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1 Abstract 
Satellite operators are generating in their daily operation huge amounts of measurement data. The Satcom
Weather2 project uses signal quality measurement data from VSAT networks to reconstruct the complete 
system effects from the uplink via the satellites to the user terminals inclusive the validation of the results.  
The provided measurements arrived from 33,875 VSAT terminals from two VSAT vendors with 5 to 6 data  
records per measurement from two different satellites with 6 different beams distributed in 17 RF carriers  
over a period of three years with time resolution of 5' or 10' in two continents in more than 1.3 billion data  
sets. The SatcomWeather2 project shows a new way of Big Data analysis, including a new way of verifica
tion in Big Data projects.
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2 Introduction and Starting 
point

The results of the Activity SatcomWeather project un
der  the  contract  ESA  Contract  No. 
4000117241/16/NL/EM showed on one hand the big 
potential of big data analyses on VSAT measurement 
data and on the other hand the shortcomings for this 
type of services and product on the way to the market.

The  intermediate  results  of  the  analyses  in  form of 
line charts and maps (also time animated films) with 
attenuation, footprint move and system data showed 
satellite  operators  the  benefits  of  the  planned 
products and we as Space Analyses got a very positive 
feedback  from different  potential  customers.  Avanti 
plc (as satellite operator) and Ubimet (as weather data 
operator)  stated  that  they  would  want  to  continue 
with product development. 

Nevertheless the project opened new questions to be 
answered before a possible near real time service for 
VSAT installation threshold and weather data produc
tion can developed.

The motivation of this follow up activity is to reach the 
goal of commercialisation of a part of the results from 
the  SCW  project  also  taking  into  account  that  this 
'products' are part of the complete result generation 
on the road map to the SatcomWeather near-real-time 
service. 

The following rationales explain the de-risk, develop
ments and validations performed in this activity: 

• Validation  of  the  footprint  shapes  (Satellite 
Antenna Beam Patterns on ground). The val
idation of  the theoretical  footprint  shape as 
input to the link budget calculation based on 
long term empirical measurements and their 
analyses brings the operator a high valuable 
information to optimize the throughput (fre
quency efficiency) and to reduce risks on SLA. 
The validation should also help to validate the 
space  craft  specification  independent  from 
the  space  craft  prime  and  in  operational 
mode. 

• Validation  of  the  link  budget  model  using 
VSAT data as base input data. The validation 
of the theoretical link budget model based on 
long term empirical measurements and their 
analyses brings the operator a high valuable 
information to optimize the throughput (fre
quency efficiency).  

• Harmonisation of the signal quality measure
ments from different VSAT vendors on a tech
nical  level..  The approach to  harmonize  the 
meaning of  link quality measurements  from 
different VSAT vendors increases the technic
al  (and resulting from that  the commercial) 
comparability. That helps to compare install

ations direct and enables differentiation of at
tenuation to other effects in the measurement 
signal.  In  total  it  increases  the  number  (or 
spatial density) of the input data to SCW pro
cess and therefore it increases the validity and 
accuracy. 

• Analyse multi  dimensional data from differ
ent hubs with a spatial correlation (not only 
but also). The results from SCW showed that 
the existing setup of the data processing al
lows  the  analyses  only  on  HUB  based  ap
proach  but  without  the  spatial  component. 
The new approach allows correlations of sta
tions near  by time and distance so  that  the 
time  dynamic  of  effects  on  areas  can  be 
filtered out. This should improve the rain de
tection  (filter  to  reduce  the  disturbing  rain 
noise for footprint and all other following cal
culations)  and should enable the calculation 
of the installation quality without the correla
tion to the given footprint.

