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The Planck Mission
3rd CMB space mission - 1st ESA in 

collaboration with European, US and 
Canadian scientific community



Mass 2˙000 kg
Power 1˙600 W
Size 4.2 × 4.2 m
Cost 600×106 €



50˙000 electronic components
3 cooling stages 20 K, 4 K, 0.1 K

36˙000 l 4He
12˙000 l 3He



11˙400 Documents


20 yrs between project & results


2 instruments & consortia LFI & HFI
16 countries

400 researchers


Nominal life: 14 months, 2 sky surveys
Extension: 5 surveys LFI & HFI (+ 3 LFI)

The CMB gives us the picture of the Universe 
at the early times (recombination), its 

properties (cosmological parameters) have 
not changed since then. Using the CMB those 
numbers are measured with high accuracy 
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The Euclid Mission
 ESA M-size mission, to date 13 

European countries (Austria, Denmark, 
Finland, France, Germany, Italy, the 

Netherlands, Norway, Portugal, Romania, 
Spain, Switzerland and UK), NASA and few 

US laboratories


Mass 2˙100 kg
Payload Mass 855 kg

Size 4.5 × 3.1 m
Telemetry 855 Gbit/day



36 × 16 × 106 Visible CCD pixels
16 × 4 × 106 NIR detector pixels



Launch date Q1 2020


2 instruments VIS,NISP & 1 consortium

~100 institutes
>1000 researchers



Nominal life: 6.25 years

Euclid: a space telescope designed to 
explore the dark Universe. 

The mission will map out the large-
scale structure of the Universe across 

10 billion light years, revealing the 
history of its expansion and the 

growth of structure during the last 
three-quarters of its history



http://www.esa.int/Our_Activities/Space_Science/Euclid_overview 
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LFI  Low Frequency Instrument 
HFI  High Frequency Instrument

LFI
30 GHz
44 GHz
70 GHz

HFI
100 GHz
143 GHz
217 GHz
353GHz
545 GHz
857 GHz
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LFI:
Ø  2 × 11 Radiometer Chains
Ø Differentiated schema
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acquired by the REBA that decides, on the basis of the activation table, which packets (either 
science or diagnostic) have to be produced. The whole set of HK is continuously acquired and 
sent to ground. This mode is the nominal for the LFI observation operations. 

5. EXTENDED SCIENCE: This mode is similar to the previous except that for the total amount 
of telemetry sent to the ground. In fact this mode shall be used when, in particular cases, (e.g. 
calibration…) a larger telemetry rate is needed and made available by an agreement with HFI 
and the CDMS. 
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DAE
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SCIENCE

EXTENDED
SCIENCE

CMD
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REBA OFF

CMD
DAE ON

CMD
DAE OFF

CMD

CMDCMD

CMD

CMD

CMD  
Figure 3-2 LFI Operating Modes and their nominal transitions 

 
During launch, for contingency situations and/or to allow diagnostics of other spacecraft 
subsystems (e.g. HFI or others) LFI is in the OFF mode. When, upon a command from ground the 
REBA powered off; the instrument is in its STAND-BY mode. A step-by-step bootstrap procedure 
commanded from ground documented by HK is initialized to turn the DAE on. This sets-up the 
internal communications, and allows the LFI subsystems to collect and deliver a full set of HK. The 
instrument is in DAE SET-UP mode. The following step is to upload from ground the DAE settings 
and processing parameters; then, to switch on the RCA on ground command. At this stage, on 
ground command, the acquisition of science data can start. A further step is needed to move to 
NORMAL SCIENCE, namely start processing and compressing the science raw data. When this is 
accomplished, science packets can be sent to ground. 
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Phase # 5-01-b
Test name: Switch on of LFI up to DAE setup mode (with science production on)

Test objectives:

Verification matrix

Check Passed? Recovered?
Yes No Notes Yes No

REBA self check achieved N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

With the objective to monitor the cool-down of the FPU during this phase the LFI is switched on
in DAE Set Up mode. In this configuration LFI will send HK telemetry from DAE and from
FPU sensors.

