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Introduction

What is an antenna?

Transducer transforming guided on wave into wave propagating in free space.

Device focusing radiated field in the space.

- Component used as emitter or receiver.

- Active or passive device.

- System for signal transmission between fixed or moving points. ©
- System for signal emission and reception for imaging purposes. msm
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Introduction

What are the different kind of characterization needs?

Circuit characterization : Reflection coefficient ; Radiation characterization : beam characterisitics
Access coupling (direction, size) ; gain ; polarization
> Scalar or Vector Network Analyser > Antenna Test Facility
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Introduction

What are the different kind of radiation characterizations?

Normalized Power (dB)

2D or 3D characterization ie cutting planes defined in the Antenna Under Test coordinates system
- Choice of the representation space : angular grid ; uv grid ; cartesian grid

- Choice of data to be represented : gain, normalized power (copolar? Crosspolar? total?),
axial ratio...

Ma&n cutplanes using (az over ele) et (ele over az) grids f=230.000GHz
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Introduction

What are the parameters of interest?

- Characteristics of the main lobe pointing angle, half-power beamwidth, polarization ellipse main
axis.

- Side lobes level.

- Gain value.

- Directivity value.

- Polarization characteristics : axial ratio, polarization rejection.
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Basics
O: - center of coordinate system Oxyz .
- radiation point source.
- reception point of the radiation.
M : - observation point (when source at O).

- point source (when reception at O).

Oxyz : - direct orthonormed system.
- Ox : horizontal axis.
- Oy : vertical axis.
- Oz : horizontal axis, exiting the antenna under test
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Basics

Plane wave

- electromagnetic field orthogonal to the propagation
direction

- the propagation direction is constant

- electric and magnetic fields are orthogonal and with a
quadrature phase shift.

- no attenuation, phase varies linearly with the distance
- no variation in amplitude as a function of the position

- jk.OM

E(M)= |Eq€o+Ege,le
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Basics

Spherical wave

- electromagnetic field orthogonal to the propagation
direction

- electric and magnetic fields are orthogonal and with a
quadrature phase shift.

- Isotropic propagation with a 1/r attenuation and a
phase varying linearly with the distance

E(M)=(E,&,+E, ¢, | ——e /FM
|OM|
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Basics

Far field
- the observed wave is planar
- antenna : set of isotropic sources > radiation is homogeneous -
to a summation of spherical waves |
- criteria to consider locally the spherical wave as a planar one L
|
I
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Basics

Far field : criteria of lateral phase variation
- defined for a sphere of diameter D.
- the phase front variation must be lower than 22.5°.

[ 12 2 TT
k\VR°+(D/2)°"-R|<—
8
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R
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Basics

Far field : criteria of longitudinal magnitude variation
- defined for a sphere of diameter D.
- the longitudinal magnitude variation must be lower than

0.5dB (ie linear £5%).

D
R+— R — ?
(0.5/20 (—=0.5/20
<10 e >10
R R Source
R-D/2 D
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Basics

Far field : criteria of lateral magnitude variation
- defined for a sphere of diameter D.
- the lateral magnitude variation must be lower than

0.5dB.

Front d'onde réel
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Basics

Polarization ellipse :
- far field.
- contour plotted by the temporal variation of the field vector, in the plane orthogonal to the direction of
propagation.
- characterized by:
> its sense of rotation (observer looking in the direction of propagation).
»>the tilt of its main axis in the observation system.
»>the ratio of its major to its minor axis.

— —rv (:omfr?upénm-
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Basics

Polarization ellipse :

(Tm\lfg pélec
Polarisation gauche Polarisation droite —
N Université
signe( A.B)>0 signe(A.B)<0
RENNES 1
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Basics

Polarization ellipse :
- Elliptical polarization :

sl
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- Linear polarization : E
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- Circular polarization : E

Expansion :
- acircular polarization can be expanded into 2 equal linear polarization that are orthogonal and of 90°
phase shift.
- alinear polarization can be expanded into 2 circular polarizations right and left hands of same magnitude ©

E=AE=2(E+ 3+ 2(E- )7 ey
- an elliptical polarization can be expanded into 2 circular polarization right and left hands, whose -
magnitude ratio is called polarization rejection "%
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Basics

Gain (absolute gain) :

- ratio between the radiation intensity at the observation point and the one that would be achieved if the
power accepted by the antenna is isotropically radiated

$(0,9)

P,/4T

- translate the capability of an antenna to focus the energy into space

G(0,p)=

Realized Gain :
- ratio between the radiation intensity at the observation point and the one that would be achieved if the
power delivered to the antenna would be isotropically radiated

_$(0,) ) . @
G, (0,0)=2-P _(1_1?)G(0
rmhse( ,'LP} PMI4T[ ( | |} ( ,'LP] | %
- express the capability of an antenna to focus the energy into space -
- take Into account the mismatch losses "%
"RENNES
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Basics

Directivity :
- Ratio between the radiation intensity of the antenna at a given point and the average radiation

