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DECLIC is a multi-user facility to investigate critical fluids behaviour and directional solidification of transparent 

alloys. 
As part of a joint NASA/CNES research program, the payload has been successfully operated onboard the ISS 

since October 2009. 
 
The operations and the ground segment have been prepared and developed so that the payload is operated in an 

effective way from the CADMOS control center (Toulouse, France), by using most of the functions proposed by the 
NASA’s POIC (Payload Operations and Integration Center). 

 
For example, the internet is used as a connexion mean between the POIC and the CADMOS. The commands are 

sent via a secured connexion (VPN) while the telemetry is received via some non encrypted UDP ports. 
The operations have then been prepared in order to face the main limitations of the chosen way of connexion : 
 - Because the internet is not an operational network, and also in order to reduce the operations costs by 

avoiding having people on console 24/7 at CADMOS, the alarms are processed by operational teams at POIC who 
are able to issue emergency commands if needed. 

- Because the UDP is a connexion less protocol, some telemetry packets are lost (typically much less than 
1%). But, mainly because of the bandwidth limitations onboard the ISS, and because the DECLIC payload generates 
very large amounts of data (more than 1 TB since the beginning of operations), Removable Hard Disk Drives 
(RHDDs) are used to return the whole data to the ground as a reference data : the telemetry data is only used for real-
time operations and rough analysis by the scientists. 

 
This example, and few others (the use of existing softwares, a web server development so that the scientists can 

have a real-time view of the payloads from their lab etc...) are detailed in the paper showing how we have made the 
DECLIC operations effective and successful. 

 
The paper also discusses how DECLIC will take advantage of future ISS space-to-ground communications and 

HOSC ground systems services upgrades to further enhance the science collection opportunities of the experiment. 
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I. INTRODUCTION 
DECLIC is a multi-user facility to investigate 

critical fluids behaviour and directional solidification of 
transparent alloys. 

As part of a joint NASA/CNES research program, 
the payload has been successfully operated onboard the 
ISS since October 2009 ([1], [2] and [3]). 

This paper focuses on the operations and the ground 
segment, which have been prepared and developed so 
that the payload is operated in an effective way. 

The first part of the paper gives an overview of the 
DECLIC payload, while the second part is dedicated to 
the ground segment presentation. 

The third part explains how DECLIC is monitored 
and, more specifically, how the alarms are worked on. 

Then, the fourth part gives a feedback of three 
successful operational years. 

Finally, the fifth part gives an idea on how DECLIC 
can take advantage of future ISS space-to-ground 
communications and HOSC ground systems services 
upgrades. 

 

II. THE PAYLOAD 
DECLIC has already been presented in details 

during past IACs [1], [2] and [3]. Its main functions are 
to provide services that are needed for experiments 
dedicated to the study of transparent media. Thermal 
regulation of the sample, temperature measurements, 
optical diagnostics, data storage and tele-operation are 
the main functions. 

The DECLIC instrument is accommodated in two 
Single Stowage Lockers (SSL), called the EXperiment 
Locker (EXL) and the ELectronic Locker (ELL), 
compatible with the ISS Express Racks.. 

 

 
Fig I: The DECLIC lockers. The ELL is at the 

bottom while the EXL is at the top and houses the 
insert. The electrical connections between both 
component and the water cooling connections (grey 
“pipes”) to the EXPRESS RACK are also visible. 
(Photo CNES). 

 
The ELL houses all the power, data handling and 

high accuracy thermal regulation electronics, and 
manages the whole system and the scientific experiment 
execution. Its operating system is LINUX. 
The ELL is the interface, for signal and power, with the 
EXPRESS RACK. The ELL also hosts a port into which 
a Removable Hard Disk (RHD) can be connected (see 
below how the RHDs are used). 

The EXL hosts the optical bench, providing various 
diagnostics like wide or narrow field of view, grid 
shadowing, light scattering, interferometers, light 
transmission measurement etc...). The EXL also 
receives the experiment container which is called the 
insert. 

