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The Tropospheric Monitoring Instrument (TROPOMI) on ESAs Sentinel 5 Precursor 
spacecraft was launched on October 13th 2017. Sentinel-5 Precursor is an ESA mission on 
behalf of the European Commission. The TROPOMI instrument has been developed under 
instrument prime responsibility of AIRBUS Defence and Space Netherlands BV and is 
jointly funded by ESA and the Kingdom of the Netherlands with NL Programme 
management by the Netherlands Space Office (NSO). The mission of this instrument is to 
perform observations on air quality and on sources and sinks of air quality and climate 
related gases and aerosols. TROPOMI is a passive Solar backscatter imaging spectrometer 
sensitive in several spectral bands from ultraviolet (UV) to Short Wave Infrared (SWIR), 
allowing deep penetration into the atmosphere, observing scattered radiation close to the 
Earth’s surface. The instrument’s spatial resolution of 7 x 7 km2 results in a high fraction of 
cloud-free observations. The wide swath range allows daily Earth coverage.  The four 2D 
detectors in the instrument (SWIR, NIR, UVIS, UV) are cooled down to temperature levels 
varying from 140 K to 210 K to reduce the dark current output 

This paper focuses on the in-orbit thermal observations, the correlation with the thermal 
predictions and the applied fine-tuning of the parameters in the active thermal control 
systems. Based on the correlated thermal model and in orbit observations, the extreme 
lifetime excursions have been re-assessed. The outcome of the in orbit validation has been 
used to define the final settings for the thermal control system in order to ensure full 
performance during the entire life time.   
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ADSN = AIRBUS Defence & Space Netherland BV 
ATC = Active Temperature Control 
CSL = Centre Spatial de Liège 
CU = Calibration Unit 
CS = Cold Stage 
DEM = Detector Module 
EGSE = Electronic Ground Support Equipment  
EMC = Electro Magnetic Conduction 
FOV = Field of View 
FEE = Front End Electronics 
ICU = Instrument Control Unit 
I-gain = integration gain factor for heater control 
IS = Intermediate stage 
K = Kelvin 
LEOP = Launch and Early Orbit Phase 

MLI = Multi-Layer Isolation 
NIR = Near Infrared 
OBM = Optical Bench Module 
OMI = Ozone Monitoring Instrument 
OSR = Optical Solar Reflector 
PFM = Proto Flight Model 
P-gain = proportional gain factor for heater control 
PWM = Pulse Width Modulation 
RC = Radiant Cooler 
SC = Spacecraft 
SPM = Spectrometer 
SWIR = Shortwave Infra-Red 
SWIRDET = Shortwave Infra-Red Detector 
TB = Thermal Balance 
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TBU = Thermal Bus Unit 
TBTV = Thermal Balance and Thermal Vacuum 
TCS = Thermal Control System 
TROPOMI = Tropospheric Monitoring Instrument 
TSS = Telescope Support Structure 

UV = Ultra Violet 
UVIS = Ultraviolet and VISible 
UVN = Ultra-violet, Visible and Near-infra-red 
WC = Worst Case 
WS = Warm Stage 

I. Introduction 
he tropospheric monitoring instrument (TROPOMI) on 
board of the Sentinel-5 precursor satellite has been 

launched successfully on October 13th 2017 from Plesetsk, 
Russia, on a Rockot launcher. The Sentinel-5 precursor 
satellite including TROPOMI is shown in Figure 1. The 
purpose of the Sentinel-5 precursor mission is to observe 
sources of air quality and climate related gases and aerosols. 
TROPOMI is a passive Solar backscatter imaging 
spectrometer sensitive in several spectral bands from 
ultraviolet (UV) to Short Wave Infrared (SWIR), allowing 
deep penetration into the atmosphere, observing scattered 
radiation close to the Earth’s surface. The instrument builds 
on heritage gained with the OMI instrument (Ozone 
Monitoring Instrument) on NASAs AURA satellite and the 
SCIAMACHY instrument on ESAs ENVISAT. 

