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Export Control Information
This document contains EU or / and National Export Controlled technology (data) :
 Yes      No

Confidential

If No:

This document has been assessed against all applicable export control regulations and is “Not Listed”.

If Yes, please complete the following as applicable:

1/ National Military / Dual-use export controlled content

(other than US and UK)

Country/countries of origin for technology contained in this document:
France Germany Spain other: [specify country]

 This document contains technology which is controlled by military export control regulation, classification [e.g.
MLXXX / AMAXX]. Transmission abroad requires an export licence.
 This document contains technology which is controlled by national dual-use regulation, classification [XEXXX], or
by European Union dual-use regulation 428/2009 Annex IV as amended, classification [XEXXX]. Transmission
abroad requires an export licence.
 This document contains technology which is controlled by European Union dual-use regulation 428/2009 Annex I
as amended, classification [XEXXX]. Transmission within the EU does not require an export licence. Export from the
EU requires an export licence.

2/ UK Export Controlled content

 This document contains technology which has been assessed against the UK Export Control list and is rated as
[e.g. MLXXX / XEXXX]. Transfer from the UK requires an export licence.

3/ US (ITAR / EAR) export controlled content

 This document contains technology which is controlled by the U.S. government under [USML category number /
ECCN] and which has been received by [legal entity] under authority of [licence number / ITAR exemption / EAR
licence exception / NLR]. Any re-export or re-transfer of this document in part or in whole must be made in
accordance with the appropriate regulation (ITAR/EAR) and authorization (e.g. DSP 5, TAA, ITAR exemption, BIS
licence or licence exception, NLR).
 This document contains technology which is designated as EAR99 (subject to EAR and not listed on the CCL).
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Agenda
 ALBA objectives & activities

 ALBA antenna element description

 Simulation performance

 TriHex description and breadboard definition

 Simulation of TRIHEX performance (breadboard)

 ALBA test campaign

 T1: Dimensional testing and mass

 T2: S-parameter test (individual)

 T3: radiation pattern test (individual)

 T4: S-parameter vs temperature (2 individuals)

 T5: insertion amplitude/phase vs temperature

 T7:Breadboard S-parameters vs temperature

 T8: Breadboard radiation patterns

 Image reconstruction analysis (UPC)

 Lesson learnt and Recommendation for further work.

 Conclusions

 AIs closure.

 AOB.

ALBA Final Review  10-December-20243
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ALBA objectives & activities
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ALBA objectives & activities

• As per the ITT, the objective of this activity is to design, manufacture and experimentally
demonstrate a representative part of an hexagonal L-band array antenna for next generation
SMOS missions with a reduced element spacing, down to 0.577λ (at 1413.5 MHz), to allow an
alias-free image.

• The activities consisted on:

 Design , analyse , manufacture and test the ALBA antenna

 Assess of the effect of mutual couplings between elements when integrated into the array.

 Analyse the ALBA antenna elements integrated into the TriHex array structure, including the patterns
and mutual coupling results of a portion of the TriHex S/C instrument that comprises a complete side
of the structure and several elements of the neighbouring sides

 Perform a complete test campaign to ALBA antenna breadboard.

 Perform system level image reconstruction study

 Perform with simulated and measured patterns system simulations to predict system performances
(UPC activity).

ALBA Final Review  10-December-20245



Th
is

 d
oc

um
en

t
an

d 
its

 c
on

te
nt

 is
 th

e 
pr

op
er

ty
 o

f A
irb

us
 D

ef
en

ce
 a

nd
 S

pa
ce

.
It 

sh
al

l n
ot

 b
e 

co
m

m
un

ic
at

ed
 t

o 
an

y 
th

ird
 p

ar
ty

 w
ith

ou
t 

th
e 

ow
ne

r’s
 w

rit
te

n 
co

ns
en

t 
Ai

rb
us

 D
ef

en
ce

 a
nd

 S
pa

ce
 S

.A
.U

. A
ll 

rig
ht

s 
re

se
rv

ed
.

.

.

ALBA antena element
description
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Antenna

• The antenna elements in TriHex are dual polarization elements 
operating in the L-band protected band (1404-1423MHz)

• The antenna is a dual polarization balanced feed (0º-180º) patch 
antenna element surrounded by a cavity. 