Intensity of the antenna

D(0,9)= $(0,9) _b(0,9)

1 ™ op2m ' o ' ' ' 1
ﬁju J. (07, @)sin0'do do =P

Partial directivity : case of an antenna with elliptical polarization

D(gx(‘p]_ 1 - Irr . . - 1 .
2404 b, (0", )+,(0',p")|sind 'dO'dep’ E(PT."'PT_--]
| 0, 0,¢) | |
D(G,Lp}:d)l( tp}+¢z( LP}ZDI(EI,LD_H-DZ(E!,LD_} @
am T 4w T
Radiation efficiency : INSA
- Ratio between the total power radiated by an antenna, and the power accepted by this antenna e
3 PT_ G (B,Qp} UNII5\[IREKI\TJNES1

P, D(0,p)
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Antenna Radiation Measurement
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Antenna Radiation Measurement — Measurement Systems

Measurement of radiation patterns
- relative measurement of the spatial distribution of the electromagnetic energy emitted or received by an
antenna under test

- scalar measurement: only the magnitude is measured.
- vectorial measurement: magnitude and phase are measured

- the representation of the radiation patterns is mainly done in far field:
> coherent with the use of the antenna within a realistic configuration
> enables to use the plan waves formalism: ©

>> simplification of the representation : electric and magnetic fields are orthogonal
between them and to the propagation direction

>> one field only can then be represented

>> the radial component is zero: for each observation point the field is completely | %=
determined by the representation of the magnitude and phase of its projection in a orthonormed system ! &
defined in the plane orthogonal to the propagation direction at the observation point.
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Antenna Radiation Measurement — Measurement Systems

Measurements in near field :

- the measurement of the radiated field is done at a distance that do not respect the far field criteria.

- require the use of a near field / far field transform.

- discretization of the measurement’s domain: planar, cylindrical, spherical

- discretization of the domain is linked to the antenna size

- require to master various elements playing a role in the measurement (characteristics of the probes,
positionning errors minimization) and to understand the technique in order to anticipate potential post-
processing aberations

- of great interest to characterize high gain antennas, to perform 3D measurements without the need of
time consuming measurement compaigns

- enables to extract rich and useful information for the the directivity computation and to perform antenna
diagnostic.
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Antenna Radiation Measurement — Measurement Systems

Near field measurements:
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Antenna Radiation Measurement — Measurement Systems

Near field measurements:
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Antenna Radiation Measurement — Measurement Systems
Far field measurements: direct illumination

- the illumination probe (or the measurement one) is placed in the line of sight of the antenna under test, at
a distance that respects the far field criteria (for the probe and the antenna under test).

- the probe is placed on the optical axis of the chamber, as well as the antenna under test, in order to
Impose the symmetry of the measurement configuration with respect to the chamber.

- the maximum size of antenna that can be characterized is limited in terms of wavelength because of the
application of the far field criteria and the physical maximum distance between emission and reception.
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Antenna Radiation Measurement — Measurement Systems
Far field measurements: indirect illumination

- the illumination probe (or the measurement one) is not placed in the line of sight of the antenna under
test.

- the probe illuminates a parabolic reflector that generates a region in which the field can be considered as
a plane wave

- the size of this plane wave volume, and its location with respect to the reflector, are determined by the
geometry of the reflector, the radiation characteristics of the probe, and the localization of the probe with
respect to the reflector

- technique of the « compact range »: the measurement volume and location are fixed, therefore the
maximum antenna size that can be characterized are not in wavelengths but in length units.
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Antenna Radiation Measurement — Measurement Systems

Far field measurements: indirect illumination
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Antenna Radiation Measurement — Measurement Systems

Spherical coordinate system: latitude longitude
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Antenna Radiation Measurement — Measurement Systems

Spherical coordinate system: latitude longitude
- antenna positioning: two orthogonal rotation axis.
- Azimuthal axis :

> rotation according to (Oy)

> sweep In P

- Roll axis :
> rotation according to (Oz)
> sweep in

-Measurements of components in the system
> rotation axis for the measurement probe
> rotation axis according to (Oz).
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Antenna Radiation Measurement — Measurement Systems

Spherical coordinate system: latitude longitude

Z Roll over Azimuth
(NSI picture)
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Antenna Radiation Measurement — Measurement Systems

Spherical coordinate system: latitude longitude
- advantages :

> possibility to merge the coordinate systems of the antenna and
Imposed by the rotation axis.

> high point density near the poles: interesting for antennas with
broadside focusing.

> coordinate system is natural for most users.

