Antenna Centre of
Ezcellence (ACE) has conducted the activity Al.2 Antenna Measurement Techniques and
Facilities sharing. As a part of this, the work package First Facility Comparison Campaign,
which is formally denoted ACE WP1.2-2, has been carried out.

In order to facilitate the comparisons between the participating measurement facilities,
the European Space Agency (ESA) has permitted the use of the 12 GHz Validation Standard
Antenna (VAST12). The VAST12 antenna has been measured at the participating facilities
and the measurement results have been collected and compared by the Technical University
of Denmark (DTU).

1.2 Technical Background

Preceding the work done within the First Facility Comparison Campaign results from other
antenna measurement comparisons have been published by different authors.

The Technical University of Denmark has over the past 25 years been involved in sev-
eral facility comparison projects. The major part of the facility comparison projects have
been conducted with the purpose of verifying the performance of particular facilities and/or
to qualify these facilities for specific tasks. In 1983 an inter-comparison of the DTU-ESA
Spherical Near-Field Test Facility, a compact range at the Technical University of Eindhoven,
and a cylindrical near-field range at the Space Division of Messerschmitt-Bolkow-Blohm was
conducted using a 12 GHz elliptical offset fed reflector antenna [1]. A similar inter-comparison
[2], [3], using the same antenna, was conducted in 1986. In this comparison campaign the
participants were the DTU-ESA Spherical Near-Field Test Facility, a cylindrical near-field
range at Marconi Space Systems, and a spherical near-field facility at British Aerospace
PLC. Aside from the inter-comparisons [1], [2], [3], other facility comparisons have also been
conducted with the aim of verifying the accuracy of particular facilities or qualifying facil-
ities for specific measurement tasks. In [4] the ESTEC Compact Antenna Test Range was
compared to the DTU-ESA Spherical Near-Field Test Facility using the elliptical offset fed
reflector antenna that was also used in [1]. In [5] a spherical near-field range at CASA was
compared to the DTU-ESA Spherical Near-Field Test Facility using the ERS-1 Breadboard
Antenna Panel. In [6] a plane polar near-field scanner at Alcatel Espace was compared to
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the DTU-ESA Spherical Near-Field Test Facility using the ERS-1 Breadboard Antenna Panel.

Results from a large inter-comparison campaign were published in 1996 [7]. This inter-
comparison campaign, which was focused on comparisons of gain and polarization measure-
ments of an X-band horn antenna, was initiated in 1978 and had 7 participating facilities.
This comparison campaign stands out particularly due to the large number of participants.
The results of a comparison between two facilities have recently been published [8]. This
comparison was a part of the qualification of a spherical near-field facility at Alenia-Marconi
Space (AMS), where measurements at that facility were compared to measurements at a
cylindrical near-field facility, also at AMS.

It is clear that a substantial amount of material has been published on inter-comparisons
of different measurement facilities. However, the number of facilities included in each of the
inter-comparisons is generally low, and only in the X-band horn inter-comparison [7], a large
number of facilities are included. This comparison is however limited to only considering gain
and polarization characteristics. Hence, it is of great interest to consider a campaign which
includes comparisons of a large number of facilities, and which includes comparisons of pat-
tern, gain and polarization characteristics. Furthermore, if different measurement techniques
are used at the individual facilities this will offer a great possibility to compare differences in
the results obtained through these different techniques.

1.3 Purpose and Objectives

The objective for the WP1.2-2 “First Facility Comparison Campaign” was stated in the Tech-
nical Annex of the ACE project [9, p. 75] as

The objective of this work package is to conduct a comparison of several antenna
measurement facilities employing the existing and available DTU-ESA 12GHz Vali-
dation Standard Antenna as a reference antenna. At least 5 facilities should enter
this first campaign. The work includes a measurement plan - the specification of the
characteristics of the reference antenna that are to be determined, and the procedure
for comparing and reporting the measurement results of the different facilities. Next,
the participating facilities must be identified and agreements must be reached with
each. Following the measurements themselves, the results are collected, compared
and analysed. Finally, the campaign must be evaluated as an input to subsequent
campaigns.

As it is seen from the statement above, a few particular issues must be addressed. For
example, in order to fulfill the objective of the comparison campaign a measurement plan
allowing for a large number of participating facilities must be developed. Furthermore, com-
parison techniques, which are suitable for comparisons of large amounts of data must be
identified and/or developed in order to facilitate an analysis of the results.

The purpose of the “First Facility Comparison Campaign” falls under the general purpose
of activity A1.2 “Antenna Measurement Techniques and Facilities sharing”, which was stated
in the Technical Annex of the ACE project [9, p. 32] as
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The purpose of the integrating activity on antenna measurement techniques is to
facilitate the consolidation and expansion of Furopean expertise in research and de-
velopment of antenna measurements. This will help antenna developers meet, more
efficiently and more effectively, the challenges resulting from the increasing use of
wireless communication and sensing technologies in the modern information society.

Aside from the general purpose stated above, the “First Facility Comparison Campaign”
also has some specific purposes. Development of new and improvements on the currently used
comparison techniques, which are involved in such a project, is one specific purpose. This will
be accomplished by applying proposed techniques on the available data from the campaign,
and through this investigating how to extract the most information from the comparisons.

Another specific purpose is that the facility comparison campaign will provide a mean for
validation, benchmarking, and analysis of the facilities as detailed below.

1.3.1 Validation

The validation of a measurement facility is understood as a documentation or a proof that
the facility performs according to an acceptable standard. This is obviously of strong interest
to the individual participating facility.

1.3.2 Benchmarking

The benchmarking of a measurement facility is understood as the ranking of the facility
compared to other facilities on basis of its performance. If this is based on comparisons
between individual facilities, the benchmarking will obviously be relative. However, if a
reference result exists, the benchmarking will be absolute. Hence, this facility comparison
campaign will address the issue of establishing a reference result for the VAST12 antenna.

1.3.3 Analysis

The analysis of measurement and comparison results is understood as the process of extracting
information about the individual facilities from these results. This will allow determining
advantages and disadvantages of different measurement techniques and/or the manner these
are implemented. Furthermore, it will help to identify specific errors or inaccuracies of the
facility.

1.4 Report Structure

The report is structured in the following way. In Chapter 2 a description of the VAST12
antenna are given and definitions of the coordinate systems that are used in this report is
presented. Following this a presentation of each of the participating measurement facilities
is given in Chapter 3. An overview of the measurement campaign presenting the execution
of the campaign and listing the acquired measurements is given in Chapter 4. In Chapter
5 a detailed discussion on how to compare the available measurement data is given. This
discussion covers comparisons of patterns, gain/directivity, and polarization characteristics.
From this discussion a specific comparison strategy is chosen in Chapter 6, and using this,
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comparisons of the measurement data are presented. Finally, conclusions for the campaign
and suggestions for further work are presented in Chapter 7.
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Chapter 2

The VAST12 Antenna and
Measurement Coordinate Systems

The 12 GHz Validation Standard (VAST12) Antenna was designed and manufactured at the
Technical University of Denmark in 1992 under the European Space Research and Technol-
ogy Centre (ESTEC) contract No. 7407/87/NL/PB “Technical assistance for the design and
development of antenna test range validation standardization” [10]. The VAST12 antenna
is shown in Figure 2.1. The purpose of the VAST12 antenna is to facilitate antenna test
range inter-comparisons for the European Space Agency (ESA) with the DTU-ESA Spherical
Near-Field Antenna Test Facility being the coordinating organization.

Figure 2.1 The 12 GHz Validation Standard Antenna.
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2.1 Description of the VAST12 Antenna

A complete description of the VAST12 antenna is given in [10]. The description of the me-
chanical and electrical interfaces are given below.

The mechanical interface of the VAST12 antenna is a circular mounting flange of 206 mm
diameter with 6 mounting holes having M12 thread arranged on a circle of 140 mm diameter
with 60° separation in between. There are also 3 holes having M6 thread arranged on a
circle of 140 mm diameter with 120° separation in between, reserved for special purposes. In
the center of the mounting flange there is a hole of 90 mm diameter, which can be used for
centering purposes.

The electrical interface of the VAST12 antenna is a SMA female connector on a waveguide-
to-coax transition. The SMA connector represents a reference port for the gain and the
reflection coefficient.

2.2 Coordinate System Definition

The contents of this chapter is based on chapter II in [11], but modified for the purpose of
the present application.

For purposes of inter-comparison of measurements of the antenna on different antenna test
ranges, it is important that the results are reported in a clearly defined coordinate system.
The coordinate system should be capable of being implemented by any measurement facility.

The VAST12 coordinate system, which is denoted the optical coordinate system, is de-
fined by an optical mirror cube mounted at a convenient location of the antenna structure.
A test facility has the choice of aligning the antenna with respect to the cube directly in the
facility. Likewise, the antenna can be measured in an arbitrary measurement coordinate sys-
tem. Thereafter, the antenna patterns can be transformed into the optical coordinate system
once the Euler angles defining the optical coordinate system with respect to the measurement
coordinate system are determined. The former requires proper alignment tools in the form
of theodolite or tracking laser and a test antenna mounting head, which can be adjusted in 0
and ¢. The latter is a complex mathematical exercise; in a spherical near-field measurement,
as carried out in the DTU-ESA Facility, this entails rotation of the spherical mode coefficients.

As this presents a set of requirements for measurement facilities, which may not always
be available, it has been decided to define two supplementary coordinate systems so as to not
exclude them from inter-comparisons. These two alternatives are a mechanical coordinate
system definition and an electrical coordinate system definition. All three coordinate systems
are as defined below.

2.2.1 Optical Coordinate System

The preferred coordinate system for inter-comparison purposes is that defined by the optical
mirror cube mounted atop the antenna reflector as depicted in Figure 2.2. The coordinate
system is a normal right hand coordinate system with &, g, and Z unit vectors coinciding
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with the normal unit vectors of 3 faces of the mirror cube as shown in Figure 2.2. Due to the
mounting of the mirror cube, the positive x axis is not available. Thus the —x axis is to be
used instead for alignment purposes, however, ¢ = 0° is still to be defined with respect to the
positive x axis.

Figure 2.2 Front view (left) and side view (right) of the VAST12 antenna showing its coordinate system
defined by the optical mirror cube located on the top rim of the reflector.

2.2.2 Mechanical Coordinate System

The mounting flange of the VAST12 defines the zy plane and thus the z axis of the mechanical
coordinate system. The orientation of the z axis (¢ = 0°) is then defined with a precision
level placed in the specified place on the feed support arm, as shown in Figure 2.2, and setting
the ¢ axis to 0° when this indicates a levelled situation.

2.2.3 Electrical Coordinate System

Conventional far field ranges in many instances do not have the ability to define a coordinate
system with regard to one of the above two definitions. Thus an electrical coordinate system
is defined here that will allow reporting of results irrespective of the type of far field range
used, e.g. roll over azimuth or azimuth over elevation.

The z axis is defined by the direction of absolute maximum of total directivity. In order
to find the absolute maximum, the direction perpendicular to the mounting flange can be
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taken as starting point as the maximum is very close to it. In this process, the antenna can
be assumed primarily vertically-polarized, i.e. the electric field vector is primarily in the zy
plane, as referred to Figure 2.2. Care should be exercised here as the VAST12 has a rather
flat top in the main beam. Once the absolute peak is detected, the corresponding angular
indicators are zeroed.

A minimum signal is then obtained from the orthogonal port of the range probe by rotating
the range probe around its symmetry axis or by rotating the antenna around the above defined
z axis. Once the minimum is obtained, the corresponding angular indicator is zeroed and
the x axis is thus defined. This procedure assumes a very good linearly polarized probe.
Alternatively, the probe polarization properties should be determined and taken into account
during the definition of the z axis.
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Chapter 3
Participating Facilities

A brief description of the participants and the participating measurement facilities is given
in this chapter. Where provided, this includes a description of the physical layout of each
measurement facility, a description of the equipment, and a description of the measurement
procedure. Further, accuracy estimates or error budgets are presented for the facilities, which
have provided such.

Aside from the measurement facilities, which are presented here, the VAST12 antenna has
also been measured at Ericsson Microwave Systems (EMW) and the University of Liverpool
(LIVUNI). The measurement at the EMW facility is documented in their measurement report
which is included as Appendix B. It has however not been possible to include the EMW data
in the comparisons presented in this report. For different reasons it has also not been possible
to include the measurement data from LIVUNI in the comparisons.

3.1 Technical University of Denmark

3.1.1 DTU-ESA Spherical Near-Field Antenna Test Facility

The VAST12 antenna was measured at the DTU-ESA facility two times. First, it was mea-
sured in May 2004 before the outset of the campaign. For the second time, it was measured
in April 2005 as the final step of the measurement phase of the campaign. The two measure-
ments were slightly different in their procedures, since some modifications of the procedure
were made during the second measurement as result of experience gained in the first measure-
ment. Particularly, the alignment of the mechanical setup before the second measurement
has been improved making use of electrical measurements and information extracted from the
phase patterns.

In this section, a description is given of the technique, the setup, the procedure, and the
parameters of the measurements carried out at the DTU-ESA Spherical Near-Field Antenna
Test Facility. It includes the general aspects as well as specific descriptions of the measure-
ments of the VAST12 antenna. The description in this section is an extract from [12].
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Figure 3.1 The VAST12 Antenna during measurements at the DTU-ESA Spherical Near-Field Test Facility.

3.1.1.1 Measurement Technique

The radiation measurement is carried out in two steps: first, the near-field of the Antenna
Under Test (AUT) is measured in a number of points on a full sphere. Next, the near-field is
transformed to the corresponding far-field using a mathematical algorithm based on a spheri-
cal wave expansion of the near-field. During the transformation, a value for the total radiated
power is also found. The directivity in any direction can then be found as the ratio between
the power density in that direction and the average radiated power density. For a detailed
treatment of the spherical near-field measurement technique, the reader is referred to [13].

The gain measurement is performed using a substitution technique, where the amplitude
of the AUT near-field is compared with the amplitude of the near-field of a Standard Gain
Horn (SGH). Combined with the knowledge of the near- and far-fields of the two antennas,
obtained from full-sphere measurements of both, the ratio between the gains of the AUT and
the SGH can be determined. The gain of the SGH is found by subtracting the loss from the
directivity. The directivity is found from a full sphere measurement, while the loss in the
waveguide and in the pyramidal section is estimated using well known formulas for the ohmic
losses in a rectangular waveguide (see e.g. [14, p. 423]). The loss in the coax-to-waveguide
transition is measured. A detailed treatment of the gain determination technique can be
found in [13, pp. 210-214].

The input reflection coefficients of the AUT, the signal source, and the SGH are also

measured and accounted for to accurately determine the gain of the AUT.
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3.1.1.2 Measurement Setup

The measurement setup is shown in Figure 3.2. In the first measurement the VAST12 antenna
was mounted through the extension flange to the mounting flange of the antenna tower. In
the second measurement the VAST12 antenna was mounted directly to the antenna tower.

Antenna Under Test:
VASTI12

o r X3
<X

direction of transmission
_—

origin of measurement
coordinate system

extension flange

tower tower

\ antenna probe/ §
N

Figure 3.2 Measurement setup.

The antenna tower provides two axes of rotation: a vertical axis (f-axis) and a horizontal
axis (¢-axis). The near-field of the AUT can hereby be measured in any (6, ¢)-direction at
a constant distance, i.e. a full sphere measurement, using the probe mounted on the probe
tower. Two orthogonal components of the near-field are measured.

The RF system comprises a Scientific Atlanta SA2180 signal source and a Scientific Atlanta
SA1795 vector measurement receiver. To ensure that the signal source is well matched, the
cable connecting the signal source and the AUT is fitted with an isolator. The measurement
is automated and controlled by a computer program developed at the facility. The near-field
to far-field transformation is performed by the SNIFTD software [15]. The rotation of the
spherical coefficients to transform the far-field from the measurement coordinate system into
the optical coordinate system is performed by the ROSCOE software [15]. The S-parameters
of the AUT and the SGH are measured using a calibrated HP8510 vector network analyzer.

3.1.1.3 Measurement Procedure

Prior to making any measurements of the AUT, pattern and polarization calibrations of the
probe are performed. Before the last step of the polarization calibration is performed, the
probe is placed in its final position on the probe tower. The probe is then not removed before
the measurements of the AUT and the SGH are completed. The measurement procedure is
outlined below and it is the same for both measurements.

1. Mechanical alignment of the antenna tower and the probe tower.
2. Pattern and polarization calibration of the probe.

3. Mounting and alignment of the SGH on the antenna tower.
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4. Full sphere measurement of the SGH.
5. Near-field point measurement of the SGH for gain determination by substitution.

6. Dismounting of the SGH and mounting and mechanical alignment of the AUT on the
antenna tower.

7. Near-field point measurement of the AUT for gain determination by substitution.
8. Optical measurements of the mirror cube on the AUT.
9. Full sphere measurement of the AUT.

10. S-parameters measurements for the AUT and the SGH and loss measurements in the
coax-to-waveguide transition of the SGH.

The procedure for the data processing is as follows:

1. Probe correction coefficients are calculated.

2. Spherical coefficients of the AUT are found, including probe correction, in the measure-
ment coordinate system. Total radiated power, directivity and the radiation pattern
are calculated.

3. The spherical coefficients of the AUT are transformed from the measurement coordinate
system to the optical coordinate system and the radiation pattern is again calculated.

4. Plots of co- and cross-polar radiation patterns are made. The far-field data are converted
from the binary file format to the ASCII file format.

5. The SGH raw measurement data are transformed to the corresponding far-field including
probe correction. The SGH directivity is calculated. Losses in the SGH including coax-
to-waveguide transition are determined and the gain of the SGH thus obtained.

6. The gain of the AUT is calculated using near-field and far-field data for the AUT and
SGH. Losses in the AUT are calculated.

The measurement coordinate system coincides with the mechanical coordinate system
of the VAST12 antenna (see Figure 3.2). The three Euler angles determined in the first
measurement and used for transformation from the measurement coordinate system to the
mirror cube (optical) coordinate system were: (¢,6,x) = (228.418, 0.621, 131.401). The
definition of the Euler angles and the description of the corresponding rotations are given
in Appendix A. The three Euler angles determined in the second measurement and used
for transformation from the measurement coordinate system to the mirror cube (optical)
coordinate system were: (¢,6,y) = (228.189, 0.620, 131.634). In order to transform from
the measurement coordinate system to the electrical coordinate system, the location of the
maximum value of the co-polar field component in the measurement coordinate system was
found with the resolution 0.02° in € and 1° in ¢. The Euler angles were then defined as
follows: In the first measurement these were: (¢,6,x) = (228.300, 0.180, 132.000). In the
second measurement these were: (¢,6,x) = (269.080, 0.140, 91.000).
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3.1.1.4 Measurement Accuracy

Table 3.1 provides a list of electrical and mechanical sources of inaccuracy in the spherical
near-field antenna measurement and their influence on the on-axis directivity. Table 3.2 pro-
vides a similar list of inaccuracy sources in the gain determination by the substitution method.