Three inserts have been built so far, each of them 
being dedicated to a science domain: 

- Phase transitions near the critical point at 
room temperature, critical fluids and 
boiling crisis are studied thanks to the ALI 
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(Alice Like Insert), which contains SF6 
fluid. 

- Properties of high temperature 
supercritical fluid (water) are checked 
thanks to the HTI (High Temperature 
Insert). 

- Microstructures dynamics during the 
solidification of model materials are 
studied thanks to the DSI (Directional 
Solidification Insert). 

An insert accommodates a thermostat (ALI, HTI) or 
a pulling furnace (DSI), respectively containing a 
sample cell unit (SCU) or a cartridge with the material 
to be studied. It also contains most of the electronics 
associated with user dedicated sensors (temperature, 
pressure...). 

DECLIC has been developed in order to be “tele- 
operated”: most of the operations are executed from the 
ground and the crew tasks are very limited (RHDs or 
insert exchanges mainly). 
DECLIC was launched with the 17A Space Shuttle 
flight (August 2009) and installed in the ISS Express 
Rack 4. 

 
Fig II: The DECLIC payload fitted in the ISS 

EXPRESS RACK 4. The two DECLIC lockers are 
located in the top right quarter of the rack (photo 
NASA). 

III. THE GROUND SEGMENT 
The control centre for DECLIC is the CADMOS. 

The CADMOS is a User Support Operation Centre 
(USOC) located at the CNES (Centre National d’Etudes 
Spatiales) centre of Toulouse (France). 

The operations and the ground segment have been 
prepared and developed so that the payload is operated 
in an effective way, by using most of the functions 
proposed by the NASA’s POIC (Payload Operations 
and Integration Center) [3]. 

Fig III depicts how the data is transmitted from the 
payload onboard the ISS to the final user (the 
laboratories). 
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Fig III: DECLIC data paths overview. Command 

and Telemetry follow the black paths while the data 
stored on RHDs follow the blue path. 

 
Let us consider the Telemetry path as an example. 

The data is transmitted from the payload to the NASA’s 
ground system through classical ways : TDRS satellites, 
ground stations and networks.  

The Health and Status (H&S) packets are processed 
at POIC (NASA’s Marshall Space Flight Center, 
Huntsville, USA) level in order to check the payload 
status. 

The other packets are transmitted via UDP to the 
CADMOS. They are then processed by TReK 
(Telescience Resource Kit) workstations. TReK is a 
NASA furnished software that allows telemetry 
processing and commanding. 

The data is then forwarded to a webserver called 
VisuWeb. VisuWeb allows the scientists to look after 



63rd International Astronautical Congress, Naples, Italy. Copyright ©2012 by the International Astronautical Federation. All rights reserved. 

IAC-12-B3.4-B6.5.8         Page 4 of 9 

their payload in realtime from their laboratory. Fig IV 
shows a typical VisuWeb’s screen. 

 
Fig IV: VisuWeb server’s main page, showing real 

time values of parameters, last taken image and text logs 
coming from DECLIC 

 
Once a day, the whole data downlinked during the 

previous day is also made available to the scientists on a 
dedicated FTP server. 

As the bandwidth is limited onboard the ISS, and 
because DECLIC generates numerous data, it is not 
possible to download all the data through telemetry 
means. This is the reason why, at the end of each 
sequence, all the data is recorded on a Removable Hard 
Disk (RHD) which is sent back to the ground as soon as 
possible once it is filled. DECLIC was sent with 6 
RHDs. 

These data are the reference data which are archived 
in the CNES’ dedicated systems, to which the scientist 
connects in order to retrieve the needed data. 

 
Of course, safety constraints have been taken into 

account during the development of the ground segment 
and associated tools : identification, IP addresses 
filtering etc… 

 

IV. THE MONITORING 
IV.I. Need for a 24/7 monitoring 
The time needed by DECLIC to reach stabilized 

temperatures, even more when high temperature inserts 
are used, can be long. As an example, it takes one day 
or so to the HTI insert to be heated up to the critical 
temperature area. DECLIC has then to be run 24/7 
during several days: typical sequence duration is 3 
weeks. 

