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Abstract 
 
The NASA/ESA/ASI mission “Cassini/Huygens” to Saturn encompassed the orbiting of the NASA 
spacecraft Cassini for four years around Saturn and the ESA’s probe Huygens deployment into the 
Titan atmosphere, the largest of the Saturn’s moon. The spacecraft  was launched on October 1997 
and arrived at Saturn in July 2004 after four gravity-assist swing by manoeuvres; Venus in 
April1998 and in June 1999, Earth in August 1999, and Jupiter in December 2000.   
 
After the separation with its mother spacecraft, “Cassini”, the probe, “Huygens”, descended into 
Titan methane atmosphere sending back scientific data of the Titan’s atmosphere composition. 
The Huygens mission was successfully completed with the landing of the probe on Titan surface on 
the 14th of January 2005. However one telemetry channel out of the two redundant channels on the 
Huygens probe did not operate properly, this cause a loss scientific data and prevented the nominal 
functioning of one of the instruments on board, the Doppler Wind Experiment (DWE). 
The problem with the telemetry channel was due to the omission of one command that should have 
activated a dedicated oscillator onboard the orbiter, Cassini. This lesson learned is thus addressing 
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simple principle design arrangements for the execution of commands devised in order to avoid the 
recurrence of similar failures,  an additional recommendation, derived from the successful strategy 
adopted for the telemetry of scientific data during Huygens mission, is also provided.  

Description 
 
The Huygens mission consisted in the descent of a probe into the Titan atmosphere, during 
which, the scientific instruments mounted on-board, performed several experiments aimed at 
collecting scientific data. The resulting scientific telemetry, along with the Huygens housekeeping 
data, were transmitted from the probe via two TM links called Channel A and B.  
The two links had the following basic characteristics: 
 Channel A -2040.000 MHz carrier frequency with Left Hand Circular (LHC) polarization 
 Channel B -2097.916 MHz carrier frequency with Right Hand Circular (RHC) polarization 
 The mission implied the transmission of the scientific data from the probe to the orbiter Cassini, 
which would have lately transmitted them to the earth Huygens Probe Operation Centre. 
 
HUYGENS TELEMETRY LINK 
 
On the probe were mounted two 10 watt S-band transmitters and two corresponding independent 
omni-directional antennas used for the two different channels (A and B). 
Each  transmitter on the probe was fed with digital telemetry (Non Return to Zero encoding) from 
a Command and Data Management Unit (CDMU), which built one telemetry frame every second 
for the science data, provided by the five instruments on board (ACP, DISR GCMS, HASI & 
SSP), plus one additional housekeeping packet every fourth frame. 
This fully redundant design (two transmitters and two CDMU) allowed for either the same or 
different data to be transmitted on each channel. 
 
The transmitters on each antenna had identical design, both using a Temperature Controlled 
Crystal Oscillator (TCXO) to generate a reference frequency. However, transmitter-A (used for 
Channel A) had an additional oscillator, the Transmitter Ultra Stable Oscillator (TUSO) designed 
specifically for the scientific purposes of the so called Doppler Wind Experiment.  
This Experiment aimed at appraising the intensity of the Titan’s wind by precisely estimating the 
minute Doppler frequency shift caused by Titan’s lateral wind. The peculiar stability of the Ultra 
Stable Oscillator was thus necessary to measure the small shifts on frequency caused by the 
lateral motion induced by the wind on the probe. 
 
The Transmitter Ultra Stable Oscillator (TUSO) was external to the transmitter A and could be 
selected by mean of a switch.   
 
 
CASSINI TELEMETRY LINK 
 
On the Cassini orbiter, was mounted a High Gain Antenna (HGA), which was connected to the 
Receiver Front End (RFE) containing two Low Noise Amplifiers. 
The Receiver Front End was connected to the Cassini Command Data Subsystem through two 
(one per channel) Probe Support Avionics (PSA), in which was performed the frame restitution. 
Both the A and B channel signals coming from the probe were acquired by the High Gain 
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Antenna on the Orbiter and amplified in the RFE, whilst for the signal reception, there were two 
different PSA for each channel. 
The two Probe Support Avionics had a similar design and used both a Temperature Controlled 
Crystal Oscillator (TCXO) to generate a reference frequency; the only difference between them 
was that the PSA dedicated to channel A, similarly to the probe transmitter-A, had an additional 
reference source, the Receiver Ultra Stable Oscillator (RUSO).     
As in the probe’s transmitter-A, the RUSO was external to the PSA and could be activated by 
mean of a switch.   
 