Source Accuracy Influence on
directivity [dB]

Reflectivity level < —50 dB —

Multiple reflections +0.2% +0.018
Antenna tower pointing +0.05° +0.058
Measurement distance +2 mm —

Axes intersection 4+0.1 mm +0.001
Probe position 40.3 mm 40.008
Amplitude drift +0.17% +0.015
Amplitude noise +0.06% +0.005
Amplitude non-linearity +0.5% +0.043
Phase drift +0.2° —

Phase noise +0.1° -

Phase shift in rotary joints +0.1° —

Channel balance amplitude +0.14% 40.003
Channel balance phase +0.1° +0.005
Probe polarization amplitude +0.1% +0.001
Probe polarization phase 40.02° —

Mode truncation +0.001 dB 40.001
Worst case sum +0.158
Root Sum Square (RSS) +0.077
Standard deviation (o) +0.044
30 +0.132

Table 3.1 Accuracy estimate for on-axis directivity of the VAST12 antenna.

The reflectivity level is the experimentally verified specification of the anechoic chamber
[16]. The accuracies of the following sources are found from measurements during this project:
multiple reflections, antenna tower pointing, measurement distance, axes intersection, probe
position, amplitude drift and noise, phase drift and noise, channel balance amplitude and
phase, probe polarization amplitude and phase, mode truncation, SGH gain, mismatch cor-
rection, cable variations. The accuracies related to the Scientific Atlanta SA1795 measurement
receiver (amplitude non-linearity) and to the rotary joints (phase shift) are taken from the
manufacturer’s specification.

The influence of the individual sources of inaccuracy has been found by either analytic
estimation or by introducing changes in the measured near-field data and observing the cor-
responding changes in the calculated far-fields.
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Source Accuracy Influence on
gain [dB]

AUT directivity +0.08 dB +0.08
SGH gain +0.07 dB +0.07
Amplitude non-linearity 0.05 dB/10 dB +0.05
Signal-to-noise ratio 80 dB —
Multiple reflections +0.2% +0.02
Mismatch correction +0.05 dB +0.05
Cable variations +0.05 dB +0.05
Worst case sum +0.32
Root Sum Square (RSS) +0.14
Standard deviation (o) +0.08
3o +0.24

Table 3.2 Accuracy estimate for on-axis gain of the VAST12 antenna.

All the contributions in Table 3.1 and Table 3.2 can be considered to have a rectangular
distribution between the lower and the upper bound values. Therefore, the corresponding
standard deviation is 1/ V/3 times the upper bound value. Similarly, the total standard devi-
ation, o, will be 1/4/3 times the RSS value. The total influence on the gain value therefore
corresponds to a standard deviation o of 0.08 dB and a 3o-value of 0.24 dB.
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3.2 Polytechnic University of Madrid

Measurements have been done in three different facilities at the Polytechnic University of
Madrid. The facilities consist of a spherical near-field system (UPM1), a planar near-field
system (UPM2), and a compact range system (UPM3). The results from the measurements
and a description of each facility have been presented in [17]. The facility descriptions given
below are an extract of what is given in that work.

3.2.1 UPM Spherical Near-Field System

This part describes the test procedure for the VAST12 carried out at the LEHA-UPM Spher-
ical Near-Field System (UPM1). It describes the general aspects of the test procedure: mea-
surement instrumentation, measurement environmental conditions, measurement techniques,
measurement setups and measurement procedures.

3.2.1.1 Measurements

In the spherical near-field system the measured parameters were at 12 GHz: radiation pattern
(co-polar and cross-polar), directivity, gain and polarization characteristics.

Measurement frequencies: 12 GHz

Measurement type: Full sphere measurement
Measurement distance: 530 cm

Scan axis: ¢

Scan angle range: 0° < ¢ < 359°

Scan angle increment: 1°

Step axis: 0

Step angle range: 0° <0 < 180°

Step angle increment: 1°

Probe: Single channel. Corrugated conical horn
Probe pattern correction: Included

Probe polarization correction: Included

3.2.1.2 Measurement instrumentation

e Chamber dimensions (L,W.,H): 7.3 x 4.3 x 4.3 meters
e Frequency range: 1 - 20 GHz

e Positioner System: ORBIT 3 axis system for polarization, roll and azimuth, equipped
with synchronous (Positioner programmer Orbit AL-4706-3A and Power unit: Orbit
AL-4146-2)

e Rotary joints: precision rotary joints up to 18 GHz, built by SIVERS Ltd.

e RF equipment: based on the Agilent 8530A system, equipped with test set 8511B and
a synthesizer (HP8341A)

e The system is controlled with a PC equipped with IEEE488 bus.
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e Transformation Software: TICRA-TUD SNIFTD [15] to convert from spherical near
field to far field

(a) (b)

Figure 3.3 LEHA-UPM Spherical near-field system. (a) AUT Positioner. Roll over Azimuth on longitudinal
table. (b) Polarization Positioner.

3.2.1.3 Measurement environmental conditions

e Temperature: 21°C + 2°C
e Relative humidity: 35% to 50%

e Pressure: 702 £ 25 mm Hg

3.2.1.4 Measurement technique

The radiation pattern is carried out in two steps: first, the near field of the Antenna Under
Test (AUT) is measured in a number of points in a full sphere. Next, the near field is trans-
formed to the corresponding far field using a mathematical algorithm based on a spherical
wave expansion of the near field (SNIFTD). During this transformation, a value for the total
radiated power is also found.

The directivity in any direction can be found as the ratio between the power density in
that direction and the average radiated power density.

The gain measurement is performed using a substitution technique, where the amplitude
of the AUT near field is compared with the amplitude of the field of a Standard Gain Horn
at the same distance (rectangular horn). Combined with the knowledge of the near and far
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fields of two antennas, obtained from full-sphere measurement of both, the ratio between the
gains of the AUT and Standard Gain Horn (SGH) can be determined. The gain of the SGH is
found by subtracting the loss from its directivity. The directivity is found from a full sphere
measurement, while the loss (very low value) in the waveguide and in the pyramidal section
is estimated using well known formulas for the ohmic losses in a rectangular waveguide. The
loss of the transitions are included in the calculation.

The polarization is measured with the three antenna technique [18], measuring the VAST12
antenna, the standard gain horn and the corrugated conical horn used as probe.

3.2.1.5 Measurement Setup

The measurement setup is shown in Figure 3.4. The AUT, in this case the VAST12 antenna,
is mounted through an extension flange to the roll turntable. This positioner is on the tower
over the azimuth positioner of the spherical near field system. The near field of the AUT can
hereby be measured in any direction at a constant distance —530 cm, distance between AUT
and probe-, that is a full sphere measurement.

The probe (corrugated conical horn) is mounted on a plate provided of one axis of rotation
(polarization) to acquire two orthogonal polarizations (theta and phi).

The measurement is automated and controlled by a computer software developed at
LEHA-UPM (PROCENCA), including transformation to far field with SNIFTD software.

530 cm

Extension flange

Pol positioner Eoll positioner

Tower

Aramuthpositions

Linear slide

Figure 3.4 Spherical near-field system measurement setup.

3.2.1.6 Measurement procedure

Probe Calibration:

The used Ku probe is a corrugated conical horn with a maximum cross-polar radiation
level equal to —35 dB. In the axis, the cross-polar level is —60.21 dB. This probe has a
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Figure 3.5 VASTI12 in LEHA-UPM Spherical near-field system.

mechanized plane on its flange normal to the E-plane, that allows to move the antenna from
one system to another one keeping the position. The error of the orthogonality between
the plane and the electric field is 0.2°. This error was obtained using the three antennas
polarization method. The process is:

1.

Mechanical alignment of the antenna tower and the probe tower in the spherical system.
This alignment was realized with a theodolite [13].

. Mounting and alignment of the Ku probe in spherical system. The probe is placed with

the level, adjusting the roll value to 90°. For this calibration, a NARDA rectangular
horn (cross-polar level in the axis lower than —60 dB) is used as probe. This horn is
also placed with a level, and it was also measured with the three antennas polarization
method.

Pattern and polarization calibration of the probe in spherical system for the measure-
ments in spherical and planar near field system, according to the method explained in
SNIFTD software. For the Ku probe, these measurements are realized directly in far
field.

Full sphere measurement of the Ku probe in spherical system to obtain the values of
the directivity.

Measurement with a VNA (Vector Network Analyzer) the losses of the coax to waveguide
transition to estimate the total losses and calculate the gain of the probe.

Near field acquisition:

1.

Mounting and alignment of the VAST12 in the spherical near field system.
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2. Mounting and alignment of the probe in the spherical near field system.

3. Full sphere near field acquisition of the VAST12 antenna in the spherical near field
system.

4. Near field measurement of the VAST12 in # = 0° direction for gain determination by
substitution.

5. Dismounting of the VAST12 of the spherical near field system.
6. Mounting and alignment of the SGH in the spherical near field system.

7. Near field measurement of the SGH in § = 0° direction for gain determination by
substitution.

8. Standard Gain Horn (SGH) calibration (same procedure as probe calibration).

Near field to far field transformation process:

1. The VAST12 antenna acquisition in spherical near field system is transformed to far field
values, including probe correction. Total radiated power and directivity are calculated,
using SNIFTD.

2. Plots of co- and cross-polar radiation pattern for the VAST12 are made.

3. VASTI12 gain is calculated using spherical near field data, far field data, directivities,
total radiated power and reflection coefficients for VAST12 and SGH. Losses of the
VAST12 antenna are calculated from directivity and gain.

3.2.1.7 Measurement Errors

Error budget for directivity measurement:

Concept Distribution Main beam error (dB)
Mechanical setup inaccuracies Normal (30) 0.020
Multiple reflections Uniform (¢) 0.015
Receiver non linearity Normal (30) 0.030

Noise standard deviation Normal (30) 0.003
Thermal drift Uniform (¢) 0.020
Scattering and absorption by the antenna tower Uniform (e) 0.020

VNA Sampling errors Uniform (¢) 0.001

Rotary joints errors Uniform (¢) 0.005
TOTAL RSS ERROR (30) +0.089 dB

Table 3.3 Error budget for directivity measurement.

Error budget for gain measurement:
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Concept Distribution Main beam error (dB)
Mechanical setup inaccuracies Normal (30) 0.020
Multiple reflections Uniform (¢) 0.015
Receiver non linearity Normal (30) 0.030
Noise standard deviation Normal (30) 0.003
Thermal drift Uniform (¢) 0.020
Scattering and absorption by the antenna tower  Uniform (g) 0.020
VNA Sampling errors Uniform (¢) 0.001
Rotary joints errors Uniform (¢) 0.005
SGH gain error Normal (30) 0.12
Comparison Measurements error Normal (30) 0.05
TOTAL RSS ERROR (30) +0.158 dB

Table 3.4 Error budget for gain measurement.

Where

30 = Z (30:)% + Z (1.73¢;)2.

normal uniform

Error for loss measurement:

301035 = \/(3adirectivity)2 + (?)O'gain)2 = +0.181 dB

3.2.2 UPM Planar Near-Field System

(3.1)

This part describes the test procedure for the VAST12 carried out at the LEHA-UPM Planar
Near Field System (UPM2). It describes the general aspects of the test procedure: mea-
surement instrumentation, measurement environmental conditions, measurement techniques,

measurement setups and measurement procedures.

3.2.2.1 Measurements

In the planar near field system the measurements were: co-polar and cross-polar radiation

pattern (—30° < 6 < 30°) and gain.
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Measurement frequencies:
Measurement type:
Measurement distance:
Scan axis:

Scan range (cm):

Scan increment (cm):
Step axis:

Step range (cm):

Step increment (cm):
Probe:

Probe pattern correction:
Probe polarization correction:

12 GHz

Planar scanning

80 cm

Yy

80 <y <3285

1.75

x

125 <z < 373.5

1.75

Single channel. Corrugated conical horn
Included

Not Included (due to the polarization purity of the probe)

3.2.2.2 Measurement Instrumentation

e Chamber dimensions (L,W,H): 15 x 8 x 7.3 meters.

Frequency range: 0.9 - 40 GHz.

Maximum Scan area: 4.75 x 4.75 meters.

Positioner System: 5 axis for probe polarization, x-axes, y-axes, roll and azimuth,
equipped with optical encoders. This measure has been carried out with x, y and
polarization axes. Roll over azimuth is used in the antenna alignment.

Rotary joints: precision rotary joints up to 40 GHz, built by SIVERS Ltd.

RF equipment: based on the Agilent 8530A system, equipped with test set 8511B for

planar acquisition.

The system is controlled with a PC equipped with IEEE488 bus.

Software: PNIFT [19] to convert from planar near field to far field.

The z-accuracy in planar scanner has been checked with a laser tracker obtaining results
shown in Figure 3.7. The errors are lower than +0.16 mm in the measured plane (4000 mm x
4500 mm). This means a phase error at 12 GHz lower than +2.3 deg (peak value). The x and
y position accuracy is 0.2 mm. This value has been also obtained with the laser tracker.
The cables used in this system are Gore™ Phaseflex® with a high phase stability (change in
phase specification, with flexure, equal to +3.4° at 12 GHz).

3.2.2.3 Measurement Environmental conditions

e Relative humidity: 35% to 50%

Temperature: 21°C + 2°C

Pressure: 702 + 25 mm Hg
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Figure 3.7 z-accuracy of the scanner.

3.2.2.4 Measurement Technique

The radiation measurement is carried out in two steps: first, the near field of the Antenna
under Test (AUT) is measured in a number of points on the plane. The second step is the
post-process to transform the acquired measurements in far field pattern. This transforma-
tion is realized with a mathematical algorithm based on a planar wave transformation of the
near field, including pattern and polarization probe correction. The valid angular range of the
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radiation pattern (Figure 3.8) depends on the antenna dimensions, planar scanner surface and
distance from the antenna to the scanner. For this antenna the dimension of the measured
plane was adjusted to 248.5 x 248.5 cm, to reduce the measured time. The scanning zone
was adjusted to the limits where acquired near field level were —45 dB (respect the maximum
value). The distance from the antenna to the scanner was adjusted to 80 cm and the antenna
aperture diameter is 50.8 cm In this case the valid angular range for the measurement is +51°
in both planes. The step between points was adjusted to 1.75 cm. This value limits the valid
angular range, without aliasing, to +45.6°.

A=A, =175 cm < 5 s

A 5 = 0=45.6° (3.3)

248 5 cm

F 3
Y

&0 om

A0 E cm

Figure 3.8 Valid angular range in the planar scanner.

The gain measurement is performed using the direct technique [20]. This technique re-
quires the knowledge of the gain of the probe and the insertion losses of the system. The
probe gain is obtained through measurement of the probe directivity in a spherical system
and the measurement of the losses of the coax to waveguide transition. The insertion losses
of the system are obtained joining (thru) the probe and AUT cables (reflection coefficients
are accounted).

3.2.2.5 Measurement Setup

Figure 3.9 shows the VAST12 antenna in the Planar near field system. The measurement
setup is shown in Figure 3.10. The AUT is mounted on the turntable of the roll over azimuth
positioner of the system, at the top of the tower placed on the linear slide. The AUT is fixed
on that position.

The probe (corrugated conical horn) is mounted on the turntable of the polarization po-
sitioner to acquire two orthogonal polarizations (horizontal and vertical).This positioner is
mounted on the vertical table of the xzy acquisition system.

The RF system comprises an Agilent 8530A system: signal source (synthesizer HP83620A)
and test set (HP8511B). The S-parameters of the AUT and probe are measured using a cali-
brated Agilent PNA Vector Network Analyzer. The measurement is automated and controlled
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by a computer software developed at LEHA-UPM, and transformed to far field with PNIFT
software (also developed at LEHA-UPM).

Figure 3.9 VAST12 in LEHA-UPM Planar near-field system.

Planar scanver (7]

80 cm '

248 5 248 5 cm

Figure 3.10 Planar near-field system setup.
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3.2.2.6 Antenna and system alignment

The antenna axis are defined according with the mechanical coordinate system in this way:
z-axes is normal to the interface plate of the VAST12, and pointing out of the antenna and
x-axis is in the plane of the interface plate, and horizontal.

Prior to the installation of the AUT on the positioner, an alignment process of the antenna
tower was realized, with a laser placed on the roll turntable and a mirror placed on the probe
polarization positioner. Azimuth positioner is rotated until the laser reflection coincides with
its transmission iris. If there were used a precision laser and a good parallelism between
scanner and polarization turntable existed, this alignment would assure the coincidence of
the scanner z-axis with the antenna z-axis.

3.2.2.7 Measurement Procedure

1. Probe calibration (as explained for Spherical Near Field System).
2. Mechanical alignment of the antenna tower (as explained in Section 3.2.2.6).

3. Mechanical alignment of the Ku probe on the polarization positioner of the planar
scanner with a precision level.

4. Mounting of the VAST12 antenna on the antenna tower of the planar system.
5. Planar acquisition of the near field (both polarizations) of the VAST12.

6. Direct connection between the probe cable and VAST12 cable, to measure the insertion
loss of the system (direct method of gain measurement).

7. Dismounting of the VAST12 and probe of the planar near field system.

The process is as follows:

1. Probe correction coefficients for planar and spherical measurement systems are calcu-
lated with SNIFTD

2. The Ku probe acquisition in spherical near field system is transformed to far field values
with SNIFTD, that also calculates total radiated power and directivity. Losses in the
probe including coax-to-waveguide transition are determined and the gain of the probe
is obtained.

3. The VAST12 antenna acquisition in planar near field system is transformed to far field
values (in the valid angular range), including probe correction with PNIFT, that also
calculates radiated power through the plane

4. Plots of co- and cross-polar radiation pattern for the VAST12 are made.

5. VAST12 gain is calculated using planar far field data, near field data, gain of the probe,
reflection coefficients, directivities and losses of the cable. Gain is referenced to the
coaxial input.
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3.2.2.8 Measurement Errors

AUT Radiation pattern Error budget:

The VAST12 gain pattern is calculated by far field transformation (PNIFT). The error of
the parameter is obtained from the following error budget:

NF/FF Concept Distribution ~Main beam error (dB)
Probe position error (zy plane) Normal (30) 0.013
Probe position error (z axis) Normal (30) 0.003
Probe scatter and multipath Uniform 0.009
Room reflections Uniform 0.006
NF Cable flexions Normal (30) 0.003
Thermal drift Uniform 0.035
Receiver noise Normal (30) 0.002
Receiver non linearities Normal (30) 0.045
Test port mismatch Normal (30) 0.050
Transformed Phase errors Normal (30) 0.012
Scan truncation Normal (30) 0.080
FF Aliasing Normal (30) 0.030
Probe gain calibration Normal (30) 0.120
Thru repetitively Normal (30) 0.030
Total (RS 30) 0.177

Table 3.5 Error budget for gain measurement.

3.2.3 UPM Compact Range System

This part describes the test procedure for the VAST12 carried out at the LEHA-UPM Com-
pact Range System (UPM3). It describes the general aspects of the test procedure: mea-
surement instrumentation, measurement environmental conditions, measurement techniques,
measurement setups and measurement procedures.

3.2.3.1 Measurements

The measurements carried out in the Compact Range are the co-polar and cross-polar radi-
ation patterns at 12 GHz and the gain.
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Measurement frequencies: 12 GHz

Measurement type: Far field (Gregorian Compact Range)
Scan axis: 0
Scan range: —179° <0 < 179°
Scan increment: 0.075° for —30° < 6 < 30°
0.5° for —179° <0 < 179°
Step axis: 10)
Step range (cm): 0°, 45°, 90°, 135°
Probe: Single channel. Corrugated conical horn

VSWR was also measured.