No unexpected events packets 
(LFI IOT expects OOL alarm for 
the FPU sensors)

During the switch on the LFI front end modules were unexpectedly biased. This 
because the wrong switch on procedure was used by the TAS operator. This situation 
was immediately recognised by the LFI IOT and the situation brought back to normal. 
This did not have any impact on the instrument and on the test that was resumed 
and completed successfully

Power consumption within the 
ranges of the expected values

REBA/DAE HK telemetry arrives 
as expected

REBA and DAE synchronisation 
achieved

Phase # 5-01-b
Test name: Spike test 01

Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No

N/A N/A

N/A N/A

Once the Scientific Telemetry is active and the SCS cool down is proceeding this 
test can be conducted in parallel and it will used for a reference point because 
the same test will be repeated during the flight commissioning phase.

No unexpected events packets 
(LFI IOT expects OOL alarm for 
the FPU sensors)

Data saved and stored in the I-
EGSE

Phase # 5-02-c
Test name: CRYO 01

Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No

No unexpected events packets N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

This test is dedicated to the radiometer part of LFI and it will be used during flight. 
This procedure is basically the same procedure run during IST in the commissioning 
stand alone phase, apart the exercise of the memories that is out of the scope of 
this test, moreover this time all the power groups are switched on so all the FEMs 
are exercised.

Science production telemetry as 
expected

Every ACA is responding to 
biases stimuli as expected

Saturations have been found in a few channels (18 S, 27 M) 
even with the maximum DAE offset applied. This has been 
solved by lowering the Vdrain.

Every P/S is responding to bias 
stimuli as expected

A change in the value of I1 was needed to see the sky/ref 
separation in #2500, #2210. The main arm of RCA#28 does 
not revert to the initial condition after the test. This was 
expected (see NCR XXX).

Correct cryogenic biases are 
applied

No unexpected features (spikes, 
pop-corn noise, etc)

Phase # 5-02-c
Test name: Initialisation

Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No

N/A N/A

To speed up the SCS cool down the FEMs will be switched off using the following 
procedure. The Biases applied are the one for which no current will flow in the FEU. 
LFi will be left in listening in Nominal Science production.

No unexpected events packets 
(LFI IOT expects OOL alarm for 
the FPU sensors)

Phase # 5-02-c
Test name: Spike test 02

Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No

N/A N/A

N/A N/A

Once the FEMs have been initialized Spike test can be performed. It can be 
conducted in parallel with the SCS cool down and it will used for a reference point 
because the same test will be repeated during the flight commissioning phase.

No unexpected events packets 
(LFI IOT expects OOL alarm for 
the FPU sensors)

Data saved and stored in the I-
EGSE

Phase # 5-02-d
Test name: Switch on LFI

Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No

No unexpected events packets N/A N/A

N/A

Once the temperature of the FPU has reached 20K LFI will be switched on again 
in order to start with its functional tests. The time when LFI is needed to be on 
again is driven by the SCS team. The previous test must be completed before 
switch on LFI.

Drain currents are within 
expected margins

Many of the drain currents were out of the expected limits. 
See table below. As a result the contingency test has 
been run. New current limits will be updated in the 
database

Phase # 5-02-e
Test name: TSA and SCS tuning

Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No

No unexpected events packets N/A N/A

N/A N/A

The test described in this Phase is a SCS test and adjustment of its LUT 
parameters but LFI will be in listening Nominal Science processing mode, and 
it will collect data that will be used to look at mutual effects induced by the TSA.

No unexpected features on HK 
and Science TM

Phase # N/A
Test name: Drain current contingency procedure

Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No
N/A N/A

N/A N/A

In order to find check the suitability of the matrix tuning tables, this procedure 
exercises all the radiometers in Vg1 and Vg2 and verifies the corresponding drain 
current

No unexpected events 
packets 

Data acquired and stored in 
EGSE

Phase # 5-03-b-0
Test name: Cryogenic functional test CRYO_02

Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No

No unexpected events packets N/A N/A

Power consumption as expected N/A N/A

N/A N/A

This test is basically the AMB 02 performed this time at cryogenic temperature 
with front end module at 20 K stable temperature. The procedure is the same but 
the values (Id currents) to reference with are the one obtained during the cryogenic 
test at FM level. The procedure is reported for convenience.