• The actual time dynamic of the footprint posi
tion on the earth surface with the new results 
from footprint shape and link budget calcula
tion on long term analyses and to reduce the 
input data (and processing time) to find the 
footprint position (with the calculation of the 
footprint correction value). This is a prepara
tion task for near real time analyses and for 
the  validation  of  the  results  (in  correlation 
with footprint move and footprint shape res
ults)       

• The motivation was to validate  the commer
cial impact of the above mentioned technical 
influences.  The  actual  link  budget  and  net
work  planning  tools  are  working  with  data 
coming from satellite primes and using ITU 
regulations  to  calculate  network  behaviour 
and expected outages. With the possibility to 
analyse the empiric  recorded data  the plan
ning of RF-links can change. The results of a 
verification of a footprint shape and the link 
budget have also a significant influence to the 
commercial  success  of  an  satellite  operator 
and satellite network operator. This commer
cial  impact of  changing the planning should 
be validated within the project.

Input Data for the project:

Avanti Plc (UK) provided the following data in elec
tronic form as input for the data analytics:

• Satellite Footprint data used for Link Budget 
calculations for signal quality estimations

• Signal  quality  data  recorded  at  the  VSAT 
HUB with respective metadata

• Satellite Carrier Monitoring data (for valida
tion tasks)
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Volume, Variety, Veracity and Velocity of the input 
data

The  provided  measurements  arrived  from  33,875 
VSAT terminals from two VSAT vendors with 5 to 6 
data  records  per  measurement  from two  different 
satellites with 6 different beams distributed in 17 RF 
carriers over a period of three years with time resol
ution of 5' or 10' in two continents. Not all stations 
was always reporting what resulted to a data set of 
more than 1.3 billion measurements. 

Figure 1 Sample footprint to give a picture of earth 
station density

3 Methodology
The applied methodology can be described as struc
tured  multidimensional  correlations  of  empiric 
measured  data  based  on  defined  physical  natural 
laws and logic based on the behaviour of the com
plete system. 

This approach required several steps and different 
methods to describe the 'system', the physical laws, 
the resulting effects and the connecting logic before 
and in the process of  implementing the algorithm 
along  with  methods  to  cross-check  and  validate 
against the given natural law and logic. To the valid
ation of the results was given a special attention as 
the  project  results  should  be  useful  for  operation 
and might also have a significant financial impact on 
the operation of VSAT networks. The method of ac
cessing and processing this amount and variety of 
data  was a  special  task in  implementing the right 
SW framework, the used HW and the storage and 
access of the data.

In the project a processing tree of the data have been 
designed to materialize the results in different data 
sets for intermediate and final results.

In  the  course  of  the  project  also  ground  stations 
have been designed, built and deployed to a teleport 
with an continuous operation of one year to perform 
several tests for validations.

The system described and mapped in the the data 
analytics was on one hand the communication satel

lite  network  infrastructure  from  uplink  (station), 
space infrastructure with space craft and payload to 
the receiving VSAT earth stations (in different loca
tions) and on the other side the Earth with its tropo
sphere.  Based  on  the  different  system  elements 
physical influences to the link were defined and con
nected by logic. To illustrate the approach with one 
sample: The space craft is not fixed (screwed) in its 
position and the pointing of the space craft down
wards Earth can move the footprint on earth surface 
in  every  direction  –  especially  in  the  time orbital 
manoeuvres  are  performed.  This  movements  are 
slow  and  effecting  all  receiving  earth  stations  de
pending  on their  geographical  position  within  the 
footprint and the beam pattern form. Based on this 
'physical law' a logic of effects on the signal quality 
was described and implemented in SW modules.

Figure  2 shows  the  high  level  process  flow of  the 
data analytics to retrieve the respective main results 
(background in blue)

Figure 2 Process implementation

4 Results
The project  was defined to generate  four different 
product  reports  in  digital  form including  possible 
amending data sets

Installation quality:

The installation quality of a VSAT terminal is critical 
for the service delivery of the operator as well as for 
the  end customer. The loss of signal quality results 
to a worth ACM coding and reduces the spectra effi
ciency of the transmission. So it is in the interest of 
the  VSAT  network  operators  to  get  information 
about the pointing accuracy of the terminals in the 
network,  even  some  times  nothing  can  be  done 
against.

Figure 3 shows a statistical  plot of  the installation 
quality distribution in one selected footprint beam 
with a sample print of calculated installation quality. 
Pleas note that some of the data, eg. exact location, 
terminal ID and network name can't be disclosed. 

