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ABSTRACT

A demonstrator setup of a customized receiver antenna, 
a multi-input low noise block down-converter (MLNB) 
is presented in this paper. This antenna concept is based 
on a reflector feed array reception antenna for satellite 
Ku-band broadcast reception. In specific circumstances 
the  Ku-band  broadcast  reception  can  be  subject  to 
interference form adjacent satellites give the customer 
demand  for  compact  and  easy  to  install  reception 
antennas  suitable for  direct-to-home (DTH) reception. 
In  this  context  a  compact  45cm  Ku-band  reception 
antenna with coherent 3-element feed has been defined 
according to specific reception system requirements for 
broadcast system and setup and tested in the context of 
the ESA ARTES 5.2 Project. The demonstrator consist 
of an antenna prototype conceived by FTA Inverto for 
coherent  reception  of  3  feeds  and  a  beamforming 
chipset from ASTRON operating in L-band and based 
on an NXP SiGe technology and chipset processes as 
well  as  beamforming  control  software  from  SES 
TechCom.   Antenna  measurements  in  a  compact 
antenna  test  range  (CATR)  as  well  as  over  satellite 
demonstrate  the  achievable  reception  gain  re-
configurability  which  permits  to  adapt  the  broadcast 
antenna front end to different reception scenarios. The 
demonstrated  benefits  to  satellite  broadcast  reception 
are  to  first  provide  an  antenna  system  to  mitigate 
adjacent  satellite  interference  via  reconfigure  antenna 
gain  nulling,  second  provide  an  antenna  system  for 
reception of any desired satellite signal within a given 
azimuth  opening  angle  as  well  as  third  provide 
assistance  at  installation  via  an  auto-fine-pointing 
procedure.  This paper presents the demonstrator setup 
and  justifies  and  explains  the  design  choices  in  the 
context  of  the  framing  commercial  requirements. 
Furthermore the antenna simulations and measurement 
results  are  presented  here  in  view  of  the  technical 
specification  defined.  The  antenna  re-configurability 
and  control  procedures  are  presented  as  well  as  the 
related  reconfiguration  example  results  and 
performance.

1. GENERAL SPECIFICATIONS

The concept of applying beamforming principles to the 
context of direct broadcast reception in Ku-band is the 
basis of this demonstrator. In a number of contexts with 

small  reception antennas 45cm and below, the overall 
link budgets of satellite broadcast reception contains a 
significant  contribution  from  the  interfering  adjacent 
satellites.
Under  these  conditions,  the  adjacent  satellite 
interference is received on the main gain beam of the 
reception antenna.
The concept in this case is to use  a design with a cost 
effective and robust mitigation of this adjacent satellite 
interference  for  broadcast  reception.  The  typical 
scenario in this case foresees reception in Ku low and 
high  bands  10.7GHz  to  11.7GHz  and  11.7GHz  to 
12.75GHz  respectively  on  both  linear  vertical  and 
horizontal polarizations. A set of typical  assumed link 
budget  parameters  is  summarized in the  Table 1 here 
below.  The  broadcast  transmission  assumed  is  either 
DVB-S or DVB-S2 based. 

Satellite EIRP 53dBW
Free space loss 206dB
Antenna Gain on 

axis
33dBi

Noise 
Temparature

120 K

Rain Attenuation ~2 dB
Distance 36000km

Carrier Frequency 10.7 – 12.75 
GHz

Symbol rate 30 Msps
Modulation type QPSK

Table 1: Reference link budget parameters

The  interference  considered  in  the  links  are  derived 
from  realistic  scenarios  (specific  potential  broadcast 
scenarios).  A set  is  defined  as  reference  cases  on the 
premise that the satellites are spaced by 3 degrees. The 
relative power levels of the satellites are listed in Table
2. 
Different  scenarios,  which  correspond  to  different 
broadcast  signal  configurations,  are  considered  with 
varying  power  levels  of  the  desired  and  interfering 
signals. The power levels range from equal power levels 
for example in the context of scenario 7 here defined on 
satellite 2, 3 and 4, to 11dB below desired signal levels. 