3.2.3.2 Measurement instrumentation

Chamber dimensions (L,W,H): 15 x 8 x 7.3 meters.
Subreflector Chamber dimensions: 6 x 3 x 2.4 m.
Frequency range: 6 - 40 GHz

Positioner System: 4 axis for feed polarization, elevation, roll and azimuth, equipped
with synchronous.

Quiet zone at X band: 2.5 m. diameter (+£0.25 dB, £3°).
Rotary joints: precision rotary joints up to 40 GHz.

RF equipment: based on the Agilent 8530A system, equipped with test set 8511B for
planar acquisition.

This antenna range consists in a Gregorian Compact Range. It two chambers, one
smaller where it is placed the feed and the subreflector. The main reflector and the
tower for the antenna under test is placed in the main chamber. Some photographs of
the measurement system are in Figure 3.11.

3.2.3.3 Measurement Environmental conditions

Temperature: 21°C + 2°C
Relative humidity: 35% to 50%

Pressure: 702 £ 25 mm Hg

3.2.3.4 Measurement Technique

The

first step is the system alignment: this is done measuring the Radar Cross Section of a

metallic plate, plane and parallel to the turntable, fabricated in aluminum, that is a 50 cm
radius circle. The system will be aligned in the angle where the maximum RCS is located.
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Subreflector

Feeder
Main reflector

Figure 3.11 Compact Range System.

After aligning the system, the radiation patterns are measured rotating in azimuth the
antenna tower. The phi values are obtained rotating the roll positioner.

The antenna gain is obtained by substitution with a SGH (previously calibrated at the
spherical system).

The input reflection coefficients of the AUT and SGH are also measured and accounted
for to accurately determine the gain of the AUT.

3.2.3.5 Measurement Setup

VAST12 antenna in the LEHA-UPM Gregorian Compact Range System is shown in Figure
3.12. The measurement setup is shown in Figure 3.13. The AUT, in this case the VAST12
antenna, is mounted through a extension flange to the roll turntable. This positioner is on the
tower over the elevation over azimuth positioner of the compact range system. The far field
from the Ku-probe (obtained through the two reflectors Gregorian System) can hereby be
measured in any angular direction rotating the AUT over roll or azimuth axis of the antenna
positioning system.

The probe (corrugated conical horn) is mounted on a plate provided of one axis of rotation
(polarization) to acquire two orthogonal polarizations (theta and phi).

3.2.3.6 Measurement procedure

The SGH measurement follows the same procedure than shown in Section 3.2.2.7.
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Figure 3.12 VAST12 in LEHA-UPM Compact Range System.

VASTI2
Foll

positioner

Teower

Azimuth

el iy
. M' paitioner
HHT T

Figure 3.13 Compact Range Measurement Setup.

1. Mounting and alignment of the probe in the compact range system.

2. Antenna tower alignment.

3. Mounting and alignment of the VAST12 in the compact range system.

4. Measurement of radiation patterns of the VAST12 antenna for different phi angles.
5. Measurement of VSWR of the VAST12.

6. Mounting and alignment of the SGH in the compact range system.

Page 33 of 164

The information contained in this document should be used only for the scope of the contract for which this document is prepared.



Contract FP6-IST 508009
Date 23/12/2005

Antenna Centre of Excellence
First Facility Comparison Campaign

7. Measurement of the SGH radiation in broadside direction.

After the data acquisition, the process continue with these steps:

1. Plots of co- and cross-polar radiation pattern for the VAST12 are made.

2. Calculation of the gain by comparison between measurements of SGH and VAST12 in
theta=0 deg values.

3.2.3.7 Measurement Errors

The error budget is considered for gain pattern measurement.

Concept Distribution Main beam error (dB)
Mechanical setup inaccuracies Normal (30) 0.020
Multiple reflections Uniform (¢) 0.015
Receiver non linearity Normal (30) 0.030
Noise standard deviation Normal (30) 0.003
Thermal drift Uniform (¢) 0.020
Scattering and absorption by the antenna tower Uniform (e) 0.020
VNA Sampling errors Uniform (¢) 0.001
Rotary joints errors Uniform (¢) 0.005
SGH internal losses estimation error Normal (30) 0.005
Phase and amplitude errors in quiet zone Normal (30) 0.250
SGH Gain error Normal (30) 0.120
TOTAL RSS ERROR +0.29 dB

Table 3.6 Error budget for gain measurement.

3.3 France Telecom Research & Development

France Telecom Research & Development (FTRD) have provided measurement results for the
comparisons from their far-field measurement facility. The description of the facility which is
provided here is taken from [21].

3.3.1 FTRD Far-Field Range

Based at La Téte de Chien, on top of a rocky promontory above Monaco, the La Turbie site
is an ideal location for the measurement of electromagnetic radiation. It offers:

e An optimal topography: a 300 meters deep valley between the transmitter station,
located 1450 meters away, and the antenna under test, and a steep cliff behind the
measurement area overlooking the sea, providing a pure environment free of parasitic
reflection.
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e Good weather conditions throughout the year.

e Protection from radio interference due to the establishment of a “quiet zone” around
the site.

The quality of the radiated electromagnetic field leads to exceptional precision in an-
tenna measurements, and a dynamic range attaining 80 dB, making La Turbie a unique site
throughout the world.

Figure 3.14 Photo of the radome.

3.3.1.1 General characteristics

The radome, comprised of a resin dome with a fabric “window” which is transparent at mi-

crowave frequencies, is a sheltered environment for the measurement of satellite antennas.
The air within the radome can be filtered, to provide clean room conditions with strictly
controlled temperature, humidity, and air purity.

Main characteristics are:

e Diameter of base 15 m, useful internal height 8.5 m, useful volume 1150 m3.

e 3 axis-positioner, with X, Y offset table, elevation over azimuth positioner and polar-
ization positioner. The whole is set on a mounting lift (4-th axis) with the possibility
of movement on a precision rail.

e Maximum AUT size 3.50 m, maximum load 800 kg function of the assembly.

3.3.1.2 Radio-electric characteristics and used material

e Frequency band 0.5 to 50 GHz

e Reflectivity: —40 dB for F' > 4 GHz
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Transmitted power: 30 dBm

Angular accuracy: azimuth, site 1/100° (encoder 16 bits), polarization 2/100° (selsyns
1/1 and 36/1).

Angular range +30° elevation and +60° azimuth

e Equipment: microwave receiver HP 8530, LAVAUR Positioners, controls ACC, work-
station B1000 model.

Figure 3.15 shows the synopsis of the far-field range

Mélangeur
HP 85320A

o
=

nean ]

I =

systome P48
systéme

HP F724A v
, —
&

@ Tragau% 3

Baslc unlx Llalson fibre optique
vers centre de calcul

Figure 3.15 Synopsis of the far-field range.

3.3.1.3 Mount of the VAST12 Antenna and Axis

The best way to describe the axis used for the characterization of the VAST12 antenna is to
give a picture. Figure 3.16 shows the antenna and the two axis.

3.3.1.4 Transmit Antenna

Figure 3.17 shows the transmit antenna used during the characterization of the VAST12
antenna.
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Figure 3.16 VASTI12 Antenna and the two axis (front view).

Figure 3.17 Transmit antenna.
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3.4 Saab Ericsson Space

Saab Ericsson Space (SES) have provided measurement results for the comparisons from their
A6 test range. The description of the facility which is provided here is taken from [22].

3.4.1 SES A6 Spherical Near-Field Test Range

The A6 test range is a dual mode facility where the AUT can be either a passive antenna or an
active antenna and measured in either receive or transmit mode. It is used for applications
that range from far-field measurements of small antennas to near-field testing of directive

reflector and array antennas.

The anechoic chamber is a 5 (width) x 5 (height) x 9 (length) m? rectangular chamber
lined with pyramidal absorbers. To protect the measurements from external disturbances, or
to protect the outer environment when active antennas are tested, the facility is RF shielded.
The level of shielding is better than 90 dB. Access to the test object is via a drawbridge,
see figure. The frequency range covered is 0.8 - 40 GHz and the measurement distance is
6 m. The quiet zone diameter is 0.5 m for far-field measurements and more than 1.2 m for

near-field measurements.

F

[
)
[
-4
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&5

hinaY
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Figure 3.18 Outline of facility.

The RF subsystem is based on an HP8530 microwave receiver with distributed mixers.
The signal and LO sources are of the HP8360 family. The range antennas used are two dual
linearly polarized wide band horns for 0.8 - 4.5 GHz and 2 - 18 GHz and two standard gain
horn antennas for 18 - 26 GHz and 26 - 40 GHz. It is possible to measure four ports on the
AUT and two polarizations on the range antenna.

The positioner system features a high precision roll over slide over azimuth system with
a tower between the slide and roll positioner. The roll axis is interchangeable between a
high precision high load positioner (100 kg load) and an extremely low profile positioner (10
kg load) for measurement of small antennas. The positioner control is accomplished by an
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Figure 3.19 RF System.

Orbit/FR AL-4146-2 power amplifier and a DSP card in the range computer.

The data acquisition system is a standard FR959 Antenna measurement workstation. It
consists of modified antenna measurement software and a control PC (range computer). The
software is enhanced with utilities for call of NetCDF conversion software and a real time
angular display option.

(a) (b)

Figure 3.20 (a) VAST12 Antenna at the test range. (b) VAST12 Antenna mounted on the positioner.
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3.5 Polytechnic University of Catalonia

The Polytechnic University of Catalonia (UPC) has provided measurement results for the
comparisons from their spherical near-field range. An important note on the measurement
that was conducted at the UPC facility is that the data from this measurement has not been
probe corrected.

3.5.1 Spherical Near-Field Range at UPC

The UPC anechoic chamber has dimensions of (LxWxH) 10 x 7.5 x 7.2 m, and is covered
by absorbent panels. The reflectivity of the panels at L band is estimated to be —30dB. For
the antenna pattern measurement the Antenna Under Test (AUT) is placed in a positioner
system roll over azimuth (Figure 3.21) that constitute an spherical measurement system. A
probe antenna (usually a horn antenna) is placed in front of the AUT. The distance from the
antenna to the probe is constant (about 5.5m) and the combined movement of both positioners
allows the rotation of the AUT in all directions respect the probe. The movements of the
azimuth positioner are movements along the theta angle of the spherical coordinate system
and the movements of the roll positioner are movements along the phi angle. The center
of the spherical coordinate system is placed in the intersection of the rotation axis of both
positioners and z axis is the rotation axis of the roll positioner.

10m

AUT

Roll positioner Probe
\ / / Roll positioner
§ AV C o )
1i4m

7.2m

Azimisth positioner

55m

Figure 3.21 Anechoic chamber geometry.

The RF measurement system is based on the HP8530 network analyzer, with a specific
test-set for antenna measurements (Figure 3.22). The signal generated by a synthesizer feeds
the probe antenna. A sample of the signal is sent to the test-set as reference signal. The
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signal received by the antenna is also sent to the test-set and compared with the reference
signal for to compensate the fluctuations in the synthesizer. A rotary joint allows a complete
freedom of movements in the positioners, and also the position of cables is totally fixed, and
his stability is guaranteed.

rotafory joint rotafory joint

coaxial cable

AN A A
L .
!l SYNTHESIZER
W— —@\—E
measvred signzi1 reference signal dirgctional
coupler

Figure 3.22 RF set-up.
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Chapter 4

Measurement Campaign

A brief description of preparation and development of the campaign, the actual time-line as
well as an overview of the conducted measurements are given in this chapter.

4.1 Campaign Preparation and Planning

There is a series of questions to be answered and issues to be discussed in the process of
preparation of any facility comparison campaign. Particularly, a candidate antenna should
be found, a list of antenna parameters to be measured and compared, the format for the data
provided for the comparison and contents of the reports, a schedule of the antenna measure-
ments as well as the data comparison strategy.

The VAST12 antenna has been chosen as the candidate antenna for the planned cam-
paign, since it satisfies most of the requirements set for such an antenna [10]. The concepts of
the Verification Test Plan (VIP) and the User Data Package (UDP) were adopted from the
previous campaigns carried out at DTU for the European Space Agency [23], but modified
for the purpose of the present campaign.

The VTP accepted for the present campaign includes the following parts: a short descrip-
tion of the measurement, the name and affiliation of the measurement facility, its technical
details, a list of the antenna parameters to be measured, and a description of the data format.
The VTP was prepared by DTU as an Excel sheet to be filled in by the participants. All the
VTPs received from the participants can be found in Appendix C

The UDP includes the following documents:
1. VAST12 antenna Storage and Handling Manual,
2. VAST12 antenna Visual Inspection and Damage Status Report;
3. Description of the VAST12 antenna mechanical and electrical interface;

4. Time schedule of the campaign.

Most of the issues for discussion mentioned above were discussed and agreed between the
participants of the planned campaign at several progress meetings of the Activity 1.2 of the
ACE network. The actual time-line of the campaign is given in the next section.
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4.2

10.

Campaign Time-line

. The VAST12 antenna was briefly introduced at the ACE kick-off meeting in Noordwijk,

the Netherlands on January 30, 2004 and the participants of the Activity 1.2 meeting
were invited to join the First Facility Comparison Campaign.

. The campaign started by measurement of the VAST12 antenna at the DTU-ESA Spher-

ical Near-Field Antenna Test Facility in May 2004.

The major part of the campaign planning has taken place at the second progress meeting
at Gothenburg, Sweden on June 10, 2004. First, the VAST12 antenna has been intro-
duced to the participants: its mechanical and electrical characteristics together with the
three available coordinate systems have been presented. Next, the concepts of the VI'P
and the UDP have been presented and their contents have been discussed between the
potential participants of the campaign. Then, a tentative plan for the campaign has
been discussed and agreed.

A template of the VTP has been prepared by DTU and sent around.

. Participants have signed up for the campaign, delivered their filled-in VTPs, and indi-

cated the most suitable period for the antenna measurement.

DTU has established the optimum time schedule and sent the VAST12 together with the
UDP to the participants according to the schedule. The final schedule of the campaign
is shown in Table 4.1.

Participants have carried out the measurements and delivered measurement reports and
the data to DTU.

The data have been presented to the participants at the progress meetings in Paris,
France on April 1, 2005 and in Noordwijk, the Netherlands on May 30, 2005.

Different comparison strategies and first processed results have been discussed at the
progress meeting in Copenhagen, Denmark on September 23, 2005.

A first draft of the final report has then been prepared and sent to the participants
by the end of November 2005. The contents of the report has been discussed at the
progress meeting in Noordwijk, the Netherlands on December 2, 2005 and actions have
been agreed for finalizing the report.
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Dates Participant
May 18 — May 31, 2004 Measurement at DTU
Sep. 13 — Oct. 1, 2004 University of Liverpool
Oct. 4 — Oct. 22, 2004 France Telecom R&D La Turbie
Oct. 25 — Oct. 29, 2004 DTU
Nov. 1 — Nov. 19, 2004 University of Madrid
Nov. 22 — Dec. 10, 2004 Athens, “Demokritos”
Dec. 13, 2004 — Jan. 7, 2006 DTU
Jan. 10 — Jan. 28, 2005 University of Catalonia
Jan. 31, 2005 DTU
Apr. 18 — May 2, 2005 Measurement at DTU

Table 4.1 Time schedule of the First Facility Comparison Campaign.

4.3 Measurement Overview

During the initial stage of the campaign it has been realized by a couple of the participating
facilities that the measurement of the VAST12 antenna, for technical reasons, is too complex
to be conducted at those facilities. Hence, one facility has conducted only a minor part of
the planned measurement and another facility has withdrawn.

On the other hand, in addition to the measurements described above, the VAST12 antenna
has also been measured in two other measurement facilities, at the Saab Ericsson Space
(SES) and at Ericsson Microwave Systems (EMW), both in Sweden, during the summer
2004. Both of these facilities decided to join the campaign at a later stage, in the spring 2005.
It has however only been possible to include the measurement data from SES in the present
comparisons. The report documenting the measurement at EMW can be found in Appendix
B. An overview of the collected data is shown below in Table 4.2.

DTU1 and DTU2 correspond to the measurements carried out at DTU in 2004 and 2005,
respectively. UPM1, UPM2, and UPM3 correspond to the measurements carried out at UPM
on the spherical near-field setup, the planar near-field setup and the compact range.
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DTU1 DTU2 SES FTRD UPM1 UPM2 UPM3 UPC

Setup SNF SNF  SNF FF SNF PNF CR SNF
Mechanical CS X X X X X X
Pattern X X X X X X
Polarization X b'e (x) b'e

On-axis directivity X X X X

Peak directivity X X X

On-axis gain X be X X X X

Peak gain X X X b

Electrical CS X X X X X

Pattern X X X X X

Polarization X X X

On-axis directivity X X X X

Peak directivity X X X X

On-axis gain X X X X X

Peak gain X X X X X

Optical CS X X X X X X
Pattern X X b X X X
Polarization X b'e (x) b'e b'e
On-axis directivity X X X X

Peak directivity b b X X X
On-axis gain X X X X X

Peak gain X X X X X

Loss X X b X

Accuracy budget X X X X X

Table 4.2 An overview of the data collected in the First Facility Comparison Campaign.
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Chapter 5

Comparison Strategy

The measurement data-sets available for the comparisons contain a large amount of infor-
mation about the performance of the participating measurement facilities. As comparisons
of this data can be approached in different ways this chapter is dedicated to presenting and
discussing strategies for such. This includes discussions on comparisons of pattern shapes,
comparisons of gain and directivity, and comparisons of polarization characteristics.

5.1 Pattern

As the terms radiation pattern, pattern shape, and pattern can be taken to refer to any of the
common electromagnetic field quantities it is expedient for the discussions in the following
sections that the meaning of these terms as used in this report is defined. The patterns are
considered in the far-field region and, when suppressing a time dependence of e/, it is thus
possible to express the radiated electric field E(r, 0, ¢) as

efjkr

E(r707¢) =W F(‘97¢)7 (51)

where F(0, ¢) will be denoted the far-field pattern function and V} is an amplitude constant.
(r,0,¢) are the spherical coordinates to the observation point. The amplitude constant Vj
is defined such that the co-polar component of F(f, ¢) will have a magnitude in the interval
[0,1] when using Ludwig’s third definition for the co- and cross-polar components

F(0,0) = écoleo(0,0) + écaFeu (0, 0), (5.2)

where é., is a unit vector in the co-polarization direction and é.; is a unit vector in the cross-
polarization direction. Fi,(6,¢) and Fi,(6,¢) are the co- and cross-polarized components of
the pattern function respectively. It is seen that Vy can thus be expressed as

Vo = max{r|E.(r,0,9)|} (5.3)
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Hence, when discussing how to compare the patterns in the following sections basis is taken
in the far-field pattern function as defined here. As this definition effectively corresponds to
a normalization of the magnitude of the co-polar component of the far-field pattern function
F(0,¢) this will also be referred to as the normalized pattern. As the magnitude of this
complex far-field pattern function will be considered often in the following this will be denoted
f(0,¢) such that

f(0,0) = |F(6,9)] (5-4)

where f(0,¢) and F(6, ¢) refer to either the co- or the cross-polar component of the pattern
function.

5.1.1 Types of Comparisons

In order to extract the most information from the measurement data-sets that are available
in the project it is important to consider how to perform comparisons of this data in the
most efficient way. It is important to consider how to best illuminate particular properties
of the measurement data-sets and how to, through these properties, compare the different
measurement facilities.

