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ANITA2 (Analysing Interferometer for Ambient Air) follows the European precursor 
mission ANITA1, which delivered information on the air conditions analysing in parallel 33 
of the most important trace gases on-board ISS in the cabin atmosphere in 2007 and 2008. The 
data have shown the benefits of in-situ measurements in a manned space cabin atmosphere.  
The advantages of the ANITA type instruments include high sensitivity, accuracy, precision 
and time resolution of the measurement data. The gas analyser relies on optical analyses with 
a Fourier Transform Infrared spectrometer. In 2016, OHB System and SINTEF were 
awarded by ESA the contract to develop the ANITA2 flight model. The new system is 
characterised by a major reduction in mass, volume and power consumption, as well as 
improved characteristics in gas analysis sensitivity. The novel, sophisticated analysis SW is 
further improved, employing statistical and non-linear calibration and analysis methods. As 
for ANITA1, the programme is planned to be a joint ESA/NASA project. It is also a stepping 
stone into the future, as a precursor system for manned exploration missions, e.g. to Mars and 
the Moon. The paper  presents the newly developed and built optomechanical components of 
the new ANITA2 instrument. It also presents the fully operating optical BB, featuring flight-
light build components, and includes the first measurement results. The work described is 
performed under contract of the European Space Agency ESA. 
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Nomenclature 
 

ANITA = Analysing Interferometer for Ambient Air 
BB = BreadBoard 
COTS = Commercial Off-The-Shelf 
CTB = Cargo transfer bag 
CUCL = Calibration Upper Concentration Limit 
DFB = Distributed Feedback Laser 
DLaTGS = Deuterated L-alanine-doped TriGlycine 

Sulfate (IR detector) 
ESA = European Space Agency 
EM = Engineering Model 
FM = Flight Model 
FTIR  = Fourier Transform InfraRed 

spectrometer/-metry 
GM = Ground Model 
GSE = Ground support equipment 
GUI = Graphical User Interface 

HW = Hardware 
IBB = Integrated Breadboard 
IR = InfraRed 
ISIS = International Subrack Interface Standard 
ISS = International Space Station 
OBB = Optical Bread-Board 
PDR = Preliminary Design Review 
PFM = Proto-Flight Model 
PLS = Partial Least Squares (multivariate 

statistical method) 
SNR = Signal to Noise Ratio 
SRR = System Requirements Review 
SW = Software  
TBD = To Be Defined 
TGM = Trace Gas Monitoring

  

I. Introduction 
 
Starting in 1990, the European Space Agency ESA has selected the FTIR (Fourier Transform Infrared) technology 

for continuous monitoring of the crewed spacecraft air quality. Within different study and breadboard activities1-11, 
supported by a very successful blind sample testing for NASA1,3, it has been shown that the requirements on air 
monitoring with multi-gas detection are best fulfilled by an optical analysis method in combination with sophisticated 
analysis software. 

The system’s measurement principle is based on the detection of IR (infrared) absorption features stemming from 
the different gas molecules’ vibrational and rotational modes. From the measured IR spectra the gas concentrations 
are derived by the analysis software - applying optimised, non-linear simulations and data evaluation methods. The 
ANITA1 system’s capability to measure with a time resolution of a few minutes allowed tracing the dynamics in the 
concentrations of multiple trace gases within the ISS cabin air for the first time.  

The importance of a reliable and accurate online and in-situ measurement system such as ANITA has recently 
again been demonstrated, when a detector on-board the ISS indicated an ammonia leak, and the complete crew had to 
leave the US area of the ISS, even though it turned out to be a false alarm16.  