Orbital slot 
(relative topo
AZ angle)

Sat1
0deg

Sat2
3deg

Sat3
5.5deg

Sat4
7.5deg

Sat5
9.5deg

Sat6
12deg

Scenario 1 … -2 0 -7 0 -11 0

Scenario 3 … -2 0 -7 -2 -10 0

Scenario 7 NA 0 0 0 -7 0

Orbital slot 
(relative topo
AZ angle)

Sat1
0deg

Sat2
3deg

Sat3
5.5deg

Sat4
7.5deg

Sat5
9.5deg

Sat6
12deg

Scenario 1 … -2 0 -7 0 -11 0

Scenario 3 … -2 0 -7 -2 -10 0

Scenario 7 NA 0 0 0 -7 0

Table  2: Considered interference scenarios over the 
geo arc range.

2. SYSTEM CONCEPT

The  MLNB  system  resides  on  a  cost  effective 
implementation of the minimal amount of beamforming 
required  to  achieve  a  set  of  technical  requirements. 
These requirements are summarized in the following:
- Reception of any Ku-band satellite signal within a 

given  field  of  view  in  the  azimuth  angle  range 
(minimum 8 degrees)

- Minimum performance parameters to be achieved: 
32dBi gain and 25dB X-pol isolation with a noise 
figure of <1.2dB (after beamforming)

- Mitigation of any interfering satellite signal within 
the  field  of  view  by  beamforming  mechanisms 
(nulling) of the interferer  on the adjacent  geo-arc 
position

As the product is designed for the end user broadcast 
reception  and  direct  to  home  (DTH)  market,  a  cost 
effective and consumer grade beamforming solution is 
sought.  The number of feeds is kept to the minimum 
required  in  order  to  minimize  costs.  The  feed 
positioning is optimized in order to achieve the required 
technical  specification of jointly being able to receive 
any satellite signal within the field of view and mitigate 
adjacent  satellite  interference  impacting  the  reception 
signal  quality.  For that purpose the angle between the 
feeds needs to be selected to allow sufficient overlap of 
the main lobes of the antenna gain patterns in order to 
permit beamforming gain adjustments.

3. MLNB CONCEPT

The multi-input LNB antenna consists therefore of a 3 
element feed array reflector antenna to cover a specific 
geo-arc  in  azimuth.  The feed  alignments  are  selected 
such that a beamforming recombination of any signal in 
between the feeds is possible with the minimal specified 
gain  setting  of  32dBi.  Furthermore  the  main  beam 
overlapping has to be defined in such a manner that the 
power  difference  corresponds  to  the  gain  adjustment 
flexibility of the beamforming circuit.

4. BEAMFORMING CIRCUIT

In  our  case  we  are  using  NXP beamforming  chipset 
based  on  SiGe  technology  and  NXP’s  QUBiC  4G 
BiCMOS  process.  This  is  a  technology  that  can  be 
adapted towards the low cost  consumer grade chipset 
required for a mass market MLNB.

The test circuit used in this demonstrator is a board also 
used for the square kilometer array (SKA) network on 
which  ASTRON  is  working,  see  [9].  This  so  called 
HEX  board  contains  3  beamforming  chipsets  (BFC) 
with  four  beamforming functions  on  each  chipset.  In 
this  application  we  are  using  all  the  beamforming 
functions of one chipset in parallel in order to increase 
the phase and amplitude dynamic range.
A phase configuration within 5 degrees steps from 0 to 
360 degrees  is  then possible and a relative amplitude 
setting  in  about  0.5dB  steps  from  0dB  to  15dB 
(approximately).
This  dynamic  range  in  power  settings  needs  to 
compensate for differences in signal reception form the 
front-end (antenna  and LNB amplifier  differences)  as 
well  as signal  power differences from the transmitted 
signal on the satellite as well.
The following  Figure 1 illustrates the gain patterns in 
azimuth  pointing  direction.  The  intersection  between 
the gain patterns is selected such that the field-of-view 
is large (8 degrees here) and that any signal within this 
field  of  view  can  be  received  and  suppressed  as 
necessary by recombination of the three feeds. 
For the elevation angle differences the design relies on 
the fact that the reception antenna is sufficiently small 
to be able to tolerate for small elevation differences.

Figure  1:  Azimuth cut of  the simulated beam gain 
patterns for the demonstrator  and illustration of a 
possible reception scenario with Sat3, Sat4 and Sat5 
within the field of view of the receiver.