COMMANDS FOR ACTIVATION OF CRITICAL FUNCTIONS 
 
The default configuration of both transmitters on the probe and PSA receivers on the orbiter was 
that the TCXO were selected and powered on for both channel A and B, whereas the TUSO and 
RUSO were powered off and not selected. If the USO were to be used instead of the above 
configuration, both RUSO and TUSO had to be selected and powered on by two separates 
commands that were not interlocked. Besides, the relays for the two commands were of different 
design: 

• Latching relay for the command “USO selected”. 
• Non-latching relay for the command “USO powered on”. 

 
On the 3rd December 2004 during the F16 Checkout Review was decided to use the USOs in 
order to perform the Doppler Wind Experiment. 
The TUSO on Huygens was correctly selected and powered on while RUSO on Cassini was 
selected but not powered on; this was due to the fact that the command of power on the RUSO 
was omitted on the critical sequence implemented in the Cassini’s on board software.  
As a result, the receiver-A on Cassini operated without a frequency reference and all the data 
carried on channel A were lost, the DWE failed, although, by mean of the Doppler data collected 
from an earth based network of deep space  and VLBI antennas, it was possible to derive Titan 
wind.  
 
REDUNDANCY SCHEME 
 
In order to increase the potential scientific return of Huygens mission it was decided to distribute 
the science data between the two available channels, instead of duplicating data on both of them. 
This was done by ensuring, at the same time, the fulfilment of the baseline mission.  
The effectiveness of this strategy was proven when, despite the loss of channel A, no experiment 
other then DWE suffered a complete data loss.   
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COMMANDS FOR ACTIVATION OF CRITICAL FUNCTIONS 

 
Commands necessary to activate a same spacecraft/mission critical function must be 
tied together in hardware or in on board software. 
 

A.1.  Verify if there are two or more commands aimed at achieving the same spacecraft 
configuration or mission critical function. 

A.2.  If item A.1 is verified, ensure that the commands are linked together by mean of a 
hardware device or software. 

A.3.  If item A.1 is verified, implement the same relay design (e.g. latching, non-latching) for 
the commands.  

 
 
 
 
 

REDUNDANCY SCHEME 
 
Whenever two telemetry channels are available each channel must carry data that fulfil 
the baseline mission. 
 

A.1. Improve the scientific return above the nominal mission by optimizing the distribution of 
science data between telemetry channels (in case there is more then one channel). 

A.2. Ensure that the baseline mission is fulfilled 
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CHECK TITLE: I. COMMANDS FOR ACTIVATION OF CRITICAL FUNCTIONS 

ASSOCIATED 
LESSON LEARNED Telemetry Redundancy And Commanding of Critical Functions 

REQUIREMENT 
A.  Commands necessary to activate a same spacecraft/mission critical function 

must be tied together in hardware or in on board software. 
ACTION IMPLEMENTATION PHASE REVIEW 

A.1 
Verify if there are two or more commands aimed at 
achieving the same spacecraft configuration or mission 
critical function. 

DESIGN SRR-PDR-
CDR 

A.2 
If item A.1 is verified, ensure that the commands are 
linked together by mean of a hardware device or 
software. 

DESIGN SRR-PDR-
CDR 

A.3 If item A.1 is verified, implement the same relay design 
(e.g. latching, non-latching) for the commands.  DESIGN SRR-PDR-

CDR 
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CHECK TITLE: II. REDUNDANCY SCHEME 

ASSOCIATED 
LESSON LEARNED Telemetry Redundancy And Commanding of Critical Functions 

REQUIREMENT 
A.   Whenever two telemetry channels are available each channel must carry data 

that fulfil the baseline mission. 
ACTION IMPLEMENTATION PHASE REVIEW 

A.1 

Improve the scientific return above the nominal mission 
by optimizing the distribution of science data between 
telemetry channels (in case there is more then one 
channel). 

CONCEPT STUDY-UTILISATION 
DESIGN 

CONCEPT 
REVIEW-FAR 

A.2 
Ensure that the baseline mission is fulfilled despite the 
data distribution optimization. 
 

CONCEPT STUDY-UTILISATION 
DESIGN 

CONCEPT 
REVIEW -FAR 