• Balanced feed provides excellent isolation between polarizations 
and makes the phase center of the element to be aligned at the 
axis. The patch antenna uses air as dielectric to provide wide 
bandwidth. The feed network is designed in Duroid 6002 which is 
low loss and very temperature stable

• The surrounding cavity includes also a metal gasket to guarantee 
electrical contact with the surrounding ground plane around the 
antenna without gaps

• Antenna parts are built in aluminium to avoid any thermal 
mismatch

ALBA Final Review  10-December-20247
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ALBA antena element description

ALBA Final Review  10-December-20248

• Fed with four capacitive probes located at 90º one of the other.

• Printed circuit, in microstrip technology, containing two independent circuits,
each with 180º phase division.

• Metallic gasket to provide conductivity between antenna and ground plane.

• Cavity size: 114mm in diameter
• Cavity height: 25mm.
• Disk patch diameter: 88.3 mm
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ALBA antena element: simulation performance

ALBA Final Review  10-December-20249

• The effect of the ground plane position produces a variation in the 
current distribution in the antenna surroundings, varying both S-
parameters and radiation pattern. 

• A non-symmetrical diagram is obtained due to asymmetry in the 
location wrt the ground plane edge.

• The copolar component is affected with ripple. 

• The current distribution of the antenna is affected  affects 
crosspolar pattern.
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ALBA antena element: simulation performance

ALBA Final Review  10-December-202410

• Different studies took place during the design process:

 Effect of ground plane position (center vs edge and no ground plane)

 Rotation of the antenna element at the edge of the ground plane

 Ground plane height (bottom of the antenna vs top of the patch)

 Tolerance analysis to verify the design robustness and possible detuning.
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ALBA antena element: simulation performance

ALBA Final Review  10-December-202411

Design studies for the radiating element are covered in the supplied 
documentation:

Doc ref iss Doc name Review

ALBA-ADSM-TN-1001172332 2.0 TN1: State of the art PDR

ALBA-ADSM-TN-1001174596 1.0 TN2: Consolidated Requirements Review PDR

ALBA-ADSM-TN-1001174597 2.0 TN3: Preliminary Design PDR

ALBA-ADSM-TN-1001602782 1.0 TN4: Detailed Design CDR

ALBA-ADSM-TN-1001799483 1.0 TN4: Detailed Design Addendum 1 CDR

ALBA-ADSM-TN-1001843223 1.0 TN4: Detailed Design Addendum 2 CDR
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TriHex description and 
breadboard definition
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TriHex Instrument

• TriHex and is formed with 3 hexagonal spacecrafts of 3m in diameter.

• The hexagonal geometry provides better SLL performances against RFI, and the close spacing 
between radiating elements (0.577λ) provides a larger alias-free field of view (1200km) to the 
aperture synthesis instrument that permits reducing revisit time.

• Each spacecraft is formed by 72 antennas (+receivers) distributed in the periphery with 12 
elements with the same polarization.

ALBA Final Review  10-December-202413
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TRIHEX description and breadboard definition

ALBA Final Review  10-December-202414

• Update of ALBA mission from one single hexagon with elements at the center to three 
spacecrafts instrument with flying configuration called TriHex, in which the antenna elements 
are located at the edge of each individual spacecrafts structure.

• Different setup simulations for the breadboard (BB) have been analysed (even the use of 
GRASP was considered to analyze the effects). Several meetings with CST technical 
personnel helped to solve the problems 

• High computational efforts for full model mesh cells (742M)
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Effect of antenna locations in TriHex structure

ALBA Final Review  10-December-202415

• A reduced S/C model with 19 antenna elements was defined, with 4 
dummies (E15, E16, E18 and E19) to replicate the coupling effect of the 
other segments

• Straight arm elements (E1-E13) were analysed

 Effects: ground plane truncation, couplings, metallic walls

 The elements E14-E19 at the left and right sides are rotated +60 and -
60 degrees.

 The radiation pattern for each element has been calculated using a 
local coordinate system for each element. 
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Simulation of TRIHEX segment performances

ALBA Final Review  10-December-202416

The effect of coupling in V-pol elements in the gain was identified at DDR with the coupling level in V pol
being responsable of 0.14dB (dB 1 − 2𝐶𝐶2 ) extra los wrt the H pol
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ALBA arrayed Breadboard definition

The analytical study of the segment was used to define a representative Breadboard, composed of 
11 elements as initially required by the ITT

ALBA Final Review  10-December-202417
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ALBA breadboard studies

ALBA Final Review  10-December-202418

• Different studies took place during the array definition process:

• Different breadboard sizes analysed 
• High computation effort

• Test over different solvers in CST 3D EM analysis tool.

• Dummies inclusion to avoid edge effects due to truncation

• Effect of ground plane position (ripple)

• Coupling analysis between elements of the same and different arms.

