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Abstract 
 

MARS (Microgravity Advanced Research and Support) Center of Telespazio is the ESA FSL Responsible 
Center, it is located in Napoli in southern part of Italy. FSL is a multi-user facility for conducting fluid physics 
research in microgravity conditions. It can be operated in fully- or in semi-automatic mode and can be controlled on 
board by the ISS astronauts, or from the ground in the so-called telescience mode. The Laboratory allows scientist to 
execute experiments using complex optical diagnostics and to record microgravity data for an accurate 
characterization of the experimental environment. In parallel the execution of experiments on class 2 payloads using 
the NASA ground infrastructure and processes allowed us to develop, also in this case, operation concepts with 
strong NASA-ESA interrelations, and with the opportunity to have a complete involvement in the payloads 
operations on the ISS. This paper reports on the fully implemented operational scenario starting from the Increment 
16, FSL commissioning, and Increments 17-18, execution of the Geoflow experiment, up to the execution of 
operations on class 2 payloads, SODI and Altea Shield, also with considerations on the management of off-nominal 
situations and on-orbit troubleshooting. Proposals for upgrading the applied processes and interactions during the 
preparatory phases and operations execution are reported, based on the lessons learned up to now. 
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I. Introduction 
HIS paper deals with the method how the Fluid 
Science Laboratory is operated from the Ground 

Facility  Control Center. Such a center is located 
in Napoli in the Southern part of Italy. The 
MARS (Microgravity Advanced and Research 
Center) is a research center denoted in the ESA 
concept as USOC (User Support Operation 
Center); it has been recently incorporated in the 
Telespazio SPA Scientific Program Division 
(since May 2009). 
During the Increments 16 and 17 MARS 
performed the Commissioning and Checkout of 
FSL, and then the execution of the GEOFLOW 
experiment. Later, in Increment 18, MARS 
performed the commissioning of MVIS in 
coordination with the Canadian Space Agency. 
MARS is currently waiting for the upload of two  
EC’s (Experiment Containers) on board ISS in 
order to execute the related experiments: 
Geoflow-2 (launch foreseen for December 2010) 
and FASES (2011). 
In the meanwhile, also the execution of SODI 
Ividil operations in MSG has been done, which 
represent, for the organization of the ground 
segment and definition of operation concept, an 
alternative approach with respect to the 
decentralized European approach, on which the 
FSL operations are based. 
The arrangement of the operational 
responsibilities in the two different operational 
scenarios and the way they have been 
implemented, and how the scenario and the 
operation concepts can be improved on the basis 
of the experience and lesson learned during real-
time operations, will be shortly described. 

II. Operational Responsibilities 
 
MARS (Telespazio PSC) covers the role of 

USOC for the operations on payloads of the ISS. It is 
able to support operations on payloads located in the 
European segment of the ISS (Columbus module) as 
well as on payloads located in the USA and Russian 
segment. The arrangement of roles and 
responsibilities and the interfaces with which the 
MARS has to interact during real-time operations 
even if similar, are not perfectly the same in the both 
cases, this situation is reflected in different processes 
and approaches to the real-time operations which 
makes the operational environment quite complex, 
especially when contemporary operations have to be 
performed on payloads located in different ISS 
segments. 

 

II.A The FSL scenario 
The FSL operations scenario foresees a 

distribution of tasks and responsibilities among the 
different ground facilities.  

For the phase of routine operations of European 
Space Agency (ESA) payloads on the ISS, the user 
support and payload operations infrastructure makes 
use of a decentralized architecture (Figure 1). 

Payload operations on the ISS include the 
operation of the Microgravity Facilities for Columbus 
(MFC) (i.e. BIOLAB, FSL, MSL, EPM) and the 
European Drawer Rack (EDR), as well as the 
operation of externally mounted payloads. 

The most significative building blocks of this 
decentralized organization are the Columbus Control 
Center (COL-CC) and the USOCs. 