A. Instrument configuration 
The TROPOMI instrument shown in Figure 2 consists of 

two main optical assemblies: 1) the UVN Optical Bench 
Module (UVN-OBM) housing the UV, Visible and Near-
Infra Red channel spectrometer and 2) the Short Wave 
Infrared Spectrometer Module (SWIR-SPM) for 

measurement of Short-Wave-Infra Red radiation. 
Both modules share a Nadir-viewing telescope, 
which is integrated with the UVN-OBM optical 
bench. On the UVN-OBM a Calibration Unit (CU) 
is mounted that includes a baffle viewing in anti-
flight direction, which is able to make use of the Sun 
as a calibration source. The UVN detectors are 
mounted on the OBM in three separate Detector 
Modules (DEMs), which also include the Front End 
Electronics (FEE) of the detectors.  

These main instrument modules are mounted on 
a common platform, the Telescope Support 
Structure (TSS). Also on the TSS are the Short 
Wave Infrared Front End Electronics unit (SWIR-
FEE) and the Thermal Bus Unit (TBU) which 
supports the heat pipes and flex links that regulate 
the various temperature levels in the instrument. The 
TSS is mounted on the spacecraft with three 
kinematic mounts.  

A general scheme of the TROPOMI TCS is 
shown in Figure 3. 

 

T

 
Figure 2 TROPOMI Instrument Overview:  
UVN Optical Bench Module (1), Calibration Unit (2), 
UVN Detector Modules (3), SWIR Spectrometer Module 
(4), SWIR Front End Electronics (5), Telescope Support 
Structure (6), Thermal Bus Unit (7), Nadir Field of View  
(8), Solar Field of View (9) 
 

 
Figure 1 Artist impression of: TROPOMI 
Instrument (1) and Radiant Cooler (2) on the Top 
floor of the AS250 Spacecraft (3) with three 
deployable solar arrays (4) 
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Figure 3 Overview of the Thermal Design and Interfaces of the TROPOMI TCS. Color identification: warm 
temperature level components are indicated red, intermediate temperature levels are indicated purple and 
cold temperature level components are indicated blue. Locations of ATC and level heaters are also shown. 
Note that the whole assembly enclosed by MLI.  

 
Next to the main instrument assembly at the Thermal Bus Unit side, the Radiant Cooler (RC) is mounted. There 

are three main temperature levels on the instrument: warm (~293K), intermediate (~200K) and cold (~140K). The 
Thermal Bus Unit transports heat generated on the instrument to the Radiant Cooler. Both the Thermal Bus Unit and 
Radiant Cooler comprise the same three temperature levels as the instrument. All heat rejection interfaces between 
Thermal Bus Unit and Instrument consist of flexible links that are designed for maximum heat conduction, while 
providing sufficient mechanical decoupling to maintain instrument alignment during launch and cooldown. 
Ammonia, ethane and methane heat pipes are used for heat transport in the Thermal Bus Unit and Radiant Cooler. 
The heaters used for temperature control during nominal operation are controlled by the Instrument Control Unit 
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(ICU), which is part of the internal payload of the SC. More information on the design of the thermal control system 
can be found in 1. 

B. Testing philosophy of the TROPOMI instrument 
Out of the several subsystems of which the TROPOMI instrument consists, the UVN DEMs and Short Wave 

Infrared spectrometer have been subjected to a dedicated TBTV test prior to instrument level integration. These 
subsystems include the intermediate and cold stage equipment, which are most critical in terms of control of 
parasitic heat leaks. After instrument level integration, the complete TROPOMI instrument PFM has been subjected 
to a TBTV test performed at CSL in Liège, Belgium. The Radiant Cooler has been tested separately from other 
TROPOMI subsystems in a dedicated TBTV test campaign by Airbus D&S Friedrichshafen at IABG in Ottobrunn. 

After completion of their respective TBTV tests, the instrument and radiant cooler have both been mounted on 
the AS250 platform. A TBTV test on the complete SC including its payload has been done to verify the performance 
of the platform. The TROPOMI instrument has seen only functional tests during this TBTV campaign. More details 
on the TBTV test campaign of the TROPOMI instrument can be found in 2. All thermal balance test performed on 
TROPOMI and its subsystems are shown in Table 1. 
 
