
 
 

 

  
Abstract—Space weather has been directly and 

indirectly identified as the source for a large percentage 
of spacecraft abnormal behaviours (through high 
radiation levels emissions, solar flares and magnetically 
induced fields). Nowadays spacecraft control teams lack 
the assistance of a system that can provide real-time 
information on space weather conditions, and real-time 
inferred spacecraft status assessment. Furthermore, the 
spacecraft control team would benefit from a system that 
could provide them the ability to visualize both real-time 
and forecasted space weather data and events, and 
spacecraft real-time and forecasted telemetry data. The 
Space Environment Information System for Mission 
Control Purposes is an ambitious system being developed 
for the European Space Agency, which aims at deploying 
a solution for the problems and needs mentioned above. 
The Space Environment Information System is therefore 
a decision support system, which by integrating huge 
amounts of data from heterogeneous space weather and 
spacecraft data sources, not only provides real-time data 
loading, and real-time visualization, but also generates 
added spacecraft knowledge based on real-time inference 
capabilities. 

I. INTRODUCTION 
pace weather refers to conditions on the sun and in the 
solar wind, magnetosphere, ionosphere, and 

thermosphere that can influence the performance and 
reliability of space-borne and ground-based technological 
systems and that affect human life or health [5].  

The sun is the main driver of space weather near Earth, 
although other phenomena with galactic, planetary or even 
human related origin can also cause space weather effects 
[11].  

The sun is a very active star where frequent solar 
eruption, called flares, and coronal mass ejections take 
place, leading to high radiation levels emissions and 
magnetically induced fields. The number of eruptive events 
varies with an approximately 11-year cycle. When activity 
levels are at their highest, the number of explosive events is 
about 10 times higher than during periods of low activity. 
These explosive events are the main source of space 
 

 

weather disturbances near the Earth i.e. they are the main 
drivers of space weather [5, 6, 11]. 

The surrounding space environment crossed by a 
spacecraft during its lifetime can strongly affect the 
onboard systems and cause instrument malfunctions, due to 
a bit-flip on an electronic memory device (this condition is 
known as Single Event Upset – SEU). A Single Event 
Upset usually causes data loss and even definitive 
spacecraft instrument unavailability. 

Nowadays, many satellites are currently in mission, 
which means access to many distinct measurements of 
space weather components from different spacecrafts 
having distinct orbits. Moreover, many ground based 
advanced systems also take similar measurements from 
different points in the globe. 

According to the European Space Agency (ESA), in 
order to protect spacecrafts, all critical systems are 
shutdown and shielded for a fixed time window. However, 
sometimes this time window is excessively large (given the 
space weather event duration). On other cases, this time 
window is smaller than the real space weather event 
duration causing unnecessary exposure of systems and 
instruments to high radiation levels without shielding. In 
either case, we lose. 

Although we already have access to all the information 
required to take better decisions, that information and 
knowledge is usually scattered across multiple locations in 
heterogeneous data formats stored in distinct methods 
which makes its access difficult and does not allow its 
correct and most profitable use.  

Knowing what is going to happen in advance allows, for 
example, spacecraft control teams to activate the spacecraft 
shielding capabilities and re-calculate the entry/exit points 
in some regions or adjust orbital trajectories. 

Having both space weather and spacecraft data available, 
allows the analysis and determination of possible cause-
effect relations between space weather events and 
spacecraft anomalous conditions. It also allows the study 
and further understanding of space environment behaviour, 
thus allowing the improvement of spacecraft manufacturing 
and mission planning. 

Having this as context, an innovative and ambitious 
project was proposed to ESA: the Space Environment 
Information System for mission control purposes which is 
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outlined in this paper. 
The system design was inspired by traditional business 

oriented Decision Support System, based on Data 
Warehousing storage techniques [7-9], which collect and 
integrate historical and real-time data from heterogeneous 
sources, e.g. space weather data providers, spacecraft 
Telemetry and Orbital data and historical Single Event 
Upset records. 

The services provided include exploration and 
correlation analysis of off-line data by established OLAP 
(On Line Analytical Processing) techniques [12], and near 
real-time monitoring (online) of spacecraft instruments 
susceptible to space weather conditions. This paper 
addresses the latter mentioned service, i.e. the Space 
Environment Information system (SEIS), Monitoring Tool 
(MT). 

