
Setting the standard in space 
Tessella’s expertise in systems engineering, missio n analysis, control 
design, mathematical modelling and detailed analysi s provides a unique 
combination of skills to meet the challenges of the  space industry.

The complexity of each space mission gives 
unique technical challenges. Despite this, the 
levels of accuracy demanded in the space 
industry are probably higher than in any other 
sector. 

Tessella’s rigour and attention to detail set us 
apart. Our integrated design approach allows 
greater efficiency of design, better justification 
of decisions, and the flexibility to respond 
rapidly to changes. 
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Our expertise 
Tessella is Europe’s leading independent 
nonprime specialising in design and analysis 
for satellites, exploratory missions and 
components. Our comprehensive skills have 
been applied successfully across a range of 
areas. Tessella has built an enviable 
reputation for excellent technical support in: 
·  Attitude and Orbit Control Systems (AOCS) 
·  Entry, Descent and Landing System 

(EDLS) design and analysis 
·  Orbital dynamics and mission analysis 
·  Pointing error analysis 
·  Hardware modelling 

This work is underpinned by staff with 
outstanding mathematical and engineering 
skills, and by Tessella’s leading expertise in: 
·  Control design and analysis 
·  Optimal estimation techniques 
·  Modelling and simulation 
·  Systems engineering 
·  Parametric trade-off studies 
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Attitude and Orbit Control Systems 
The attitude control requirements for 
spacecraft vary as widely as the aims of the 
missions themselves. Tessella’s capability 
covers all phases of the design: 
·  Initial trade-offs and hardware selection 
·  Mode identification and requirements 

flowdown 
·  Detailed mode trade-off and design 
·  Guidance and control algorithm 

development and validation 
·  Fault detection, isolation and recovery 

(FDIR) algorithms 
·  Full modelling and simulation 
·  Pseudocode-level software specification 

and implementation support 
·  Automated tuning of flight databases 
·  Support to hardware-in-the-loop testing 
·  Launch and commissioning support 
·  In-flight data analysis and performance 

optimization 

The application of our integrated design 
approach allows greater efficiency of work, 
more rigorously justified solutions, and, most 
crucially, a rapid response to the inevitable 
changes in requirements. 

Input parameters are stored in a single 
location, providing input for design code, 
tuning and simulations alike. This eliminates 
costly and risky duplication, allows a simple 
update when new information is available, and 
guarantees full traceability.  

When data or qualitative requirements have 
changed, the flow of design decisions can be 
followed to identify the specific areas that need 
attention. Design analyses, control tuning, 
simulation campaigns and report generation 
can all be repeated with ‘push of a button’ 
automation. 
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The result is that an updated tuning can be 
achieved in a matter of minutes, and a full 
reissue of a design review datapack in a few 
days, where the same task would normally be 
expected to take weeks. Rather than 
sacrificing rigour (relying on simulations to 
provide confidence), or ‘patching up’ the 
design to fix the problem, the fully-justified 
design is preserved and modified as required. 

Although the generation of flight database 
parameters (including control tunings) from the 
input data is automated, no ‘black box’ 
methods are used. The tuning approach is 
fully derived, described and justified in 
technical documents; this technique comes as 
close as possible to proving the stability and 
performance of the system. 

Tessella’s expert support has been vital for a 
number of missions. Some, such as GIOVE-A 
and Globalstar, have been developed on 
remarkably short timescales with great 
success. Mission highlights include: 

GIOVE-A 
All control modes, including emergency 
recovery and nominal pointing, were designed 
to a demanding timescale by Tessella under 
contract to Surrey Space Technology Ltd. 
Tessella also provided support during the 
launch and commissioning campaign. These 
modes have performed flawlessly in operation. 

Herschel 
Tessella designed the Science Mode, which 
will be used for all observations, and provided 
detailed support to implementation and 
hardware-level testing. 

Globalstar Second Generation 
Two modes for this upcoming communications 
constellation (Earth acquisition and nominal 
pointing mode) are designed by Tessella for 
Thales Alenia Space France. 

Gaia and Aeolus 
Tessella is providing ongoing support to EADS 
Astrium for these European Space Agency 
(ESA) scientific missions. 

TOPSAT  
This LEO mission uses a Tessella-designed 
control mode for complex rapid imaging slews. 

Tessella has also performed studies in 
advanced AOCS areas for agencies including 
ESA and the British National Space Centre. 