Table 1 TB tests performed  
TB test (sub-)system level Performed by  
Radiant cooler Airbus Defense and Space Friedrichshafen 
Detector modules RUAG Switzerland 
Short Wave Infrared module SSTL UK 
TROPOMI (except radiant cooler) Airbus Defense and Space Netherlands 

C. Details of the commissioning phase 
After launch and LEOP phase the commissioning phase commenced. The following phases are distinguished: 
 
1. Decontamination phase.  

As soon as possible after the launch of TROPOMI the temperature was set to approximately 300K. In the first 
weeks after launch the spacecraft and TROPOMI where surrounded by outgassing products. Putting TROPOMI on a 
higher temperature relative to the Spacecraft prevented outgassing products from contaminating the instrument. This 
phase lasted 4 weeks. The first action after Instrument Control Unit switch ON was to ensure the mechanisms where 
in the defined position for the decontamination phase. During this phase TROPOMI was in STANDBY mode. 
During some orbits a single detector module (DEM) has been switched ON for maximum one orbit and science data 
has been generated.  
 

2. Radiator Door Release and cool  down 
Before the radiator door was released the mechanisms were placed in the nominal orbit position and instrument 

level Active Temperature Control will be enabled. Note that detector Active Temperature Control remained 
disabled. After release of the Radiant Cooler door TROPOMI was cooled-down to the nominal operations 
temperature levels. As soon as the opening of the Radiant Cooler door was confirmed, TROPOMI was commanded 
in MEASUREMENT mode with the UVN-DEMs ON to generate science data. The Short Wave Infrared Detector 
remained OFF during this period. 

 
3. Full instrument check out 

When TROPOMI reached nominal operating temperatures, the full functional check out of the instrument was 
done. This started with the enabling of the Short Wave Infrared Detector. 
 

4. Thermal control verification 
After the instrument was settled to the operational temperatures and functional check-out was completed, it was 

verified that TROPOMI was thermally stable at the defined and commanded temperature set-points over several 
orbits. Adjustment of thermal control parameters could be performed if needed. Main objective of this phase is to 
ensure TROPOMI TCS performs compliant to performance requirements over complete lifetime. The orbital 
temperature stability was checked against the requirements. Potential corrective action was to adapt the PI 
parameters of the heater control.  
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Figure 4 Schematic representation of the  
evolution of heater power demand over the  
instrument lifetime  
 

D. Critical factors 
During the design phase the decision was taken to have a separate TB test for the radiant cooler and the rest of 

the instrument. This was mainly for programmatic reasons. Also the radiant cooler heat pipes and the instrument 
heat pipes were not in plane such that not all heat pipes could be performing in horizontal position when tested all 
together. As a result of this, additional measures had to be taken in order to reduce the risks. A comprehensive set of 
coupled analysis has been performed to get a detailed view of system level performance. During the TB test 
campaign of the instrument a dedicated interface was present that simulated the radiant cooler interface. In the 
radiant cooler test a dedicated interface was present that simulated the instrument.  

Another critical factor was the tight available heater power budget due to EMC power switching limitations and 
a limited general power budget. In order to minimize the lifetime excursion degradation of EOL properties was 
minimized by raising the radiant cooler warm and intermediate stage panels to decontamination levels. This way the 
residual margin needed towards end of life could be reduced hence the maximum total power needed was reduced 
also. 

E. In orbit thermal control verification detailed description 
After operational conditions were reached at the end 

of the cool down phase the in-flight performance of the 
thermal control system was verified with respect to the 
requirements. Besides the verification of the in orbit 
temperature variations and absolute temperature levels, 
also the controllability throughout the lifetime was 
verified. Critical performance phases are the worst cold 
case (beginning of life conditions and summer solstice 
flux) and the hot case (end of life winter solstice). Due to 
the launch date being in October 2017, worst cold case 
conditions are expected around the summer solstice of 
2018 (see Figure 4). 

The performance was extrapolated using the predicted 
worst case lifetime excursions (see Figure 5). There 
should be sufficient margin with respect to the post launch 
heater powers to ensure controllability over lifetime. 
Potential corrective action in order to keep the 
controllability throughout the lifetime is to adjust level 
heaters (constant duty cycle heaters) or by modifying the 
temperature set point. Although it is considered 
acceptable to change a set point, it is not preferred to 
change temperatures because this would bring the 

instrument in a different state with respect to calibration campaign settings. The instrument has been calibrated 
during an extensive four month calibration campaign. However, the operational temperatures where kept at a 
constant level during the entire calibration campaign. Deviating from these settings could potentially invalidate the 
instrument calibration status especially for temperature sensitive equipment such as detectors and optics.  
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The temperature variation of the control sensor is verified against the requirements. Possible corrective action is 
to adjust P and I gains.  