The SEIS Monitoring Tool main goal is to support 
spacecraft operators in taking decisions about how to react 
to space weather conditions which may cause spacecraft 
degradation [6]. Furthermore, it will provide advisory 
information on how to prolong the lifetime of a given 
spacecraft mission and improve its scientific return by 
enhancing the quality of the services and the safety of the 
payloads[5]. 

The paper is organized in the following way: the first 
section presents an introduction to the problematic of space 
weather effects on spacecraft. The second section details 
the spacecraft missions under the scope of the project, 
describing for each spacecraft mission, the goals to be 
achieved within the SEIS project. The third section 
provides an overall architectural description of the SEIS 
system and its provided services, mainly focusing on the 
real-time SEIS Monitoring Tool. The fourth section details 
the real-time SEIS Monitoring Tool application and its key 
functionalities. Finally, the conclusions and future work 
can be found on the fifth section. 

II. SPACECRAFT MISSIONS 
The SEIS prototype will provide several services to be used 
in three distinct on-going spacecraft missions: 
(INTEGRAL – the reference mission, ENVISAT and 
XMM). Each mission will have a specific purpose in terms 
of usability and demonstration of involved concepts as 
described on the following paragraphs. 

For the INTEGRAL (INTErnational Gamma-Ray 
Astrophysics Laboratory) mission [2] (launched on October 
2002, in straight cooperation with the United States and 
Russia with an estimated mission duration of 2 years, 
extendable to a maximum of 5 years), the SEIS main goal 
is the optimization of the total payload’s instruments’ time 
while operating in SAFE condition under high radiation 
environment levels. This will result in an increasing of the 
instrument’s life expectancy and usage, with benefits on the 
total real observation time and the increase of the 

instruments’ scientific return. 
The INTEGRAL mission constitutes ESA’s opportunity 

to detect some of the most energetic radiation that comes 
from space, by providing simultaneous observation at x-ray 
and optical wavelengths. Its main objective is to supply 
new insights into the most violent and less known objects 
of the universe, such as black holes, neutron stars, active 
galactic nuclei and supernovae. On the payload one may 
find several instruments such as: SPI – Spectrometer with 
cooled Ge detectors, coded mask and active shield; IBIS – 
Imager with two detector layers; JEM-X - X-ray monitor 
with microstrip proportional counter and coded mask; 
OMC - Optical Monitor with CCD and lens optics. In order 
to provide the previously mentioned functionalities for the 
INTEGRAL mission, the SEIS system will be extracting 
real Telemetry and mission data (orbital, current ground-
station coverage, eclipse times) in near real-time (at an 
approximately rate of five minutes), which will be then 
processed and stored on the Monitoring Tool’s supporting 
database. Moreover, for the same data types previously 
mentioned, the system is also loading forecasted data 
(orbital position, ground coverage data, eclipse passing 
periods), and generating forecasts for the Telemetry data 
type. 

For the ENVISAT  (ENVIronmental SATellite) mission, 
an advanced polar-orbiting Earth observation satellite, 
launched on March 2002, the system will only integrate its 
Single Event Upset historical database of occurrences[1]. 

The last spacecraft mission, from which data will be 
loaded into the SEIS system, is the XMM (X-Ray Multi-
Mission) science satellite [3] launched on December 1999. 
Data collected from this mission consists of its radiation 
sensors’ telemetry data and its orbital position since the 
date of launch. Possible benefits for the XMM mission 
spacecraft will be the exploration of data 
analysis/correlations of space weather and XMM’s 
telemetry data. 

III. THE SEIS SYSTEM 
The SEIS system is a multi-mission decision support 

system for mission control purposes. Its main goal is to 
supplement the flight control team of the INTEGRAL 
spacecraft mission, with space environmental information - 
past, current and future - already translated into spacecraft 
operational impact assessment and, in combination with 
spacecraft telemetry data, transform it into suggested 
recovery operational procedure(s). 

The envisaged solution consists in collecting historical, 
real-time and forecasted space weather data coming from 
several data sources deemed relevant for the specific 
spacecraft operation context. The satellite telemetry and 
orbital data are to be collected and integrated in a database 
storage solution. 

Having set the scope of SEIS system, the following high-



 
 

 

level system definition has been envisaged: 
 

 
Fig. 1: SEIS system high-level architecture. 