The Columbus Control Centre (COL-CC), located 
at DLR/GSOC, Oberpfaffenhofen, Germany, will 
provide the necessary co-ordination functions,1 to 
conduct the payload operations on the ISS .  

It is the job of teams located at the Col-CC to 
collect, co-ordinate and consolidate inputs from the 
payload operations teams with respect to real-time 
and near-real time activities.  

The Col-CC provides a point of contact to the 
partner's operations centres MCC-H (Mission Control 
Center – Houston), POIC (Payload Operations 
Integration Centre), MCC-M (Mission Control Centre 
– Moscow) for issues affecting the whole ESA 
payload complement. For other issues related to the 
ESA payloads located on the ISS the Col-CC co-
ordinates responses with the operations management 
personnel. 

During operations execution, the Col-CC will be 
the unique responsible for the Columbus Module, 
while, for what concerns the payloads, it will be in 
charge of  monitoring and co-ordination of operations 
for the ESA payload complement on the ISS, of 
communications coordination, which includes the 
communications between the flight crew and 
European users and the communication network 
management between the ground centres (e.g. 
USOCs). 
 (USOCs) 

The User Support and Operations Centres 
(USOCs,2) play an important role in linking the 
scientific community users to the ISS utilisation. 
Using  decentralised USOCs ensures that focal points 
for the preparation and the conduction of ESA 
payload operations are both very close to the payload 
operations on-board ISS and to the scientist groups. 
The centres will be outfitted with a set of standard 
services from ESA provided. This includes the 
implementation of communications capabilities and 

T 
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the provision of Engineering Models (EMs) and 
Science Reference Models (SRMs). 

Depending on the scope of the task assigned to a 
USOC, it will be a Facility Responsible Center (FRC) 
or a Facility Support Center (FSC): The FRCs will 
have sufficient knowledge of the functionality of the 
facilities allocated to them, that they can operate the 
payload in flight.  

MARS (Telespazio) is the FRC of Fluid Science 
Laboratory (FSL) 

The FRCs will be primarily responsible for 
operating their payload rack at system level. If 
specific knowledge and particular interest in a 
subsystem exists in a country other than the where 
the FRC is located, or if a sub-system of a facility is 
contributed by a member state that is not the FRC 
country, then a center of that country can be 
associated with the FRC as an FSC. An FSC will 
operate a facility at sub-rack level. 

ESCs will be evoked for the operations 
preparation and for flight operation execution of 
individual experiments contained in the facility. 

The User Home Base(s) (UHBs) is the home-
laboratory of the user involved in the experiment. 
The notion "User Home Base” is used to indicate that 
the home laboratory is properly equipped to perform 
real-time experiment data monitoring or even 
experiment Tele-operation from that location. Non-
real time data monitoring is always possible, but in 
that case the users home laboratory is not referred to 
as the UHB. 

Figure 1 shows the decentralized operation 
concept used during Increment 16, 17 and 18 to 
support the GEOFLOW operations. Spanish USOC 
was the UHB, German Payload Developer Team 
(FHN) was the  Payload ESC, FSL PD team is the 
FSL ESC. 

–  
 

Figure 1 FSL Decentralized Operations Concept 
 

II.B ISS European Ground Segment and 
Ground Communication Network  

The ESA ground communication system 
comprises four main aspects with the following major 
services: 

o the Wide Area Network Services (IGS-WAN) are 
based on VPN (Virtual Private Network) 
technology and include ESA relays located at 
international partner sites, IGS access nodes in 
Europe and data transport services, such as data 
voice and video for Columbus, Automated 
Transfer Vehicle (ATV) as well as for any other 
European ISS utilization within the US Lab or 
the Russian Lab. The IGS provides the 
communications infrastructure connecting the 
user centres for operations. The IGS includes 
management of the network to ensure proper 
end-to-end communications for the various 
centres.  