In the course of the project the data showed that the 
installation quality is not a static value but changes 
over time. This can come from different reasons like 
mechanical  fixings, building infrastructure or even 
vegetation. One specific case showed that in a region 
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with highlands in one specific altitude the installa
tion quality for this set of locations was reduced for 
more than one week and suddenly disappeared what 
leaded to the interpretation that white frost was the 
reason.

Figure 3 Results in installation quality

To validate the results of  the installation quality a 
test setup with four VSAT terminals was built and 
operated for one year. Two VSAT from Gilat and two 
from  Hughes  were  deployed  at  SMS  teleport  in 
Rugby / England. All stations had steerable anten
nas, were fully remote controllable and integrated in 
the HUBs of Avanti. 

Figure 4 Four VSAT stations in SMS teleport UK

Figure 5 Antenna control shelter

The validation test  setup was to have one optimal 
pointed and one controlled de-pointed antenna to 
get a defined 'artificial' installation quality. The de-

pointing setting was that compared with the results 
from the HUB data analytics.

Figure 6 Monitoring and control rack

With this external  validation setup the installation 
quality results could be fully validated. 

Footprint  shape or satellite beam measure
ment

Satellites are tested before launch and in the course 
of  the in orbit  tests before operation. This data is 
than  used  to  model  (theoretical)  link  budgets  for 
signal strength maps on ground. In the project the 
data from VSAT measurements was used to calcu
late and draw empiric footprint shapes to correct the 
link budget models and to give the satellite operator 
also a tool to validate the quality of the space craft in 
operation  without  switching  of  traffic.Footprint 
maps represent the signal strength on ground for a 
fixed position and an optimal  pointing.  The beam 
pattern is  moving over  the time and the pointing 
might differ from the planned location. Especially at 
steering beams the real position is not exact defined. 
The  footprint  shape  resulting  from  the  antenna 
beam on the spacecraft is independent from move
ment and pointing.

Figure 7 Footprint shape difference

By filtering out all other effects the footprint shape / 
antenna beam pattern can be calculated.
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Figure 7 shows the results of one specific beam rep
resented in a difference between the given nominal 
footprint and the analytics of the measured signals. 
The results are for Ka band and show significant de
viations.

The validation of the results are done in the logical 
consolidation of all results in attenuation described 
later in the report.

Link Budget validations

Recalling the traditional approach to produce a link 
budget map from the chapter before, the link budget 
should represent the statistical signal strength over 
a certain period of time (maybe also depending on 
seasonal effects). This should include all system ef
fects like spacecraft pointing downwards earth, foot
print shape, pointing dynamic, weather and carrier 
level. It seams obvious to measure the signal quality 
to find a suitable reference for network planning.

The  link  budget  should  be  a  reference  for  service 
level  agreements  and operation actions  in  trouble 
shooting situations.

In  the course  of  the  project  an  empiric  measured 
link  budget  was  calculated  and  compared  to  the 
provided  one  from  the  satellite  operator  used  for 
network planning. 

 Figure 8 Shows the difference between the used link 
budget map and the actual link budget for one spe
cific beam.

Figure 8 Link budget difference

The measured link budget is significant higher than 
the theoretical given one but not equally distributed 
over the beam. Here a combination of different ef
fects is summarized to draw the above empiric link 
budget map. The effect of a de-pointing of the space 
craft downwards Earth and the footprint shape dif
ference  together  with  the  planned  carrier  power 
level  brings  an  'over-budget'  between  2  to  4  dB. 
Please  note  that  here  weather  effects  are  already 
taken into considerations. 

VSAT Vendor Harmonisation

The measurements of signal quality are not harmon
ized so an ESNO measured from one vendor does 
not  tell  anything  if  another  vendor  measure  the 
same value under the same conditions. This leads to 
difficulties in operations at the signal level interpret
ations as well as to design networks or installation 
thresholds.