F. Thermal requirements  
The main thermal requirements are listed in Table 2. These requirements were validated in flight during the 

thermal control verification phase. The operational temperature levels are identical to the set points that were used 
during the calibration campaign. The maximum allowable deviation from the set point is +/-1[K] for all components.    
 
Table 2 requirements for thermal control system TROPOMI instrument 
TROPOMI item 

Operational temperature 
Peak to valley allowable orbit temperature 
variation   

[K] [mK] 
Short Wave Infrared detector 140.0 +/- 1 80 
Short Wave Infrared spectrometer 205.0 +/- 1 200 
Short Wave Infrared immersed grating n/a 50 
Short Wave Infrared Front End Electronics 290.0 +/- 1 500 
UVN detectors (three detectors) 208.0 +/- 1 100 
UVN detector electronics housing 291.0 +/- 1 500 
UVN spectrometer upper part 291.5 +/- 1 500 
UVN spectrometer lower part 292.0 +/- 1 500 
Calibration unit 292.0 +/- 1 500 
Support structure 292.0 +/- 1 500 

 

II. Thermal performance of TROPOMI 

G. Decontamination phase 
After launch and early orbit phase all contamination critical subsystems on TROPOMI were heated to 

approximately 303K in order to decontaminate the instrument. At this point the earth shade door was still in closed 
position to minimize the power needed for decontamination. The decontamination phase lasted from 13th of October 
2017 till 7th of November 2017.  
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Figure 5 Determination of heater power margins. The left image shows the flight predictions for the heater 
power including excursion to cold and hot case extremes. In the right hand side shows the principle behind the 
determination of the heater powers from the excursions. 
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During this phase the thermal control system of TROPOMI was not activated. Instead a dedicated set of heaters 
was used which were under control of the spacecraft. For decontamination a total of four separate heater lines are 
installed. Heaters were put on the warm stage and intermediate radiator to provide central heating of the warm stage 
and intermediate stage components. The cold stage is heated close to the Short Wave Infrared detector interface, 
which is the only interface to the cold stage radiator. While the Short Wave Infrared detector is heated to 
decontamination level, the cold stage radiator panel remains cold. By keeping the cold stage radiator at cryogenic 
temperature level a cold contamination trap is created. The contaminants will not affect the thermo-optical 
properties significantly as the cold stage is coated black. The relatively large temperature difference across the cold 
stage heat pipe can be established by heating the Short Wave Infrared detector at the heat pipe interface. The 
methane heat pipe stops functioning leaving only the heat pipe body to transport heat. An additional heater line is 
installed to the calibration unit which is located further away (thermally decoupled) from the cooler and has a direct 
view factor to deep space. 

The thermal control system behaved as expected. The temperatures of the SWIR and UV detectors and the 
SIWR spectrometer and UVN optical benches during decontamination prior to the cool down phase are shown in 
Figure 7. 

H. Door opening and cool down phase 
On 7th November 2017 the radiant cooler door was opened successfully and the cool down phase of the 

instrument was started. At the same time the radiant cooler was opened, the spacecraft decontamination heaters 
circuits were switched off and the instrument heaters were switched on. Prior to the opening of the door the cooler 
door temperatures were checked to be within the envelope as tested. If the temperature of the hinge interface 
between the cooler door and the cooler structure would drop too low there would be a risk that the door would not 
open due to friction inside the mechanism. The temperatures are listed in Table 3. 
 
Table 3 temperatures prior to door release 

 Design limits Predicted (worst hot 
and cold) 

Flight temperature 
prior to door release 

 Min max min max min max 
Radiant cooler door 165.0 320.0 161.3 218.8 192.0 206.4 

 
The cool down period is shown in Figure 7. In the plot the temperatures for the UVN spectrometer (warm stage) 

is shown (green line), the Short Wave Infrared spectrometer and the UV1 detector (both intermediate stage) and the 
cold stage Short Wave Infrared detector is shown. Shortly after start of cool down the warm stage components 
reached their operational temperatures and the pulse width modulated heaters applied power to keep the set point. 