From Warm Functional test Procedure (WFT)
PL-LFI_PST-PR-017

Current consumption from FEMs 
as expected

From Warm Functional test Procedure (WFT)
PL-LFI_PST-PR-017

Phase # 5-03-b-1
Test name: P/S tuning verification

Test objectives:

Verification matrix

Check Passed? Recovered?
Yes No Notes Yes No

No unexpected events packets . N/A N/A

N/A N/A

N/A N/A

N/A N/A

No unexpected features

The main objective of the test is to perform a verification of the balance of the two 
diodes in each PS of each FEM unit. The test is performed only on the 33 and 
44 GHz RCAs, as on the 70 GHz radiometers the currents are maximized in order to 
reduce the transition time of the output signal between the two states of the PS. 
In principle the nominal bias condition derived from the RAA tests shall be the 
optimal one. The test is performed on each ACA, biasing each channel separately. 
For this purpose the ACA coupled with the one under test is switched-off. The 
phase switch is activated, thus producing two different output signal traces for the 
radiometer under test when the PS is not balanced. The balancing 
philosophy is described in the procedure

Every P/S is responding to bias 
stimuli as expected

Best balance output values of 
PS consistent with FM test 
results

Most of the tested RCAs show good agreement with FM 
test results.

Correct biases for P/S balancing 
Applied and Checked

M1 and M2 ACAs of LFI28 switched on with no soft proc, 
causing a saturation that prevented the phase switches on 
M1 to be tuned. NCR XXXX opened. Tuning recovered 
with a dedicated test. Changed switch on procedure of 
LFI28 for tuning

Phase # 5-03-b-2
Test name: ACA tuning verification step 1

Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No

No unexpected event Packets N/A N/A

N/A N/A

N/A N/A

The scope of this test is to check the optimisation of the radiometer noise 
temperature by tuning the Vg1 and VG2 of every LNA for each channel. 
Given the two radiometer channels M1 and M2, when tuning channel M1 (Vg1,Vg2) , 
channel M2 (which is coupled to channel M1 through the two hybrids) is still on 
with (Vg1,Vg2) nominal value set.. Channels S1 and S2 are on, in order not to 
impact on the overall power dissipation on the FPU thus affecting its temperature
stability (this test has to be done if and only if FPU temperature is stabilized after TSA tuning).).
The procedure is repeated for all other instrument channels.
To speed up the execution of the procedure the sequence is build in order to 
perform the tuning in two different ACAs in parallel. The chosen ACAs are belonging 
to different power groups in order to minimize the coupling between radiometers 
biases.

Every ACA is responding to 
Biases stimulus as expected

Oscillation occurred on amplifier LFI24S1 during switch on 
before its tuning phase. The problem was studied as part 
of NCR YYYY. A procedure for removing/avoiding 
oscillation was studied and is reported in PL-LFI-PST-
TN-087. The tuning of this device was recovered using 
data from matrix tuning step 2 and step 3

The data file has stored properly 
(LIFE check)

The temperature of the 4K target 
is not lower than 18K before 
completion of procedures.

Phase # 5-03-c
Test name: ACA tuning verification step 2

Test objectives:

Verification matrix

Check Passed? Recovered?
Yes No Notes Yes No

No unexpected event Packets N/A N/A

N/A N/A

N/A N/A

N/A N/A

The objective of the test is to perform the second step of the Matrix Tuning. 
This is basically a repetition of the procedure used for the step 1 with the difference 
that the 4K target Load temperature is decreasing towards the 4K.

Every ACA is responding to 
Bias stimuli as expected

The recovery procedure for the RCA24 S1 was applied to 
avoid the problem of step1. Updated bias table after 
RCA24 tun dry run. 

The data file has stored properly 
(LIFE check)

The temperature of the 4K target 
is not lower than 10K.

Phase # 5-04-d1
Test name: ACA tuning verification step 3

Test objectives:

Verification matrix

Check Passed? Recovered?
Yes No Notes Yes No

No unexpected event Packets N/A N/A

N/A N/A

N/A N/A

N/A N/A

Once the 4K load has reached a stable temperature the last run of Matrix tuning 
could be performed. At the end of the test data will be analysed and a list of 
optimum point will be prepared to be uploaded in to LFI.

Every ACA is responding to 
Biases stimulus as expected

Data analysis has performed 
successfully

Optimal VG1 and VG2 Values 
are uploaded in the LFI 
configuration.