Entry, Descent and Landing Systems 
design and analysis 
Exploration of the solar system is one of the 
central aims of ESA, in common with other 
agencies around the globe. Planetary landers, 
which are a core part of such programmes, 
require an Entry, Descent and Landing System 
to bring them to rest on the surface. Our 
analysis and modelling capabilities combine 
with our specialist expertise in parachute and 
airbag design to provide a valuable UK 
capability in this field. Specifically, we support 
the industry at three levels: 

Parametric system-level sensitivity studies 
and trade-off analyses 
The sizing and design optimization of the 
parachutes, rockets and airbags can be 
comprehensively studied using our parametric 
analysis tools. Questions such as the 
sensitivity of the design mass to various input 
conditions and the optimal balance of 
parachutes against rockets can be explored. 

Full multi-body simulation of descent 
sequences 
The PASDA parachute sequence simulation 
tool, originally developed with ESA funding 
and now further extended by Tessella under 
license, provides highly detailed six-degree-of- 
freedom multi-body simulation capability of 
various descent sequences, including 
parachute deployment and inflation, front 
shield separation and complex aerodynamic 
wake effects. 

Detailed design of parachutes and airbags 
As one of the few companies with experience 
of designing a parachute and overseeing its 
manufacture and testing, as well as airbag 
design expertise, Tessella can provide expert 
support to parachute and airbag design, risk 
analysis and testing. 
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Tessella is proud to be involved in the 
ExoMars mission in all three areas, building on 
our earlier work in the feasibility study phase 
of the mission. Our parametric analysis 
capability has explored a wide range of 
options for the mission and assisted the prime 
contractor (Thales Alenia Space Italy) in 
consolidating the requirements. Detailed 
descent simulations have provided an 
important assessment of the expected 
performance. Finally, provision of expert input 
to the detailed design of the parachute 
subsystem will reduce risk and pave the way 
for a robust and validated design. 

Previous EDLS work includes the design and 
delivery of the main parachute for Beagle 2, 
which was manufactured and tested under 
Tessella’s direction. The design set a new 
record for drag per unit mass, and successfully 
passed its qualification campaign. 

Additional studies conducted for ESA include 
Advanced Inflatable Landing Systems, in 
which Tessella explored the option of so-called 
‘dead-beat’ airbags, which vent their gas and 
settle on first impact. This type of airbag has 
now been selected as the baseline for the 
ExoMars mission. 

The parachute descent of the Huygens probe 
through Titan’s atmosphere was investigated 
in a study performed by Tessella in the frame 
of the ESA Technology Research Programme. 
The resulting understanding of the effect of 
wind gusts on the probe is useful in the 
processing of the scientific data collected by 
the mission. 

 

 



 

Hardware modelling 
Understanding the behaviour of a spacecraft 
system requires models of the hardware units 
used. Every stage of the design needs models 
at the appropriate level of detail that capture 
the relevant behaviour. Tessella has expertise 
in modelling sensors (e.g. Sun sensors, gyros 
and star trackers), actuators (e.g. reaction 
wheels, thrusters and magnetorquer bars) and 
other hardware (e.g. deployment mechanisms 
and antenna drives). The level of rigour and 
analysis that we bring to satellite design 
involves strong skills in unit modelling. For 
example, for Herschel, Tessella was given 
responsibility for developing the fully detailed 
unit models used in simulations by all design 
partners. Outside of specific missions, 
Tessella has performed unit modelling for 
hardware manufacturers directly, including: 
·  Analysis of expected unit performance for 

specific missions. 
·  Development of performance models that 

the manufacturer can provide with the unit. 
·  Analysis of testing or calibration data from 

the point of view of integrating the unit into 
a full satellite control system. 

Further highlights of Tessella’s background in 
this area include: 
·  Support to TNO (Netherlands), 

investigating in detail the effects of Earth 
albedo light on their Quadrant Sun Sensor 
unit for various mission needs. 

·  Detailed modelling and characterization of 
antenna drive mechanisms for EnviSat, 
including backlash, non-linear friction and 
stiction. 

·  Complex Solar Array Drive Mechanism 
(SADM) modelling. 

·  Development of the Star Tracker 
Specification Standard under contract to 
ESA, including nomenclature, definitions 
and performance metrics. 
�  Definition of star sensor capabilities. 
�  Classification of star sensors, based on 

their capabilities. 
�  Definition of star sensor component 

parts, output parameters and 
performance metrics. 