On the instrument intermediate stage radiator one survival heater line is installed. The heater line is controlled by 
a triplet of thermistors that are all located on the Short Wave Infrared optical bench. During cool down of the 
intermediate stage components it was discovered that the temperature of one of the thermistors on the Short Wave 
Infrared optical bench was significantly different from the other two thermistors on the same thermistor triplet. The 
delta between the triplets increased up to 30K as cool down continued. On the same time the observation was made 
that two other intermediate stage temperature sensors showed similar readings to the one diverging sensor. A 
detailed view of the thermistor triplet and the two other thermistors are shown in Figure 8. It seemed that the two 
sensors indicated as being mounted on the intermediate stage heat pipe were swapped against two thermistors from 
the thermistor triplet that controlled the survival heaters on the intermediate stage. The location of the sensors is 
indicated in Figure 6. It was decided to raise the set points for the intermediate stage survival heaters in order to test 
the assumption. Although the heater circuit was controlled by thermistors, the control algorithm for survival heater 
used a switch-on and -off approach, which is typical for thermostats. The original on/off control set points were 
changed from 195.0/198.0K to 213.0/218.0K. This way the heater should immediately switch-on. At around 5pm in 
the afternoon the survival heater switched on. The graph clearly shows the switching behavior of the sensors located 
on the intermediate stage heat pipe (red and green line Figure 8). 
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The survival temperature of the Short Wave Infrared (195/198K) spectrometer is relatively close to the 

operational temperature of the Short Wave Infrared spectrometer of 205K. The colder intermediate stage heat pipe, 
located closer to the radiator, reaches the intermediate stage survival temperatures before the Short Wave Infrared 
spectrometer reaches its operational temperatures. The set points of the survival heaters should either be lowered in 
order to allow the Short Wave Infrared spectrometer to reach the operational temperature. This was not considered a 
feasible option because the Short Wave Infrared spectrometer temperature during survival could potentially drop 
below the design limit. A more feasible option was to patch the software such that the correct control sensors were 

 
Figure 6 sensor locations of the triplet of thermistors on the SWIR optical bench and the two 
monitoring sensors on the TBU intermediate stage heat pipe 
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applied. On November 13th the sensor readout-configuration has been patched and the intermediate stage 
components quickly reached their operational set points.  

The sensor swap was not identified during instrument level TB test because during this test the On Board 
Computer of the S/C was not presented and instead dedicated EGSE was used for reading the sensors. Also during 
satellite level testing the instrument was not cooled down such that the temperature difference between the triplet 
thermistors could not be identified. 

 

 

 

 
Figure 7 plot of cool down period after radiant cooler door release  

 
Figure 8 close up of intermediate stage thermistor triplet on Short Wave Infrared spectrometer and 
intermediate bus unit heat pipe during cool down 
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Figure 9 overview of duty cycle variation during operational orbit during the heater control parameter 
optimization process  

I. Adjustment of heater control parameters 
After operational levels were reached the heater control stabilized the temperature levels. The duty cycles 

showed relatively large variations that could not be directly caused by variations in environmental fluxes or interface 
temperatures. The timing of the variations in duty cycles was simultaneous to the bit flips of the digitized sensor 
readings. This led us to consider optimizing the gain settings of the control. 

An overview of the duty cycles during the optimization process is shown in Figure 9 for four heater channels; the 
Short Wave Infrared front end electronics, the calibration unit, the UVN spectrometer and the Short Wave Infrared 
spectrometer. Especially for the Short Wave Infrared front end electronics, relatively high duty cycle peaks were 
monitored. The Short Wave Infrared FEE had a relatively high proportional gain factor. Some peaks came close to 
100% which should be prevented at any time. At first the proportional gains were reduced by factor two. This gave a 
significant reduction of the peak duty cycles which can clearly be seen in Figure 9. Another reduction resulted in the 
behavior that is shown on the far right end of the plots. Although the effect of the bit-flips was still present, the risk 
that this effect could bring the duty cycle to 0% or 100% is significantly reduced. The initial and adjusted final 
control parameters are shown in Table 4. 
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Table 4 control parameter adjustments TROPOMI heater control system 
 Initial values Adjusted values 
 P gain [-] I gain [-] P gain [-] I gain [-] 

SWIR FEE 94.21 2.946 23.56 2.946 
Calibration Unit 49.78 12.45 12.45 12.45 

UVN optical bench 35.14 1.713 11.91 1.713 
SWIR spectrometer 25.79 12.90 12.90 12.90 

 
During the design phase an extensive control analysis study has been performed. The primary goal of the control 

analysis was to estimate the temperature stability of the temperature controlled components. The potential effect of 
analogue digital conversion on the duty cycle was monitored. However, the analysis focused on the temperature 
stability more than on the duty cycles. In flight the effect on the duty cycle was found to be significantly bigger than 
in the analysis. Also during the test campaign, this effect was not observed. A reason for this could be that during 
test all interfaces were tightly temperature controlled and therefore the variation during test was less than flight. 