> representation of information in polar coordinate is easy.
- drawbacks

> not well suited for antennas with tilted main beam,

> rotation of both main and cross polar components during

acquisition. ?
> grid hard to exploit for mapping purposes.
INSA
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Antenna Radiation Measurement — Measurement Systems
Spherical coordinate system: azimuth elevation
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Antenna Radiation Measurement — Measurement Systems

Spherical coordinate system: azimuth elevation
- Antenna positioning: two orthogonal rotation axis.
- Azimuthal axis: e
> rotation according to (Oy)
- Elevation axis:
> rotation according to (Ox)

L__J____._.___\ R/
|
|
|
|

- Measurements of components in the system (€0,€,)
> rotation axis for measurement probe. ‘ , >
> rotation axis according to (Oz). L e -
P | @
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Antenna Radiation Measurement — Measurement Systems

Spherical coordinate system: azimuth elevation
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Antenna Radiation Measurement — Measurement Systems

Spherical coordinate system: azimuth elevation
- advantages:

> coordinate system natural for on site exploitation of  the
characterized antenna.

> characterization of antennas with tilted main beam is more easy:

In the case of a beam tilt according to both axis, the wuse of an
additional azimuthal axis located in the elevation plane is interesting.
> grid can be easily exploited for mapping purposes. :_
- drawbacks: R
> the coordinate systems linked to the antenna and Imposed by
the rotation axis cannot by merged without Important shadowing ©
effects. | &
INSA
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Antenna Radiation Measurement — Quiet Zone

- the quiet zone is the volume in which is placed the antenna under test, and for which the uniformity of
the incident field complies to predefined specifications.

- these specifications are related to the level of the total field due to the reflections inside the chamber,
with respect to the level of the incident field obtained at the observation point.

- These quantities are related to both the magnitude and the phase of the field, even if in general the
attention is focused on the magnitude and more specifically on the mean level of reflectivity in the quiet
Zone.

- reflectivity: magnitude of the ratio between the total field due to reflections and the incident field

| ES0,¢
r(ﬂ,tp_l=max|zﬁ. { ’_Lp'”
E(0,) @
- reflectivity of the quiet zone:
R=mean(r(0,y)) 0y Nentes,
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Antenna Radiation Measurement — Quiet Zone

- Hypothesis : reflections on the sides of the chamber

- Normalized pattern (max at 0): (0,p)= $(0,P) ..:‘b(e"?}
¥ ( ) (0. )= (6(0,0)) $(0,0)
- (b, (0,9)+R)
3 i : A0 @)= S
Interference magnitude: (6,) ($.(0.9)—R)
WWWIWWYWWWWWWYWWWYWY
Emission Réception
....... - N @
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Antenna Radiation Measurement — Quiet Zone

- Reflectivity of absorbers:

> level inversely proportional to frequency.

> level proportional to the incident wave (minimal reflectivity when the incident wave is normal
to the absorber, maximal when the incident wave is grazing).
- variation of reflectivity in the quiet zone:

> for a given frequency: degradation when the distance E/R increases.

> for a given E/R distance: improvement when the frequency increases.

Emission Reéception @
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Antenna Radiation Measurement — Quiet Zone

Antenna Pattern Comparison Method
- hypothesis : reflections on the sides of the chamber
- Measurements of the same pattern for various distances transmitter/receiver
> |low variation of the reflectivity
> variation of the difference between direct and indirect paths:
>> variation of the relative phase
>> fluctuation of the level of the side lobes

>> averaging of the patterns to minimize the effects of the
reflections
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Antenna Radiation Measurement — Quiet Zone

Time gating
- Hypothesis : reflections on the sides of the chamber
- Measurement of the same pattern for a frequency band enables:
> a blind distance larger than the indirect path
> a sufficient temporal resolution
- the transfer function of the antenna is a limitation of this technique
- Idea :
> frequential measurements
> |ocalization of echoes in time domain
> filtering in time domain
> transformation back in frequency domain
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Antenna Radiation Measurement — Cutting Planes

Cuttings planes:
- Trajectory used to measure the EM field.

- Case of the radius latitude longitude :
» Roll axis set to fixed value, and motion control apply on the Azimuth axis > cutting plane =
longitude.
» Azimut axis set to fixed value, and motion control apply on the Roll axis > cutting plane =
latitude.
» Motion control on both axis : definition of a specific cutting plane in a grid defined by another
motion axis architecture, another orientation of the Antenna Under Test (AUT).
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Antenna Radiation Measurement — Cutting Planes

Data acquisition :
- Step by step :
- positioning system stop for acqusition at each point of the sampling grid ;
- data acquisition can not be performed during the displacement time between two samples
(cinematic constraints; number of frequencies ; dynamic range constraint...).

- Onthe fly : positioning system never stop.
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Antenna Radiation Measurement — Cutting Planes

Type of data :
- Electrical field for at least one probe polarisation orientation :
- linear polarisation :

» 1 orientation ;

» two orthogonal orientations defined in the chamber cartesian coordinate system, fixed during
the measurement process.

» two orthogonal orientations defined in the AUT coordinate system (ie tracking in the chamber
coordinates system) >> Ludwig 3 : tracking of the orientation defined by the main axis of the
ellipse of the E-field at the main beam maximum location.

- Circular polarisation : LHCP and/or RHCP.