o the Data Services System (DaSS) represents a 
uniform interface to European users for the 
exchange of telemetry and telecommand, based 
as far as possible on CCSDS standards,3. It 
provides telemetry distribution (raw and 
processed), command handling services, as well 
as a de-multiplexing service at the Columbus 
CCSDS Gateways at the international partner 
sites. 

o the Voice Conferencing System (VoCS) provides 
access to any operational voice loops as well as 
to A/G and S/G (Space to Ground) loops. VoCS 
offers storage, archiving and retrieval of selected 
voice loops. Col-CC provides keysets for USOCs 
and for a limited number of UHBs 

o the Video Distribution and Conferencing System 
(ViDS) supports the reception and distribution of 
ISS video to the USOCs via the IGS network,4,5. 
Users can retrieve video data from the Col-CC 
via file download / IP (Internet Protocol) 
streaming. Video conferencing services are 
offered for all ground segment sites.  

 
The main technical interfaces for all User Support 

centers is implemented via the physical connection to 
the ESA IGS-network. This implementation allows 
connection between all Sites, which are provided 
with an IGS-node for the purpose of communications 
and data exchange. 

The IGS forms a private network using 
Telecommunications Provider furnished 
communications networks (ATM and ISDN services, 
in conjunction with ESA-provided IGS Nodes, which 
are installed at each participating facility). The IGS 
nodes provide communications termination, routing 
and facilities management. 

 
The Figure 2 gives an overview of the IGS and 

the relationship between IGS nodes, MSM-GS 
centers and the IGS network. 
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The HR-TM follows a different route to the 
USOC(s). Also the HR-TM comes down via the 
HOSC and is also de-multiplexed by the DaSS 
equipment at the HOSC. However the full data 
recovery to CCSDS packets and Image packets is no 
longer performed on the HOSC. The end-to-end 
implementation approach provides the use of 
common technology at all sides minimizing the 
requirements for network and service management 
and for maintenance. 

The European operations infrastructure, with its 
communications network, data services and 
management and co-ordination functions will provide 
services for all European payloads on the ISS, 
irrespective of their location. This objective is 
summarised in the following two basic requirements8:  

o all payloads will use the ESA ground 
communication system (IGS)  

o all ESA payloads on the ISS will use the 
Data Services System (DaSS) 

 

 
 

Figure 2 Overview of the IGS and the relationship between 
IGS nodes, MSM-GS centers and the IGS network 

II.C The FSL and MVIS scenario 
The Microgravity Vibration Isolation Subsystem 

is a facility developed by the Canadian Space Agency 
(CSA) to support FSL experiments performed in 
space on the ISS. It has been developed as a generic 
facility to support a multitude of scientific 
experiments in fluid science, material science and 
crystal growth, designed moreover to actively isolate 
the FSL Facility Core Element (FCE) from vibrations 
in the COL and from those generated within the FSL 
itself.  

The system is based on 6 Degrees of Freedom 
(DOF) magnetic levitation using wide gap actuators, 
those magnets are located on the FCE and coils 
mounted on the ISPR structure as shown in Figure 3. 
The system includes Position Sensing Device (PSD) 
Assemblies which allow position and orientation 
tracking of the FCE relative to the ISPR. The system 

also includes four Accelerometer Assemblies (three 
located on the FCE, the other located in the MVIS 
Electronics Unit (EU)) for monitoring the FCE and 
ISPR accelerations. 
 

 
Figure 3 The MVIS system 

 
In the case of the operations execution for the 

realization of the MVIS experiment, the reference 
role and responsibilities as well as the ground 
infrastructure architecture are the same for the 
operations on FSL, at the end MVIS is a subsystem 
of FSL, but a close coordination is required with the 
Canadian Space Agency (CSA) which is the 
developer as well as the PI of the MVIS experiment. 

This situation implies that a physical and logical 
link has been implemented with the CSA Payload 
Operation Center (PTOC).  