A direct inter-comparison between all the measurement data-sets gives a large amount
of results. Such an investigation allows for considering both statistical deviations between
measurement data-sets and an identification of measurements, which deviates in specific ways
from others. From these results it may be possible to both assess the general accuracy and
noise level of the measurements relative to each other and to identify measurement data that
are deviating from the other data, and through an analysis of these deviations suggest reasons
for this behavior.

Comparisons of each measurement data-set to a common reference pattern essentially
reduces the number of comparisons relative to a full inter-comparison, and further allows a
benchmarking of the measurement data-sets. However, as the true error-free reference pattern
for the test antenna is not known it is required that a reference pattern is defined in some way.
This can be done in several ways from the available measurement data-sets. One measurement
data-set with the best accuracy estimate could be chosen as the reference or an average of all
or some of the available data-sets could be compiled and used as the reference. Regardless of
how the reference pattern is defined from the available measurement data-sets, it will contain
some degree of error which will influence the comparisons.

5.1.1.1 Reference Pattern

Ideally comparisons against a reference pattern should be based on a reference pattern which
can be considered error free. However, as such a reference is not available for the present
comparisons it is of interest to define a reference pattern based on the measured radiation
patterns to which a high degree of confidence can be attributed.

A good way to do this would be to base the reference pattern on all the available mea-
surements by computing a weighted average of these, with weights based on the accuracy
estimates of each facility. This way the accuracy of the reference pattern is improved by each
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measurement that is included in it. As accuracy estimates are only available from few of the
participating facilities in the present comparison, this definition of the reference pattern is
unfortunately not practical here.

One possible definition of a reference pattern would be to simply take the arithmetic mean
of all available patterns. As any information regarding the accuracy of each measurement is
disregarded in this definition it is difficult to assess the accuracy of the resulting reference
pattern. However, it can be considered the most fair definition based on the available data,
as each participating facility is attributed equal significance.

A second possible definition of a reference which will be considered here is based on the
use of only measurements from spherical near-field facilities. As an accuracy estimate is not
available from all facilities of this type either, the reference pattern is again found as the
arithmetic mean of the available patterns.

5.1.2 Definitions of Differences
5.1.2.1 Logarithmic Difference

When presenting radiation patterns graphically the magnitude of the pattern is usually given
in a logarithmic scale. Hence, when comparing patterns for the same antenna from two sep-
arate sources a natural and often used investigation is to present these logarithmically in a
single plot and subsequently compare them through visual inspection. An example of such a
plot is given in Figure 5.1. This practice is reflected in the definition of the Logarithmic differ-
ence, which is given as the simple difference of the magnitudes of two patterns in logarithmic
scale

Normalized Pattern [dB]

10 20 30

0
6 [degrees]

Figure 5.1 Normalized pattern at ¢ = 90° for the co-polar component of the DTU1 and DTU2 patterns in
the optical coordinate system.

Alog(é’v ¢) = 20log, f1(97 ¢) — 20log; f2(97 ¢)> <5~5)
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where f1(6, ¢) and f2(6, ¢) are the magnitudes of the considered component of the two pattern
functions. Considering Figure 5.1 it is very clear that this difference simply represents the
visual difference between the curves. Hence, the Logarithmic difference has a strength in
the fact that it provides an intuitively clear measure for the difference between the patterns.
However, due to the difference being calculated from patterns in a logarithmic scale, it will
be characterized by becoming low in directions with high pattern levels while becoming large
close to nulls and in directions with low pattern levels, as illustrated in Figure 5.2. This
behavior is undesirable for investigations of differences over a full pattern. The Logarithmic
difference is thus not well suited for investigations, where e.g. the standard deviation of the
difference is calculated.

Difference [dB]
o

MWW

_3 i i i i i
-30 -20 -10 10 20 30

0
6 [degrees]

Figure 5.2 The Logarithmic difference at ¢ = 90° for the co-polar component of the DTU1 and DTU2
patterns in the optical coordinate system.

5.1.2.2 Weighted Logarithmic Difference

The Weighted logarithmic difference is introduced in order to facilitate a weighting of the
Logarithmic difference according to some predefined criteria. One such criterion could be to
de-emphasize the large spikes of the Logarithmic difference, which are present near the sharp
nulls in the patterns. These spikes are clearly visible in Figure 5.2. Other criteria can be set,
and further discussion of these and the associated weighting functions is deferred to Section
5.1.4.1. The Weighted logarithmic difference will here simply be defined as

Aw,log(av (25) = Wlog ' Alog(07 ¢)
= Wiog - (2010gy f1(0, ¢) — 201ogy f2(0, ¢)) (5.6)

where Wj,, is a weighting function, which should generally be considered to be given as
Wiog = Wing(F1(6,¢),F2(0, ¢)) as many definitions are possible depending on the particular
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purpose of the present investigation. Such definitions will be considered in more detail in
Section 5.1.4.1. A particular weighting function that will de-emphasize the difference at
low pattern levels is Wi,y = (f1(6, ¢))” where the value of 8 can be chosen according to the
desired behavior of the weighting function. Using this definition of the weighting function with
£ = 0.5 the Weighted logarithmic difference will behave as shown in Figure 5.3. As it is clearly
seen from a comparison of this figure to the behavior of the Logarithmic difference given in
Figure 5.2 the large spikes of the Logarithmic difference, which are present where nulls occur
in the radiation patterns, have been greatly reduced. Hence, it is clear that the Weighted
logarithmic difference is well suited for investigations that require certain characteristics of
the Logarithmic difference to be emphasized or de-emphasized. Specifically weighting can be
used for (de)-emphasizing characteristics in the Logarithmic difference so that the Weighted
logarithmic difference can be used for investigations where statistical data such as the standard
deviation is calculated. A tradeoff for introducing a weighting in the difference is an added
complexity in the direct interpretation of what the difference expresses as this requires an
understanding of the weighting function and what this expresses. This in particular becomes
an issue if a more complex definition of the weighting function is chosen.

0.4

0.3r

0.2

©
o

AN

|
©
o

Difference
o

|
<
[S)

-0.3f

~30 -20 -10 0 10 20 30
6 [degrees]

Figure 5.3 The Weighted logarithmic difference at ¢ = 90° using Wi,y = (f1(6, ¢))? with 8 = 0.5 for the
co-polar component of the DTU1 and DTU2 patterns in the optical coordinate system.

5.1.2.3 Linear Difference

The Linear difference is calculated as the simple difference between the patterns on a linear
scale. This difference will generally be large where the level of the pattern is large and low
where the pattern is low. Hence, this difference has an opposite behavior compared to the
Logarithmic difference. An expression for the Linear difference becomes

Aiin(0,¢) = f1(0,9) — f2(0, ) (5.7)
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In Figure 5.4 it is seen that the Linear difference does indeed become relatively large at high
pattern levels and very low at low pattern levels. Thus, this difference is also not well suited
for general investigations over the full pattern and for examining mean and standard deviation
over the full pattern.

x10°

Difference

-2
30 -20 -10 10 20 30

0
6 [degrees]

Figure 5.4 The Linear difference at ¢ = 90° for the co-polar component of the DTU1 and DTU2 patterns
in the optical coordinate system.

From the definition of the Linear difference it is seen that it is the difference in amplitude
of two electric fields. Hence, the difference can be considered as a noise signal that should be
added to f1(0,¢) in order to get f2(6,¢). For this reason the Equivalent Noise difference! is
defined by representing the Linear difference in a logarithmic scale

Anoz’se =20 10g10(|f1 (93 ¢) - f2(0, ¢)|) (58)

A graphical representation of this difference is given in Figure 5.5.

5.1.2.4 Weighted Linear Difference

As was the case when introducing the Weighted logarithmic difference in relation to the
Logarithmic difference it may also be of interest to emphasize or de-emphasize particular
characteristics of the Linear difference. Based on the Linear difference the Weighted linear
difference will be defined as

Aw,lin - VVlm : Alin(07 ¢)
= Wiin - (f1(0, ) — f2(0,9)), (5.9)

!The Equivalent Noise difference was suggested for the investigations by Hakan Eriksson, Ericsson Mi-
crowave Systems AB.
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Figure 5.5 The Equivalent noise difference at ¢ = 90° for the co-polar component of the DTU1 and DTU2
patterns in the optical coordinate system.

where Wy, is a weighting function that can be defined in different ways. As was the case
for the weighting function for the Weighted logarithmic difference Wy;,, should generally be
considered to be given as Wi, = Wi (F1(0,0),F2(0, ¢)), as many definitions are possible.
Such definitions will be considered in more detail in Section 5.1.4.1. If the weighting function is
chosen as Wy, = (f1(6,¢)) ™! the Weighted linear difference can be understood as representing
the relative difference between the patterns. For this choice of the weighting function the
Weighted linear difference is presented in Figure 5.6.

While the Weighted linear difference with the weighting function W, = (f1(0,¢)) ™!, gives
a good representation of the difference between two patterns it generally suffers from very
large spikes when the denominator becomes close to zero. These makes visual comparisons
problematic and can give large contributions when a quantification of the difference is over
the full pattern attempted through computation of e.g. the standard deviation and the mean.
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Figure 5.6 The Weighted linear difference at ¢ = 90° with Wi, = (f1(0, ¢)) " for the co-polar component
of the DTU1 and DTU2 patterns in the optical coordinate system.
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5.1.2.5 Summary of Difference Definitions

A brief summary of the differences, which have been defined and will be used for the later
comparisons, is given in Figure 5.7.

Given f1(6,¢) and f2(6, ¢) which are the magnitudes of either the co- or cross-polar
components of two pattern functions, the following differences have been defined in
order to facilitate a comparison of the patterns.

Logarithmic Difference

Alog(a, ¢) =20 loglo fl(ea ¢) —20 1OglO f2(9’ ¢)

Weighted Logarithmic Difference

Aw,log(07 ¢) = Wlog : (20 10%10 fl (07 ¢) —20 loglo f2(07 (b))

Linear Difference

Alin(ev (b) = fl(ev (b) - f2(07 ¢)

Weighted Linear Difference

Aw,lin(ea ¢) = Wiin - (fl(a’ ¢) - f2(0’ ¢))

Figure 5.7 List of the definitions of the differences.

As seen in Figure 5.7 a total number of 4 difference definitions have been proposed. It
is possible to introduce other definitions, which are not covered by the proposed differences,
but through the inclusion of particularly the two weighted differences many special cases are
actually covered by the current definitions. For instance it would be natural to consider the rel-
ative linear difference. However, this difference is covered by the Weighted linear difference by
choosing the weight appropriately. As an example, the weighting function Wy;, = (f1(0, ¢))~*
used for Figure 5.6 in Section 5.1.2.4 corresponds to computing the Linear difference relative
to f1(0,¢). Likewise for the Weighted logarithmic difference the weighting function can be
chosen appropriately so that the difference reflects interesting special cases. As an example,
the weighting function can be chosen such that the Logarithmic difference is weighted pro-
portionally to the pattern level. This is reflected in the weighting function W,, = (f1(6, ¢))?,
used for Figure 5.3 in Section 5.1.2.2, which weights the difference according to the pattern
level in linear scale.
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5.1.3 Measures of Merit

In order to achieve a quantitative figure, which describes the difference between two patterns
in general or a particular characteristic of the difference, different measures of merit are con-
sidered here.

In the definitions of the differences in Section 5.1.2 it was mentioned that some of the
differences were suited for use in computing the mean and standard deviation of the difference
between two patterns. These statistical quantities are well known and understood and can for
this reason be considered as useful measures of merit when comparing the general differences
between all the patterns. Other statistical measures can be of value for examining the behavior
of the differences and a list of the statistically based quantities that is used in this work along
with their mathematical formulations is given here

N
1
ean value (Mean) b= ; (5.10)
1/2
Standard deviation (STD) : o= El Z(A — n)? (5.11)
: N 2 i . .
. 1/2
Root Mean Square (RMS) : Y= . Z(A‘)2 (5.12)
: N 2 i . .
N(A; <D
Cumulative Distribution Function (CDF) : F(|A;] < D) = % (5.13)

In the above given relations A; represents the difference in each of the discrete points consid-
ered. N is the total number of points in which the difference is computed and N(|A;| < D)
is the number of points in which the condition that the absolute value of the difference A; is
less than or equal to a given value D, is fulfilled.

Aside from the statistical measures, other measures of merit can be defined for expressing
different specific characteristics of the differences between the examined patterns. One such
measure is defined in the Feature Selective Validation (FSV)? method [24, 25] which aims
to give a measure of the degree of identity of patterns. This method is not based on the
differences defined in Section 5.1.2, and is instead computed in a relatively complicated way
using Fourier transforms of the patterns and derivatives of these. While the only information
that can be attributed to the value, which is found through this method, is a measure of
how alike the two patterns are considered to be, the FSV may provide a good measure for
comparisons of measured radiation patterns.

2This measure has been suggested for the present investigations by Philippe Besnier, Institut National des
Sciences Appliquees de Rennes.
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Another useful measure of merit for the present purposes® has been proposed in [26]. This
measure is based on the use of a piecewise linear tolerance curve for the Logarithmic difference
at different pattern levels. Based on the tolerance and the Logarithmic difference, at a given
pattern level, a measure is then defined such that when integrated over a closed unit sphere
a measure of merit of 1 is found if the difference is inside the tolerances at all points, and 0 if
the difference is outside the tolerances at all points. Formulated mathematically the measure
of merit S can be expressed as

2 w

S = ﬁ 0/ 0/ H(0, 6) sin 0 d0de, (5.14)

where the function H (6, ¢) is given as

(1, ifa,¢) <1
H(6,¢) = { 0, otherwise, (5.15)
with
. Alog(eagb)
00 = i oTmax(£1(6.0). £20.0)) | (1)

Here tol(max(f1(0, ¢), f2(0, ¢))) refers to the tolerance at the pattern level of the pattern with
the highest level in the considered observation point. An example, presented in [26]4, of a set
of tolerances that defines the tolerance curve, which could be used for the measure of merit
is given in Table 5.1.

Normalized pattern level [dB] -50 -40 -30 -20 -10 -5 O
Tolerance [dB] 50 30 10 5 3 2 1

Table 5.1 Example of a set of tolerances for calculating the measure of merit S taken from [26].

Another definition of the function H (6, ¢), which provides a more sensitive figure of merit
when considering patters that are close to identical, is also presented in the paper as

1—a(0,¢), ifad,¢) <1

H(0,¢) = { 0, otherwise, (5.17)

By rewriting the tolerances and the definition of the function H (6, ¢) in a different way,
this measure of merit can also be adapted for use with the Linear difference. A particular
feature of the measure of merit given in [26] is that due to its relatively simple definition some
interpretation and understanding relating to the behavior of the difference can be derived
from it.

3This investigation has been suggested by Jordi Romeu, Universitat Politecnica de Catalunya.
4The tolerances specified in the paper [26] have been converted to positive numbers here.
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5.1.4 Methods for Comparisons

In the definitions of the differences in Section 5.1.2 a weighting of both the Logarithmic
and the Linear differences was introduced. The weighting functions are chosen in a specific
way in order to achieve certain properties of the differences, for example to emphasize or
de-emphasize the difference in particular parts of the pattern. Hence, the functions used for
this purpose are chosen according to certain criteria in order to illustrate particular effects or
properties in the difference in the best way.

Another method for comparing the patterns and analyzing the differences is to separate
the data into discrete intervals corresponding to intervals in the pattern level. This would
allow for investigations of the performance of the different facilities at specific pattern levels.
However, by splitting the data into multiple intervals the extend of the comparisons also
increases dramatically.

5.1.4.1 Continuous Weighting

As it was mentioned in Section 5.1.2, when discussing the weighted differences, one particular
motivation for applying a continuous weighting to the patterns can be to emphasize or de-
emphasize the difference in parts of the pattern. As an example of this a continuous weighting
function can be used to de-emphasize the influence on the difference from a noise floor in
the measurement data. Based upon a known noise floor n three possible noise weighting
functions®, Wi, Wy, and W, 3, which will de-emphasize the influence on the difference
from a noise floor in the measurement data are illustrated in Figure 5.8 for a noise floor of
n = —60 dB.
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Figure 5.8 Examples of choices for weighting functions which can de-emphasize the influence on the difference
from a noise floor in the measurement data.

The noise weighting functions in Figure 5.8 all attribute no confidence to a difference if
the pattern level is below the noise floor n = —60 dB, but differ in the confidence attributed
to the difference as the pattern level approaches n. Using the pattern f1(6, ¢) for the pattern
level and expressing this in a logarithmic scale

D1(0,¢) = 201ogy,(f1(6, 9)) (5.18)

5This concept for the weighting functions has been suggested by Philippe Besnier, Institut National des
Sciences Appliquees de Rennes.
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expressions for the noise weighting functions Wy, 1, W,, 2, and W, 3 can be given as

(1 60 dB < Dy(6,4) < 0 dB
Wai = { Discard, Dq(0,¢) < —60 dB (5.19)
1, —40 dB < D1(6,) < 0 dB
Wpo=1{ 209 L3 _60dB < Dy(6,¢) < —40 dB (5.20)
Discard, D1(0,¢) < —60 dB
n 1026 . oo 1030
Wy =4 L7102 —5Gg, 141020 =755 >0 (5.21)
Discard, Otherwise

The noise weighting functions W, ; and W,, o are particularly simple examples of how the
weighting of the difference can be chosen. W, | represents an immediate drop to zero confi-
dence in in the difference when the noise floor at —60 dB is reached. In W), o a linear drop
in the interval —40 dB to —60 dB is introduced in order to model a gradual drop in the con-
fidence at low pattern levels when approaching the noise floor. The final weighting function
W3 models a drop in confidence, which is inversely proportional to the signal-to-noise ratio
such that full confidence is attributed to the difference at the peak pattern level, and then
dropping to zero when approaching the noise floor. The weighting function becomes zero at
a pattern level which is slightly below the noise floor. This can be corrected in the definition,
however the effect of this is clearly negligible. In the weighting functions all differences at
pattern levels below the threshold at, or very close to, the noise floor are discarded as no
confidence is attributed to these.

In order to illustrate the effect of these noise weighting functions for the Weighted log-
arithmic difference this has been computed using the same patterns, which were used in
Section 5.1.2, and are illustrated in Figure 5.9. Note the discontinuity of these weighted dif-
ferences where the pattern level is below the noise floor and the difference is hence discarded
in accordance with the definition of the noise weighting functions.

An additional weighting of the difference can be introduced if the significance attributed
to the measured patterns at low levels is smaller than at higher levels due to effects other than
a noise floor. Such a pattern weighting can be achieved by a weighting function expressed as

W, = (£(6,9))", (5.22)

where the parameter 8 will determine the specific behavior of W,,. This pattern weighting
function is illustrated in Figure 5.10 for different choices of S.

As an example, a choice of § = —log;5(1/2) = 0.301 reflects that the significance at-
tributed to the difference is halved for every 20 dB drop in the pattern level. By introducing
a second weighting function like this, the combined weighting function will be
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Figure 5.9 The Weighted logarithmic difference using the 3 noise weighting functions illustrated in Figure 5.8.
The co-polar component of the DTU1 and DTU2 patterns at ¢ = 90° in the optical coordinate
system have been used in this example. In (a) the Logarithmic difference with no weighting is
shown, in (b) the W, 1 weighting function is used, in (c¢) Wy 2 is used, and in (d) Wi 3 is used.