- Magnitude or Magnitude and phase.
INSA
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Antenna Radiation Measurement — Cutting Planes

Cuttings planes: main beam in the axis Tl
- main planes: orthogonal cutting planes containing the maximum of the main R : K
beam. ! é

- Antenna with linear polarization:
> E-plane: cutting plane parallel to the polarization of the antenna.
> H-plane: cutting plane orthogonal to the polarization of the antenna.

- antenna with elliptical polarization: Ludwig 3 formalism
> main polarization: projection of the field on the main axis of the
ellipse obtained for the maximum of the beam. ©
> cross polarisation: projection of the field on the minor axis of the
ellipse obtained for the maximum of the beam.
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Antenna Radiation Measurement — Cutting Planes

Cutting planes: tilted main beam
- main planes: orthogonal cutting planes containing the -
. . g T~ . Direction du
maximum of the main beam. ;7 g masimumde
| . r_yggnemem
L e
| \'\.‘. A

- application Ludwig 3 formalism
> main polarization: projection of the field on the
main axis of the ellipse obtained for the maximum

of the beam. .
> cross polarization: projection of the field on the E ) A
minor axis of the ellipse obtained for the maximum i P L °
of the beam.
INSA
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Antenna Radiation Measurement — Cutting Planes

NSy

Cutting planes: tilted main beam

% ™
TR

measurement system latitude/longitude ig:ig;‘%‘-;-::&ﬁ
- Capability to move both axis before each measurement: g
> computation of the path of each cutting plane
> projection of the field in the system basis 2
defined by the maximum of the beam (Ludwig 3). R e
A\, _fayonnement
- Not able to move both axis before each measurement: \ \
> 3D acquisition. Y
> Interpolation to reconstruct the field in both / sty o
cutting planes. , |y |
> projection of the field in the basis defined by \ | S| =
the  maximum of the main beam (Ludwig 3). LY il - o -
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Antenna Radiation Measurement — Cutting Planes

Cutting planes: tilted main beam
measurement system azimuth/elevation

- tilt accordingto x or y :

> classical acquisition in azimuth/elevation.
> use of probe locations in accordance to the

main and minor axis of the polarization ellipse
obtained at the beam maximum.

- tilt according to x and vy :

=

e

T

ro¥d
L
,‘/
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A g

b
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e
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e
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<
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>
T

o
o

8!

e

S
A
i

SN}
VR

i
/
f
i
!

Direction du

~ maximum de
\__rayonnement

\ ‘\\

> general case: procedure similar to the /
latitude/longitude case.

> mounting of the antenna under test such that 3\ Vi
there is only one tilt: azimuth/elevation/azimuth LV E il
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Antenna Radiation Measurement — Cutting Planes

Cutting planes: tilted main beam

Direction du
~ maximum de
\__rayonnement

Interest of such cutting planes : \ N\
- homogeneous to E- and H-plane; —
- enable antenna analysis as a 2D array when Al o
their two azimut angles are fitting to the AUT axis. o ) \-; v
// }'l /lv
gl s , .
Limitation of this definition : L
- do not correspond to positioning system sampling grid. ©
- 3D representation is using a different grid for each main component : .
» considering Oz orientation in the main beam direction, el
» Considering Ox and Oy in the direction of the co- and cross-polar -
component, cuzr;:%né
> then each component is represented respectively in an elevation/azimuth “REEN

and azimuth/elevation grid.
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Measurement of the gain: link budget
- measurement of two antennas face to face.
- application of the Friis formula

2__ ' 21| 2| A
|S| _Gr'érﬁpriun Gém ission API | 1 _| I ém.issiur]‘ .l | 1 _| rr'émpriur1| .l A[,; :(
4t D

- calibrated measurement system:
> compensation of the mismatchs at the input and output.
> compensation of the cable losses.
- gain of the probe is known.
- Measurement of the mismatch between two antennas.
- distance between measured antennas. ©
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Measurement of the gain: technique of the three antennas
- measurements of three antennas per couple (3 measurements of 2 antennas placed face to face)

- application of Friis formula

:|512||513| 1
|512|2:GIGZAEJASJ'H[]-_|r1|2:||:1_|1_|2|2:| 1 S| 1—\T1\2
|Sl3|2:GIG3AEJAS_}'sr|:1_|r1|2:||:1_|]'_|3|2:| GZZ|512||523| 1

2
|SE3|2:G2G3AEJASJ'H|:1_|r2|2:||:1_|r3|2:| S 1-[T)
|513||Sz3| 1
G,= 2
Sl 1T
- measurement system matched otherwise compensation of the mismatches at the input and output. ?
- measurement of the matching of each antenna. INSA
- distance between antennas measured. HENIEY
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Measurement of the gain: substitution technique
- measurement of the antenna under test and then of a reference antenna

- application of Friis formula
|S.»'3.L"T‘EZGAUTAPJAsysr [1 _|F.qu1r|2:' G =G |S.AL-‘T|2 1—|T émkm|2
S =G AgAgy|1-|T ’) o ‘2 1_‘r_qur|2

étalon étalon * “el © “syst | éta .L:rr]| |

étalon
| Sém lon

- measurement system matched otherwise compensation of the mismatches at the
Input and outpult.