The system setup is illustrated in  Figure 2. It  foresees 
three  separate  feeds,  which  are  subsequently 
recombined  in  the  MLNB  control  unit  and  then 
forwarded  to  the  reception  equipment.  The  MLNB 
demonstrator  control  unit  works  in  L-band  between 
950MHz  to  1.5GHz  (and  with  degraded  but  still 
acceptable  gain  slope  response  between  1.5GHz  to 
2.15GHz) and the polarizations and bands are adjusted 
manually in the MLNB by a separate power supply (not 
illustrated). Within the receiver the signal power (from 
AGC) and the signal to noise ratios and bit error rate 
(BER) is measured and used as signal quality indicated 



for  a  closed  loop  mechanism  with  the  beamforming 
parameters.
The  receiver  is  tuned  to  a  specific  transponder  and 
signal lock may be achieved or not at different stages of 
the beamforming configuration process.

Figure  2: Setup of the beamforming demonstrator. 
Illustration  of  the  beamforming  setup  with  the 
receiver  and  signal  quality  metrics  (AGC,  SNR, 
BER) for fine pointing.

The  following  Figure  3 illustrates  the  control  of  the 
recombination board or beamforming board and test and 
reception chain used. The 3 L-band signals from the 3 
feeds are fed to the MLNB HEX control board which is 
in  charge  of  the  beamforming  re-combinations.  The 
output  signal  (L-band as  well)  is  used  as  input  for  a 
conventional receiver (e.g. Dreambox or FTA receiver 
and TV) as well  as  for signal  analysis  on a spectrum 
analyser and reception signal measurement via a DVB-
S/S2 reception  card  in  a  control  PC.   A polar-mount 
motorized antenna is then changed in azimuth pointing 
direction  to  test  the  reception  conditions  and  re-
combinations with different azimuth pointing angles.

Figure  3:  Demonstrator  setup  in  the  lab  with 
connected test and measurement PC with DVB-S/S2 
card and reception chain for broadcast reception in 
parallel.  Tests  over  azimuth  pointing  angles  are 
automated with a conventional Stab motor.

The design  concepts  and tradeoffs  are  outlined in the 
project reference [7].

5. CALIBRATION PRINCIPLE

The calibration of the setup is performed with a network 
analyser for the beamforming board with L-band input 
and  output  to  measure  the  phase  and  amplitude 
differences over L-band frequency range.
The front-end antenna has been measured in amplitude 
and  phase  in  the  anechoic  chamber  however  with  a 
passive mock-up of the MLNB in Ku-band.
The amplitude differences are  also measured over the 
entire frequency range (low and high band) and on both 
polarizations. However the phase difference cannot be 
assessed over the down-converted signal from Ku-band 
to L-band. A residual phase error from the MLNB itself 
cannot  fully  be  calibrated  out.  This  residual  phase 
difference  between  the  reception  paths  is  taken  into 
account in the configuration searches in the subsequent 
steps.

6. BEAMFORMING METHODS

In the context of this demonstrator the aim is to proof 
feasibility  of  a  possible  beamforming based  reception 
antenna system.  The beamforming methods rely on a 
coarse  setup of  the antenna towards the geostationary 
arc. It is assumed then that the “spatial configuration” of 
each  transponder  of  the  satellites  of  interest  is 
performed automatically by the system. The aim is to 
find  defined  satellites  and  identify  adequate  MLNB 
configurations  for  reception  of  these  satellites.  The 
configurations are assumed to be stored in the receiver 
(Set-top Box) and retrieved each time the system tunes 
to that transponder on that satellite. 

6.1. Initial configuration

The configuration of the device when pointed towards a 
certain  fix  position  foresees  a  set  of  logical  steps  as 
defined  in  the  illustration  in  Figure  4.  A  specific 
transponder  on  a  satellite  within  the  field  of  view is 
selected and tuned to. A first of the tuning assumes that 
we have no signal lock yet to the desired transponder. A 
so called  coarse  pointing mechanism searches  for  the 
signal  over the angular range and with different beam 
patterns  in  a  broad  and  blind manner  using a lookup 
table in combination with calibration settings,  while a 
second step foresees the closed loop fine pointing when 
the  signal  lock  is  found  and  the  receiver  chipset 
provides signal to noise reception quality measures.
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Figure 4: Illustration of the logical blocks and steps 
to test the coarse and fine pointing mechanisms.