W =W, W,,

(5.23)

and when using § = 0.301 an example of the Weighted logarithmic difference using the
combined weighting function is given in Figure 5.11.
The weighting functions listed so far depend only on the pattern level of one of the
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Figure 5.10 Examples of the pattern weighting function W, for different choices of 3.

patterns. However, as the weighting functions can be chosen arbitrarily these could just as
well be chosen to depend on a combination of the two patterns such as the average. This

choice would then also reflect that no single pattern can be said to be a true reference in the
present investigation.

Page 60 of 164

The information contained in this document should be used only for the scope of the contract for which this document is prepared.



Antenna Centre of Excellence Contract FP6-IST 508009

First Facility Comparison Campaign Date 23/12/2005
3 : 3
2 2

1 1
o
S, @
8 5
S0 g s oA /
2 S
£
-1 -1
-2 -2
3 ; ; ; ; 3 ; ; ; ;
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
6 [degrees] 6 [degrees]
(a) (b)
3 3
2r 2

e ]

difference
o
é\
difference
o

-2r -2

-3 ; . ! . ; -3 ; . ! . ;

-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
6 [degrees] 6 [degrees]

(c) (d)

Figure 5.11 The Weighted logarithmic difference using the combined weighting function W = W,W,, with
8 = 0.301 for the pattern weighting function Wj,. The co-polar component of the DTU1 and
DTU?2 patterns at ¢ = 90° in the optical coordinate system have been used in this example. In
(a) the Logarithmic difference with no weighting is shown, in (b) W = W,W,, 1 is used, in (c)
W = W,W, 2 is used, and in (d) W = W, W, 3 is used.
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5.1.4.2 Separation into Discrete Intervals

A separation of the patterns into discrete intervals depending on pattern level allows for
comparisons of different parameters such as mean and standard deviation at different pattern
levels. Another example of this method of comparison is an investigation of the cumulative
distribution function (CDF) using behavior for the difference between two patterns depending
on pattern level®. Based upon the definition (5.13) in Section 5.1.3 the CDF in each interval
can be expressed as

Ns(]A;] <
F(IA] < z5) = % (5.24)

where A; represents the difference in each of the discrete points considered, Ny is the total
number of points in the interval, and Ng(|A;| < z) is the number of points in the interval
for which the condition that the absolute value of the difference A; is less than or equal to a
given value zg is fulfilled. The subscript s denotes the considered interval. Based upon the
Logarithmic difference this investigation would then for chosen discrete pattern levels find a
limit value x4, such that the difference is below this limit with a pre-specified probability. In
practice this involves defining an interval around the considered discrete pattern levels, e.g.
+1 dB or £3 dB intervals, and then determine the limit value in these intervals according to
the specified probability for the CDF. An example of a CDF calculated in +3 dB intervals for
F(|A;| < zs) = 0.9 is presented in Figure 5.12, where also the standard deviation and mean
are presented.

x [dB]
ao
(e}
s
gl

107 }
91 00 -80 -60 -40 -20 0 -100 -80 -60 -40
Pattern level [dBi] Pattern level [dBi]

-20 0 -100 -80 -20 0

-60 -40
Pattern level [dBi]

Figure 5.12 Statistical measures for the Logarithmic difference calculated for discrete intervals in the pattern
level. The intervals used here are £3 dB around the considered level. (a) illustrates the limit
value z of the difference for the cumulative distribution function F'(|A;| < z,) = 0.9, (b) is the
standard deviation for the difference in the same intervals, and (c) is the mean. The co-polar
component of the DTU1 and DTU2 patterns at ¢ = 90° in the optical coordinate system have
been used in this example.

If the interval in pattern level is chosen to be just 1 dB around the considered level the
curves can be represented by more points as is illustrated in Figure 5.13. However, if the

5This investigation has been suggested by Jordi Romeu, Universitat Politecnica de Catalunya.
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Figure 5.13 Statistical measures for the Logarithmic difference calculated for discrete intervals in the pattern
level. The intervals used here are £1 dB around the considered level. (a) illustrates the limit
value z; of the difference for the cumulative distribution function F'(|A;| < z,) = 0.9, (b) is the
standard deviation for the difference in the same intervals, and (c) is the mean. The co-polar
component of the DTU1 and DTU2 patterns at ¢ = 90° in the optical coordinate system have
been used in this example.

intervals are chosen to be too narrow it is possible that the number of sample points that
fall into each of the intervals is not enough to form a statistically significant basis for the
calculation of the statistical measures. In Figure 5.14 the number of sample points in each of
the intervals of the pattern level is presented for both the &3 dB or 1 dB intervals. From
this figure it is seen that for the +3 dB intervals a significant number of samples are present at
all levels, but for the &1 dB intervals the number of samples present at some pattern levels is
relatively low. From a closer inspection it has been found that the lowest number of samples
present in a +1 dB interval is 31, which is sufficient to consider the calculated statistical mea-
sures correct. Hence, when performing this investigation for different patterns, it is important
to verify that the calculated measures are based on statistically significant amounts of samples.

3500 : : : : : : : : 1200
3000r 1000f
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8 @ 800F
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Figure 5.14 The number of samples which fall into each interval in pattern level when using the DTU1
pattern for defining the pattern level. (a) corresponds to the intervals of 3 dB used in Figure
5.12 and (b) corresponds to the £1 dB intervals used in Figure 5.13.
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5.2 Gain/Directivity

When discussing gain and directivity in this report basis will be taken in the IEEE definitions
of these quantities as given in [27]. This is particularly important to note for the specification
of gain, as the IEEE definition of the gain in a specific direction is referred to as “4m times the
ratio of the power radiated per unit solid angle in that direction to the net power accepted
by the antenna” [28], whereas the gain in other sources is often presented as related to the
power available at the antenna. This latter definition is referred to as the realized gain and
is not the same as the gain as it will include losses due to mismatch at the antenna input
terminals. The directivity in a specific direction is defined by the IEEE as “4r times the ratio
of the power radiated per unit solid angle in that direction to the total power radiated by the
antenna” [28]. Hence, when using the IEEE definitions for gain and directivity the difference
between these quantities represent purely internal losses of the antenna.

The directivity of an antenna can be determined from antenna measurements when the
full field pattern has been found, while a determination of the gain will require additional
measurements. Hence, when comparing the measurements of directivity and gain from the
different facilities in this project it should be expected that the determined directivities will
correspond better than the determined gains due to additional inaccuracies introduced in the
gain measurements. The expected increase in the gain difference over the directivity differ-
ence can then be attributed to differences in how the gain is determined between the facilities
or possible differences in the gain definition.

In the measurements at the participating facilities the gain and the directivity has gener-
ally been determined in two observation points. This is due to the particular feature of the
VAST12 antenna in which the main beam is steered slightly off axis and consequently makes
the peak gain and the on-axis gain slightly different.

5.3 Polarization Characteristics

The polarization of the electric field, or the corresponding pattern function in the far-field
region, in each observation point, is usually described through the polarization ellipse. For
this ellipse characteristics such as the axial ratio, the tilt angle, and the sense of rotation can
then be expressed if the full complex representation of the electric field or pattern function
is known. A convenient quantity for relating these characteristics is the complex polarization
ratio [13, p. 53] which, when using the time dependence e/“!, can be expressed as

_ Fre(0,9) co(0,¢) — jFea(0, 9) _ 672j¢F0(93¢) +7Fs(0,9)

Q(Hv (b) - FLC(H? ¢) - Fco(e’ gf)) —|—]ch(9, Qb) F@(ea ¢) - jF¢(0’ ¢)

. (5.25)

Here Frco(0,¢) and Fro(0,¢) denote the right- and left-hand components of the pattern
function, F,(6,¢) and F..(6,¢) denote the co- and cross-polar components of the pattern
function, and Fy(60, ¢) and Fy (0, ) denote the components of the pattern function along the
spherical unit vectors. Relations between the components of the pattern function are as given
in [13], where F,,(0, ¢) and F,, (0, ¢) are defined with ¢y = 0° from Ludwig’s third definition.
With the complex polarization ratio established the axial ratio can then be found as
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Q8 ¢)| +1

AR, ¢) = LSO T 2 5.26

G0 =100.01-1 %20

and the tilt angle can be found as

1

(0. ) = —3 arg(Q(6, ). (5.27)

The full complex representation of the electric field at the observation points is only
available from a few of the participating facilities. However, for some of the facilities the
axial ratio, tilt angle, and sense of rotation have been specified in particular points. As
the magnitude of the co- and cross-polar components are available in the patterns from all
facilities one figure for describing the polarization characteristics, which can be used for the
present comparisons, is the cross polarization ratio

R0, ¢) = Lex0:9) (5.28)

e, 9)

where f.,(0,¢) and f..(0,¢) are the magnitude of the co- and cross-polar components of the
pattern function as was presented in Section 5.1.
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Chapter 6

Comparison Results

6.1 Re-formatting of Measurement Data

The measurement data sets which have been received from the participating facilities are for-
matted in different ways. In particular the supplied patterns may or may not be normalized
according to the pattern definition given in Section 5.1 and they may have different angular
resolutions in theta. Hence, in order to perform a comparison of the patterns from all the
participating facilities, these should be converted to a common format. The normalization
of the patterns is readily achievable by using the relations given in Section 5.1. In order to
perform a comparison of the patterns on a point by point basis it is necessary that the pattern
levels are given in the same angular points for all the patterns. This requirement is met by
performing an interpolation of the patterns. The interpolation is made such that all patterns
have an 0.1° resolution in theta and has a point in 8 = 0°. Most of the patterns have been
supplied with a resolution in theta of 0.1° and do thus not require interpolation. The patterns
requiring interpolation are from the FTRD, UPM2, and UPM3 measurements. An overview
of the angular dependency of all the supplied patterns is given in Table 6.1.

Facility Range in 6§ Step-size in 6§

DTU1 0 < 180° 0.1°
DTU2 0 < 180° 0.1°
SES A < 180° 0.1°
FTRD 0 <90° 0.25°
UPM1 0 < 180° 0.1°
UPM2 0 < 30° non-uniform
UPM3 0 <179° 0.5°
UpC 0 < 30° 0.1°

Table 6.1 Properties of the patterns that have been provided by the participating facilities.

When interpolating the patterns it of course important that as little error as possible is
introduced as a result. A piecewise cubic interpolation is used for interpolating the patterns
in these investigations. This interpolation method has been found to provide accurate results
from the available data. An investigation has been done by re-sampling the co- polar com-
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ponent of the DTU2 measurement data with a step size in 6 of 0.5° and then interpolating
this data to a step size of 0.1°. The interpolated data can then be compared to the the
original and re-sampled data, and the accuracy of the interpolation can be assessed. The
original and interpolated patterns are presented in Figure 6.1. From this figure it is seen that
the interpolated pattern generally fits well with the original pattern, but that nulls are not
reproduced properly when no samples fall in these. However, as the information about these
is not contained in the re-sampled data this should be expected.

— Original
— Interpolated

Pattern Level

10 20 30

Do 20 -0

0
6 [degrees]

Figure 6.1 Comparison of original pattern and a pattern which has been interpolated from the original one
using a reduced number of samples.

6.2 Chosen Comparison Strategy

Based upon the discussions in Chapter 5 a strategy for the comparisons, which are presented
in this chapter, is chosen here. The choices involved in the definition of this strategy are
concerned mainly with how to compare the available patterns as the possibilities of how to
perform this are many.

A presentation of the patterns in each cut is given for direct visual comparison as this
method is widely used and can give a good qualitative impression of the difference between
patterns. Following this the Weighted logarithmic difference, which was defined in Section
5.1.2.2, is calculated in each cut using a combined weighting function W = W,,W,, as discussed
in Section 5.1.4.1. The noise weighting function W, is computed using the W), 3 definition
with a noise floor of n = —55 dB such that

RTINS\ N )
W, =4 1T —Fgg, W L+10=0 =555 > (6.1)
Discard, Otherwise.
The noise floor of n = —55 dB is chosen to be representative of the different noise floors in the

measurements from the participating facilities as these individual noise floors are not known.
The pattern weighting function is chosen to reflect that the significance of the difference is
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halved for each 10 dB drop in the pattern level. This corresponds to § = —log;,(1/4) = 0.602,
and the pattern weighting function thus becomes

(6.2)

Based on the Weighted logarithmic difference, which has been found, the mean and standard
deviation are found and tabulated following the definitions given in Section 5.1.3. This is
done using the difference in all cuts, and is found for both the largest interval in 8 where the
comparison has been possible and for the 6 < 30° interval.

As a final investigation a comparison of the patterns at different pattern levels is made,
following the principles discussed in Section 5.1.4.2. The investigation is made for +£3 dB
intervals in the pattern level for the CDF, mean, and standard deviation.

6.2.1 Reference Patterns

Based upon the discussion in Section 5.1.1.1 two reference patterns are chosen for use in the
comparisons. In order to make it possible to compare most of the available measurement data
to a reference pattern one reference patterns is defined in the optical coordinate system and
the other is defined in the electrical coordinate system.

Reference pattern 1 (REF1) is defined in the optical coordinate system and is constructed
from the DTU2, SES, and UPM1 patterns. This pattern is constructed from the arithmetic
average of selected patterns which are expected to be of good accuracy as they are all found
from spherical near-field measurements. The DTU1 pattern which is also a spherical near-
field measurement has been omitted from the constructed reference as it is not independent
of the DTU2 pattern.

Reference pattern 2 (REF2) is defined in the electrical coordinate system and is con-
structed as the arithmetic average of the DTU2, UPM1, UPM2, and FTRD patterns. In this
definition all available patterns are used to construct the reference pattern. Again the DTU1
pattern is omitted when constructing the reference as it is not independent of the DTU2
pattern.
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6.3 Pattern Comparisons

6.3.1 Repeatability Comparison

As measurement data is available from two separate measurements of the VAST12 antenna at
the DTU-ESA Spherical Near-Field Test Facility it is possible to investigate the ability of this
facility to reproduce its own measurement results. This investigation can give an insight into
the possible deviations between repeated measurements at a single facility and a possibility
to identify sources of these errors.

The comparison between DTU1 and DTU2 is done in the optical coordinate system.
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Figure 6.2 The co- and cross-polar patterns for the DTU1 and DTU2 measurements. In (a), (b), (c), and

(d) the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph
shows the DTU1 measurement and the red graph shows the DTU2 measurement.
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Figure 6.3 The Weighted logarithmic difference for the DTU1 and DTU2 measurements. In (a), (b), (c),

and (d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively.
The blue graph shows the difference for the co-polar component and the red graph shows the
difference for the cross-polar component.

From the comparisons the following observations can be made

e From the patterns in Figure 6.2 very good agreement is observed for both the co- and
cross-polar patterns. However, in all cuts a difference in the co-polar component around
6 = 25° is visible at levels above —40 dB.

e From the CDF in Figure 6.4 it seen that the value of x; for the co-polar component is
not increasing monotonously with a decrease in the pattern level in the —10 to —25 dB
interval. This observation is true for the STD in Figure 6.6 as well.
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e From the CDF in Figure 6.4 and the STD in 6.6 it is seen that a good correspondence
exists between the values calculated for the co-polar and the cross-polar components.
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Mean STD
107"}
co-polar (6 < 30°) -0.004  0.027
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cross-polar (6 < 180°) 0.004 0.015 Pattorn lovel [dB]

Table 6.2 Statistical data for the Weighted log- Figure 6.4 Limit value x5 of the Logarithmic dif-
arithmic difference between DTU1 ference for the CDF F(A; < z,) = 0.9
and DTU2. in each +3 dB interval.
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Figure 6.5 Absolute value of the mean |us| of the Figure 6.6 Standard deviation o of the Logarith-

Logarithmic difference in each +3 dB mic difference in each +3 dB interval.
interval.
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6.3.2 Comparison of Measurement Techniques

The VAST12 antenna has been measured in four different types of facilities during the mea-
surement campaign; Spherical near-field facility, planar near-field facility, compact range fa-
cility, and far-field range facility. This offers an opportunity to compare results obtained
through different measurement techniques. In this investigation the far-field measurement
technique is left out and will be considered specifically at a later point.

The UPM1 spherical near-field, UPM2 planar near-field, and UPM3 compact range mea-
surements, given in the mechanical coordinate system, are used for this comparison.
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6.3.2.1 Spherical Near-Field and Compact Range Measurements

A spherical near-field measurement (UPM1) and a compact range measurement (UPM3) are
compared.
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Figure 6.7 The co- and cross-polar patterns for the UPM1 and UPM3 measurements. In (a), (b), (c¢), and
(d) the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph
shows the UPM1 measurement and the red graph shows the UPM3 measurement.

From the comparisons the following observations can be made

e From Figure 6.7 it is seen that a generally good agreement between the patterns can
be observed, but that noticeable differences can be observed in some areas for both the
co- and cross-polar components in all cuts. The differences are particularly clear in the
main lobe region, which is also evident from the differences shown in Figure 6.8.

Page 74 of 164

The information contained in this document should be used only for the scope of the contract for which this document is prepared.



Antenna Centre of Excellence Contract FP6-IST 508009
First Facility Comparison Campaign Date 23/12/2005

e From the results presented in Table 6.3 it can be observed that the STD in the # < 30°
region is 0.201 and 0.142 for the co- and cross-polar component, respectively.

e From the CDF in Figure 6.9 a non monotonic behavior of x4 for the co-polar component
can be observed and likewise for the STD in Figure 6.11.

e From both the CDF in Figure 6.9 and the STD in Figure 6.11 a difference between the
values for the co- and cross-polar components at high pattern levels can be observed.
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Figure 6.8 The Weighted logarithmic difference for the UPM1 and UPM3 measurements. In (a), (b), (c),

and (d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively.
The blue graph shows the difference for the co-polar component and the red graph shows the
difference for the cross-polar component.
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6.3.2.2 Spherical Near-Field and Planar Near-Field Measurements

A spherical near-field measurement (UPM1) and a planar near-field measurement (UPM2)
are compared.
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Figure 6.12 The co- and cross-polar patterns for the UPM1 and UPM2 measurements. In (a), (b), (c), and
(d) the ¢ =0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph
shows the UPM1 measurement and the red graph shows the UPM2 measurement.

From the comparisons the following observations can be made

e From the patterns in Figure 6.12 it is seen that a good agreement between the patterns
can be observed in all cuts.

e From the differences in Figure 6.13 a sharp spike/edge can be observed for the cross-
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polar component close to 6 = 0° in the ¢ = 45°, ¢ = 0°, and ¢ = 135° cuts.

e From the results presented in Table 6.4 it can be observed that the STD in the 6§ < 30°
region is 0.124 and 0.130 for the co- and cross-polar component, respectively.

e From the CDF in Figure 6.14 and the STD in Figure 6.16 a generally monotonic behavior
of the values is observed.
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Figure 6.13 The Weighted logarithmic difference for the UPM1 and UPM2 measurements. In (a), (b),
(c), and (d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown,
respectively. The blue graph shows the difference for the co-polar component and the red graph
shows the difference for the cross-polar component.
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e From both the CDF in Figure 6.14 and the STD in Figure 6.16 a difference between the
values for the co- and cross-polar components at high pattern levels can be observed.