- measurement of the matching of each antenna.
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Measurement of the gain: technique of the three antennas in near field

- measurements of three antennas per couple (3 measurements of 2 antennas placed face to face)

- each measurement is carried out for a variation of the distance between then ranging from
0.2D’/N to 2D°/A

- approximation by regression polynomials

ST ij 1 2114/ ?)
Sij(d_}_gtan+o¢1E++O¢EE+..-! W1=[T [ {v1=[T;[]

- the first term corresponds to the far field: we apply the formula used the the technique of the three

antennas.

- measurement system matched otherwise compensation of the mismatches at the input and output.
- measurement of the matching of each antenna.

- distance between antennas measured.

CentraleSupélec
RENNES

I Nantes

N7 Universi

=3
@

E

ersi
2y

UNIVERSITE DE
RENN




Introduction to Antenna Measurement

”ﬂJ IE I R Réseaux des Electroniciens du CNRS - Journées Radar, 17 au 19 Octobre 2023, IETR, Rennes

Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Polarization: scalar measurements
Incomplete information, the determination of the polarization characteristics are done:
- use of a probe of right or left hand circular polarization

> determination of the weightings used for the expansion of the polarization ellipse Into
right and left hand circular polarization.

> direction of travel of the obtained ellipse.

> the tilt of the ellipse cannot be determined.
- use of a probe of linear polarization:

> measurement in spining polarization

> for each position of the antenna under test, a set of various tilts of the probe is used in order to
determine the main and minor axis of the polarization ellipse of the AUT.

> simplification when applying a continuous rotation of the probe.

> visualisation of the envelop corresponding to the main and minor axis of the  ellipse.

> the position of the probe enables to determine the tilt of the ellipse.

> no information about the direction of travel of the ellipse.
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Polarization : vectorial measurements

- use of a probe of linear polarization

- measurements magnitude/phase for two orthogonal probe positions

- the measured fields can be expressed in compact form (probe according to x and y):

E =|A€+jBYy|.e.e"
— < - = = _jP,
E =/At+jByl.ee

E,=|Acos(y)—jBsin(y)/e’*
E,=[Asin(y)+ jBcos(y )| e P

EI=A+B |cos(y )—jsin(y ]Ie”"'+%lcos(w}+j sin(y)|e’ ™ el
. o — . o INSA
E},:A+Blsin(q; )+ jcos(p)le’ ™+ sin ()—jcos(y)le’ .
"RENNES
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Polarization : vectorial measurements

E .:A-I-B

X

|CDS('~I«' }_jSm(llJ}'EJ-Q:"F%“CDS({]J]-FJTsin(lp:“ef-‘p-ﬁ'

_A+B v, A—B

|Sin(lp }+_}'CDS(¢| :}Iejm'-'+ 'sin (UJ}—j CDS(UJ}'EJ;“M

:A+B E—furejm.;.+A_Befur j®q

E, e
2 2
E =] A+B E—_fmeju},:,_j A—B Ejurejm.;.
y p) 2
E,+jE,=(A-B)e"" ¢ @
. — ) L L
Ex_'} E.T_(A-i-B}E € (:mS:?upéloc
| INSA
|[E,+jE,|=|A~B| |[E,~JE,|=|A+B| &
“RENNESY
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Polarization : vectorial measurements
|E,+jE,|=|A-B| |[E,—jE |=|A+B]

|E,+jE |>|E,~jE|| Right hand polarization

E+jE|<|E —-ijE. Left hand polarization
X } ¥ X j ¥ p

EE_,iqr_( E1+}E_}I) II A+B)

E,—jE,|\A-B, o
AR=tan(t)=|max(A,B)|/|min(A,B)| Gy
.. be careful if the probe has an elliptical polarization! :“E:NES:
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Phase center

definition of the phase center: comes from the modeling of the antenna radiation as a superposition of
spherical waves

simplest case: isotropic antenna > if this source is placed exactly at the center of the coordinate system,
then the phase is constant for all positions of the observation point (at a fixed distance).

generalization: the phase center is the point from which is produced the radiation of the antenna.

when the antenna is placed such as this point is located at the center of the coordinate system then a
constant phase pattern is obtained for a finite angular sweep. ©
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Phase center: computation
- the search for the phase center is carried out over a part of the main beam of the
radiation pattern.