In the curse of the project by the use of the VSAT 
stations installed in Rugby a one year measurement 
campaign have been performed to generate enough 
data to compare the two different vendors. As a ref
erence  a  professional  decoder  from Ayecka,  Israel 
was used. The decoder installation is also shown in 
Figure 6. The setting was to read the signal strength 
via  a  splitter  from all  modems  and record  at  the 
same time on different devices.

The results in Figure 10 shows an over-estimation of 
Hughes in high signal levels and an underestimation 
of Gilat. If Hughes measures 14 dB Gilat measures 
12 dB. 

Based on the given measurements it was possible to 
harmonize the signals by a function shown in Figure
9.

Figure 9 ESNO harmonisation formulas

Figure 10 ESNO harmonisation graph

Verifications

As the footprint shape and footprint pointing is very 
difficult do measure it was not possible to perform 
an external validation by other means or measure
ments.

Verification methodology

Verification basics
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The verification approach is driven by the approach 
from several  disciplines from physics  to social  sci
ence to secure the most efficient and adequate ap
proach to validate the outcomes from the project.

According the ESA PA guidelines in general form as 
well as specific for SW the following topics are used 
as  input to the validation and verification approach. 

The verification logic is driven by the following logic
al basics:

• Causality: Causality (also referred to as causation, 
or cause and effect) is efficacy, by which one process 
or  state,  a cause,  contributes to the production of 
another process or state, an effect, where the cause 
is partly responsible for the effect, and the effect is 
partly dependent on the cause. (see also Wikipedia)

• (Multi)-Functional relationships described as 
the theory of “Konditionalismus”. A scientific-theor
etical  position  that  wants  to  abolish  the  idea  of 
mono-causal connections in favour of the idea of a 
conditional structure. An event is not determined by 
well-defined  causes,  but  only  by  the  interplay  of 
many conditions.

So in very simple example: to solve a logistic prob
lem with a railway shunting problem with the posi
tions  of  points.  Causality  and  functional  relation
ships to bring the wagons to the right train and right 
end location.

Verification design

Figure  11 shows  a  very  basic  classification  of  “Big 
Bata” approaches. On the left side the de-fragmenta
tion approach (not common) were from one single 
class of data with a de-fragmentation a set of results 
is produced. On the right side the most common ap
proach shows the computation from a given set  of 
data to a single result class. 

Figure 11 Big Data system classification

Both approaches are based on a single logic to com
pute results. In the validation and verification task a 
common requirement is to validate the results with 
ground truth. That means that one (or more) single 
results  are  compared  with  a  external  data  source 
(calibrated or trusted).

SCW2 project nature represents a system that cannot 
be validated by pure comparison with given ground 
truth, since results (e.g. the movement of the satellite 
beam on Earth or the footprint shape) cannot be dir

ectly  obtained  without  significant  effort  and  re
sources. Since the traditional validation methodolo
gies do not apply to SCW, the proposed and planned 
approach  to  validate  the  results  is  based  on  the 
definition and verification of an inner and outer lo
gic, as shown in Figure 12.

Figure 12 systemic topics in reference to big data valida
tion

The main message out of the Figure 12 is the differ
entiation of the blue lines on the left  side and red 
lines right. The left side is indicates the main process 
in  blue  what  is  the  computation  logic  to  split  the 
“signal” in the SCW2 project . The red lines are the 
validation logics according logical 'boundary condi
tions.  

Implementation logic

Figure 13 describes  the validation implementation 
logic. The goal is to implement the logic by produ
cing the necessary data to be checked for deviations 
according  the systemic boundary conditions men
tioned (principles) described..  

Figure 13 Validation logic

Boundary conditions – Systemic descriptions

To design the 'validation logic' from  Figure 13, the 
basic  systemic of  laws for  interpretation of  signal 
changes and results in satellite communication pay
load operation are defined in the project.  The de
tailed list is confidential.

The Rest or the tropospheric influence.