Mean STD
co-polar (6 < 30°) 0.008 0.124
cross-polar (6 <30°) 0.024 0.130

Table 6.4 Statistical data for the Weighted log-
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6.3.2.3 Compact Range and Planar Near-Field Measurements

A compact range measurement (UPM3) and a planar near-field measurement (UPM2) are
compared.
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Figure 6.17 The co- and cross-polar patterns for the UPM3 and UPM2 measurements. In (a), (b), (c), and
(d) the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph
shows the UPM3 measurement and the red graph shows the UPM2 measurement.

From the comparisons the following observations can be made

e From the patterns in Figure 6.17 a good agreement between the co-polar patterns can

generally be observed, while the agreement of the cross-polar patterns, particularly in
the ¢ = 45° and ¢ = 135° cuts, is poor.
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e From the results presented in Table 6.5 it can be observed that the STD in the # < 30°
region is 0.168 and 0.269 for the co- and cross-polar component, respectively.

e From the CDF in Figure 6.19 and the STD in Figure 6.21 a generally monotonic behavior
of the values is observed.

e From both the CDF in Figure 6.19 and the STD in Figure 6.21 a difference between the
values for the co- and cross-polar components at high pattern levels can be observed.
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Figure 6.18 The Weighted logarithmic difference for the UPM3 and UPM2 measurements. In (a), (b),
(c), and (d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown,
respectively. The blue graph shows the difference for the co-polar component and the red graph
shows the difference for the cross-polar component.
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Mean STD
co-polar (6 < 30°) -0.006  0.168
cross-polar (6 <30°) 0.083 0.269

Table 6.5 Statistical data for the Weighted log-
arithmic difference between UPM3
and UPM2.
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6.3.3 Comparison of Different Spherical Near-Field Measurements

It can be argued that the spherical near-field measurement technique is the most accurate
method for experimentally determining the radiation pattern of an antenna. As several of

the participating facilities employ this method it is of interest to investigate how well the
measurements from two of these facilities correspond.

For this investigation the DTU2 and SES data given in the optical coordinate system is
used.

-10r

Pattern Level
|
n
o

Pattern Level
&
o

\
EN
o

T

=501

OZ>

60 ; j i
0 10 20 30 -30 -20 -10 0 10 2 30
6 [degrees] 6 [degrees]

(a) (b)

Pattern Level
Pattern Level

60, y - y
10 20 30 -30 -20 -10 10 20 30

0
6 [degrees]

0
6 [degrees]

() (d)

Figure 6.22 The co- and cross-polar patterns for the DTU2 and SES measurements. In (a), (b), (c), and
(d) the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph
shows the DTU2 measurement and the red graph shows the SES measurement.
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Figure 6.23 The Weighted logarithmic difference for the DTU2 and SES measurements. In (a), (b), (c), and
(d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively.
The blue graph shows the difference for the co-polar component and the red graph shows the
difference for the cross-polar component.

From the comparisons the following observations can be made

e From the patterns in Figure 6.22 very good agreement is observed for both the co- and
cross-polar patterns. However, in all cuts a difference in the co-polar component around
6 = 25° is visible at levels above —40 dB.

e From Figure the differences in 6.23 a sharp spike/edge can be observed for the cross-
polar component close to 6§ = 0° in the ¢ = 45°, ¢ = 0°, and ¢ = 135° cuts.
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e From the CDF in Figure 6.24 and the STD in Figure 6.26 a generally monotonic behavior
of the values is observed.

e From both the CDF in Figure 6.24 and the STD in Figure 6.26 a difference between the
values for the co- and cross-polar components at high pattern levels can be observed.
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6.3.4 Comparison of Spherical Near-Field Measurements and Far-Field

Measurements

As the far-field measurement technique is fundamentally different from the near-field tech-
niques it is of interest to investigate how well the results from these techniques correspond.
The spherical near-field technique is expected to be the most accurate of the near-field tech-
niques and is for this reason used in this comparison.

For this investigation the DTU2 and FTRD data in the electrical coordinate system is used.
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Figure 6.27 The co- and cross-polar patterns for the DTU2 and FTRD measurements. In (a), (b), (c), and
(d) the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph
shows the DTU2 measurement and the red graph shows the FTRD measurement.
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Figure 6.28 The Weighted logarithmic difference for the DTU2 and FTRD measurements. In (a), (b),
(c), and (d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown,
respectively. The blue graph shows the difference for the co-polar component and the red graph
shows the difference for the cross-polar component.

From the comparisons the following observations can be made

e Considering Figure 6.27 it is found that the patterns generally correspond well. However,
some differences are noticeable even in the co-polar component at high pattern levels.

e The curves of Figure 6.29 and 6.31 are seen to be generally monotonic and the curves
for the co- and cross-polar components correspond well.

e From the CDF in Figure 6.29 and the STD in Figure 6.31 a generally monotonic behavior
of the values is observed.
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e From the CDF in Figure 6.29 and the STD in 6.31 it is seen that a good correspondence
exists between the values calculated for the co-polar and the cross-polar components.

10 ) T
10'
gw 10°
Mean STD
co-polar (< 30°)  0.004 0.158 i
cross-polar (6 <30°) 0.013 0.066 p——
co-polar (6 <90°) 0.004 0.108 o ‘

o -80 -60 —40 20 0
cross-polar (6 <90°) 0.010 0.055 Pattorn lovel [dB]

Table 6.7 Statistical data for the Weighted log- Figure 6.29 Limit value s of the Logarithmic dif-
arithmic difference between DTU2 ference for the CDF F(A; < z,) = 0.9
and FTRD. in each +3 dB interval.
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Figure 6.30 Absolute value of the mean |us| of the Figure 6.31 Standard deviation o5 of the Logarith-
Logarithmic difference in each £3 dB mic difference in each +3 dB interval.
interval.
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6.3.5 Comparison of Measurements to Common Reference Pattern 1

In order to evaluate the performance of the participating facilities the measured patterns from
these are compared to a reference pattern. Reference pattern 1 (REF1), which was defined
in Section 6.2.1, is constructed in the optical coordinate system from the DTU2, UPM1, and
SES patterns.

In this investigation the reference pattern is compared to: DTU1, DTU2, UPM1, UPM2,
SES, and UPC.
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6.3.5.1

The results from a comparison of the DTU1

6.3.5.7.
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Figure 6.32 The co- and cross-polar patterns for the REF1 and DTU1 patterns. In (a), (b), (c), and (d) the
¢ =0° ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph shows

Comparison of DTU1 Measurement to Reference Pattern 1

spherical near-field measurement and Reference
Pattern 1 are presented here. The results are presented without comments and observations.

However, the results of all comparisons with Reference pattern 1 are summarized in Section
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0 10 20 30
6 [degrees]

(b)

Pattern Level

10 20 30

0
6 [degrees]

(d)

the REF1 pattern and the red graph shows the DTU1 pattern.
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Figure 6.33 The Weighted logarithmic difference for the REF1 and DTU1 patterns. In (a), (b), (c), and

(d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively.
The blue graph shows the difference for the co-polar component and the red graph shows the
difference for the cross-polar component.
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Mean STD
co-polar (6 < 30°) 0.011  0.037
cross-polar (6 <30°) -0.004 0.043
co-polar (6 < 180°) 0.004 0.022
cross-polar (6 < 180°) -0.001 0.026

Table 6.8 Statistical data for the Weighted log-
difference

arithmic

and DTU1.

between
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-4 i i i

-80 -60

—40

-20

Pattern level [dB]

Figure 6.35 Absolute value of the mean |us| of the

Logarithmic difference in each £3 dB

interval.
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6.3.5.2 Comparison of DTU2 Measurement to Reference Pattern 1

The results from a comparison of the DTU2 spherical near-field measurement and Reference
Pattern 1 are presented here. DTU2 is one of the patterns that were used in the definition of
Reference Pattern 1. The results are presented without comments and observations. However,
the results of all comparisons with Reference pattern 1 are summarized in Section 6.3.5.7.
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Figure 6.37 The co- and cross-polar patterns for the REF1 and DTU2 patterns. In (a), (b), (c), and (d) the

¢ =0° ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph shows
the REF1 pattern and the red graph shows the DTU2 pattern.
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Figure 6.38 The Weighted logarithmic difference for the REF1 and DTU2 patterns. In (a), (b), (c), and

(d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively.
The blue graph shows the difference for the co-polar component and the red graph shows the
difference for the cross-polar component.
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Mean STD
co-polar (6 < 30°) 0.007  0.045
cross-polar ( < 30°)  0.006 0.038
co-polar (6 < 180°) 0.004 0.025
cross-polar (6 < 180°) 0.002 0.024

Table 6.9 Statistical data for the Weighted log-
arithmic  difference REF1
and DTU2.
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Figure 6.41 Standard deviation o5 of the Logarith-
mic difference in each +3 dB interval.

Page 95 of 164

The information contained in this document should be used only for the scope of the contract for which this document is prepared.



Antenna Centre of Excellence

Contract FP6-IST 508009
First Facility Comparison Campaign

Date 23/12/2005

6.3.5.3 Comparison of UPM1 Measurement to Reference Pattern 1

The results from a comparison of the UPM1 spherical near-field measurement and Reference
Pattern 1 are presented here. UPMI1 is one of the patterns that were used in the definition of
Reference Pattern 1. The results are presented without comments and observations. However,
the results of all comparisons with Reference pattern 1 are summarized in Section 6.3.5.7.
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Figure 6.42 The co- and cross-polar patterns for the REF1 and UPM1 patterns. In (a), (b), (c), and (d)

the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph shows
the REF1 pattern and the red graph shows the UPM1 pattern.
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Figure 6.43 The Weighted logarithmic difference for the REF1 and UPMI1 patterns. In (a), (b), (c), and
(d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively.
The blue graph shows the difference for the co-polar component and the red graph shows the

difference for the cross-polar component.

Page 97 of 164

The information contained in this document should be used only for the scope of the contract for which this document is prepared.



Antenna Centre of Excellence

First Facility Comparison Campaign

Contract FP6-IST 508009
Date 23/12/2005

10
10'
gw 10°
Mean STD
107t
co-polar (6 < 30°) -0.004  0.058
cross-polar (6 <30°)  0.012 0.085
co-polar (6 < 180°) -0.005 0.034 -
cross-polar (6§ < 180°) 0.001 0.049

Table 6.10 Statistical data for the

—*—CO0
—+—Cross
0

-80 -60 -40 -20 0
Pattern level [dB]

Weighted Figure 6.44 Limit value = of the Logarithmic dif-

logarithmic difference between REF1

and UPMI1.
10° 10°
10’
10'
10°
o oy
2 1o AT
= o°
1072
10
107}
—#+—CO0
4 —+— Cross »
10" ‘ 107

Pattern level [dB]

Figure 6.45 Absolute value of the mean |us| of the

-80 -60 -40 -20

Logarithmic difference in each £3 dB

interval.

Page 98 of 164

ference for the CDF F(A; < z5) = 0.9
in each +3 dB interval.

—¥—CO0
—+— Clross
L

-80 -60 -20 0

-40
Pattern level [dB]

Figure 6.46 Standard deviation o5 of the Logarith-

mic difference in each +3 dB interval.

The information contained in this document should be used only for the scope of the contract for which this document is prepared.



Antenna Centre of Excellence

Contract FP6-IST 508009
First Facility Comparison Campaign

Date 23/12/2005

6.3.5.4 Comparison of UPM2 Measurement to Reference Pattern 1

The results from a comparison of the UPM2 planar near-field measurement and Reference
Pattern 1 are presented here. The results are presented without comments and observations.

However, the results of all comparisons with Reference pattern 1 are summarized in Section
6.3.5.7.
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Figure 6.47 The co- and cross-polar patterns for the REF1 and UPM2 patterns. In (a), (b), (c), and (d)

the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph shows
the REF1 pattern and the red graph shows the UPM2 pattern.
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Figure 6.48 The Weighted logarithmic difference for the REF1 and UPM2 patterns. In (a), (b), (c), and
(d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively.
The blue graph shows the difference for the co-polar component and the red graph shows the
difference for the cross-polar component.
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Mean STD
co-polar (6 < 30°) 0.000 0.131
cross-polar (6 <30°) 0.035 0.169

Table 6.11 Statistical data for the Weighted
logarithmic difference between REF1
and UPM2.
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6.3.5.5 Comparison of SES Measurement to Reference Pattern 1

The results from a comparison of the SES spherical near-field measurement and Reference
Pattern 1 are presented here. SES is one of the patterns that were used in the definition of
Reference Pattern 1. The results are presented without comments and observations. However,
the results of all comparisons with Reference pattern 1 are summarized in Section 6.3.5.7.
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Figure 6.52 The co- and cross-polar patterns for the REF1 and SES patterns. In (a), (b), (c), and (d) the

¢ =0° ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph shows
the REF1 pattern and the red graph shows the SES pattern.
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Figure 6.53 The Weighted logarithmic difference for the REF1 and SES patterns. In (a), (b), (c), and (d)
the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively.
The blue graph shows the difference for the co-polar component and the red graph shows the

difference for the cross-polar component.
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Table 6.12 Statistical data for the Weighted Figure 6.54 Limit value zs of the Logarithmic dif-
logarithmic difference between REF1 ference for the CDF F(A; < z5) = 0.9
and SES. in each +3 dB interval.
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6.3.5.6 Comparison of UPC Measurement to Reference Pattern 1

The results from a comparison of the UPC spherical near-field measurement and Reference
Pattern 1 are presented here. The results are presented without comments and observations.
However, the results of all comparisons with Reference pattern 1 are summarized in Section

6.3.5.7.
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pattern and the red graph shows the UPC pattern.
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Figure 6.58 The Weighted logarithmic difference for the REF1 and UPC patterns. In (a), (b), and (c) the
difference in the ¢ = 0°, ¢ = 45°, and ¢ = 90° cuts are shown, respectively. The blue graph
shows the difference for the co-polar component and the red graph shows the difference for the

cross-polar component.

Page 106 of 164

The information contained in this document should be used only for the scope of the contract for which this document is prepared.



Antenna Centre of Excellence
First Facility Comparison Campaign

Contract FP6-IST 508009
Date 23/12/2005

Mean STD

co-polar (6 < 30°) 0.058 0.155
cross-polar (6 < 30°) -0.097 0.232

Table 6.13 Statistical data for the Weighted
logarithmic difference between REF1

and UPC.
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6.3.5.7 Results of Comparisons to Reference Pattern 1

The result of the comparisons to Reference Pattern 1 can be characterized by the mean and
standard deviation which has been calculated for the Weighted logarithmic difference in each
of the comparisons. For each comparison the values of these which was found for the co-polar
component are listed in Table 6.14. These values can be used to perform a benchmarking of
the participating facilities based on Reference Pattern 1.

DTU1 DTU2 UPM1 UPM2 SES UPC

Mean 0.011  0.007 -0.004 0.000 -0.003 0.058
STD  0.037  0.045 0.058 0.131  0.034 0.155

Table 6.14 The calculated mean and standard deviation for the Weighted logarithmic difference of the co-
polar component in the § < 30° interval.

The mean of the difference, which is found for the individual facilities is noted to be
generally very low when considering the values presented in Table 6.14, where only the mean
difference found for UPC stands out by being relatively large. This noticeable difference of
the UPC measurement is also present in the standard deviation and can be attributed to the
fact that the UPC measurement data has not been probe corrected. The spherical near-field
facilities DTU1, DTU2, UPM1, and SES all perform very well in this comparison, while it
is seen that the planar near-field measurement has a high standard deviation. While the
spherical near-field facilities could be expected to perform well, when compared to a planar
near-field measurement, the observed result could also be due to the fact that Reference
Pattern 1 was constructed from the spherical near-field patterns DTU2, UPM1, and SES.
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6.3.6 Comparison of Measurements to Common Reference Pattern 2

In order to evaluate the performance of the participating facilities the measured patterns from
these are compared to a reference pattern. Reference pattern 2 (REF2), which was defined
in Section 6.2.1, is constructed in the electrical coordinate system from the DTU2, UPMI1,
UPM2, and FTRD patterns.

In this investigation the reference pattern is compared to: DTU1, DTU2, UPM1, UPM2,
and FTRD.
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6.3.6.1 Comparison of DTU1 Measurement to Reference Pattern 2

The results from a comparison of the DTU1 spherical near-field measurement and Reference
Pattern 2 are presented here. The results are presented without comments and observations.

However, the results of all comparisons with Reference pattern 2 are summarized in Section
6.3.6.6.
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Figure 6.62 The co- and cross-polar patterns for the REF2 and DTU1 patterns. In (a), (b), (c), and (d) the

¢ =0° ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph shows
the REF2 pattern and the red graph shows the DTU1 pattern.
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Figure 6.63 The Weighted logarithmic difference for the REF2 and DTU1 patterns. In (a), (b), (c), and
(d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively.
The blue graph shows the difference for the co-polar component and the red graph shows the
difference for the cross-polar component.
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Mean STD
co-polar (6 < 30°) 0.010 0.061
cross-polar (6 < 30°) -0.005 0.030

Table 6.15 Statistical data for the Weighted
logarithmic difference between REF2
and DTUL.
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Figure 6.64 Limit value =, of the Logarithmic dif-
ference for the CDF F(A; < z5) = 0.9
in each 3 dB interval.