Phase # 5-04-d3
Test name: DAE offset verification

Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No

No unexpected event Packets N/A N/A

N/A N/A

The objective of this test is to exercise the offset circuitry in order to verify the DAE 
offset value at the end of the amplifier chain. During the FM test was discovered 
that the offset value applied by circuitry has some dependence from the input signal, 
so a sort of calibration/adjustment activity is foreseen to obtain data that could be 
checked for performances of the instrument. (Refer to FM Test Report or to NC 4122)

All Data to perform Data 
analysis stored and saved.

Phase # 5-04-d-4
Test name: Reference functional test “flight like sequence”

Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No

No unexpected event Packets N/A N/A

The objective of the test is to perform a complete functional test of the radiometric part in stable
temperature condition. The sequence of the test is completely different from the Functional test
(Phase 5-02-c) because all the radiometers are already on. The aim of this test is also to perform
a functional test that mimics the one that will be done during flight and will be the reference
point for any other functional test during mission. (For instance if there is the need to perform a
functional test in one of the radiometer because some problem occurred, there is in principle no
need to switch off all the other radiometers to perform the test. All radiometers are kept on and in
this way science can be stored). This is more a reference point than a functional one because at
this point LFI is surely functioning as expected so procedure could be faster than the one used
during the CRYO-01 and data analysis could be done in parallel with other activity.

Every ACA is responding to 
Bias stimuli as expected

Non nominal behaviour observed in LFI25 (all detectors) and LFI24M-00 
during a non-nominal operation during the reference functional test 
(“double” separated traces when the phase switches are not switching)

Phase # 5-04-d-5
Test name: DAE tuning verification
Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No

No unexpected event Packets N/A N/A

N/A N/A

N/A N/A

The objective of this test is to find the correct offset and Gain values of DAE for each output
signal in order to have the best performance in signal resolution.

Output signals in Volt are 
between 0.25 and 2 Volt

No unexpected features (Spikes, 
current drops...)

Phase # 5-04-d-2
Test name: Tuning verification with 4K load T modulation

Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No

No unexpected event Packets N/A N/A

Data collected and stored N/A N/A

A periodic temperature modulation is required on the 4K Load target in order to reconstruct the
signal over noise ratio in different V gate biases condition. The objective is two folds: first
objective is to check if it is feasible in order to have a very powerful mean of biases adjustment
in flight even far away from the cool down completion, and second it will be a reference point
for the flight. This test is dependent on the real temperature fluctuations coming from the flight
4K load so it was impossible to simulate during the ILT.

Phase # 5-04-d-6
Test name: REBA tuning verification

Test objectives:

Verification matrix
Check Passed? Recovered?

Yes No Notes Yes No

No unexpected event Packets N/A N/A

N/A N/A

N/A N/A

Some parameters in the REBA have to be optimized in function of the signal input to have the
best performance of the compressor. The optimization is done by software but there is the need
to acquire some data for each radiometer in Type one mode with nominal N Averaging
parameters.

No unexpected errors during 
software optimization runs

List of REBA Parameters 
updated in LFI

Phase # 5-04-d-7
Test name:

Test objectives:

Yes No Notes Yes No
The compressor ratio is 2.4 
average value between the 44 
output channels

Minor mis-typing error that causes an even lower TM rate but signal too 
much quantized. Recovered

No unexpected Event packet

No unexpected features in the 
FFT analysis

Recovered?

REBA checks and stability tests
The objective of this test is to acquire a long test in stable condition to perform a detailed FFT
analysis in order to find any long period disturbance. The same data will be used to check the
successful of the optimization of the REBA parameters tuning. The driver for the time needed to
complete the procedure is given by the latter objective because the Calibration Channel takes 11
hours to complete the cycle through the 44 radiometers.

Verification matrix

Check Passed?

Phase # 5-04-d-7
Test name:

Test objectives:

Yes No Notes Yes No

No un-expected Event packet

No unexpected features in the 
FFT analysis

There are indeed one unexpected feature in the sense that spikes are 
not clearly visible. 

Recovered?

Spike test 03
The objective of this test is to collect data with and without the DAE HK sequencer enabled.
This configuration will be used as a reference point for a similar test that will be performed when
both instruments will be on.

Verification matrix

Check Passed?