All relevant data sources have been identified, along 
with the data retrieval mechanism (most of the data is 
accessible through ftp or http). By applying extraction, 
transformation and loading mechanisms (ETL), the SEIS 
system is able to process, transform and store all relevant 
data. This block is identified as the Data Integration 
Module (DIM). The DIM is responsible for storing all 
loaded and internally generated data (by the Forecasting 
Module and Monitoring Tool) and is composed by several 
database models according to its purposes (e.g. Operational 
Data Store, for the Monitoring Tool, Data Warehouse and 
Multidimensional Database for the Reporting and Analysis 
Tool). 

Closely related with the DIM module, one may find the 
SEIS Forecasting Module (FM). This module provides 
forecasting capabilities for space weather data based on 
well-established physical models, as well as generic time 
series prediction based on Artificial Neural Networks 
(ANN). In addition, the Forecasting Module also comprises 
orbital propagator models. All forecasts (for space weather 
and spacecraft telemetry data) generated by the Forecasting 
Model will be visually displayed by the MT. The Reporting 
and Analysis Tool’s (RAT) purpose is to allow exploration 
of all stored data in the DIM through the use of OLAP 
analytical querying techniques. Additionally, report 
creation, which correlates different data types, as well as 
different data visualization options, will also be available in 
the same tool. 

The MT, which will be detailed, further, is an online-
oriented tool that in addition to the visualization of real-
time space weather and spacecraft telemetry data also 
displays the triggered alarms results, produced by the 
Knowledge Based System (KBS) associated with the MT. 
This KBS captures the implicit domain expert’s knowledge 
[4] (on our particular case, the required knowledge to infer 
possible spacecraft alarms, will be extracted from the Flight 
Operations Plan – FOP [10]). The MT will provide the 
flight control team users with real-time visualization of 
most relevant spacecraft and space weather parameters as 
well as real-time space weather and spacecraft alarms and 
appropriate recovery suggestions in order to minimize 

damage on the spacecraft instruments. 
The SEIS system main services/functionalities to be 

offered to users are: 
Offline data exploration and correlation analysis, 

through the SEIS Analysis and Reporting Tool – RAT: 
This tool allows report creation and correlation analysis of 
all stored data (space weather, spacecraft telemetry, 
spacecraft orbital data, Single Event Upset occurrences) 
using OLAP querying technology. 

Forecasted data generation (SEIS Forecasting 
Module) based on both well-known physical space weather 
models and ANN for generic time series prediction (i.e. 
spacecraft telemetry trend forecasting having into account 
implicit seasonal effects). 

Real-time monitoring of INTEGRAL instruments’ 
parameters through the SEIS Monitoring Tool. In addition 
to monitoring the instruments’ status, the tool will also be 
able to identify possible instrument anomalous conditions 
and even suggest appropriate recovery actions to be taken 
in order to minimize spacecraft instrument’s degradation. 
The required knowledge, which allows the identification of 
anomalous conditions, triggering of OOL (Out Of Limits) 
alarms and suggestion of recovery actions will be extracted 
from INTEGRAL’s FOP (Flight Operations Plan) and 
represented using production rules. 

IV. THE SEIS MONITORING TOOL 
As previously mentioned, the SEIS MT, will be able of 

presenting users with real-time spacecraft visualization, 
real-time spacecraft alarms and recovery suggestion 
inference, through real-time data loading. The SEIS MT 
tool will also provide users with real-time visualization of 
space weather parameters and events (e.g. solar flares, 
magnetic storms, coronal mass ejections). 

Due to the SEIS Monitoring Tool high-level 
requirements concerning data availability (it requires access 
to INTEGRAL telemetry data near real-time), a 
transaction-oriented database containing only a limited time 
window of data (approximately 84 hours) provides direct 
tool support:  the Operational Data Storage (ODS). 

The ODS is fed with space weather and INTEGRAL 
spacecraft telemetry transformed data, processed by 
advanced extraction, transformation and loading 
mechanisms (ETL), which ensures continuous data 
provision to the SEIS MT. The ODS flow of data is 
illustrated in Fig. 2.  

In addition to the visualization of real-time data, the 
SEIS MT also provides the user with visualization of 
generated spacecraft telemetry forecasts, which are 
generated by another supporting service, the SEIS 
Forecasting Module. 

The MT also depends on a Knowledge Base System, 
which holds the representation of the domain expert 
knowledge, regarding the identification of spacecraft 



 
 

 

anomalous conditions and issuing of both spacecraft alarms 
and suggested recovery actions to be performed in order to 
minimize spacecraft instruments’ damage. 