The assumption in the project was that if all the sys
tem  effects  are  defined  and  subtracted  from  the 
measured  signal  only  the  influence  of  the  tropo
sphere should be left as 'effect'.
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A second logical assumption leads to the possibility 
of a final and easy external validation. At the same 
point on Earth the tropospheric influence should be 
the same at the same frequency and hardware set
ting.  So  the  tropospheric  influence retrieved  from 
two different satellites on the same location should 
be comparable.  This would only be possible if  the 
system effects  are  for  both systems are  processed 
right. 

Figure 14 and Figure 15 shows the results of the tro
pospheric influence comparison in a graphical way 
with the result that the difference of two different 
systems is  <  0.2  dB at  two different  lat/lon loca
tions.

Figure 14 Tropospheric effect comparison 56.21/-4.69

Figure 15 Tropospheric effect comparison 57.33/-3.49

5 Discussion
The results of this project showed in an outstanding 
way what information is available in signal quality 
data. Satellite operators collecting major amounts of 
data in their operations and store them in their in
frastructure.  The  motivation  to  retrieve  this  addi
tional information in the satellite branch is for the 
moment not high on different reasons.

Technical approach: This project showed an tra
ditional  way  of  data  analytics  based  on  logic  and 
physical  laws. For this  approach a combination of 
system  know  how,  data  analytics,  logic  and  IT-
know-how  (especially  big  data  infrastructure  and 
data analytics) is necessary. Non of the satellite op
erators have this know-how combination in-house.

Some of the traditional (GEO) satellite operators are 
looking  into  artificial  intelligence  (AI)  projects 
without applying data analytics know-how and most 
of them does not have the processes and infrastruc
ture ready to implement such projects up to an op
erational level. And especially in by fare of most of 
the  AI  implementations  (>95%)  a  pure  statistical 
relevance gives the application the input of  'learn
ing'  what needs an significant amount of  training 
data. 

This project showed that even for an AI project logic 
and physics are relevant to produce reliable results 
using data analytics.

The request of validation of the results in the course 
of the project was one of the biggest challenges. The 
project showed an ground-braking way to measure 
transmit antenna patterns in operation without ad
ditional hardware and processes.  It  is  fully under
standable  that  operators  request  validation  of  the 
results, especially if the results show significance de
viations  to  the  existing  'exceptions'  (model  based 
thinking).  The  project  also  showed  a  way  how  to 
prove the validity with internal and external valida
tion even there is no traditional 'ground truth'. This 
way of validation is even in the community if IT ex
perts an unusual way and needed extensive discus
sions to transfer the 'way of thinking'.

The project showed that big data analytics can pro
duce outstanding results  without  any optimisation 
of AI.  Nevertheless an optimisation and validation 
with the help of AI is definitely possible. 

Commercial approach: Traditional GEO satellite 
operators struggling- still in a high level – with their 
business case facing additional threads in the devel
opment of the 'new space' with LEO constellations 
and the industrialisation of the space industry. The 
author does not see a clear strategy how GEO oper
ators  face  these  changes  from.  This  leads   to  the 
situation  that  new  approaches  with  new  products 
like this products from this projects are hardy to sell 
to GEOs.  

Implementation approach: The project showed 
also a limitation in understanding of implementing 
new  ways  of  data  analytics  in  well  established IT 
companies  what  lead  to  difficulties  in  the  imple
mentations and  at the end to the situation that the 
planned infrastructure could not be realised until a 
full product level.

6 Conclusions

In  the  course  of  the  project  following  intellectual 
property rights have been generated: 

A general process to 
• retrieve  an  measured  antenna  pattern  on 

ground from an GEO satellite through active 
measuring (VSAT) ground stations

• identify  and quantify  individual  installation 
quality of VSAT ground stations

• filter out system effects on VSAT signal qual
ity measurements for single networks as well 
as for  networks with different  carrier  beha
viour.

• identify  GEO satellite  pointing  accuracy  in
cluding its dynamic

• generate empiric measured link budget valid
ations

• harmonize  VSAT  signal  quality  measure
ments from different vendors
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A system design to handle and access VSAT meas
urement data in big scale and wide variety.

The design and implementation of the carrying soft
ware framework have to be redone to enable the full 
functionality of the project, nevertheless the results 
are verified and are ready for commercialisation. 
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