II. ANITA Overview 
 
ANITA (Analysing Interferometer for Ambient Air) has the capability to monitor simultaneously a large number 

of gaseous compounds with a high time resolution. 
The ANITA2 development follows the successful ANITA1 precursor mission on the ISS in 2007/2008. Detailed 

information on the ANITA1 system and the principle of the operation can be found in the references5,6. This includes 
a list of the 33 gases measured. The system consisted of two specially designed mid-deck locker inserts (standard 
payload rack inserts) plus support HW. One mid-deck locker contained the FTIR measurement system, the other the 
electronics and the gas sampling unit. Figure 1 shows ANITA1, accommodated on the ISS. The measured optical 
spectra were automatically analysed by sophisticated analysis software to produce a detailed data set on the air quality 
inside the ISS every six minutes. 

Following the successful flight of ANITA1, the ANITA2 programme was started after return of the flight hardware 
to ground. The work started with  “lessons learned” regarding hardware and analysis software and went through two 
smaller bread boarding phases to develop and test improvements10-12. The ANITA2 Flight development programme 
was finally initiated in 201612. The project ANITA2 is an ISS technology demonstrator for later exploration missions. 
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The operational concept is summarised below: 
 

• ANITA2 will operate fully autonomously in local sampling mode after initially starting this mode.  
• The background spectrum, which is applied to calculate the absorbance spectra used for gas analyses, will be 

automatically updated every 12 hours (TBD).  
• It is anticipated that a standard measurement cycle will take 5 minutes (~3.5 minutes for gas exchange and 

acclimatisation; the rest for measuring the interferogram). 
• After each measurement, the interferogram will be transformed to a spectrum and passed to the analysis software 

by SINTEF, which will calculate the gas concentrations on-board ANITA2. 
• Non-local sampling can be performed on demand by a crew member with the hand pump and sampling bag; then 

the bag is connected to ANITA2 for analysis (crew procedure) 
• ANITA2 will not require electrical or mechanical on-orbit maintenance. 
• During normal operation, ANITA2 will consume nothing but power and produce no waste. – Only the optional 

non-local sampling will consume air sampling bags. 
• ANITA2 will have a permanent calibration valid for the specified gas scenario. 
• ANITA2 will have automatic outlier detection to discover off-nominal operation, e.g. any unexpected gas outside 

the specified gas scenario. 
• ANITA2's calibration can be updated from ground to adapt to an extended gas scenario, and various special 

calibrations can be built and applied on-ground optimised for the currently observed air compositions. 
 

 

 
 
Figure 1. NASA astronaut Clay Anderson operating ANITA1 on ISS. ANITA1 resides in the two rack 

drawers close to Clay’s right arm, “floating” top-left are laptop and PC expansion chassis. Photo: NASA 
 

III. ANITA2 System Hardware Overview  
 
Targeted operational lifetime is 8.000 plus hours, gas sampling every 5 minutes, and calibrated to be able to 

measure over 30 gaseous compounds. 
One critical element that may be the limiting factor for the operational lifetime of ANITA2 is the IR source. 

ANITA2 is designed in such a way that the IR source is accommodated in a position where a replacement will be 
possible in the future, paving the way for future long-term exploration, e.g. ANITA3. 

ANITA2 will be operated as a single Middeck Locker insert accommodated in an EXPRESS Rack (or a 
comparable position). This can be compared to ANITA1, which required two Middeck Lockers demonstrating major 
volume savings. The accommodation of ANITA2 in an EXPRESS rack is depicted in Figure 2. 
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Figure 2. Accommodation of ANITA2 in a Middeck Locker Insert inside an EXPRESS Rack 

 
Also mass and power consumption of ANITA2 are much lower than of ANITA1. For a comparison between 

ANITA1 and ANITA2 resource needs see Table 1. 
 

 ANITA1 ANITA2 

Volume 2x Middeck Locker Insert 
Laptop and PC expansion chassis 1x Middeck Locker Insert 

Mass 58kg 33kg 

Average power 173W 110W 

Table 1. ANITA1 vs. ANITA2 volume (inside dimensions of a Middeck Locker: 17.337 width x 9.969 height x 
20.320 depth, in inch.), mass and average power consumption. ANITA1 data include the laptop and the PC 
expansion chassis, which were both required for operation. 