In this concept, the FRC is responsible for MVIS 
operations. The CSA Payload Operation Center 
(PTOC) monitors the performance of the MVIS 
system and provides suggestions to the FRC to 
improve the quality of the microgravity environment. 

 

 
Figure 4 Overall sketch of the MVIS scenario 
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II.D The MSG / Sodi Scenario 
The Selectable Optical Diagnostics Instrument 

(SODI) is a Class-2 Payload for scientific 
experiments in the field of fluids on board the 
International Space Station. The payload is equipped 
with various optical diagnostics, such as Mach-
Zhender Interferometer, Particle Image Velocimetry 
and Near Field Scattering.  
This design has been expressly conceived to study 
diffusion phenomena and Soret effects in liquids 
(SODI DSC), to discern the influence of vibration 
stimuli on these phenomena (SODI IVIDIL), and to 
study the aggregation of colloidal solutions (SODI 
COLLOID). Flexibility for investigating such a large 
spectrum of subjects has been achieved by resorting 
to an original modular architecture (several 
subsystems which can be installed or not, depending 
on the category of phenomena to be investigated).  
SODI also makes use of the potentialities offered by 
the Microgravity Science Glovebox (MSG).  
Developed by the ESA and integrated by NASÁs 
Marshall Space Flight Center (MSFC), the MSG 
(Figure 5) is a Class-1 Facility currently located in 
the ISS Columbus module (close to the FSL).  
 
 

 
Figure 5 MSG isometric view 

 

 
 

Figure 6 Example of crew involved in assembling SODI 
inside the MSG Work Volume 

 
The strong NASA-ESA interplay in the definition 
and implementation of SODI typical operational 
concepts, together with the related involvement of 
several centres and entities on both NASA and ESA 
sides with different functions and responsibilities, has 
led to a very complex operational scenario, as 
discussed in detail in the SODI Mission Operations 
Implementation Concept, [FRC-MARS-PL-00013],  
Vers.: 2.6,  01 Sept. 2010. 
In such a framework, MARS has taken care of many 
aspects: Definition of the staffing concept and 
console coverage schemes, JOIP (Joint Operation 
Interface Procedures) for USOC/POIC Interactions, 
JOIP for USOC/MSG FOT Interactions, JOIP for 
MARS/E-USOC interactions, Payload Regulations, 
PES (Payload Developer Engineering Support) 
concept, crew PODFs (Payload Operations Data 
File), ground PODFs for troubleshooting and facility 
recovery, etc. 
The following provides a focused synthesis of the 
involved Payload Operations Teams (real-time and 
off-line), their locations and the expected support 
(console or off-line) during the different phases of the 
launch, in-flight and return operations. Furthermore it 
includes a description of the ground segment services 
configuration and data flow implemented in support 
of the in-flight operations. 

I. Telespazio (MARS) 
Mars-Telespazio (call sign MARS) is the FRC 
assigned by ESA for the three SODI experiments. As 
such MARS is in charge of taking care of crew 
activities, receiving the full range of SODI telemetry 
(health & status data, scientific telemetry), 
commanding the SODI Payloads, providing SODI 
console positions during SODI active on-orbit 
phases, monitoring system characteristic parameters, 
and playing a leading role in anomaly resolution 
processes. In addition, for the DSC experiment, 
MARS also plays the role of USOC, taking care of all 
scientific operational aspects and providing support 
as required to the PI.  



IAC-10.A2.7.3 

 
American Institute of Aeronautics and Astronautics 

 
 

6

II. E-USOC 
The Spanish User Support and Operations Centre, E-
USOC, located in Madrid, Spain, is responsible for 
all scientific operational aspects of the SODI-IVIDIL 
and SODI-COLLOID experiments. 

III. CREW 
For nominal flight operation of SODI, minimal crew 
interaction is required. Crew operations are normally 
required only for installing SODI hardware inside 
MSG, changing the cell arrays and related hardware 
as necessary. 