The initial  setup foresees  that  the antenna is coarsely 
pointed towards the geostationary arc, in direction of the 
desired  satellite  signal.  After  manual  setup,  the 
automated search is performed along the coarse and fine 
pointing  mechanisms  defined  and  described  in  the 
following section.  
A first coarse pointing step is defined as initial signal 
search  step  and  a  subsequent  fine  pointing  step  fine 
tunes  the  parameters  on  the  basis  of  a  signal  quality 
measure when the lock of the reference transponders is 
achieved. Both are further explained in the sequel of this 
section and in the project document ref [8]:

6.2. Coarse pointing step

The  installation  foresees  a  first  coarse  pointing  step 
during which the system assumes an antenna pointing 
towards  the  geostationary  arc  and  with  target  and 
possibly interfering satellites within the field of view.
The reception device is  assumed a broadcast  standard 
DVB-S  or  DVB-S2  compliant  satellite  receiver.  This 
device  provides  a  signal  quality  indication  at 
demodulation.  The  DVB-S/S2  signal  represents  a 
modulated  continuous  stream  to  be  received  by  the 
demodulator  and  receiver.  The  demodulator  is  either 
locked (meaning synchronized to the symbol stream) or 
not. During setup the signal search yields a lock state 
only if the reception quality in terms of signal to noise 
ratio  is  sufficiently  high  to  allow the synchronization 
algorithms to work. This signal lock state is used in the 
initial  search  procedure  to  find signals  with sufficient 
reception  quality  to  permit  a  subsequent  closed  loop 
optimisation (see next fine pointing step).
While in non-locked state the coarse pointing procedure 
foresees  first  to  search  for  signal  power  within  a 
catalogue of possible beamforming configurations and 
record  signal  power,  signal  lock  status  and  signal  to 
noise  ratios  and  bit  error  rate  for  each  configuration 
tested.
Based  on  the  known  frequency  plan  of  the  desired 

satellite  signals,  the  MLNB  is  tuned  to  reference 
transponders, which are predefined for each satellite. A 
tabled  search  configuration  takes  the  MLNB  over 
possible azimuth field of view configurations to find the 
desired signal. 

Figure  5:  Examples  of  pre-defined  tabled 
configurations for different satellite directions within 
a field of view of the system in azimuth direction.

Figure 5 illustrates different simulated equivalent gain 
patterns  in  azimuth  for  recombined  beams  aiming  at 
satellite called  Sat_4, which are included in the coarse 
search  table  to  find  signal  strength  for  that  satellite. 
Different positions are assumed for the satellite as it is 
included in the coarse search table.
For  each  reference  transponder  pre-defined  for  each 
desired  satellite,  the  best  configurations  are  stored, 
which yield the highest signal power or, in case a lock 
status is reached, the signal to noise and bit error rate 
results  as  well.  These  serve  as  starting  points  for  the 
subsequent fine pointing steps.
Other alternative approaches are possible to this basic 
coarse  pointing  step,  like  for  example  direction  of 
arrival (DoA) methods, which work well is sensor array 
networks and have been studied extensively. These have 



not  been  considered  further  here  for  the  main  reason 
that we have constrained ourselves to only 3 feeds. This 
limitation  makes  the  application  from  ESPRIT  not 
possible  with  sufficient  accuracy,  since  it  requires 
subdividing the array set in two. Furthermore other DoA 
techniques rely on either a large array with calibration 
reliability, like MUSIC and require a significant amount 
of  computational  complexity  with  a  search  over  the 
entire angular range considered.
The  proposed  practically  oriented  approach  proves 
through  tests  to  work  reliably  and  efficiently  on  the 
basis  that  the  reference  transponders  for  the  desired 
satellites  are  selected  such  that  they  have  sufficient 
power  and  uniquely  identify  the  satellite  with  the 
symbol rate and coding configurations.