When DECLIC is operated, there are some testing 
configurations for which an anomaly can be a great 
issue. As an example, the HTI (High Temperature 
Insert) needs to elevate the temperature of the fluid 
sample up to 400°C (the critical temperature of water is 
374°C) at pressure levels of 22 MPa or so. As explosive 
items are not easily allowed onboard the ISS, it is 
requested to design pressurized systems so that they 
leak before burst. This is not a simple requirement to 
meet and the first cell tested on ground quickly leaked. 

An analyze of the issue showed that the cell had to 
be modified and that the heating and cooling of the cell 
should be of moderate slopes. 

A sudden power drop or thermal regulation loss can 
then induce a leak, the condition of a moderate cooling 
being not met anymore. This would be a critical event, 
leading to the loss of the insert. 

There are also less critical errors that can occur, but 
which have to be fixed (for example, a camera buffer 
mangle, if not fixed, can lead to a loss of all the images 
taken). 

The payload has then to be 24/7 monitored. 
 
IV.I. Monitoring architecture 
As shown in Fig V, there are several means to 

monitor DECLIC all along the Telemetry path, but there 
are also associated limitations. 

 

 
Fig V : DECLIC’s supervision means (green color) 

and their limitations (orange color) 
 
Onboard the ISS, the only monitoring devices 

implemented in DECLIC are a limited number of LEDs. 
The LEDs informations do not cover all the critical 

EXPRESS RACK 

DECLIC 
POIC CADMOS 

DECLIC’s Front 
Panel LEDs 

 

Health and 
Status 

Packets 

TReK alarms logs  
Text messages logs 
Synoptics 

AOS/LOS Non Operational 
Networks 



63rd International Astronautical Congress, Naples, Italy. Copyright ©2012 by the International Astronautical Federation. All rights reserved. 

IAC-12-B3.4-B6.5.8         Page 5 of 9 

events and the astronauts cannot look after DECLIC 
24/7. So, there is no monitoring of DECLIC onboard the 
ISS excepted in case of troubleshooting when the LEDs 
may give interesting information (during an anticipated 
reboot for example). 

When the telemetry reaches the ground, it is 
processed by the POIC, where the GCPs (Ground 
Control Procedures) give the operations to perform in 
case of an error arising in the H&S (Health and Status) 
data packets. The H&S packets only contain the most 
critical errors and the POIC may have, in a few cases, to 
issue an emergency command to DECLIC in order to 
recover a safe configuration. 

We chose to have this performed by the POIC, and 
not the CADMOS, for two main reasons : 

- The internet is not an operational network 
and the CADMOS is connected to the 
POIC through the internet. In case of an 
issue in the internet, the DECLIC ground 
systems could not receive telemetry for 
hours. 

- This organization allows not to have 
operators on console 24/7 at CADMOS, 
leading to less expensive operations. 

The AOS/LOS (Acquisition Of Signal / Loss Of 
Signal) periods durations are compatible with the 
DECLIC errors. 

The non critical errors are processed at CADMOS. 
And because we do not have operators on console 24/7, 
it has been chosen to implement a SYGALE alarm 
system. SYGALE is a CNES proprietary system that 
looks after parameters values in a telemetry flow and 
messages in text logs. If a user defined limit on a 
parameter is reached or if a user defined error message 
appears in a text log, then SYGALE raises an alarm in 
several ways : it can call and leave a message on a 
mobile phone and/or send an SMS and/or send an E-
Mail. 
 

V. FEEDBACK FROM 3 YEARS OF 
OPERATIONS 

DECLIC is operated onboard the ISS since October 
2009.  

Over the 18 experimental sequences representing 
more than 7000 hours of operations, the monitoring 
architecture and organization have proved to be 
effective, and some great results have been obtained. 