IV. PI/UHBs 
PIs are typically interested in the execution of 
experiment runs of a particular SODI Cell Array. 
During an experiment run the PI may either be 
located at the USOC or, in coordination with the 
USOC operations team, the PI may be located at the 
home site (User Home Base). 

V.  POIC 
The Payload Operations Integration Center (POIC) at 
MSFC provides the single point-of-contact for ISS 
real-time US-payload complement operations to the 
ISS Mission Control Center-Houston (MCC-H). The 
POIC provides real-time payload operations 
functions for payload support systems and payloads. 
The main interface for SODI operations to the POIC 
cadre is the MSG Ops Team, who coordinate all 
MSG operations. In general, however, some limited 
interfaces between the USOC and the POIC cadre are 
necessary to coordinate, e.g., real-time commanding 
or potentially contact with the Crew.  

VI. MSG Flight Operations Team (FOT) 
MSG Ops at MSFC hosts the MSRR-1 Flight 
Operations Team (FOT) and operates as a member of 
the POIF. Any commanding required of the MSG 
subsystems not delegated to SODI USOCs is 
performed by MSG Ops.  

VII. SODI Engineering Support Function 
SODI Engineering Support is provided by industrial 
engineering support teams from the Payload 
Developer at QinetiQ. This site is connected to the 
European ground segment via Public Internet and 
will be on-call during nominal operations. The 
engineering support team is provided on-site at 
MARS or at E-USOC depending on the specific 
activity to be performed. 

VIII. Role of ESA  
Responsibilities of ESA Payload Operations Manager 
and Mission Science Office include the following 
aspects: 

• Science and Payload Operations 
Coordination / Management 

• Planning and re-planning assessment in case 
of major changes, including coordination 

with POIC, if required for cross payload 
impacts, or impact on US Payloads or 
changes in resource allocations 

• Conflict resolution in payload operations 
and science requirements 

• Acquisition, distribution and report of 
Payload Operations and Science 
achievement 

• Mission Status 
• Coordination of specific science 

requirements / P/L Operations issues directly 
with the USOCs involved 

 
NASA provides the required communication 
infrastructure with a number of communication 
services and tools.  
Communications infrastructure related to telemetry 
receiving, file transfer and services like IVoDS 
(Internet Voice Distribution System) are centralized 
in Huntsville Operation Control Center (HOSC). 
MARS has resorted to the TReK (Telescience 
Resource Kit) Telemetry Processing application of 
the NASA TReK suite for reception of SODI 
scientific and Health & Status cyclic telemetry, and 
any other relevant station data from the POIC (Figure 
7).  
 

IBM

POIC

EHS

Internet

MARS

TReK
SMCD

TM

 
Figure 7: Sketch of Telemetry 

Processing/Visualization Systems at MARS 
 

 
 

Figure 8: SMCD  (MARS): SODI Main Display 
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The nominal communication path for TReK data 
exchange between MARS and POIC is via Internet 
using UDP protocol. 
In addition, MARS has developed the SMCD 
(Science Monitoring Control & Distribution software, 
Figure 8), a graphical application (Human Computer 
Interface) for monitoring relevant payload data. This 
software receives telemetry data directly from TReK 
TM Processing application installed at MARS site. 

III. Operation execution and lesson learned 
 
Starting from the experience on operations on FSL, 

MVIS as well as on SODI, which means on a class II 
payload, operated in direct coordination with NASA, 
even if always under the supervision of ESA relevant 
interfaces, additional lessons learned can be now 
discussed in addition the ones already reported in 
reference 9. 
The lessons learned have been linked to specific 
events or experiences done during operations, but an 
effort has been done in order to identify potential 
improvements applicable to general categories of 
events and processes. 