6.3. Fine pointing step

During the fine pointing step, the initial configurations 
for  the  desired  signals  from  the  coarse  pointing  are 
considered as starting point to initiate the search for the 
maximal signal  to noise ratio or the minimal bit error 
rate  (BER)  in  a  feedback  loop  method.  The  decode 
chipset  should have found a lock state on the desired 
signals  from the  different  satellites  at  this  stage.  The 
lock state permits to rely on the signal to noise ratio and 
bit error rate estimates from the decoder chipset. 
A first step of the fine search method consists in fine 
tuning the phase difference between the central feed (2) 
and  adjacent  feeds  (1  and  3).  For  this  step  a  simple 
phase  rotational  search  is  performed  to  find  the 
appropriate  maximum  in  this  configuration  with  an 
accuracy of a predefined phase step.
A  subsequent  gradient  descent  method  will  help  to 
converge  towards  the  desired  optimal  configuration, 
taking care that lock in the decoder chip is maintained at 
each step of the convergence. The search works on the 3 
amplitude and phase settings of the MLNB.

7. SIMULATION RESULTS

Simulations  were  made  to  verify  the  feasibility  of 
reception  under  different  pointing  conditions  of  the 
antenna with  respect  to  the  angle  of  arrival. For  that 
purpose  antenna  pattern  simulations  in  azimuth  were 
used  in  a  setup  of  different  reception  conditions  to 
verify  the  achievable  signal  to  noise  ratio.  Possible 
beamforming  combinations  are  assessed  using  re-
combinations,  including  maximum  ratio  combining 
(MRC) and minimum variance  distortionless response 
(MVDR), see reference 4 for example.
Using  the  knowledge  of  the  exact  pointing  in  the 
simulation  and  defining  the  re-combinations  on  that 
basis, the beamforming is tested over the 6 parameters 
(3 amplitudes and 3 phases  of  the setup).  It  is  worth 
noting that the concentrated problem has 4 degrees of 
freedom and we can define 4 variables accordingly as 
well (two amplitude differences amp1-amp2 and amp3-

amp2  and  two  phase  differences  phase1-phase2  and 
phase3-phase2). 
We are working here however with 6 variables, which 
makes it easier in some cases to fully use the amplitude 
dynamic  range  and  step  accuracy  in  amplitude  and 
phase fully in all combinations.
Figure  6 illustrates  the  result  of  a  simulated 
beamforming  combination  and  the  related  amplitude 
and phase parameters for a case considered without any 
assumed  configuration  perturbations  and  perfect 
knowledge of the antenna calibration.

Figure  6:  Simulated  example  beamforming 
parameter configuration. The maximum achievable 
overall signal to noise and interference ratio by using 
weights  calculated  by  maximum  ratio  combining 
(MRC)  under  perfect  knowledge  of  the  reception 
direction and without calibration error.

The beamforming works here on signal  to noise ratio 
basis  as  performance  indicator  for  the  reception 
conditions, taking into account the entire link budget of 
the downlink noise and interference impact as well in 
the  final  C/(N+I)  indicated.  The  computed  MRC 
combination shows good performance in finding close 
to  optimal  configurations  for  all  the  6  beamforming 
parameters in this case.

8. MEASUREMENT RESULTS

The measurement results were aiming at verifying the 
technical reference performance of the antenna as well 
as the beamforming algorithms defined, coarse and fine 
pointing. A part of the measurements were made in the 
compact  antenna  test  range  (CATR)  at  ESTEC, 
Noordwijk.  For  detailed  measurement  results  of  the 
technical  parameters  of  the  antenna,  we  refer  to  the 
project  document,  summarized  mainly  in  ref  [6], 
including the set of data recorded in the project context 
and illustrate here only a few examples.



8.1. Measurements – Anechoic chamber tests

The MLNB antenna has been measured at ESTEC in an 
anechoic  chamber  test  sequence  to  measure  the  gain 
patterns  and  verify  the  feasibility  of  the  setup  to 
generate desired recombination patterns.
The  key  performance  requirements  were  tested, 
including mainly antenna gain patterns in azimuth and 
elevation direction as well as cross-polarization patterns 
over the frequency range in Ku-band considered from 
10.7GHz to 12.75GHz. The measurements are verified 
for a passive MLNB antenna system only with Ku-band 
output, required to verify the absolute antenna gain and 
also for an active down-converted MLNB with L-band 
output.
Figure 7 illustrates the MLNB antenna in the anechoic 
chamber  test  setup.  The  test  sequence  included  the 
following categories:

- Passive antenna measurements  at  Ku-band with a 
passive MLNB, Ku-band signal and measurement 
at Ku-band as well,

- Active MLNB antenna measurements with down-
conversion  to  L-band,  measurement  at  L-band 
however  without  the  beamforming  MLNB  HEX-
board,

- Active  MLNB  antenna  measurements, 
measurements  at  L-band  including  also  the 
beamforming HEX board to recombine the signals 
at L-band.