Concerning the DSI insert, the flight sequences have 
shown unprecedented and unique 3D observations, 
while a first water critical temperature value has been 
approached for the first time in microgravity thanks to 
the HTI insert [1]. Data from the ALI sequences are still 
to be processed but the first results are very 
encouraging. 

 
Both critical and not critical errors occurred and 

were taken into account effectively. For example, 
during the first months of operations, several shutdowns 
and reboots occurred while the HTI was regulated at 
high temperature [2]. Those phenomenon are not 
explained yet but, each time, the associated power drop 
was detected at POIC and at CADMOS levels and 
commands were issued in order to put DECLIC in a safe 
configuration. 

 
Concerning the loss of packets, due to the UDP 

connection for monitoring (see chapter III), it has been 
measured several times all along the operations, and the 
loss rate is always below 1%, typically 0.05%. 

 
As explained in chapter III, the reference data (i.e. 

the data to be archived for processing by the scientists) 
is not the telemetry data but the data contained in 
Removable Hard Disks (RHDs) which are returned as 
soon as possible when filled. So the loss of packets, as 
long as it remains in the order of magnitude given 
above, is not an issue : the gathered data is enough to 
perform preliminary analysis in order to program the 
remaining part of a given sequence, or the next 
sequence. 

The following image gives an example of an image 
for which packets were lost. 
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Fig VI : Example of an image when 0.24 % packets 

are lost. An image is made from 843 telemetry data 
packets. The missing packets are characterized by black 
horizontal lines. 

 
During the 3 years of operations, we did not 

experiment any issue with the internet connection. 
Should an issue have occurred, the POIC could have 
issued an emergency command in order to safely switch 
DECLIC off. 

 
 

VI. BENEFITS FROM FUTURE SERVICES 
UPGRADES 

In the near future, ISS space-to-ground 
communications and HOSC ground systems should be 
upgraded. This chapter gives an overview of these 
upgrades and tells how DECLIC operations could 
benefit from them.  

 
VI.I. Ku-Forward Services  
The Ku-Forward Services will allow a payload 

customer, who’s payload has an Ethernet connections 
(medium rate link) on the payload operations LAN, to 
establish a direct file transfer and SSH connection with 
their payload using the Ku-Band uplink service to the 
payload operations LAN. Current file transfer services 
require the use of the payload operations 1553 bus (low 
rate link).  An uplink file must first be registered by the 
payload customer using the payload data library pre-
mission planning service.  The payload customer must 
identify the file size(s) that are required to be uplinked 
in the Payload Data Library (PDL).  Then during 
mission activity, the payload customer must transfer the 
file to a HOSC file transfer dropbox and request the file 
to be uplinked by submitting and operations change 
request (OCR). Once the OCR is approved,  the Payload 
Rack Officer (PRO) will uplink the file using the S-
band forward link services at a typical uplink rate of 
approximately 8kb/sec.   Using the new Ku-band 
forward link service, the payload customer is not 
required to pre-register the file uplink requirement in 
PDL.  Once the payload customer is enabled to use the 
Ku-Forward service, the customer can immediately 
begin the process for transferring the file directly to the 
payload using the approved file transfer protocol to be 
used for this service (CCSDS File Delivery Protocol- 
CFDP). Typical uplink rates can be as great as 10Mb/s.  
The advantages of this uplink service is significant as 
the payload customer has total control of the file to be 
uplinked as no preregistration is required and no one 
else is required to uplink the file for the customer, and 
the files can be uplinked at  a significantly increased 
uplink rates.  Also, once the CFDP protocol is approved 
for use, the payload customer can use this same protocol 
to downlink data files via the ku-band return link as 
well. 

Another use of Ku-forward services is to provide the 
payload customer with the ability to directly log-in to 
their payload using a secure telnet like service such as 
SSH or remote desktop services.  This will provide the 
payload customer with the ability to directly manage the 
payload’s data files and configuration without having to 
manage the payload using the traditional S-band uplink 
service of using single command sequence to manage 
file disk space, directory restructuring, or system 
configurations.  This service will also allow the 
customer to directly view the health of the payload 
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without the need to downlink health & status on a 
continuing basis thus saving the downlink bandwidth to 
support science data collection. 