Fig. 2 depicts the system’s components, which directly 
support the SEIS Monitoring Tool: 

 

 
Fig. 2: SEIS Monitoring Tool and supporting components. 

 
The whole set of functionalities to be provided under the 

scope of the SEIS Monitoring Tool can be summarized in 
the following list: 

 Nowcasting – near real-time visualization - for a 
user-defined set of spacecraft parameters and 
space weather parameters (given the average 
sampling rate of the selected spacecraft parameters 
for INTEGRAL, a five minute window refresh 
update is defined). 

 Visualization of parameter predictions for both 
spacecraft and space weather parameters and 
alarms. 

 Nowcasting of spacecraft and space weather 
alarms: while the set of selected spacecraft 
alarms, to be generated by the MT, has been 
agreed with the user and will be based on rules 
contained in the Flight Operation Plan [10], space 
weather alarms are loaded from external data 
sources. 

 Customization of sets of spacecraft and space 
weather, parameters and alarms to be visualized 
by providing the user with panel management 
capabilities, which include creation, deletion and 
editing of different Monitoring Panels (which are 
assisted by windows-like wizards). 

 Logging of all activities for further use (several 
types of logging), including: 0 – Application 
activities; 1 – User activities; 2 – Triggered 
alarms, explanations and suggested recovery 
procedures. 

 Injection of inferred triggered spacecraft and 
space weather alarms into the DIM block in order 
to provide the Reporting and Analysis Tool with 
additional data correlation capabilities. 

 

The following paragraphs will now describe how the 
previously mentioned functionalities are currently being 
implemented: 

 
a) Monitoring of spacecraft and space weather, 

parameters and alarms through “virtual” Monitoring 
Panels - The SEIS MT comprises multiple simultaneous 
“virtual” Monitoring Panels, which are composed by 
several different areas. Fig. 3 depicts one example view of 
a virtual monitoring panel holding a set of space weather 
and spacecraft parameters: 

 

 
Fig. 3: SEIS Monitoring Tool main window interface (Virtual Panel). 

On each Monitoring Panel, the larger upper window area 
contains plotting of spacecraft and space weather (1) 
parameters (one or two parameters per plot are supported, 
although the example only shows space weather 
parameters) for a specific time-window (holding both past 
and forecasting data for a given time span of 84h), which is 
refreshed (as new data arrives) at a frequency rate of five 
minutes. All plots (spacecraft and space weather), share a 
common visualisation time-window axis plot (as can be 
seen on Fig. 4, which is still not implemented) that also  
holds information about what ground-station is currently in 
use and event occurrences, such as orbital perigee and 
apogee crossings and eclipse zone passage. 

 

 
Fig. 4: SEIS Monitoring Tool time window axis. 

Each panel contains two alarm indicators (6) (one for the 
sub-set of spacecraft alarms and another one for the sub-set 
of space weather alarms – each of the alarm boxes blinks 
whenever one or more alarms is triggered). Additionally, 
each monitoring panel provides also spacecraft info for 
both the ongoing situation (5), as identified by the orange 
marker and the user selected time position as identified by 



 
 

 

the blue marker (4) – Both the blue and orange markers can 
be easily identified by the same colours (orange and blue) 
which are also associated to text boxes on each of the plots, 
containing the correspondent parameter values (current 
values: orange and user selected values: blue) - (3). 

On the right-lower window corner, the user may find a 
zoom-out/zoom-in functionality (7) (which is also provided 
intuitively via mouse clicking and dragging over the 
displayed plots) and plot window positioning (by entering a 
specific point in time for the “now” position, and pressing 
“go to time” button, the window can be automatically 
centred on the current time point). 

Finally, a complete log (2) of all events originated by the 
specific monitoring panel (which can be shown or hidden 
according to the user’s needs) is also provided by the 
interface. 

 
b) Viewing past triggered spacecraft and space weather 

Alarms - The past recent history (referred to the past 
spacecraft data inside the 84h total window size) of 
triggered spacecraft can be seen on Fig. 5: 

 

 
 
Fig 5: SEIS Monitoring Tool (Alarm Detail window) 

 
Currently the Alarm Detail window, has only the ability 

to display spacecraft alarms (3), triggered by rules(1) which 
represent the domain experts’ knowledge (extracted from 
the Flight Operations Plan) and constitutes our Knowledge 
Base (please refer to f) for a more detailed description). 