The first set of measurements with the passive MLNB 
also  allowed to measure  exactly  the  phase  difference 
between  the  feeds  at  different  azimuth  offset  angles. 
Recording  the  amplitude  and  phase  characteristics  of 
the  MLNB  with  antenna  at  Ku-band  over  the  entire 
reception band frequency range permits to calibrate the 
antenna within the setup. These measurements are then 
taken  into  account  in  the  calibration  table  of  the 
beamforming steps (coarse and fine pointing).

 
antenna from FTA/Inverto in the anechoic chamber 
at  the  compact  antenna  test  range  (CATR)  at 
ESTEC,  Noordwijk.  The  ASTRON  HEX  board 
beamforming  hardware  demonstrator  is  on  the 
right.

The individual gain measurements of the 3 feeds were 
within the expected range are illustrated in Figure 8. 
The reference antenna gain was verified to be achieved 
over the entire frequency range.

Figure 8: Antenna gain measurement @ 12.0 GHz in 
Vertical polarization over the azimuth angle offset.

For  the  third  set  of  tests  the  aim  was  to  verify  the 
feasibility of different recombination patters. A first set 
aims  at  illustrating  interference  nulling  patterns  with 
gain  nulls  at  +3  degrees  and  -3  degrees  offset.  The 
reduction  in  overall  gain  at  bore-sight  direction  is 
measured  in  this  configuration  to  be  smaller  than 
0.75dB.  Figure 9 illustrates the antenna recombination 
pattern  for  this  narrow  beam  configuration  with  null 
positions on both sides.

Figure  9:  Measured  recombination  gain  pattern 
example  configuration  over  azimuth  angular 
direction  at  10.8GHz.  The solid line is  an example 
beamforming recombination of a narrow beam with 
nulls close to +3 degrees offset. 

Another recombination example foresees  to verify the 
antenna  recombination  with  high  gain  at  3  degrees 
offset, in between the feed gain maxima. A null position 
in  assumed at  +3degrees  offset  in  this  recombination 
example.  Figure 10 illustrates the relative gain pattern 
response  of  this  recombination,  confirming  especially 
that  a  high  gain  configuration  in  between  feeds  is 
configurable.



Figure  10: Relative amplitudes of example antenna 
recombination pattern (solid) with a high gain at -2 
degrees offset direction and a null close to +3degrees 
offset  direction.  Anlge  in  azimuth  direction  and 
amplitude as relative gain measurement.

A possible recombination with a null at +2 degrees is 
presented  in  the  following  Figure  11.  Specific  null 
positions  can  be  configured  at  any  specific  offset 
direction within the field of view. A gain configuration 
matching the desired and interfering signal offsets can 
be configured and achieved.

Figure  11:  Relative  amplitudes  of  an  example 
antenna recombination pattern (solid) with a specific 
null at +2 degrees offset.

Figure  12 illustrates  another  beamforming 
recombination  example.  This  configuration  illustrates 
the  possibility  to  achieve  high  gain  over  the  entire 
azimuth field of  view.  Indeed  from -5 degrees  to  +5 
degrees a high gain recombination is achievable, also in 
between the feeds.
The combination of a null configuration at any offset 
direction  required  with  a  high  gain  configuration  as 
illustrates  in this  example,  is  the basis for  the spatial 
selection  and  reception  of  any  satellite  within  the 
azimuth angular  field of view covered by the MLNB 
antenna configuration.

Figure 12: Measured example relative beamforming 
recombination  pattern  with  a  high  gain  over  the 
entire  azimuth  field  of  view  and  compared  to  the 
individual  3  feed  gain  patterns  (dashed  line).  The 
amplitude is a relative measurement and the angle is 
in azimuth direction.