Axe optique de la chambre
Centre de phase

Axe azimuth

dx ,,;=OP.€ =Asin(p, - -
X AUt e,=Asin(p) # b=d,—k|dzcos(0)—dxsin(0)|

dz_AUTZCTP. e, =Acos(p,)
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Phase center: computation
- Determination of the lateral and longitudinal shifts: least square method

N
5= (" —(®,—k(d,cos(6,)—d sin(0,)|]

i=—N

- Sum of the squares of the difference between measurements and modeling Is

minimum if:
ds_ < | . .
= D |2(@r—(®,~k(d,cos(0,)—d,sin(0,))||[—ksin (6,)||=0
X =N |
48 = 3 (2(@" —(®,~k(d,cos(0,)—d,sin(0,))||[kcos(6,) |=0 @
Z =N | Cqy

N . .
a5 _ > [2(@~(®,~k(d,cos(8,)—d,sin(8,))||(—1]|=0
do, =y ' ' O Unasite
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Phase center: computation

_k Z sin’(0,) k Z sin(0,) cos(0 Z sin ( — Z ®sin(0
i=—N i=—N E:_h‘ dx z——“u
—k Z sin(0,)cos(0,) k Z cos’ (0,) — Z cos(0.)||dz |=| _ Z (bmescﬂs
=N = i=—N <1>D =N
N
—k Z sin (6,) k Z cos —(2N+1) -3 @,
! i=—N i=—N i i=—N E
- determination assumes that the used beam is not tilted ©
- In the case of a beam with tilt: &

> compensation of this tilt to determine the phase center
> the phase center is projected in the reference coordinate system
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Phase center: intuitive approach

0>0 020
R .
\ / // (‘-muf:gpéloc
N\ / 7/
N S 74 \ INSA
N
—— I Nant
0<0 0 6>0 REREN

0<0 0 0>0
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Phase center: intuitive approach

0>0 6>0
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— ~ .
/’t \\ (R\;lﬁr%upé‘lor

| \ I Nant
WU t
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Antenna Radiation Measurement — Gain, Polarization, Phase Centre

Phase center: example

Phase [

@

\ I I I I I I 1 1 1 1 1 1 1 1
~ L H -1
| | | | | | | I I I I I I | I l
I I I I I I I 1 1 1 1 1 1 1 1 1
I I I I I I I 1 1 1 1 1 1 1 1 1
-0 — h h h h h h v v v v v v 1 v I ('J.)
_ ! ! d ! ! ! ! ' 1 1 1 i 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 CentraleSupélec
-lz0 — . . . . . . . ' ' ' ' ' ' ' ' -4y
_ ! ! ! ! ! ! ! ' 1 1 1 1 1 1 1 i
I I I I I I I 1 1 1 1 1 1 1 1 1 INSN
-140 — r | | | | | | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ gl
_ ! | ! ! ! ! ! ' 1 1 1 1 1 1 1 1
I I I I I I I 1 1 1 1 1 1 1 1
160 — IV Nantes
- W Université
180 T T T T T T T T T T l I I I I I I I I 1 '56
-173.0 -157.9 -136.9 -115.2 -34.2 787 526 -2lE -10.5 105 2lE 526 FE7 4.2 115.2 126.3 157.9 173.0 UNII%IRESI\TJEIH\E 2 |

Azirnuth angle [7)

.



Introduction to Antenna Measurement
”ﬂJ IE I R Réseaux des Electroniciens du CNRS - Journées Radar, 17 au 19 Octobre 2023, IETR, Rennes

Antenna Radiation Measurement — Data Processing

Basic rules:
- measurement representation: what is the goal?
> to proceed to results analysis
>> easy to exploit
>> topic of discussion (especially when the antenna is not working)
> to show that the antenna works properly (or not)
>> easy to understand
>> fit your language to your interlocutor...

- Simple things to be applied :
> choice of scaling @
>> coherent with the capabilities of the measurement system and the pattern levels
>> fixed to ease comparisons
> choice of representation format: essential to be understood by users '“5“‘
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Antenna Radiation Measurement — Data Processing

Cutting planes: data exploitation

Computation of the aperture: -3dB 0dB

- linear interpolation of the points located from both side of the circle used to define the aperture.

- polynomial interpolation (regression polynomial) of the part of the beam cutting the circle used to
define the aperture. An approximation of parabolic kind is in general good enough, but in the case of
deformed beams a higher polynomial order must be used.
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Antenna Radiation Measurement — Data Processing

Cutting planes: data exploitation

-3dB 0dB

Computation of the tilt angle:

- linear interpolation of the points located from both sides of the maximum of the beam.

- polynomial interpolation (regression polynomial) of the upper part of the beam, then computation of the poles of
the polynomial derivative.
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Antenna Radiation Measurement — Data Processing

Types of representation : 2D representation (cutting planes)
- cartesian :
> ideal for accurate analysis, if the scaling is well chosen...
> not always understood by beginners.
> modification of the scaling
>> scaling factor
>> enables zoom in abscissa and ordinate.