In addition, by clicking on a specific alarm, as 
exemplified by (3), the user is provided with the current 
parameters and their values, which were responsible for the 
triggering or not of the given alarm. For the given example 
shown on Fig. 5, the only alarm that was triggered is the 
one identified by (3). On (2), the tool displays the rule that 
was triggered: 

 
(D6503 = NOT_RUNNING[0] And 
 D6501 = NOT_WAIT[0] And 
 D6500 = NOT_RESET[0]) 
 
The red background indicates what conditions in the rule 

were met (on our case, all three conditions were met). For 

ease of understanding each parameter’s value is displayed 
between brackets ([]). 

Lastly, on (4), the user is able to navigate through the 
different lines containing the set parameter values for each 
point of time (which have a correspondence with the 
columns identified in area (3)) 

 
c) Log search, including search results, exporting and 

printing capabilities. Besides each partial log entry 
produced by each of the monitoring panel, the SEIS 
Monitoring Tool, also includes global log filtering search 
functionalities. These search functionalities provide the 
user with the ability to narrow the search space of the log, 
containing all the entries generated by the tool itself and its 
panels. After specifying the filtering options, the 
Monitoring Tool produces a filtered resulting list of log 
entries. The user is then allowed to print the results or even 
export them (e.g. into a CSV format) for further use on any 
common MS Office Tools™ . 

 
d) Browsing of existing Monitoring Panels and 

attribute editing - The Monitoring Tool provides browsing 
and editing capabilities within the list of available Panels 
and their properties (spacecraft and space weather 
parameters and alarms in use, visualization configuration of 
the plots, log entries generated by the panel). 

 
e) Browsing of available spacecraft, space weather 

parameters and defined alarms, to be used in the creation 
of “virtual” panels - This functionality will allow the user 
to browse all available spacecraft and space weather 
parameters and to define some of the visual properties 
associated to each of them. Moreover, it will also allow the 
global enabling and disabling of spacecraft and space 
weather alarms (which has an immediate effect on the 
visible alarm indicators on each existing “virtual” 
monitoring panel). 

 
f) Knowledge Base representing the domain expertise 

concerning the identification of spacecraft instruments 
abnormal behaviours - The Knowledge Base contains a 
representation of the domain expert knowledge on how to 
identify possible spacecraft instruments anomalous 
behaviour. It is responsible for triggering spacecraft alarms 
and suggestion of recovery actions on a real-time basis (as 
new spacecraft parameter values arrive). 

Currently the production rules, which trigger the alarms, 
are being stored in a XML file and can be edited by the 
user at his convenience via an interface also provided by 
the SEIS Monitoring Tool. Besides information about 
whether a particular rule was triggered (red colour) or not 
(green colour) as found in Fig. 4, other alarm codification 
types are included. As such, the user can customize other 
colours for both alarms for which no parameter values were 



 
 

 

found or only some of the spacecraft parameters were 
available (meaning that a partial evaluation of the rule was 
achieved, but the final result, triggering or not of the alarm 
by the whole rule, still depends on the evaluation of the last 
condition for which a given spacecraft parameter was 
missing). 

V. CONCLUSION AND FUTURE WORK 
The Monitoring Tool in the SEIS system provides 
spacecraft flight control teams with the possibility to assess 
the real-time situation of a spacecraft status and space 
weather conditions as well as upcoming events. Moreover, 
due to the experts’ domain knowledge captured by the 
Monitoring Tool (and represented under the form of 
production rules, forming the Knowledge Base), a real-time 
alarm system for spacecraft anomalies and space weather 
potential harmful conditions identification is provided to 
users. Besides providing a real-time monitoring tool, this 
tool also provides visualization services for forecasted 
parameters: spacecraft and space weather forecasted 
parameters and probabilities of spacecraft and space 
weather events occurrences (loaded from external sources 
or generated internally) are also available in the 
visualization panels.   
Therefore, it is our understanding that the real-time 
Monitoring Tool under development comprises great 
benefits for the users and can in fact increase the mission’s 
lifetime, decreasing the instrument’s degradation through a 
real-time spacecraft and space weather assessment, along 
with the supplied recovery actions and forecasting features. 
For future work, we intend to extend the project to other 
spacecraft missions, and thus transforming the Monitoring 
Tool into a multi-mission monitoring tool. The complexity 
of this tasks resides only in the data acquisition strategy: 
the Monitoring Tool itself can be easily adapted in other 
spacecraft missions, as long as the data is available and 
stored in the ODS (the supporting Monitoring Tool logical 
database). 
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