VI.II Network Accessible Storage (NAS) Services 
Currently payloads are required to manage their own 

data storage needs do make sure they do not lose 
valuable science data due to any  ISS onboard or ground 
data distribution system unplanned outages, or limited 
downlink services due to Ku-band antenna blockage 
periods. Currently payload customers  must be able to 
predict the science data collection needs and ensure that 
this data is distributed to the ground before more 
science data collection runs can be conducted.  In some 
cases payload customers become dependent on data 
storage media that must be physically returned to earth.  
This can cost the customer  time, money, and science 
collection activities.  The NAS service will allow the 
payload customer to have access to temporary network 
accessible storage services that can be used to protect 
the customer’s science in a more cost effective manner.  
Used in conjunction with the new Ku-Band file transfer 
service, a payload customer can quickly retrieve the 
data that has been temporarily stored to avoid loss of 
data.  

 
VI.III. Delay Tolerant Network (DTN) Services 
In conjunction with Ku-Band uplink and downlink 

services, DTN services provides a payload  customer 
with a method to guarantee data delivery despite the 
intermittent nature of ISS S-Band /Ku-band services, 
and ground system public internet access to those 
services.  The DTN service can best be described as a 
store and forward service that uses interim network 
devices to receive, hold, then transmit data when 
connectivity to the next node in the network interface 
chain is available to support the data transfer.  The plan 
is to establish a DTN node onboard ISS for use by 
payloads that have a payload operation LAN Ethernet 
connection, and a HOSC ground system DTN node 
accessible by a payload customer via public network 
connections.  The concept is for a payload to transfer its 
data from the payload to the ISS DTN gateway. Once 
the ku-band downlink service becomes active, the ISS 
DTN gateway transfers the data to the HOSC DTN 
gateway.  The HOSC DTN gateway or node, then holds 
on to the data until the payload customer establishes a 
network connection to the HOSC DTN gateway.  At 
that time, the DTN gateway begins to transfers the data 
to the payload customer.  Should any of the DTN node 
interface be disrupted for any reason, the remaining data 
to be transferred waits for the link to be re-established 
and the remaining data gets transferred.   The DTN 
nodes will be able to keep data stored for typically 24 
hours before it gives up trying to transfer the data.  The 
service will also have the ability to tell the data source 
whether or not the data was transferred or deleted from 

the node so the source can retransmit if necessary. This 
service can also be used to support uplink services such 
as Ku-band forward link CFDP activities.  And lastly 
the services can be used to provide autonomous data 
transfers by  having the requesting node (the customer) 
request the payload to being a file downlink transfer and 
once the transfer is received by the source making the 
request, the requesting node can then automatically 
request the payload to start the next file transfer.  This 
cycle can continue in an autonomous fashion until all 
the required data has been delivered to the requester.  
This cycle will only be limited to the length or storage 
time each DTN node has been configured for.  

 
VI.IV. Benefits fro the DECLIC operations 
Thanks to the services depicted above, DECLIC 

operations will be more flexible in the future. 
- Nominal operations: data downlinks will 

be made easier. It will be possible to 
downlink larger files (containing images or 
log files) more quickly and without taking 
care of, for example, AOS/LOS periods. It 
may be possible to avoid the RHDs 
launches/returns, and have the data 
available to the scientists more quickly 
than today. 

- Troubleshooting: in case of anomaly, we 
will be able to downlink more quickly log 
files and/or configuration files. We will 
also be able to reach the payload more 
easily in order to perform configuration 
changes etc… 
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VII. CONCLUSION 
The DECLIC payload has been successfully 

operated since its launch, back in 2009. 
The operations are performed in an efficient way, 

thanks to ground segment architecture and the 
operations organization, which both use the POIC 
provided support.  
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