- polar :
> very visual so easy to understand.
> |ess appropriated for accurate analysis (which can be convenient!).
> modification of scaling
>> scaling factor induces a pattern « deformation ».
>> enables zoom in ordinates (radius).
>> do not necessarily enable zoom in abscissa (angle) : use a sweep of [-180:180]°
or [-90:90]° do not enable an enlargment...
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Antenna Radiation Measurement — Data Processing

Types de representation: 2D representation
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Antenna Radiation Measurement — Data Processing

Types de representation: 2D representation

100
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Antenna Radiation Measurement — Data Processing

Types de representation: 2D representation
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Antenna Radiation Measurement — Data Processing

Types de representation: 3D representation

- spherical :
> natural visualisation, so easy to understand!
> not appropriate to accurate analysis
> deformation when projected

- mapping: field intensity is represented by a color code
> cartesian grid:
>> the choice of the grid is essential (theta/phi, azimuth/elevation)
>> not so easy to understand for beginners

>> well suited for analysis ®

> polar grid: .
>> visually better than cartesian grid

INSA

>> |ess appropriated than cartesian grid for analysis
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Antenna Radiation Measurement — Data Processing

Spherical 3D representation
- Full sphere representation :
- Sampling of the sphere according to a (8; ¢) grid.

- For each sample, definition of a vector 74 contaning the information V' to
represent :
V=1V e, =V [sinfsing
cos6
- Choice of the axis scale and color map is of main interest...

Sinecosﬂ




Introduction to Antenna Measurement
HﬂJ IE I R Réseaux des Electroniciens du CNRS - Journées Radar, 17 au 19 Octobre 2023, IETR, Rennes

Antenna Radiation Measurement — Data Processing

Spherical 3D representation
- Hemisphere sphere representation :
- Sampling of the sphere according to a (8; ¢) grid.

- On each hemisphere, for each sample, definition of a vector V contaning the information V' to
represent :
sinfcos®
sin@sing
|4
- Scale definition for each axis is simple, understanding of representation is not natural.

V =
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Antenna Radiation Measurement — Data Processing

3D mapping representation

- Cartography of the parameter of interest, on a specific sampling grid :
- Acolor map is used to give information on the parameter value variation
- The grid can be a cartesian or polar one.

- Cartesian grid :
- The (8,¢) grid is not easy to understand and not well suited for (8_9),6—(p>) representation
(singularity on the poles).
- The elevation/azimuth and azimuth/elevation is easy to understand, but deformation near the poles

are obvious.
- The uv grid definition is not easy to understand, but the visual representation is efficient, even if @
deformation occured near radius=1. o
_ INSA
- Polar grid :
- The grid is easy to understand, but the analysis is not easy due to deformation near outer circle. "%
"RENNES'
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Antenna Radiation Measurement — Data Processing

Types of representation : examples

o Theta Phi - Eh Radiation Pattern f=30.500GHz 6 Theta Phi - Ev Radiation Pattern f=30.500GHz

150 - 150 B
1207 R N == S 120
90 - il 1ot 90 Ty S,
60 60 L
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-90 -90 @
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Antenna Radiation Measurement — Data Processing

Types of representation : examples

ébézimuth elevation - Ev Radiation Pattern f=30.500GHz

&zimuth elevation - Eh Radiation Pattern f=30.500GHz

30

ele(®)
ele(®)
o
|
w
o
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Antenna Radiation Measurement — Data Processing

Types of representation : examples

gfolevation azimuth - Eh Radiation Pattern f=30.500GHz
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Antenna Radiation Measurement — Data Processing

J_:Olevation azimuth - Eh Radiation Pattern f=30.500GHz

&zimuth elevation - Eh Radiation Pattern f=30.500GHz
0 T — 0
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Antenna Radiation Measurement — Data Processing

Types of representation : examples

Ev - uv grid f=30.500GHz
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Antenna Radiation Measurement — Data Processing

Types of representation : examples

Polar theta phi - Eh f=30.500GHz Polar theta phi - Ev f=30.500GHz
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Antenna Radiation Measurement — Data Processing
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Antenna Radiation Measurement — Data Processing

56 Eh Radiation Pattern f=270.000GHz 8 Ev Radiation Pattern f=270.000GHz
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Antenna Radiation Measurement — Data Processing
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Antenna Radiation Measurement — Data Processing

B Eh Radiation Pattern f=230.000GHz 56 Ev Radiation Pattern f=230.000GHz
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Antenna Radiation Measurement — Data Processing

Normalized Power (dB)

Introduction to Antenna Measurement
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Antenna Radiation Measurement — Data Processing

Types of representation: 3D representation
- mapping representation on a grid frequency/angle
> for normalized patterns:
>> visualization of the side lobe levels
>> visualization of the tilt evolution
> for gain patterns:
>> visualization of the gain evolution...
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Antenna Radiation Measurement — Data Processing

Types of representation: 3D representation
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Antenna Radiation Measurement — Data Processing