·  Modelling of satellite-based ship tracking 
for COMDEV, including detailed modelling 
of the ship-to-satellite link, atmospheric 
effects, signal processing and modulation / 
demodulation algorithms. 

Pointing error analysis 
Virtually all satellite missions must meet 
specific requirements for the accuracy with 
which they point in the right direction. For 
scientific missions this can be especially 
important with even miniscule errors in 
pointing having a large impact on the results. 

The rigorous description, analysis and 
statistical combination of pointing errors is a 
deeply mathematical area which requires 
understanding of the origins of pointing errors 
(such as sensor misalignments, thermo-elastic 
deformations, attitude control errors) and 
techniques to prove that the overall error lies 
within a specified confidence interval. 

Tessella has amassed an unusually strong 
capability in this area. In particular, ESA’s 
recommended approach is encapsulated in 
the Pointing Error Handbook, originally written 
by staff now at Tessella. Based on that work, 
Tessella developed the Analytic Pointing 
Performance (APP) software tool for ESA. The 
tool allows pointing errors to be combined 
using a justifiable approach from statistical, 
frequency content and geometric viewpoints. 
Using a rigorous approach and avoiding 
unnecessarily conservative approximations 
reduces the level of overdesign, and hence 
reduces cost. The APP software is now freely 
available to industrial organizations in ESA 
member states. It provides the capability to 
combine wide ranges of input probability 
distributions in a rigorous manner with full 
control over the output accuracy. 

While all of Tessella’s attitude control design 
work involves an element of pointing analysis, 
our specialist skills were particularly applied to 
the Planck mission, a rotating spacecraft 
which will map the cosmic microwave 
background. Defining the pointing errors for a 
rotationally-stabilized spacecraft (to the high 
accuracy demanded by a scientific mission) is 
significantly more complex than for non-
rotating craft. Tessella created several new 
pointing error definitions and methodologies 
for the task. 

 



Orbital dynamics and mission analysis 
The subtle changes in a satellite’s orbit, 
deliberate or otherwise, need careful analysis 
to ensure that the mission meets its 
requirements. Tessella’s modelling and orbital 
dynamics capabilities can be combined, where 
appropriate, with powerful software tools to 
give a general mission analysis capability. 
Tessella has developed a wide range of 
mission analysis tools, and also has expertise 
in industry-standard tools such as AGI’s STK. 

For example, Tessella had responsibility for all 
mission analysis tasks for GIOVE-A: 
calculation of launch windows, analysis of all 
in-orbit manoeuvres and corresponding fuel 
budgeting, and the important analysis of the 
stability of the final orbit. Once the satellite’s 
fuel is expended, it will be unable to correct 
small changes in its orbit, and eventually the 
orbit will distort so much that it crosses orbits 
of other satellites, risking collision. 

Fine-tuning the final orbit corrections (the so-
called ‘graveyard’ orbit) can give stability for 
more than a century or less than a decade, 
and careful analysis is therefore required to 
set the targets for final manoeuvres. 
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Our mission list 
Tessella’s experience includes an impressive 
mission list: 
·  European Space Agency (ESA) scientific: 

�  Herschel 
�  Planck 
�  Gaia 
�  XMM-Newton 
�  INTEGRAL 
�  Proba 3 

·  Planetary exploration: 
�  ExoMars 
�  Beagle 2 
�  Huygens 

·  Navigation: 
�  GIOVE-A 

·  Earth observation: 
�  Aeolus 
�  EnviSat 
�  TerraSAR 
�  TOPSAT 

·  Telecoms: 
�  Globalstar Second Generation 
�  Eurostar 2000+ and 3000 
�  Intelsat KTV 
�  Intelsat 10 
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Tessella – successfully delivering IT and consulting services  to world leaders in R&D, science and engineering.  

For decades, Tessella has been successfully delivering IT and consulting services to world leaders in R&D, science, and engineering. Through the application of scientific methods and rigorous quality procedures,  
we enable clients in life sciences, energy, the public sector, and consumer industries to achieve a wide range of objectives, including, forecasting floods, developing fusion power, enhancing military sensor capability, 
increasing drug discovery and development efficiency, and reducing risk to health and the environment in the extraction and production of oil and gas. With offices in Europe and North America, global companies rely  
on Tessella for business critical assignments.  

Copyright © Tessella plc 2009, all trademarks acknowledged. Issue: V1.R3.M1  |  April 2009 

www.tessella.com 

 

 


