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For additional info, please consult the following websites:

http://www.uninova.pt/ca3 (CA3 Research Group Website)

http://www.deimos.com.pt (DEIMOS Engenharia Website)

http://www.uninova.pt/ca3/en/project_SEIS.htm (Official project Website)

http://www.estec.esa.nl/wmwww/wma/spweather/index.html (Space Weather Pilot Programme Website)
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ContextContext

Space Weather is the combination of conditions on the sun, in the solar wind, magnetosphere, ionosphere, 
and thermosphere that can influence the performance and reliability of space-borne and ground-based 
technological systems and can endanger human life or health. Although models for the concerned processes 
are available, most of them only represent the average conditions and neglect the dynamics of the system. 
Accurate prediction of the radiation environment remains an unsolved problem.

Space Weather can cause manifold problems to spacecraft (S/C) components, such as degradation of 
sensors and solar arrays and changes in on-board memories by Single Event Upsets (SEU). The final 
effect is a degradation of the S/C overall performance and in extreme cases complete unavailability of 
services. When certain alarm conditions are reached, risk avoidance procedures may be invoked, e.g. 
switching off high voltages/biases/filters etc. and transition to protected operating modes. However, these 
procedures are based on worst-case scenarios and normally require switching off the payloads for a long time-
window. Once the detectors are off, there is just a rough estimation of when the conditions are safe again. 
Instruments might be shut down/shielded even if there is only a transient radiation peak or they might be 
turned on/opened too early, when radiation is still high. A major limitation of these procedures is that the 
radiation parameters usually have a single threshold. Hence, small changes in the measured values crossing 
this threshold let the environment appear to change from safe to hazardous or vice versa. This either leads to 
poor instrument usage, i.e. reduction of observation time, or to unnecessary stress for the 
components. Better prediction of radiation conditions and more accurate information could greatly improve 
these operations.

The decision support system (DSS) will provide Flight Control Teams with useful Space Weather 
information (past, current and future) to increase the ability to protect S/C components from 
hazardous events and therefore prolong the lifetime of satellites. The system design was inspired by 
traditional business oriented DSS, based on Data Warehousing storage techniques, which collect 
and integrate historical and real-time data from heterogeneous sources, e.g. Space 
Weather data providers, S/C Telemetry and Orbital data and historical SEU records.

The services to be provided include:

- Exploration and correlation analysis of data by established OLAP Processing Techniques)
- Near real-time monitoring of S/C instruments susceptible to Space Weather conditions

The monitoring service will directly depend on a Knowledge Base (representation of the domain 
experts' knowledge), allowing it to suggest appropriate recovery actions whenever possible S/C 
damaging conditions are identified.

Additionally, the system will incorporate forecasting services of well-known and commonly used 
physical radiation models, as well as new prediction techniques based on non-linear models such 
as Artificial Neural Networks.

GoalGoal

The system's main goal is to support S/C 
operators in taking decisions about how to 
react to Space Weather conditions possibly 
causing S/C degradation. 

Furthermore, it will increase the 
knowledge and awareness of how Space 
Weather affects satellite performances and 
it can therefore prolong the lifetime of a 
mission and improve its return by 
enhancing the quality of the services and 
the safety of the payloads.

Expected ResultsExpected Results

The system will take advantage of several key state-of-the-art 
technologies such as:

- Data Warehousing

This historical database storage solution acts as a high performance data delivery service 
provider, of high quality massaged and integrated data (which was previously scattered on 
heterogeneous) to the DSS system.

- OLAP (On-Line Analytical Processing)

Typical DSS oriented database relying on multidimensional capabilities, which allow fast 
analytical querying and advanced data visualization and browsing techniques (e.g. drill 
up/down/across).

- Knowledge Base System modeling

A system component which captures a domain expert’s knowledge under the form of 
production rules, decision trees and so on. This component will then be able to infer the 
identification of alarms or specific situations.

- Artificial Neural Networks (ANN)

Non linear modeling technique used for general predictive time series model building.

Underlying TechnologyUnderlying Technology

System OverviewSystem Overview

1 - SEIS System high-level overview.

The picture on the left depicts the envisaged high-level 
SEIS system component breakdown. The system will use 
as input, heterogeneous data types from several data 
sources:

- Space Weather data (e.g. NOAA, SOHO, L. Peak Obs.)

- S/C Telemetry (XMM, INTEGRAL)

- S/C SEU Occurrences (ENVISAT, INTEGRAL)

- S/C Orbital Position (ENVISAT, INTEGRAL, XMM)

The SEIS system front-end will consist of both a Reporting & 
Analysis Tool MMI (using OLAP technology) – offering off-line
data browsing, correlation analysis and advanced visualization 
capabilities – and a Monitoring Tool, capable of providing the 
user with near real-time (on-line) and forecasted INTEGRAL 
parameter and Space Weather data visualization. Furthermore, 
this component will also be able to provide INTEGRAL 
instruments’ onboard abnormal behaviour identification 
alarms (e.g. possible imminent SEU occurrence) and suggest 
recovery actions based on the domain expert’s knowledge 
captured through a Knowledge Based System.

The Forecasting module contains all radiation, plasma and 
geo-magnetic physical models, as well as orbit propagators 
and a generic time series prediction tool based on ANN. A 
simple MMI will also be provided for each of the model’s user 
defined parameter input.

The SEIS back-end will be responsible for the integration and 
consolidation of all relevant data by using advanced ETL
(Extraction, Transformation and Loading) mechanisms which will 
be easy to maintain and to re-use for other ESA missions.
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Reference MissionsReference Missions

ENVISAT
(launched on 01.03.2003)

- SEU data [Real]
- Orbital data [Real & Forecasted]

INTEGRAL
(launched on 17.10.2002)

- SEU data [Real]
- Orbital data [Real & Forecasted]
- Onboard telemetry data [Real & Forecasted]

XMM
(launched on 10.12.1999)

- Onboard telemetry [Real]
- Orbital data [Real & Forecasted]

* The SEIS project is being developed as a close partnership between a 
Portuguese research institute (UNINOVA) and a Portuguese space 
engineering company (DEIMOS Engenharia).
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