 Too complex!!!
Thousands of TCs… 

In-flight calibration and verification of the Planck-LFI instrument
A Gregorio et al 2013, JINST 8 T07001

DOI: 10.1088/1748-0221/8/07/T07001
97 pages!!!
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Simulations
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VIS Visible imager                                
NISP Near Infrared Spectrometer and Photometer
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1.  Following operational code start-up,  ‘enable mode transition’  command  must  be  sent  before  mode  
transitions can commence. Failing to do so will result in rejecting mode transitions command. 

2.  Mode transitions can proceed only through the arrowed lines. Any violation will result in the mode 
transition being rejected. 

3.  Safe mode can be invoked un-conditionally (red button) via s/c command or internal WE command. 
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Figure 1 : NISP instrument operating modes and transition between modes sketch. 

BOOTSTRAP 
PHASE 

NISP:
Ø  Slitless spectrometer 
Ø A three bands photometer
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To monitor and update the instrument model, a number of 
calibration steps are required involving astronomical source 

observation and on-board calibration hardware
Ø Photometric Calibration (absolute, relative, cross-calibration…) 

Ø  Calibration source, dark exposure, absolute sources…
Ø Spectroscopy Calibration (wavelength, background subtraction, 

spectro-photometric, deep field monitoring, flat field…)
Ø  Calibration source, absolute source, emission lines sources, open cluster, 

deep field…
Ø Detector Calibration (flat field, dark field, bias control, on/off check..)

Ø  Calibration source, long dark exposure, short dark exposure

 Possibly less complex calibration 
procedures but require a continuous 

support and planning by the IOT 
(Instrument Operation Team)
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 Mission Operation Center 
(ESA/ESOC - Germany)  Data Processing 

Centers
 LFI Trieste

 HFI Paris

 Ground Station 
(Spain, Australia)

 2-5 hrs/day

0110101 
1110110  every 6 

months

BAO 

24 hrs/day
6-7 days/week
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 Mission Operation Center 
(ESA/ESOC - Germany)

 LFI Trieste

 Ground Station 
(Spain, Australia)

 2-5 hrs/day

0110101 
1110110  every 6 

months

SDCs 
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24 hrs/day
6-7 days/week
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LFI off-line verification and tuning, 
used to test “her” at different 

integration level: 1st release for 
instrument level tests, evolved to 
integration tests and operations

Ø  Check proper operation of critical 
parts of the instrument

Ø  Measure quantities needed for data 
analysis (white noise level, knee 
frequency, …)

Ø  Calibrate the instrument and 
perform susceptibility tests (impact 
of temperature fluctuations)

Ø  Produce daily quality reports and 
analyze anomalies in the data

Ø  Analyse systematic effects

Languages and libraries: IDL and C++
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Ø Instrument - from ILT to in flight calibration
Ø Design and build the instruments so that it can be tested and calibrated in 

a “reasonable” way! 
Ø  A complex instrument is not necessarily the best instrument

Ø Define successful criteria (verification matrices)
Ø Freeze calibration procedure (male/mad scientists…)
Ø On-board software: smooth transition and keep knowledge
Ø User Manual: keep everything in, updated (especially contingencies)

Ø Operations

Ø Define EGSE Standards, I/F, environments: Scos, Database/MIB tables, 
Raw TM, TC parameters, MOIS/CUS, RTA, QLA, IDT/IOT Level 1 sw, …

Ø SDC/SOC/IOT: define interfaces, roles and tasks, de-couple works, 
deliverables, schedule, who does what and when…

Ø Smooth transition from IDTs to IOTs 
Ø Quasi-automatic tools to plan and check instrument operations and the 

survey, to daily check data quality and flag data (Operation Plan)
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Ø Main Difference
Ø Planck – Cryo & Surveys   vs  Euclid – “Survey” (20˙000 deg2)

Ø Planck – PI mission        vs  Euclid – ESA lead
Ø Planck – 2 consortia        vs  Euclid – 1 consortium

Ø Planck – 2 DPCs running Level 1 pipelines (LFI, HFI)
Ø Euclid  – only the SOC running the Level 1 pipeline
Ø Euclid advantage: one industry (prime contractor) for both 

instrument electronics


Harmonization and smooth transitions can be the key-words
Discussion with industry and instrument teams … 



Ø Avoid heavy bureaucracy, flexibility is anyway required 

Ø Plan (wo)man-power!!!
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