 
The mechanical accommodation of ANITA2 as a Middeck Locker Insert is shown in the following Figure 3.  

In principle the accommodation is divided into two compartments, closed and vented: 
 
The “Closed Compartment”: 

• This area contains the optical subsystem.  
• It is filled with dry nitrogen or dry synthetic air (TBD) purity 99.999% or better). 
• If required, by “late access” quick disconnects it is possible to replace or back-fill this compartment. 

 
The “Vented Compartment”: 

• This area is actively cooled by the EXPRESS Rack provided avionics air.  
• Air inlet and outlet are covered by debris grid.  
• Most of the electronics are contained in this compartment. 
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Figure 3.  Mechanical Accommodation of ANITA2 indicating a closed and a vented compartment as a Middeck 
Locker Insert (inside dimensions of a Middeck Locker: 17.337 width x 9.969 height x 20.320 depth, in inch). 
The closed compartment occupies the central part between the inner walls and contains all the optics and the 
entire IR path. 
 

The Gas Cell is accommodated inside the “Closed Compartment”, so that the IR path to and from the gas cell 
passes through clean and dry air only. The Gas cell has the additional functionality to be the Optical Bench for all 
Spherical & Toroidal Mirrors and the COTS Spectrometer. 

 
The following Figure 4 shows the complete optical assembly of ANITA2. It consists of the following major 

elements: 
• IR Source. As described above, this is a limited life item and as such placed in a position where an on-

board replacement can easily be realized for future applications. 
• Interferometer. This FTIR spectrometer is a modified COTS item. The adaptation is in cooperation with 

the commercial supplier. 
• Gas Cell. As noted above, it forms the Optical bench for the Interferometer and some of the mirrors. 
• IR detector. 
• Various additional optical elements. 
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Figure 4.  Mechanical Accommodation - Complete Optical Assembly (The IR-Source is attached to the “Closed 
Compartment”-wall, which is not shown here). The dimensions of the gas cell are 37x18x8cm (LxWxH), the 
interferometer on top has 15.5x14x13.5cm. 

 

IV. Optical Breadboard (OBB) - first ground test results 

Purpose of the OBB 
The heart of ANITA2 is an FTIR spectrometer, including the gas cell. For this, both the performance (high SNR, 

low non-linearity, low spectral artifacts) and stability of the measurements (constant spectral line positions and line 
shapes as well as stable baselines) are of high importance for a precise gas analysis of ANITA2. For this reason, in 
the first phase of ANITA2, a so-called Optical Bread-Board was planned, manufactured and built up. It consists of all 
opto-mechanical elements as intended for ANITA2 in a flight-like design. This allows to test and optimise the final 
mechanical design of the flight model for assembling and aligning, and to test the performance and stability of planned 
opto-mechanical setup. The gas-system in the OBB was designed simpler as in the future FM, however the 
functionality and core components are again as intended in the FM. As the interferometer control and detector readout 
electronics also contribute significantly to the performance of the instrument, these were also already designed in a 
way suitable for a FM. For periphery components however, such as the power-sources or the readout devices for the 
temperature sensors, standard laboratory devices are used. 

Description and assembly of the OBB 
In the following, two main components (the gas cell and the interferometer) of the OBB will be described, together 

with images taken during assembly and aligning, followed by first performance test results. A more complete and 
detailed description of the used components can be found in a previous paper14. 

The Infrared radiation (2.5-14µm) is emitted by a silicon carbide element and passes through a field stop before 
being collimated and sent into the interferometer. Then it is directed through a multi-pass gas cell, where it interacts 
with the gas to be measured with an effective path length of 10m, before it reaches the IR detector.  