8.2. Measurements – Live air tests

Test  results  illustrate  the  mechanisms  over  a  defined 
azimuth de-pointing of the antenna. A mechanical motor 
(STAB motor) is used to point the antenna towards the 
geostationary arc with a defined offset angle and trigger 
the electronic  MLNB beamforming at  each step. This 
aims at verifying the mechanisms ability to respond to 
small  pointing  errors  and  to  find  signals  within  the 
defined  azimuth  field  of  view  of  the  MLNB,  in 
particular when the signals are received in between two 
gain  beam  maxima. The  test  setup  is  illustrated  in 
Figure 3.
Scanning over the field of view within the test range, 
specific test transponders were selected on three orbital 
locations, 19.2E, 23.5E and 28.2E for these tests. The 
test transponders used were conventional DVB-S based 
broadcast signals in all three cases with 2/3 or 3/4 FEC 
coding rate. (Note: DVB-S2 has also been tested briefly. 
Overall results are expected to further improve with the 
increased robustness in most cases of DVB-S2 typical 
broadcast configurations over DVB-S.)
The  use  of  the  defined  coarse  and  fine  pointing 
mechanisms  were  tested  and  verified.  Figure  13 and 
Figure 14 illustrates the achieved signal to noise ratio 
(SNR) after coarse pointing procedure for the specific 
test  transponder  chosen  on  23.5E and  28.2E  position 
respectively.  Figure  13 illustrates  the  comparison 
between a single feed reception without beamforming 
over the azimuth pointing angle compared to the joint 
usage  of  coarse  and  fine  pointing  procedures  as 
described  above.  Figure  14 shows  an  example 
performance comparison of the coarse and fine pointing 
procedures.  Depending  on  the  antenna  pointing  in 
azimuth,  the  test  transponder  is  received  after  coarse 
pointing  with  a  certain  minimal  signal  to  noise  ratio 



sufficient to achieve a lock status.
In both these cases then, the fine pointing procedure is 
used to further improve the signal to noise ratio defined. 
In  this  example after  30,  60 and 90 iterations  on the 
procedure  a  significant  improvement  of  the  SNR  is 
recorded in many pointing configurations.  The overall 
SNR is then in most cases  better  than 8dB and 10dB 
respectively,  sufficient  for reliable broadcast  reception 
under broadcast signal configurations over the azimuth 
angular range from -5 degrees to +5 degrees. 

Figure 13: Signal quality at receiver measured for a 
test  transponder  chosen  on  23.5East  and  over  the 
pointing angle in azimuth direction with respect to 
23.5E (at 0 degrees here).

Figure  14:  Combined  results  illustrated  over  the 
mechanical  coarse  and  fine  tuning  test 
measurements on one example test transponder.

Achieving the signal  lock status and synchronizing on 
the reference signals from the different satellites is key 
to  initiate  a  reliable  convergence  on  the  second  fine 
pointing step. On the following Figure 15 the achieved 
lock status is presented after coarse pointing procedure 
for  a  configuration  of  the  antenna  pointing  towards 
23.5E.  The illustrations  of  the results  show that  each 

reference  transponder  on the  three  satellites  at  19.2E, 
23.5E  and  28.2E  is  found  with  lock  status  for  a 
subsequent  fine  pointing  procedure.  From  these 
configurations  the  best  signal  to  noise  ratio 
configuration  is  selected  for  the  subsequent  fine 
pointing as illustrated in the previous Figure 12.

Figure 15: Test results of electrical coarse scan over 
the  beamforming  directions  -  satellite  localization 
and identification through reference transponders.

9. CONCLUSIONS

In  this  paper  a  Ku-band  feed-array  reflector  antenna 
with  beamforming  intended  for  DTH  reception  is 
presented. The design goal is a cost effective consumer 
grade  Ku-band  DTH  antenna  intended  for  a  do-it-
yourself  (DIY)  type  of  installation.  A  demonstrator 
setup  is  presented,  developed  jointly  by  SES, 
FTA/Inverto  and  using  an  ASTRON  HEX-board  for 
beamforming  with  a  potentially  low  cost  L-band 
beamforming  chipset  based  on  the  QUBiC-4G  NXP 
SiGe chipset technology.
The  feasibility  of  the  low  cost  design  meeting  the 
reference  specification  for  the  antenna  and 
beamforming system is demonstrated through compact 
antenna  test  range  (CATR)  tests  as  well  as  live  air 
satellite reception tests. 
With  these  tests,  illustrating  the  feasibility  of  the 
proposed reception system concept, this ESA project is 
concluding on its first phase 1 of a proof-of-concept and 
demonstration phase. The preparations for a subsequent 
product development focusing phase 2 are ongoing.
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