10
10'
oy
3 q0°
'
©
107}
—*—CO0
» —+—Cross

-80 -60 -20 0

-40
Pattern level [dB]

Figure 6.66 Standard deviation o5 of the Logarith-
mic difference in each +3 dB interval.
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6.3.6.2 Comparison of DTU2 Measurement to Reference Pattern 2

The results from a comparison of the DTU2 spherical near-field measurement and Reference
Pattern 2 are presented here. DTU2 is one of the patterns that were used in the definition of
Reference Pattern 2. The results are presented without comments and observations. However,
the results of all comparisons with Reference pattern 2 are summarized in Section 6.3.6.6.
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Figure 6.67 The co- and cross-polar patterns for the REF2 and DTU2 patterns. In (a), (b), (c), and (d) the

¢ =0° ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph shows
the REF2 pattern and the red graph shows the DTU2 pattern.
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Figure 6.68 The Weighted logarithmic difference for the REF2 and DTU2 patterns. In (a), (b), (c), and

(d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively.
The blue graph shows the difference for the co-polar component and the red graph shows the
difference for the cross-polar component.
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Mean STD
co-polar (6 < 30°) 0.007 0.079
cross-polar (6 <30°) 0.006 0.033

Table 6.16 Statistical data for the Weighted
logarithmic difference between REF2
and DTU2.
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Figure 6.70 Absolute value of the mean |us| of the
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Figure 6.69 Limit value = of the Logarithmic dif-
ference for the CDF F(A; < z5) = 0.9
in each 3 dB interval.
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Figure 6.71 Standard deviation o5 of the Logarith-
mic difference in each +3 dB interval.
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6.3.6.3 Comparison of UPM1 Measurement to Reference Pattern 2

The results from a comparison of the UPM1 spherical near-field measurement and Reference
Pattern 2 are presented here. UPMI1 is one of the patterns that were used in the definition of
Reference Pattern 2. The results are presented without comments and observations. However,
the results of all comparisons with Reference pattern 2 are summarized in Section 6.3.6.6.
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Figure 6.72 The co- and cross-polar patterns for the REF2 and UPM1 patterns. In (a), (b), (c), and (d)

the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph shows
the REF2 pattern and the red graph shows the UPM1 pattern.
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Figure 6.73 The Weighted logarithmic difference for the REF2 and UPMI1 patterns. In (a), (b), (c), and

(d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively.
The blue graph shows the difference for the co-polar component and the red graph shows the
difference for the cross-polar component.
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Mean STD
co-polar (6 < 30°) -0.005 0.067
cross-polar (6 <30°) -0.006 0.049

Table 6.17 Statistical data for the Weighted
logarithmic difference between REF2
and UPMI1.
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interval.
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Figure 6.74 Limit value z, of the Logarithmic dif-
ference for the CDF F(A; < z5) = 0.9
in each 3 dB interval.
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Figure 6.76 Standard deviation o5 of the Logarith-
mic difference in each +3 dB interval.
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6.3.6.4 Comparison of UPM2 Measurement to Reference Pattern 2

The results from a comparison of the UPM2 planar near-field measurement and Reference
Pattern 2 are presented here. UPM2 is one of the patterns that were used in the definition of
Reference Pattern 2. The results are presented without comments and observations. However,
the results of all comparisons with Reference pattern 2 are summarized in Section 6.3.6.6.
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Figure 6.77 The co- and cross-polar patterns for the REF2 and UPM2 patterns. In (a), (b), (c), and (d)

the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph shows
the REF2 pattern and the red graph shows the UPM2 pattern.
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Figure 6.78 The Weighted logarithmic difference for the REF2 and UPM2 patterns. In (a), (b), (c), and

(d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively.
The blue graph shows the difference for the co-polar component and the red graph shows the
difference for the cross-polar component.
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Mean STD
co-polar (6 < 30°) -0.006  0.069
cross-polar (6 <30°) -0.010 0.064

Table 6.18 Statistical data for the Weighted
logarithmic difference between REF2
and UPM2.
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Figure 6.80 Absolute value of the mean |us| of the
Logarithmic difference in each £3 dB
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10
10’
S 10°
)
107"k
. |—*—co
5 —+—Cross

-80 -60 -40 -20 0
Pattern level [dB]

Figure 6.79 Limit value =, of the Logarithmic dif-
ference for the CDF F(A; < z5) = 0.9
in each 3 dB interval.
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Figure 6.81 Standard deviation o5 of the Logarith-
mic difference in each +3 dB interval.
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6.3.6.5 Comparison of FTRD Measurement to Reference Pattern 2

The results from a comparison of the FTRD far-field measurement and Reference Pattern 2
are presented here. FTRD is one of the patterns that were used in the definition of Reference
Pattern 2. The results are presented without comments and observations. However, the
results of all comparisons with Reference pattern 2 are summarized in Section 6.3.6.6.
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Figure 6.82 The co- and cross-polar patterns for the REF2 and FTRD patterns. In (a), (b), (c), and (d)

the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively. The blue graph shows
the REF2 pattern and the red graph shows the FTRD pattern.

Page 122 of 164

The information contained in this document should be used only for the scope of the contract for which this document is prepared.



Contract FP6-IST 508009

Antenna Centre of Excellence
Date 23/12/2005

First Facility Comparison Campaign

0.5 T T T T T 0.5
0.4r 1 0.4r
0.3 1 0.3

0.2

Difference
Difference

-0.3 -0.3
—0.4 -0.4
-0.5 - - - - - -0.5 - - - - -
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
0 [degrees] 0 [degrees]
(a) (b)
0.5
0.4f
® ®
o o
5 5
s s v >
a a
-0.3
—0.4 -0.4
-0.5 - - - - - -0.5 - - - - -
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
0 [degrees] 0 [degrees]
(c) (d)

Figure 6.83 The Weighted logarithmic difference for the REF2 and FTRD patterns. In (a), (b), (c), and
(d) the difference in the ¢ = 0°, ¢ = 45°, ¢ = 90°, and ¢ = 135° cuts are shown, respectively.
The blue graph shows the difference for the co-polar component and the red graph shows the

difference for the cross-polar component.
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Mean STD
co-polar (6 < 30°) 0.004 0.088
cross-polar (6 <30°) 0.011 0.051

Table 6.19 Statistical data for the Weighted
logarithmic difference between REF2
and FTRD.
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Figure 6.85 Absolute value of the mean |us| of the
Logarithmic difference in each £3 dB
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Figure 6.84 Limit value =, of the Logarithmic dif-
ference for the CDF F(A; < z5) = 0.9
in each 3 dB interval.
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Figure 6.86 Standard deviation o5 of the Logarith-
mic difference in each +3 dB interval.
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6.3.6.6 Results of Comparisons to Reference Pattern 2

As was done for Reference Pattern 1, the results of the comparisons to Reference Pattern
2 are characterized by the mean and standard deviation, which has been calculated for the
Weighted logarithmic difference. For each comparison the values of these, which were found
for the co-polar component, are listed in Table 6.20. These values can be used to perform a
benchmarking of the participating facilities based on Reference Pattern 2.

DTU1 DTU2 UPM1 UPM2 FTRD

Mean 0.010 0.007 -0.005 -0.006 0.004
STD  0.061  0.079  0.067  0.069  0.088

Table 6.20 The calculated mean and standard deviation for the Weighted logarithmic difference of the co-
polar component in the § < 30° interval.

Similar to what was found in the comparison with Reference Pattern 1, the mean of the
difference for the individual facilities, when using Reference Pattern 2, is found to be very
low as well. It is observed that the standard deviations that have been determined for each
of the facilities are very similar. This behavior is opposite to what was observed in the com-
parisons with Reference Pattern 1, where large variations in the obtained standard deviations
were observed. In particular it can be noted that the STD for the UPM2 measurement was
observed to be high in the comparison with Reference Pattern 1, whereas in the comparison
with Reference Pattern 2 it is low.

From a comparison of the results of the comparisons with Reference Pattern 1 and with
Reference Pattern 2 it is clear that the results from comparisons with a Reference Pattern
are very dependent on the definition of the reference pattern.
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6.4 Directivity and Gain Comparisons

As a part of the measurements of the VAST12 antenna some of the participating facilities
have determined the directivity and the gain. Furthermore, the exact location of the peak of
the co-polar pattern has been determined. The results from each facility are listed in Table
6.21.

It is seen that a very good agreement in the determined peak directivities can be observed
if the FTRD wvalue is omitted from the comparison. The FTRD directivity has been deter-
mined on the basis of only few pattern cuts, and should thus be expected to be relatively
inaccurate.

The peak gains that have been determined by the participating facilities are seen to cor-
respond very well. Here only the DTU2 measurement stands out with a value that is slightly
above the rest.

As a part of the measurements some facilities have determined the location of the peak.
The locations that have been determined are listed in Table 6.21, using the optical coordinate
system. The main beam of the VAST12 antenna is quite narrow in one direction and wide
in the other. For this reason the peak location is relatively difficult to determine accurately.
This is reflected in the locations found by the participants where the agreement in the 6 value
is quite good, but the ¢ value varies some.

Peak Peak Peak Location
Facility ~Directivity [dBi] Gain [dBi] Loss [dB] (6, ¢) [degrees]
DTU1 30.71 30.35 0.36 (0.44, 49.0)
DTU2 30.72 30.59 0.13 (0.54, 37.0)
SES 30.67 30.41 0.26 (0.50, 42.3)
FTRD 31.1 30.4 0.7 -
UPM1 30.65 30.39 0.26 (0.4, 82.8)
UPM2 - 30.38 - (0.57, 90)
UPM3 - - - -
UPC 30.87 - - (0.45, 78)
EMW 30.72 30.43 0.29 -

Table 6.21 The directivity, gain, and loss values measured by the participating facilities.
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6.5 Comparisons of Polarization Characteristics

As a part of the measurements of the VAST12 antenna some of the participating facilities
have determined the polarization characteristics for the antenna in the on-axis direction of
the optical coordinate system. In this direction the facilities have determined the Axial Ratio
and the Tilt Angle as presented in Table 6.22.

Facility Tilt Angle Axial Ratio

[degrees] [dB]
DTU1 -88.99 54.63
DTU2 -89.02 52.0
SES -88.36 53.3
FTRD - -
UPM1 -89.28 66.51
UPM2 -
UPM3 -
UPC 89.7 42
EMW -

Table 6.22 The polarization characteristics measured by the participating facilities. The presented values
are related to the optical coordinate system.

It can be noted that the found values agree well except for the UPC results, which can
also be attributed to the fact that these results are not probe corrected.
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Chapter 7

Conclusion

This report documents the work carried out within the Work Package WP1.2-2 First Facil-
ity Comparison Campaign of Activity A1.2 Antenna Measurement Techniques and Facilities
sharing in the Antenna Centre of Excellence, ACE.

With the large number of participating measurement facilities, which have provided mea-
surement data, it has been possible to perform an extensive amount of comparisons and
investigations. A number of different ways of comparing the measured patterns have been
proposed and investigated by use of the available measurement data from the participating
facilities.

The measurement campaign has been carried out using the DTU-ESA 12 GHz Validation
Standard Antenna. This antenna and the associated coordinate systems have been described
in Chapter 2.

A total number of 9 measurement facilities participated in the measurement campaign.
These included: The DTU-ESA Spherical Near-Field Test Facility at the Technical Univer-
sity of Denmark (DTU), three different facilities at the Technical University of Madrid - a
spherical near-field facility (UPM1), a planar near-field facility (UPM2), and a compact range
facility (UPM3), the France Telecom Research & Development far-field range facility at La
Turbie (FTRD), the Saab Ericsson Space A6 test range - a spherical near-field facility (SES),
the spherical near-field facility at the Technical University of Catalonia (UPC), the Ericsson
Microwave Systems A15 Compact Antenna Test Range (EMW). Finally, it was measured at
the University of Liverpool (LIVUNI), but unfortunately, it was not possible to include this
facility in the comparisons. A presentation of each of the participating facilities has been
given in Chapter 3

A detailed account of the development of the measurement campaign has been given in
Chapter 4. A “Verification Test Plan” and a time schedule were agreed upon by the partic-
ipants. The schedule of the campaign allowed for 2 weeks for measurements at each facility
and 1 week for shipment of the VAST12 antenna between facilities. This has shown to be
appropriate and sufficient during the execution of the campaign. The campaign was carried
out with great success, and as a result, a large amount of measurement results were commu-
nicated to DTU for comparisons.
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In Chapter 5 a thorough discussion has been given on the different ways to compare the
measured data. In particular, special attention has been given to the comparison of the ra-
diation patterns and analysis of the difference between patterns. Several definitions of the
difference of two patterns have been discussed and their characteristics investigated by use
of patterns measured in this campaign. These differences also included weighted differences
for which particular weighting functions were suggested and illustrated. Based upon the
differences some measures of merit were presented and discussed in order to facilitate a quan-
tification of the similarity of two patterns. As a separate way of investigating the difference
between the patterns it was suggested to perform a comparison at discrete pattern levels.
This comparison was investigated using the Logarithmic difference and then at each pattern
level computing a particular measure of merit. Following the extensive discussions of how to
compare the patterns a note was given on comparisons of gain and polarization characteristics.

A specific strategy was chosen in Chapter 6, and used to perform a number of specific
comparisons of the measurements from the participating facilities. These comparisons include:

1) A repeatability comparison based on the two measurements at the DTU facility. In
this comparison it was found that the DTU-ESA facility is capable of producing measure-
ments with good repeatability. However, the comparisons did uncover a small but noticeable
difference in a narrow region of the pattern.

2) An inter-comparison of measurements from a spherical near-field range, a planar near-
field range, and a compact range. This comparison was based on the measurements from the
three UPM facilities and showed that some noticeable differences are visible when comparing
the patterns.

3) A comparison of spherical near-field measurements at two different facilities based on
measurements from the SES and DTU facilities. From this comparison it was found that a
very good agreement in the patterns could be observed, but that a noticeable difference in
the patterns in narrow regions of the pattern.

4) A comparison of measurements obtained at a far-field range and at a spherical near-
field range. This comparison is based on measurements at the FTRD far-field range and a
measurement from the DTU spherical near-field range. In this comparison a generally good
agreement between the patterns was found, but some noticeable differences could be observed
in particular for the main lobe region.

5) Comparisons against reference patterns. In these investigations two reference patterns
were constructed in different ways and such that one was defined in the optical and one in
the electrical coordinate system. Comparisons of the available measurements against these
reference patterns were shown to allow, in particular, a benchmarking of the accuracy of the
participating facilities. However, the large differences in the results that are found with the
two reference patterns indicate that the definitions used for these are not good.

The comparison campaign has proven to be both useful and successful in several aspects.
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e It was possible to attract many participants for the campaign, and in the end a total
number of 7 participants with 9 facilities were included in the campaign.

e The comparison campaign has provided a possibility for each facility to assess its per-
formance in comparison to other facilities and to validate, benchmark, and analyze its
own measurement capabilities.

e The comparison campaign has provided each facility with an opportunity for testing
and improving its procedures for carrying out a measurement for an external partner.

e The comparison campaign has in several cases lead to improvements of procedures for
measurements and/or processing of measured data at participating facilities.

Furthermore, several good lessons have been learned about carrying out such a comparison
campaign.

e The execution of the measurement campaign was a success and it was found that the
scheduled 2 weeks for measurements and 1 week for shipment of the VAST12 antenna
between participants was appropriate and sufficient. An additional 1 week for measure-
ments at each additional facility of the same participant was also found to be appropriate
and sufficient.

e The well defined Verification Test Plan has ensured that the measurement data, which
were supplied by the participating facilities, formed a good basis for the comparisons.
However, experience has been gained regarding the importance of an even more precisely
defined VTP. As an example, the fact that data from the different coordinate systems,
which have been used, cannot be compared directly has limited the number of pattern
comparisons to 6 rather than the possible 8.

e It has been found that the handling instructions and mounting requirements for the
reference antenna should be made available for, and reviewed by, the participating
facilities before the start of the campaign, in order to ensure that all facilities fulfill the
requirements for performing measurements on the antenna.

With the large amount of data for patterns combined with the large number of facilities, it
has been necessary to determine the most efficient and effective ways to perform comparisons.
Different methods for carrying out these comparisons have been analyzed, and advantages and
disadvantages of the methods have been clarified. The possible definitions of a reference pat-
tern have been discussed and clarified, and some specific definitions have been investigated
by use of the available data.

Based on the experience gathered through this comparison campaign the following rec-
ommendations can be made:

e In the planning phase of the campaign the participants should agree, not only on the
VTP, but also on the type of processing and analysis that should be performed for the
collected data.
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e A great effort should be made to define the VTP such that as much of the measured
data as possible is comparable between the facilities, and that the data is suitable for
the processing and analysis that has been agreed on.

e [t is important that each facility provide an accuracy estimate or error budget. In
particular, these can be used for establishing a good reference pattern. The accuracy
estimates and error budgets from the individual facilities must be comparable.

e If a benchmarking of the participating facilities is an objective, a good definition for
the reference pattern should be determined as the definitions investigated in this work
were not found to provide reliable results.

Generally it can be concluded that all participating facilities are capable of providing
measurements of high to very high accuracy.
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Appendix A

Euler angles

Two right-handed rectangular coordinate systems with a common origin and arbitrarily ori-
ented with respect to each other can be related through three Euler angles as illustrated in
Figure A.1, (see Appendix 2 in [13]).

Figure A.1 Euler angles.

The unprimed coordinate system (z,y,z) can be transformed to the primed coordinate
system (2,4, 2’) through three successive rotations about its own axes. The three rotations
are:

1. A rotation about the z-axis through an angle ¢.
2. A rotation about the yi-axis through an angle 6.

3. A rotation about the z’-axis through an angle .
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Appendix B

Measurement Report from Ericsson
Microwave Systems
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1 Introduction

The measurement of the VAST12 antenna was performed for the AGE facility
comparison campaign.
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2 Summary
21 Quality assurance
The accuracies of the A15 Compact Antenna Test Range are verified during
installation according to general standards for accuracies within
measurements and gualified according to current quality assurance
(1209001} at Ericsson Microwave Systems AB. Range documentation,
procedures and calibration are also prepared for accreditation to EN IS0
17025 (spring 2006),
2.2 Alignment
The alignment capabilities in A15 are extreme because of the pre-aligned
positioner that is very stable, accurate encoders and optimum conditions for
theodolite measurements. The uncertainty budget for A15 is double-checked
with a RCS-plate and triple-checked by measuring the bearnpointing with two
separable methods. All with an agreement within 0.0057.
2.3 Gain and Directivity
The directivity uncertainty is 0.08 dB and the gain uncertainty 0.16 dB.
24 Sidelobe level
The relative small VAST12 antenna opens for possibilities for the feed to pick
up differences in the mounting arrangements at the different ranges. The
azimuth cuts are probably less sensitive for this type of test setup differences.
The limiting uncettainty is in the angular region around the serrations of the
compact range reflector (8 —12 deg) and the disturbance |evel of —55 dB.
Elsewhere in the room the disturbance level is better than —70 dB.
25 Cross-polarization
Better than —50 dB for a small antenna like VAST12.
3 The A15 Compact Antenna Measurement Range
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4 Conditions

The qualification is performed for 12 GHz and is directly valid for the 12-18
GHz band since the same feed is used and the complete band has been
verified for quiet zone performance which includes influence on eo-polar
sidelobe level crosspol level and beampointing for instance. The quiet zone
performance verification for other bands shows that the data in this report is
valid at least down to C-band where reflector edge diffractions starts to
influence the performance. For the bands above 18 GHz the guiet zone
performance is linearly scaled from the verification done at 18 GHz.
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5 Range alignment reference determination

The electrical direction or Angle of Attack (AoA) of the test range has been
calibrated to coincide with gravity in elevation and to a mechanical reference
in azimuth. An optical reference is also calibrated to this direction (appl doc
[1]). The initial calibration was performed during installation and is proven to
be very stable over time. Recurring calibration checks that the positioner
encoders have not drifted. The alignment procedure for optical alignment of
an antenna to this coordinate system is however independent of the
positioner encoders absolute angle and only dependent of the optical
alignment of the room reference (appl doe [1]).

Below is a comparison between the installation calibration (linear scanner)
and the recurring calibration with a RCS plate.

The calibration with the linear scanner was performed during 2003 at 12-18
GHz. A theodolite has been aligned to the gravity vector. By following the path
of the scanner probe with the theodolite, the scanner is alighed to be vertical.
A similar procedure is used for the horizontal dimension. The picture below
shows the linear scanner on the test range.

Figure 3.1 The linear scannetr.

The angle of attack, both in azimuth and elevation, is determined by rmaking a
best-fit optimization of the measured phase front to a straight line.

The second calibration, the RCS measurement on a flat plate, was performed
in September 2004. In this test, the radar cross section of a large flat plate is
measured. When the plate is perpendicular to the incoming field, the RCS has
its maximum. The picture below shows the large flat plate mounted on the
positioner.
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Figure 3.2 The flat plate.

The differences between the two measurements were 0.0047° in azimuth and
an incredible 0.0002° in elevation. This is a very good result, considering that
the two measurements were performed 18 months apart and that the first one
was done during winter and the second one during one of the hottest summer
days.

During the VAST antenna tests, the antenna AoA was determined with the
same alignment method as the RCS-plate were used. Since these results
agree extremely well with the results of the first test, they are considered as
very reliable.
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6 Measurement Coordinate System

The figure below shows the measurement coordinate systern with the
different angles used during the tests.