Keypoint : Discussion between Design and Characterization Teams : mandatory to avoid
misunderstanding :
- « | want to measure my antenna » : it is out of understanding! Do you need a ruler?
- Antenna characterization needs have to be defined :
- Overall goal of this characterization
- Type of characterization : 2D? 3D?
- Data of interest : cutting planes? Full sphere data? Gain? Directivity? Polarization? Beam tilt?
Half Power Beam Width? Phase centre? ...
- Number of beams
- Number of configurations
- Frequency range and frequency step

- Antenna coordinates system @
- Data coordinate system w2
- Antenna under Test constraints have to be defined : INSA
- Geometrical size ; Weight Bl
- Type of connector g

- Specific mounting part have to be developped?
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Coordinate System
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Coordinate System

Rotation matrix in the Cartesian coordinate system :
- Rotation matrix around (OXx) axis :

1 0 0
Q. () = [O cos® —sinqﬁ‘
0 sing cosp

- Rotation matrix around (Oy) axis :

cosp 0 sing
Qy(¢)=[ 0 1 0]

—sing 0 cosg o

- Rotation matrix around (Oz) axis : &
cos¢p —singp 0 INSA

Qz(¢) =|sinp cos¢p O s,

0 0 1 RENN?&
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Coordinate System
Transform from Cartesian to Spherical coordinate systems :

Latitude-Longitude ((6, ¢) grid) Elevation-Azimuth Azimuth-Elevation
Z Z
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Statements for measurements : I

- Antenna aperture is in the (xOy) plane, s
- (OX) iS hOFiZOﬂtal, RENNES

- (Oy) is vertical. A
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Coordinate System

Transform from Cartesian to Spherical coordinate systems :

Latitude-Longitude ((6, ¢) grid)

|
|
| @
- - 0 (:omf:?upo'noc
INSA
Statements for measurements :
- Antenna aperture is in the (xOy) plane,
RENNES 1

- (Ox) is horizontal,
- (Oy) is vertical.
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Coordinate System

Transform between Cartesian and polar spherical coordinate coordinates:
- @ angle:
- related to a rotation according to a horizontal axis.
- Range: [_Qamax : +§0max]o-
- B angle:
- related to a rotation according to the vertical axis.
- Range: [_Hmax : +9max]o-
- Opticalaxis:8=0; =0

Ay sinfcos¢ cosfcos¢p —sing]|[Ap
Ay| = |sinBsing cosOsing cos¢ ||Ag @
Ay cos6 —siné 0 1]4] &
"4 T - : : 17 A INSA
A, sinfcos¢ sinfsing cosO ||Ay .
Ag | = |cosfcos¢p cosfsing —sinb|[A, s
. RENNES 1
Ap| | —sing cos¢ 0 ]]4;

' .
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Coordinate System
Transform from Cartesian to Spherical coordinate systems :

Elevation-Azimuth .
AT v
T TAZ X OCSENY 1 LA
\,‘ -, /V I y // . Ve ~ )
: : /\_.// - @
INSA
Statements for measurements :
- Antenna aperture is in the (xOy) plane, e

- (Ox) is horizontal,
- (Oy) is vertical.
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Coordinate System

Transform between Cartesian to Spherical radius-azimuth-elevation coordinates:

- Elevation angle:

- related to a rotation according to the horizontal axis.
- Range : [-elev_max ; elev_max]°.

- Azimuth angle :

- related to a rotation according to the vertical axis.

- Range : [-az_max ; az_max]°.
- Optical axis : elev=0° ; az = 0°.

Ay coselevsinaz
Ayl = sin elev
A, coselev cos az
Ap coselevsinaz
A,z | = |sinelevsinaz
Agier cos az

sin elev sin az
— coselev
sin elev cos az

sin elev cos elev cos az] |4
—coselev sinelevcosaz||A4y
—sinaz A

0

cosaz
0
—sin az
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Transform between Cartesian to Spherical radius-elevation-azimuth coordinates:

- Elevation angle:

- related to a rotation according to the horizontal axis.
- Range : [-elev_max ; elev_max]°.

- Azimuth angle :

- related to a rotation according to the vertical axis.
- Range : [-az_max ; az_max]°.

- Optical axis : elev=0° ; az = 0°.

Ay sin az —cosaz 0 A,
Ay| =|cosazsinelev sinazsinelev —coselev|| A,
Ay cosazcoselev sinazcoselev  sinelev 1|Agey
A, sinaz cosazsinelev cosazcoselev]|Ax
Ay, | =|—=cosaz sinazsinelev sinazcoselev||Ay
Aciey | 0 — coselev sinelev  1|4;]
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Coordinate System

Direction cosine grid / uv grid:
- based on the direction of the observation/illumination points :
u sin 6 cos ¢
ok
w

sin 0 sin @
cos 6
- Representation of the field strength on a uv grid is homogeneous to represent the field strength on
the grid obtained by projecting of the observation point defined on a unit radius sphere, on the xOy

plane.
- An equiangular uv-grid corresponds to an irregular grid in the angular domain. o
linked with the k-spaceas: u = ¢/, ;v="7/ :w="F .
] -SP U= kg VT ke WT Tk INSA‘
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