J. Adjustment of level heater settings 
In order to maintain the controllability of all heaters throughout the lifetime the power levels and excursions 

were checked. Level heaters were applied such that sufficient residual margin was available for the life time 
excursion of the heater power. 

K. Expected lifetime excursions  
After the implementation of the final heater settings the lifetime excursion was verified. The goal was to verify 

that sufficient residual margin is available during the entire lifetime. Figure 10 shows the life time excursion for all 
Active Temperature Control heaters. Sufficient residual margin is available throughout the life time of the 
instrument.  

 

 
Figure 10 life time excursion of all heater lines 
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L. Temperature evaluation of non-controlled components 
Table 5 provides an overview of the components that are not directly controlled by an ATC heater line. All 

current flight temperatures are slightly hotter which may be due to the worst case cold environment assumed for the 
analysis being a little less worst case in reality. Most of the uncontrolled sensors flight readings correlate very well 
with the predicted temperatures and are well within the uncertainty band.  

Temperatures of the space exposed parts like the sun port baffle and the radiant cooler earth shade door have 
higher deltas for the warm peak temperatures, sometimes even beyond the defined uncertainty bandwidth. The 
temperatures are however still within qualification range and the deltas are therefore not critical. The peak 
temperatures occur during sun illumination. A possible reason for the relatively large discrepancy on the solar baffle 
and the earth shade door specifically is that no sun simulator has been used during test.  
 
Table 5 overview of comparison between non-controlled components predicted temperatures and flight 
temperatures 

Location Sensor ID Predicted cold  
case 

temperatures 

Uncertainty  
bandwidth  

Flight temperatures  
(may 13th 2018) 

Delta  
Predicted vs 

flight 
[K] 

[K] 
[K] [K] 

Min Max Min Max Min Max 
Warm stage 

radiator 
TS-SC-40 

277.2 277.9 +/- 10.0 278.5 279.0 1.3 1.1 

Warm stage 
radiator panel 

heat pipe 

TS-ICU-26 
282.0 282.5 +/- 5.0 282.0 282.6 0 0.1 

Baffle between 
SWIR 

spectrometer and 
UVN optical 

bench 

TS-ICU-35 

289.8 289.9 +/- 5.0 290.3 290.4 0.5 0.5 

Sun port baffle TS-ICU-33 265.1 272.0 +/- 10.0 271.9 288.9 6.8 16.9 
Nadir port baffle TS-SC-28 270.7 276.0 +/- 10.0 274.0 281.5 3.3 5.5 

Connector bracket TS-ICU-28 287.3 287.8 +/- 5.0 289.2 289.4 1.9 1.6 
Intermediate stage 

radiator 
TS-ICU-42 

187.8 188.3 +/- 10.0 190.4 191.3 2.6 3 

Intermediate stage 
radiant cooler 

heat pipe 

TS-ICU-48 
189.6 190.2 +/- 5.0 193.7 194.1 4.1 3.9 

Cold stage 
radiator 

TS-ICU-43 
130.2 130.3 +/- 10.0 132.8 132.9 2.6 2.6 

Cold stage 
reflector 

TS-ICU-39 
192.0 193.8 +/- 10.0 196.5 197.5 4.5 3.7 

Radiant cooler 
earth shade door 

TS-ICU-40 
222.4 240.0 +/- 10.0 229.7 264.9 7.3 24.9 

 

III. Conclusion 
A complete checkout of the thermal control system in flight under nominal conditions has been performed. The 

temperature set-points of the complete instrument used during on ground calibration are maintained in flight. Minor 
adjustments to level heater settings and control parameters have been made to optimize the Active Temperature 
Control loops to the maximum extent. The temperature stability of all active controlled components is well within 
required bandwidth. There is sufficient residual margin on all Active Temperature Control channels to ensure 
temperature stability of the complete instrument over entire lifetime. Residual heater power is available for an 
extended mission. The temperatures of not active controlled equipment on the instrument and radiant cooler are all 
within uncertainty bandwidth. 
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Given the fact that the instrument and the radiant cooler have never been jointly thermal balance tested before 
launch, this is considered an excellent result. 
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