The measurement principle of ANITA is to measure the interaction of radiation with molecules, which takes place 
in the gas cell. In ANITA2 it is used as optical bench as well to save mass and volume and to make use of the high 
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mechanical stability. In order to reduce the duration for exchange of gas, and herewith to increase measurement speed, 
the gas cell volume was be reduced from 2 liters in ANITA1 to about 1.2 liters without compromising optical 
throughput. The longer the path of interaction in the gas cell is, the higher is the gas-specific absorption signatures, 
and the better are the detection limits. For this reason the infrared radiation is reflected 39 times, to give the 10 meters 
interaction length in a ~30cm long (measured on outside) gas cell. The inside of the gas cell is shown schematically 
in Figure 5. The radiation enters and leaves the gas cell through two Zink-Selenide windows which are attached to the 
outside part of one of the mirror elements. The pressure and temperature are monitored inside the gas cell as this 
information has to be included for the gas concentration estimation. 
 

 
Figure 5: Cut-view of the gas cell. The mirror distance in the inside is about 25cm. 
 
For testing the gas cell mirrors, a gas-cell simulation GSE was used which allows positioning of the mirrors the same 
way as in the final gas cell, however, allowing the inspection of the path of the radiation in between. This can be seen 
in Figure 6. 

 
Figure 6: Visualization beam path through gas cell using a laser source and fog 
 

On top of the gas cell the interferometer is located. Here, the well-proven RockSolid interferometer by Bruker 
Optics GmbH in Germany was used and modified in cooperation with Bruker to make it even more robust. It is a 
linear pendulum design featuring bearings without wear, friction and any need for lubrification. In addition, the 
pendulum axis passes through the center of gravity, making the interferometer insensitive to external linear 
accelerations as they occur during launch. Its robustness was impressively demonstrated in a test campaign in 2017, 
where the modified interferometer block was mounted in an ANITA2 Middeck Locker Insert dummy, and subjected 
to launch-loads. Figure 7 shows the test setup for shock. Performance test were made prior and after test of each axis, 
giving no indication of degradation, deformation or misalignment of complete interferometer (pendulum, mirrors, 
beam splitter). These results impressively prove the robustness of the chosen design. 
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Figure 7: Setup for shock-testing of the interferometer testing. The interferometer is located in the Triple CTB 
hanging in the frame 

 
 

 
Figure 8: Top-view of the OBB. All components are mounted on a 45x60cm threaded baseplate. 
 

InFigure 8, a top view of the final assembled OBB is shown. This is the final configuration which is used for the 
tests of the OBB, excluding a cover for contamination protection. The interferometer is shown mounted on top of the 
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gas cell, together with the major units pressure and temperature sensors, IR source with field stop, mirrors, IR-detector, 
vacuum pump and laser controller. The pipes connected to the gas cell are made from stainless steel up to two solenoid 
(black) the valves. The valves and the pump can be controlled via software, so that also automated operations can be 
performed. The blue-white cable pairs are connected to 10 PT100 sensors, attached to various position on the OBB. 

Aligning of OBB 
During assembly of the OBB in December 2017 and January 2018, a lot of care was put into aligning the 

components. First, matching of the Interferometer and the field stop was done, then leading the radiation inside and 
through the gas cell and lastly, focusing the radiation onto the IR-detector. In Figure 9, interference patterns (Haidinger 
Fringes) are shown, created by the interferometer when observing radiation through the field stop after alignment. 
When observing these fringes with not firmly fixing the pendulum, the rings change their diameter due to the slight 
variation in optical path difference. E.g. they move outwards, with new rings created in the centre. In Figure 9 two 
images are shown, recorded with slightly different optical path difference. As the radiation used in ANITA2 is in the 
infrared spectral range, it is not visible to the human eye and therefore, makes these tasks highly complex. 

 

  
Figure 9: Haidinger fringes observed through the interferometer with slightly different path difference, as can 
be seen best by the difference in intensity in the center. 
 