• Frequency behaviour in band

• Phase center calculation
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Test Plan Definition

ALBA Final Review  10-December-202419

Test Plan details were covered in the documentation and simulations were also 
conducted on the units under test

Doc ref iss Doc name Review

ALBA-ADSM-PL-1001602783 3.0 TN5: Test Plan
CDR, 
TRR

ALBA-ADSM-TN-1001897313 1.0
TN8a: ALBA single antenna performances collection 
for test campaign

ALBA-ADSM-TP-1001896010 2.0 TN8b ALBA Radiators Test Procedure
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ALBA test campaign

ALBA Final Review  10-December-202420

• The following test have been performed both at antenna and breadboard array level.

 T1: Individual antenna ICD verification (mass, dimensional testing)

 T2: Individual antenna S-parameter testing

 T3: Individual antenna pattern testing UPM facilities

 T4: Individual antenna S-parameter testing over temperature

 T5: Insertion amplitude/phase over temperature

 T7: BB: Antenna mutual coupling over temperature 

 T8: BB: Antenna pattern test DTU facilities

T1: ICD 
verification

T2: Individual 
Antenna RF 

Testing

T4: Scattering 
Parameters 

over 
Temperature

T5: 
Transmission 

over 
temperature

T6: Pattern 
cuts over 

temperature

T7: Mutual coupling 
over Temperature

T8: Antenna pattern 
test BB Configuration

T3: Individual 
Antenna 
Pattern 
Testing

Setup Large 
Breadboard 

Configuration

Airbus

Airbus
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T1: Individual antenna ICD & mass verification 

ALBA Final Review  10-December-202421

• ICD and mass verification of all antennas 
were performed

• Mass of elements 155,7g ± 0,58g are well in 
line with the expected values (154g)

• The review of the ICD opened an internal 
NCR related with the manufactured parts (the 
flatness) and the ‘generic’ tolerances required 
for the metallic parts. This is a lesson learnt 
that tight tolerances must be required for all 
representative elements
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T2: Individual antenna S-parameter testing

ALBA Final Review  10-December-202422

• Measured in ambient temperature

• Spread of the input match results that tend to shift to a slighter higher frequency.

• A patch antenna tolerance of +-0.3mm produces an spread of about 10MHz wrt the centre value.

• Uncertainty values:

• For return loss: +/−0.35dB (1σ) in amplitude and +/−2º (1σ) in phase.

• For transmission: +/-0.043dB (1σ)  and +/-0.28º (1σ) for a reference S21 measurement of 0dB.

• +/−2dB (1σ) for a reference S21 measurement of −40dB. 

• These uncertainty figures also apply to the measurements in T7 test.
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T2: Individual antenna S-parameter testing

ALBA Final Review  10-December-202423

• The measurements revealed the deviation from CST simulations wrt the real results
• Study to tune/center the antenna BW. 
• Manufacturing of different patch diameters.
• The reference patch is 88.3mm but a larger patch of around 89.2 mm would centre 

the frequency response of the return losses.
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T3: Individual antenna pattern testing

ALBA Final Review  10-December-202424

• Tested at UPM & Airbus facilities
• SNF anechoic chamber
• Deep study of losses computation when measuring an off-

centred antenna pattern

• Radiation patterns measured at 1.404, 1.4135 and 1.423GHz.

• Same coordinate axis in simulation and measurements
• Vertical polarization along Y-axis (J1)
• Horizontal polarization along X-axis (J2)
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T3: Individual antenna pattern testing
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Confidential

Vertical polarization (J1)

Horizontal polarization (J2)
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T3: Individual antenna pattern testing

ALBA Final Review  10-December-202426

Confidential

Vertical polarization (J1)

Horizontal polarization (J2)
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Efficiency (loss) measurements

• Issues were found when measurement of antenna losses were performed

• Gain Transfer method (Directivity-Gain) was the method used in this test

• The issue appeared due to the differences in broadside alignment between probe-AUT and probe-
SGH.  

• To solve the issue it was necessary to build a new ground plane mockup with antenna elements 
located at the centre so probe-AUT and probe-SGH had the same broadside alignment

• This confirmed the antenna loss expected from simulations (<0,25dB), inline with requirements

ALBA Final Review  10-December-202427
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T3: Individual antenna pattern testing: deviation mask for H&V

ALBA Final Review  10-December-202428

• Deviation masks were calculated for 
individual and arrayed elements

• The location of the antenna close to the 
edge GP has an effect in the similarity 
of elements, mainly in polarimetric 
(H+V) mode due to the effect of the 
edge

• Individual mask: +/-0.2dB (1σ) and +/-
1deg (1σ) for Vpol and Hpol
independently. 