III.A Crew activities and Payload Developer 
Engineering Support 

MVIS engineering have been called to directly 
participate to the operations, sharing the console with 
the MARS OPS leader, this solution has lead to a 
very effective way to handle the operations 
themselves,  expecially for those with crew 
involvement.  
Moreover, the several issues encountered during the 
MVIS commissioning part 1 have been easily solved 
owing to the presence on site of both CSA and TAS-I 
team.  
Both the examples described above represent a good 
lesson learned for the next operations. For critical 
activities it is recommendable to have engineering 
team on site rather than a remote or off-line support. 

As regard SODI Hardware, it was installed inside 
the MSG Work Volume on 23rd Sept. 2009. 
As per ESA's explicit decision, PD experts were not 
at MARS during such a critical phase (they were at 
E-USOC premises, available on call in case of 
problems). 
The hardware installation, under MARS operators 
supervision, was successfully executed by the crew. 
The astronauts, however, reported to ground some 
doubts concerning the presence of glue on the disks 
and an unexpected contact between the cell array and 
the optical modules. After consulting PD experts, 
MARS operators provided relevant information to the 
crew within 15 minutes. Such a delay was the 

consequence of not having PD experts at MARS 
premises (MARS operators had to contact them by 
phone while they were at E-USOC premises). 
Lesson Learned: 
During critical phases of the operations as facility 
commissioning and execution of the first experiment 
run, the PES support shall be provided with PD 
personnel at premises of the USOC that at that time is 
responsible for the considered operations. 

III.B Interface USOC/ESA/IOT/NASA in case of 
anomalies 

According to MARS experience with the SODI 
experiment, it seems that “characteristic times” of 
NASA and ESA often differ on many processes. This 
happens in several frameworks. 
As a first example, on the NSA side, when the USOC 
operators are on console and an anomaly occurs, the 
operator is expected to provide information to the 
POD in a very timely way. Same concept applies to 
the preparation of PARs (NASA Payload Anomaly 
Reports) and related conclusions (NASA expects the 
operation team to fix the issue in relatively short 
times).  
Some of the discrepancies between NASA and ESA 
“times” comes from the different concept they use for 
operations: on the ESA side the operations are under 
the responsibility of the USOC with the PD providing 
support (PES) in a more or less timely way, whereas 
on the NASA side PD operators take care of 
operations directly. On the  ESA side, the resolution 
of an anomaly generally needs an MRB (Material 
Review Board) meeting/telecon that, unless an 
emergency option is invoked, takes a relatively long 
time (even months according to MARS experience 
with SODI IVIDIL). This is often the source of 
“complains” from NASA about the reactivity of the 
USOCs. 

To somehow fix this kind of problems, it is  
recommend, in the case of ESA payloads hosted in 
NASA facilities, that the PES is guaranteed to the 
USOCs in the most continuous mode (it may be 
considered to provide to the PD a voice loops system 
to make communications between the PD and the 
USOC easier and faster). Also it is recommended to 
instruct NASA about the typical ESA processes in 
case of anomalies (SPR System Problem Report, 
MRB, etc) because, in general, they seem not to be 
aware of such concepts. Also, to shorten typical times 
required for closing the SPRs, it is recommended to 
use the “emergency” option as a default option for 
MRBs when a PAR is initiated by NASA. 
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III.C Crew activities with payloads based on a 
modular concept. 

For payloads (such as SODI) resorting to an 
extreme modular concept (many parts to be 
assembled together with many cables and connectors) 
it is heartily recommended (to the planners) not to 
fragment the activity because this may significantly 
increase the probability of having errors by the crew. 
Also, it is recommended not to involve non-trained 
astronauts in operations for such payloads and not to 
schedule operations related to such payloads as 
“voluntary science”. 

IV. Conclusion 
This paper reports on new lesson learned during 

operations carried out at MARS by performing the 
last increments directly working on the FSL, as well 
as on a class II payload in the NASA MSG, trying to 
identify improvement to propose for real-time 
operations and for the management of processes and 
relevant interfaces also during the operation 
preparation; some categories of events and processes 
with the associated lessons learned have been 
reported. 
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