Performance Tests of OBB and End-to-End Test 
As the OBB contains nearly all opto-mechanical components in a flight-like design, it is possible to test the 

ANITA2 optical performance parameters. For this, an extensive test campaign is taking place at the time of writing 
this document. Besides other things, this includes testing and measuring the stability of the measurement signal and 
the spectral line width, the impact of gravitational forces, influence of external vibration sources and the optical 
stability at several temperatures.Figure 10 shows a measured spectrum of the ANITA2 OBB with 1 minute integration 
time and ambient air inside the gas cell. Figure 11 shows details of the water absorption lines. First measurements 
look very promising as these show an SNR value and a covered spectral range significantly exceeding the requirements 
defined by ESA. The required spectral range of 700 to 3500cm-1 is based on the calibration of ANITA13 and its 
successful operation on the ISS. 
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Figure 10: Spectrum recorded by ANITA2 OBB with ambient air in gas cell 
 

 
Figure 11: Zoomed view of Figure 10, showing details of the water absorption lines 

 
As no zero-g parabolic flight tests are foreseen for ANITA2, the impact of gravity is tested by measuring spectra 

with the OBB standing in different orientations: Normal, upside-down, 90° standing on long side and 90° while 
standing on the short side. Due to the optimised design of the pendulum (see above), no or minimal impact of this was 
expected, however as also all the opto-mechanical components (mirrors, source, detector) and their mounts are 
affected by gravity, this tests is of high importance. Preliminary results show very small changes only, well below the 
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requirement. As the change of gravitational force by this test is twice the change experienced compared to the change 
from operation on ground to operation in space, these results are very promising. 

 

  
 
Figure 12: Tests of gravity impact (left: upside down, right: 90° on short side) 

 
After the performance tests on the OBB, a simplified end-to-end test is foreseen. This consists of a set of 

commercially mixed gases which is measured. First, six single-component trace gases diluted down to a few ppm in 
ultra-pure nitrogen (Methanol, Ethanol, n-Bunanol, Isopropanol, Para-Xylene and n-Hexane) are measured. These 
measurements produce reference spectra for building a calibration. Each reference spectrum describes a single gas 
alone in nitrogen, which like perfectly clean air does not absorb in ANITA2's spectral area in the IR. In order to handle 
the inevitable spectral interference from carbon dioxide and water vapour in the surrounding air, reference spectra are 
measured on these background gases as well. Finally, two test gas mixtures are measured, each containing different 
concentrations of four out of the 6  trace gases noted above, also in nitrogen. The preliminary gas calibration from the 
first set of measurements will be  used to estimate the gas concentrations of the second set of measurements. This test 
therefore will demonstrate the complete chain of activities of ANITA2, from recording calibration measurements up 
to retrieval of gas concentrations. 

V. System Calibration and Air Analyses 

A. Introduction 
The methods for FTIR calibration and air analysis that will be applied for ANITA2, have been developed in and 

in parallel to several phases of ESA projects on trace gas monitoring. These methods were proven to be effective and 
reliable, most notably through a very successful blind sample testing for NASA1. They proved their value in a real 
application through the ANITA1 flight on the ISS5-8. Then, the high flexibility of the methods was also of essential 
value, allowing to make new calibrations from ground, extending, adapting, and optimising the pre-flight calibration 
to meet the observed conditions on-board the ISS in the best conceivable way. 

Most gases – with some exceptions like nitrogen, oxygen, hydrogen, and noble gases – exhibit characteristic IR 
(Infra-Red) radiation observable for ANITA. However, when more than a few gases may be present simultaneously, 
the complexity of the overlapping spectral features can only be disentangled through advanced spectral analyses. For 
gas estimation in ANITA, the complexity is handled entirely through the calibration process. At runtime (or later), the 
gas estimation process itself from each measured IR spectrum is a straightforward multiplication process, taking only 
a fraction of a millisecond. 
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B. Calibration 
The basis for and input to the system calibration includes: 
 
1. Gas scenario 
2. Measurement conditions 
3. Ideal instrument response 
4. Non-ideal instrument behaviour 
5. Reference spectra. 
 