• Combined H&V mask: increases up to 
+/-0.4dB (1σ) and +/-5deg (1σ)

• The ground plane offers a different 
impact on each polarization pattern 
asymmetry.
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T4 & T5: S-parameter testing over temperature
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• Thermal tests were condiucted on the scattering 
parameters of the antennas and on a face to face 
test to verify the thermal stability of the design

• Thermal range was the corresponding to the SMOS 
antennas (−10ºC to +40ºC).

• The results confirmed the excellent thermal stability 
of the design

1.38 1.39 1.40 1.41 1.42 1.43 1.441.37 1.45

-0.10

-0.05

0.00

0.05

0.10

-0.15

0.15

-0.15

0.15

freq, GHz

d
B

(S
(1

,3
))

-r
e

f1
d

B
d

B
(S

(2
,4

))
-r

e
f2

d
B

T5 transmission amplitude variation

1.38 1.39 1.40 1.41 1.42 1.43 1.441.37 1.45

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

-2.0

2.0

-2

2

freq, GHz

u
n

w
ra

p
(p

h
a

se
(S

(1
,3

))
)-

re
f1

fa
s

u
n

w
ra

p
(p

h
a

se
(S

(2
,4

))
)-

re
f2

fa
s

T5 transmission phase variation



Th
is

 d
oc

um
en

t 
an

d 
its

 c
on

te
nt

 is
 th

e 
pr

op
er

ty
 o

f A
irb

us
 D

ef
en

ce
 a

nd
 S

pa
ce

.
It 

sh
al

l n
ot

 b
e 

co
m

m
un

ic
at

ed
 t

o 
an

y 
th

ird
 p

ar
ty

 w
ith

ou
t 

th
e 

ow
ne

r’s
 w

rit
te

n 
co

ns
en

t 
 A

irb
us

 D
ef

en
ce

 a
nd

 S
pa

ce
 S

.A
.U

.. 
Al

l r
ig

ht
s

re
se

rv
ed

.
.

.

T7: Breadboard S-parameters over temperature 

ALBA Final Review  10-December-202430

• The arrayed breadboard with 11 antennas 
was also submitted to the thermal scattering 
parameters test

• A 1:32 switch matrix was used to acquire the 
parameters btw all ports

• 8 thermal plateaux from −10ºC to +40ºC.

1 2 3 4 5 6 7 8 9 10 11

V3thru

1:32 (Galileo)

Sucoflex 126E (Galileo)
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T7: Breadboard S-parameters over temperature 

ALBA Final Review  10-December-202431

• V-V : 17dB coupling level between adjacent 
elements except at corner when two adjacent 
elements show different orientation (25dB).

• V-H: just show a lower value at the corner 
elements (7-8) with 17dB. Rest of elements 
>35dB

• H-V: just show a lower value at the corner 
elements (7-8) with 25dB . Rest of elements 
>30dB

• H-H: 25dB coupling level between adjacent 
elements except at corner when two adjacent 
elements show different orientation (30dB).

• No significant difference due to the 
Temperature appreciated. Good agreement with 
CST simulations
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T8: Breadboard radiation pattern test
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• Radiation patterns were conducted at DTU as per
the proposal

• Spherical Ludwig-3 patterns for each of the 11
elements in both ports at 5 frequencies (Eco-
Ecros)

• Positions of the elements in the structure wrt origin
of coordinates was supplied by Airbus to DTU

• Patterns were transformed to the CoC of each
radiating element
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T8: Breadboard radiation pattern test
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Horizontal polarization

Vertical polarization

Embedded patterns include the effect 
of mutual coupling 
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T8: Breadboard radiation pattern test

• Good agreement between simulation and measurements (copolar and crosspolar
component).

• Isolated element exhibits different directivity in H and V polarization (due to GP edge 
effect in the current distributions).

• In the array, the coupling between elements mitigate this effect in the array 
configuration, as both H and V pol exhibit similar values. 