¥
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Figure 4.1 Coordinate system and angles.

7 Alignment

After mounting the antenna on the test range, alignment of the roll axis was
done with a precision water level mounted on the CFRPF tower structure of the
antenna, as recommended in the DTU report. Then, the pointing of the +y and
—x surfaces of the mirror cube was registered using a theodolite in auto
collimation { calibrated to coincide with the range AcA) mode while also noting
the turn table position for each reading.

The data from reading the y and -x surfaces above was Lsed to calculate the
normal of the z surface. From these three normals, a transformation matrix
between the mirror cube and the measurement coordinate system was
constructed.
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8 Antenna Measurements

The following measurements were petformed:

Folar scans with the roll axis as scan axis and azimuth as step axis. A Tull
sphere with a grid step of 0.5% in both azimuth and elevation (&0, 0.5,. ..
180%; ¢=0, 0.5,.., 359.5%). AUT placed at the centre of the quiet zone. This
measurement is directly comparable to the data frorm DTLU.

A gain measurement using a calibrated standard gain horn.
9 Antenna Pattern Comparison to DTU Results

9.1 Repointing the Antenna

In order far the coordinate axes to move correctly during the polar scans, the
measurement shall be done in the test range system, with the roll axis parallel
to the direction of the incoming field. Therefore, the data has been repointed
to the mirror cube coordinate system before comparing to the results from
DTU. The coordinate transformations for this repointing were found from the
pointing directions of the mirror cube surfaces, as measured during the
antenna alignment.
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9.2 Comparison table
The table below summarizes the comparison between the data measured at
A15 and the data measured at DTU. Since each range has its own set of
errors, it can not be determined which value that is the most correct.
Therefore we have chosen not to use terms like “error” for any data. Instead,
the table points out the majer differences between the two measuremeants.
Parameter Comparison
Peak Gain 30.43 dBi
(A15),
30.35 dBi
(DTU)
Peak Directivity 30.72 dBi
(A15),
30.71 dBi
(DTU)
Max azimuth side lobe -64 dB
difference level
Mayx elevation side lobe -47dB at
difference level 6°, -57dB
at 25°
Max cross polarization -52 dB
difference level in main
beam
* Difference relative tothe DTU data
Table 3.2.1 Comparison between A15 and DTU data.
9.3 Antenna Patterns in Polar Cuts

The information contained in this document should be used only for the scope of the contract for which this document is prepared.

The data provided for comparison by DTU are given as polar cuts with
azimuth (# as scan axis and roll (@) as step axis. Four cuts have been
provided: ¢=0, 45, 90 and 135°. The figures below compare the data from
A15 with the data from DTU in these four cuts.
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Data from OTU (red--) and A5 (blue-). Phi=45 degrees.
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Data from DT (red--) and A5 (blue-). Phi=45 degrees.
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Data fram DTU {red--) and A15 (blue-). Phi=135 degrees.
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Data fram DTU {red--) and A15 (blue-). Phi=135 degrees.
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Figure 9.3.8 ¢= 135°. Central part only.
9.4 Antenna Patterns — the Raster Scan
Forthe raster scan measurement, there is no comparison data from DTLL

The raster scan data is measured with a 0.2 degree step in azimuth and
elevation and the repeinting to the mirrer cube system was done by applying
an offset directly oneach axis. The polar cuts were measured with a step of
0.5 degrees in #and ¢. Then the measured pattern was read into Grasp 8 for
repointing to the mirror cube system before writing the directivity normalized
files.
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Figure 9.4.4 Raster scan cross-polar.
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10 Uncertainty
10.1 Alignment
Standard
Angle Of Arrival Uncertainty (+/-
deg)
Appl. Doc. [1] JA15. Alignment of room reference - record 0,001]
A15. ALIGNMENT. Alignment of theodolite o room reference and _
Typical transfer of reference to a second theodalite. 0,0014|
Typical A15. Alighment of antennn to room reference 0.0018]
Typical Orift from calibrafion 0,00,
0,0031

Combined Standard Uncertainty
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10.2 Sidelobe level and gain
Side-lobe level Gain
Noise level
«B) Uncert (2dB) Source
Dynamic range ;
(BWIF=1 OKHZ) 100 gf AF-Test
AUT directivity 0,08
Measured directivity
. 0. 1land estim ated loss
|mpedance mismateh error .04 Gain only
Multiple reflections 174 wavetest (Gain
{Feeder/AUT) 0,03 only)
Receiver amplitude .
nonlinearity 0,03 AP Test,
Receiver phase errors £ £
Flexing cables/rotary joints 0.2% @ 5 68GHz
0,2 Lhasbalate
Temperature effects 0,05/ RF Test: 0.05dB
05 0,05 and 0.5* over 1 hour
Scattering and feeder
leakage -75 0
| eakage and cross-talk -B0) RF Loaded port test
Random errors in RF Re peatability
amplitudephase B0 D Test
Edge diffraction without
AAPC 55 ol AUT Comp.Test
Edge diffraction with AAPC B85 OJAUT Comp.Test
QZ amplit. Taper/Ripple 0,1/] 3 ’
01 70 o Field Probing Test
QZ phasze Taper/Ripple
<0, 54 <1® -70)
-55 around
TOTAL= s10%and 70| 016  [RSS
elewhere
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10.3 Cross-polarization

The cross-polarization uncertainty consists of 3 components:

1. Uncertainty according to previous chapter (-55 around +102 and -70
elsewhere).

2. Range feed cross-polarization. The comparison in this report shows
that for this small (D=1m) antenna the agreement with spherical
nearfield is —52 dB, which is better than expectad.

3. Geometry error from range feed offset mount: A measurement where
the antenna is positioned 0.8m &t the side of the center of the quiet
zZone (antenna edge 1.3m from quiet zone center) shows how this
effect affects the cross performance from the — 52 dB difference level
to -40dB difference level. For a larger antenna the different cross-
polarization level in the guiet zone will be integrated over the surface
and antenna tapet will for instance compensate for this effect.
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Verification Test Plans from the
Participating Facilities
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C.1 Verification Test Plan for DTU

Verification Test Plan
{questionnaire}

Please, fill in all applicable fields. Filled example textin red must be removed
Notel VAST12 is lineary vertically {y) polarized antenna (see description of the coomdinate system)

1. Project description: Measurement of the 12 GHz Validation Standard (WAST12) antenna followed by
companson with the reference rasults provided by the DTU-ESA Spherical Near-Field Antenna Tast

Fagility,

2. Participating institution/organization: Technical University of Denmark

Address Qersted-DTU, bldg. 348, 2800. Kgs.Lyngby, Denmark

Contact person Sergey Pivnenko

Talephone 15-4525-3860

Fax 45-4593-1634

E-mail sp@opersted diu.dk

3. Technical details:

Measurement technique spherical near-field

Positioner type roll-ower-azimuth

Gain determination technigue substitution technique with standard gain hom

Angular window: theta, degrees -180..180
phi, degraes 0..360

Coordinate system definition: mirror cube coordinate system yes | x| no| |
mechanical coordinate system yes|%|ro| |
electrical coordinate systemn yes | x| no| |

4 Parameters to be measured/presented: _
peak directivity [dBi] yes | x | o
boresight directivity [dBi] yes | x | no
peak gain [dBi]" yes| | ro
boresight gain [dBI" yes | x | no
polarization {axial rafio, tilt sense) yes | % | no
pointing {peak directivity direction) yes | x | no

pattern {phi=0deg and phi=20deg) yes | x| no
pattern {phi=45deg and phi=135deg) yes | x| no
contour plots (theta=+/-90deq) yes | x| no
error budget/accuracy yes | x | no
* gain according to IEEE definition

LILTT L]

5. Data transfer:

medium : CD yes z no :

e-mail yes | x|rno| |

diskette yes | x| no| |

Regarding the data format, we suggest amplitude {(phase is not necessary) yes EI no |:|

of co-polar and cross-polar components {according to Ludwig 3rd definition
with phiD=90deq} for specified cuts of the pattern, e.g. for phi=Ddeg and
theta=[-180, 180]deq

Other, specify here:

Comments:

Figure C.1 Verification Test Plan for DTU.
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C.2 Verification Test Plan for SES

Verification Test Plan
{questionnaire}

Please, fill in all applicable fields. Filled example textin red must be removed
Notel VAST12 is lineary vertically {y) polarized antenna (see description of the coomdinate system)

1. Project description: Measurement of the 12 GHz Validation Standard (WAST12) antenna followed by
companson with the reference rasults provided by the DTU-ESA Spherical Near-Field Antenna Tast

Fagility,

2. Participating institution/organization: Saab Ericsson Space AB

Address SE-405 15 Goteborg, Sweden

Contact person Jan Fackrisson

Talephone +46 31 735 4004

Fax +46 31 735 4000

E-mail jan.zackrisson@space ca

3. Technical details:

Measurement technique spherical near-field

Positioner type roll-over-slide-over-azimuth

Gain determination technigue substitution technique with standard gain hom

Angular window: theta, degrees -180..180
phi, degraes 0..360

Coordinate system definition: mirror cube coordinate system yes | x| no| |
mechanical coordinate system yes| |[ro| x|
electrical coordinate systemn yes| |[no| x|

4 Parameters to be measured/presented: _ _
peak directivity [dBi] yes | x|no| |
boresight directivity [dBi] yes| x| no| |
peak gain [dBi]" yes | x|no| |
boresight gain [dBI" yes| x| no| |
polarization {axial rafio, tilt sense) yes| |[no| x|
pointing {peak directivity direction) yes| x| ro| |
pattern {phi=0deg and phi=20deg) yes| x| ro| |
pattern (phi=45deg and phi=135deg] yes | x| no| |
contour plots (theta=+/-90deq) yes| |[no| x|
error budget/accuracy yes | x|rno| |
* gain according to IEEE definition

5. Data transfer: _ _
medium : CD yes| |[nro| x|

e-mail yes | x|rno| |
diskette yes| | no| x|
Regarding the data format, we suggest amplitude {(phase is not necessary) yes |:| no |:|

of co-polar and cross-polar components {according to Ludwig 3rd definition
with phiD=90deq} for specified cuts of the pattern, e.g. for phi=Ddeg and
theta=[-180, 180]deq

Other, specify here:

Comments:

Figure C.2 Verification Test Plan for SES.

Page 157 of 164

The information contained in this document should be used only for the scope of the contract for which this document is prepared.



Antenna Centre of Excellence
First Facility Comparison Campaign

Contract FP6-IST 508009
Date 23/12/2005

C.3 Verification Test Plan for FTRD

Verlficatlon Test Plan
{gueatlonnalre}

Please, fill in all applicable fields. Filled example text in red must be remowed

Matal WAST12 & linearly vertically {y) polrizad antenna (see dascription of the coardinaie system)

1. Projectdescription: Measurementof the 12 GHe Walidation Standard (VAST 12) antenna follkwed by
comparsan with the reference results provided by the DTLLESA Spherical Mear- Field Antenma Test

Facility.

2. Participating institutio nfo rganizatio n:
Address

Contactpesan

Talep hona

Faz

E-rmmil

3. Technical details:
Mezsurement tach nique
Positioner type

Gain determination tachnique
Angular window:

Coordirate systam definition:

4.Parameters to be measu red/presented:

5. Data tmnsher:

Regarding the data format, we suggestampl itw
of co-palar and pobk ponents |

France Telecom RaD La Turbie

1581 Fort de b Tate de Chien 08320 La Tubie Fance

Christan Sabatier

33492106528

33492106515

|Chris.sabatie @franceteleco m.com

far-tield (Raddme!
elevation-over-azimuth

substitution technique with standard gain barn

elevation angle lequatoral moaunf)
azimut angle

theta, degrees 75,106
phi, degrees -180, 180
mirmar cube coo dinate system yas no [ x|
machanical coordinate systam v | [nols]
elactrical coordimte system yes [ x| o] |
pezk directivity [B]] ves [ % | na
boresight directivity FE] ves [= | ne [ |
peak gain [4B]" yes z na :
boresight gain [dB]" yae | x| no| |
polarization (axial mtio, tilt, sensea) yas | x| | |
pointing fpeak diractivity direction) yas | x| no| |
pattern [phi=0deg and phi=0deg) vas | 1 | no
pattern [phi=d8degand phi=135deg)  ves z no :
conbur plots {thea=+-90dag) yas | x| o] |
eror budgetizcour. yes [ x| o | |
* gain accoding to |EEE definition
madium: <D

email

diskette

[BAL

de [phase & not necessany)
img to Ludwig 3rd definiticn

with p hit=20deg ) for spacified cuts of the pattarn, e.g. for phi=0deg and

theta=[-180,180]deg

Other, specify hea:

Comments:

limittion f+- 16deg)

Figure C.3 Verification Test Plan for FTRD.
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C.4 Verification Test Plan for UPM1

Verification Test Plan
{questionnaire}

Please, fill in all applicable fields. Filled example textin red must be removed
Notel VAST12 is lineary vertically {y) polarized antenna (see description of the coomdinate system)

1. Project description: Measurement of the 12 GHz Validation Standard (WAST12) antenna followed by
companson with the reference rasults provided by the DTU-ESA Spherical Near-Field Antenna Tast

Fagility,

2. Participating institution/organization: Universidad Politécnica de Madrid

Addrass ETS[Telecomunicacion. C. Universitana. 28040 Madnd

Contact person Manuel Sierra Castarier

Talephone 34-913367360

Fax 54-215432002

E-mail m.sierra castaner@gr ssrupm.es

3. Technical details:

Measurement technique spherical near-field

Positioner type roll-ower-azimuth

Gain determination technigue substitution technique with standard gain hom

Angular window: theta, degrees -180..180
phi, degraes 0..360

Coordinate system definition: mirror cube coordinate system yes | x| no| |
mechanical coordinate system yes|%|ro| |
electrical coordinate systemn yes | x| no| |

4 Parameters to be measured/presented: _ _
peak directivity [dBi] yes | x|no| |
boresight directivity [dBi] yes| x| no| |
peak gain [dBi]" yes | x|no| |
boresight gain [dBI" yes| x| no| |
polarization {axial rafio, tilt sense) yes | x| no| |
pointing {peak directivity direction) yes| x| ro| |
pattern {phi=0deg and phi=20deg) yes| x| ro| |
pattern (phi=45deg and phi=135deg] yes| x| no| |
contour plots (theta=+/-90deq) yes | x| rno| |
error budget/accuracy yes | x|rno| |
* gain according to IEEE definition

5. Data transfer: _ _
medium : CD yes | x| rno| |

e-mail yes | x|rno| |
diskette yes | x| no| |
Regarding the data format, we suggest amplitude {(phase is not necessary) yes EI no |:|

of co-polar and cross-polar components {according to Ludwig 3rd definition
with phiD=90deq} for specified cuts of the pattern, e.g. for phi=Ddeg and
theta=[-180, 180]deq

Other, specify here:

Comments:

Figure C.4 Verification Test Plan for UPMI.
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C.5 Verification Test Plan for UPM2

Verification Test Plan
{questionnaire}

Please, fill in all applicable fields. Filled example textin red must be removed
Notel VAST12 is lineary vertically {y) polarized antenna (see description of the coomdinate system)

1. Project description: Measurement of the 12 GHz Validation Standard (WAST12) antenna followed by
companson with the reference rasults provided by the DTU-ESA Spherical Near-Field Antenna Tast

Fagility,
2. Participating institution/organization: Universidad Politécnica de Madrid
Addrass ETS[Telecomunicacion. C. Universitana. 28040 Madnd
Contact person Manuel Sierra Castarier
Talephone 34-913367360
Fax 54-215432002
E-mail m.sierra castaner@gr ssrupm.es
3. Technical details:
Measurement technique planar near field
Positioner type rectangular xy
Gain determination technigue direct gain maasuramert
Angular window: theta, degrees -50..50
phi, degraes 0..360
Coordinate system definition: mirror cube coordinate system yes| |[no| x|
mechanical coordinate system yes|%|ro| |
electrical coordinate systemn yes | x| no| |
4 Parameters to be measured/presented: _ _
peak directivity [dBi] yes | x|no| |
boresight directivity [dBi] yes| x| no| |
peak gain [dBi]" yes | x|no| |
boresight gain [dBI" yes| x| no| |
polarization {axial rafio, tilt sense) yes | x| no| |
pointing {peak directivity direction) yes| x| ro| |
pattern {phi=0deg and phi=20deg) yes| x| ro| |
pattern (phi=45deg and phi=135deg] yes | x| no| |
contour plots (theta=+/-50deq) yes | x| rno| |
error budget/accuracy yes | x|rno| |
* gain according to IEEE definition
5. Data transfer: _ _
medium : CD yes | x| rno| |
e-mail yes | x|rno| |
diskette yes | x| no| |
1]

yzeleI no

Regarding the data format, we suggest amplitude {(phase is not necessary)
of co-polar and cross-polar components {according to Ludwig 3rd definition
with phiD=90deq} for specified cuts of the pattern, e.g. for phi=Ddeg and
theta=[-180,180]deg

Other, specify here:

Comments:
Contour plet for theta +-50 deg

Figure C.5 Verification Test Plan for UPM2.
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C.6 Verification Test Plan for UPC

Verification Test Plan
{questionnaire}

Please, fill in all applicable fields. Filled example textin red must be removed
Notel VAST12 is lineary vertically {y) polarized antenna (see description of the coomdinate system)

1. Project description: Measurement of the 12 GHz Validation Standard (WAST12) antenna followed by
companson with the reference rasults provided by the DTU-ESA Spherical Near-Field Antenna Tast
Fagility,

2. Participating institution/organization: P alytechnical University of Catalonia

Address Jordi Girona 1-3, Campus Nord, Mod. D3 08034 Barceld
Contact person Sebastian Blanch

Talephone 34 -934016811

Fax 34-934017232

E-mail blanchi@tsc.upc.as

3. Technical details:
Measurement technique

spherical near-field

roll-over-azimuth
substitution technique with standard gain hom

Positioner type
Gain determination technigue

Angular window: theta, degrees -180..180
phi, degraes 0..360

Coordinate system definition: mirror cube coordinate system yes | x| no| |
mechanical coordinate system yes|%|ro| |
electrical coordinate systemn yes | x| no| |

4 Parameters to be measured/presented: _ _
peak directivity [dBi] yes | x|no| |
boresight directivity [dBi] yes| x| no| |
peak gain [dBi]" yes | x|no| |
boresight gain [dBI" yes| x| no| |
polarization {axial rafio, tilt sense) yes | x| no| |
pointing {peak directivity direction) yes| x| ro| |
pattern {phi=0deg and phi=20deg) yes| x| ro| |
pattern (phi=45deg and phi=135deg] yes| x| no| |
contour plots (theta=+/-90deq) yes | x| rno| |
error budget/accuracy yes| [no| x|

* gain according to IEEE definition
5. Data transfer:

medium : CD yes z no
e-mail yes | x | o
diskette yes | x| no

E
= |
0000

Regarding the data format, we suggest amplitude {(phase is not necessary)
of co-polar and cross-polar components {according to Ludwig 3rd definition
with phiD=90deq} for specified cuts of the pattern, e.g. for phi=Ddeg and
theta=[-180,180]deg

Other, specify here:

Comments:

Figure C.6 Verification Test Plan for UPC.
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