 V-pol coupling is high and this gives place to a reduction of the peak directivity
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Th
is

 d
oc

um
en

t 
an

d 
its

 c
on

te
nt

 is
 th

e 
pr

op
er

ty
 o

f A
irb

us
 D

ef
en

ce
 a

nd
 S

pa
ce

.
It 

sh
al

l n
ot

 b
e 

co
m

m
un

ic
at

ed
 t

o 
an

y 
th

ird
 p

ar
ty

 w
ith

ou
t 

th
e 

ow
ne

r’s
 w

rit
te

n 
co

ns
en

t 
 A

irb
us

 D
ef

en
ce

 a
nd

 S
pa

ce
 S

.A
.U

.. 
Al

l r
ig

ht
s

re
se

rv
ed

.
.

.

T8: Breadboard radiation pattern test: antenna efficiency

• The embedded conditions affect both the peak directivity as well as the efficiency with
respect the isolated condition measurements.

• Efficiency values measured at DTU confirmed the results obtained at Airbus and also the
simulated effect of coupling between elements:
 This is related to the higher coupling terms for Vpol than in Hpol
 −18 dB for Vpol between close terms𝑑𝑑𝑑𝑑( 1 − 2 × 10− ⁄18 20 2) = −0.14𝑑𝑑𝑑𝑑
 −25 dB for Hpol -0.028dB
 (assuming only the two neighbours)
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Results

• Test Results have been discussed in several meetings (TRB1 & TRB2). 

• Pattern results have been provided to UPC for Instrument model imaging calculations

• The results have been collected in the corresponding test reports

ALBA Final Review  10-December-202436

Doc ref iss Doc name Review

ALBA-ADSM-TR-1001983557 1.0 TN6: Antenna Test Report FR

ALBA-ADSM-TR-1002011047 1.0 TN6 Annex 1: Phase Centre Calculations FR
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Image reconstruction analysis (UPC)

• Radiometric performances at image reconstruction level (homogeneous, mixed and point source
scenes) were derived by UPC considering TriHex and single hexagon topology

• Very small floor error regardless of the patterns set. Transition errors depend on spatial resolution

• Point source and coastal transitions as expected resulting from side-lobes and spatial resolution
• Error-free forward-backward simulation in alias-free condition and polarization rotation of individual

antennas in different arms has been successfully demonstrated
• Large condition number of G-matrix leads to high sensitivity to errors and large resulting

radiometric errors. The effect is probably due to the singularities at the unit circle edge
• This effect of alias-free reconstruction has been identified as a follow-on research activity
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Achieved results
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Achieved results
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Achieved results
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Lesson learnt and Recommendation for further work.

• The metallic technology for the development of an L-band antenna for TriHex mission has been 
developed based on the lessons learnt from the SMOS-MIRAS project and also with the 
knowledge gained in other recent projects in this frequency band as Galileo and SMOS-IRMI

• The selection of the PCB laminate for the circuit has been based on a thermally stable material as 
Duroid6002 that was also a lesson learnt from SMOS. RC will improve losses even better

• Metallic pieces/parts of the design they have been assumed general tolerances, which has lead to 
some integration issues (mainly in the flatness requirement of the ground plane part). This gave 
place to an internal NCR and will be controlled to the required value for future developments

• The antenna has not a critical technology aspect as it is based on metal milling and PCB 
manufacturing

• Investigate a method of low loss antenna measurement (…based on radiometer methods?)

• In the image processing side done by UPC it has been identified the fact that the matrices 
involved in the alias-free reconstruction lead to a large condition number that generate large error. 
This has been identified as an interesting topic for follow-on image reconstruction research.
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Conclusions

• The design of the ALBA antenna for a future SMOS follow-on has been performed

• The antenna design has been aimed to make a space-flight oriented design, and has been 
submitted to an extensive functional test campaign in the thermal range with excellent results. 

• The thermal sensitivity & stability of the antennas has been addressed and fulfils the requirements

• A test campaign at element level and at array level has been performed with results aligned with 
the expected performances

• The effect of the close spacing (0,577λ) between elements has been shown, both in simulation 
and in measurement results

• The development of the antenna element has achieved TRL5 according ISO 1620

• Simulations of the Instrument performances and image reconstruction have been done showing 
the benefits of the TriHex configuration.

• Both image reconstruction in alias-free condition and polarization rotation of individual antennas in 
different arms have been demonstrated
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AIs closure
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AIs closure.

• All Ais are closed. Only TRB AI-4 are proposed for formally closure
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AI-4 AIRBUS to ask for additional 
capacitive feed circuits 
correcting the diameter and to 
assemble and measure one 
ALBA antenna with this 
updated circuit. 

TRB ( Ap-2024) Proposed for 
closure

SN 46 has been manufactured
with the new capacitive feed
circuits. 
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AOB.
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Thanks!
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