A key issue is the reference spectra. They should preferably be measured on the target instrument itself on very 

accurately calibrated mixtures of single target gases in nitrogen at the right temperature and pressure. These reference 
spectra contain detailed information on the different gas spectra as well as on the basic instrument response. Many 
small gas molecules exhibit absorption lines narrower than the instrument resolution of 0.7 cm-1. These absorption 
lines lead to resolution-induced non-linear spectral response. For gases with such narrow spectral lines, several 
reference spectra should be measured at different concentrations, to reflect the non-linear response as well. 

Based on the described input, a synthetic calibration is produced through a process, where the main steps and 
methods can be roughly grouped as follows in the order they are applied in the calibration process: 

 
A. Simulations of measurement IR spectra 
B. Pre-processing of the simulated measurement IR spectra 
C. Statistical analyses applying PLS (Partial Least Squares) 
D. Corrections for non-linear characteristics. 
 
The system behaviour is simulated to produce several large sets of simulated measured spectra for different gas 

mixtures, spanning the defined gas scenario for the measurement task (confer below). One of the sets of simulated 
spectra is applied as a test set to estimate the measurement quality for each target gas, including the expected detection 
limit. This synthetic testing is mainly used for optimising the calibration for each gas compound. The final estimates 
on the measurement quality, including the detection limits, will be made from testing on real multi-gas mixtures. 

A basic tool is the PLS of step C. It is a family of multivariate statistical methods (confer e.g. ref. 15), which makes 
it possible to use examples (here simulated IR spectra for known gas mixtures) to find the best utilisation of 
information through avoiding disturbances and handling statistical noise optimally. The applied tool is denoted PLS1, 
which produces a separate calibration model for the concentration of each gas compound, considering the possible 
influence from all other effects that are represented in the examples. 

Even though a PLS system can handle noise (measurement noise and other kinds of stochastic disturbances) in an 
excellent way, the modelling is hampered – or possibly even impaired – by any unnecessary noise. Therefore, the pre-
processing in step B enhances the PLS modelling through applying pre-knowledge about useful spectral information 
vs. noise. 

C. Gas Scenario and Pre-flight Calibration 
The long-term goal for ESA's trace gas monitoring programme is to support human exploration. Therefore, 

ANITA2 is an ISS technology demonstrator for exploration. This means that the development shall pave the way for 
an ANITA3 to be maximally applicable and useful for long-term missions. However, the calibration of ANITA2 will 
also aim at making the system maximally useful on the ISS. 

Any type of system calibration must be intended for a defined measurement scenario. For ANITA2, a crucial 
element is the gas scenario, which is defined based on all relevant information about the air in the ISS and visiting 
spacecraft in history and in plans. 

It is very important that the defined gas scenario for the calibration, i.e. the gas list with CUCL (Calibration Upper 
Concentration Limit) values, covers all the relevant measurement situations. If e.g. an occurring gas is not part of the 
gas scenario, it will constitute an outlier gas, which will give unprepared spectral interference and make an outlier 
situation, where the gas estimates are invalid. On the other hand, the gas scenario should not include more gas 
compounds or higher CUCL values than necessary. This is the case, because an extended gas scenario requires 
increased robustness for each gas calibration model. Like other types of robustness, this must be implemented at the 
cost of reduced measurement quality in the gas estimations, i.e. reduced sensitivity, implying poorer detection limits 
and precision. The method of calibration optimises the gas sensitivity at the required level of robustness.  
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The final updating of the pre-flight gas scenario for calibration of ANITA2 is planned to take place mid 2019, 
considering the latest information on the ISS air and on planned spacecraft operations and payloads. This updating 
will be performed just before the detailed preparations are made for mixing of the gases for the calibration and test 
measurements. 

It is too early to go into details of the foreseen gas scenario, so only general descriptions will be given here. For 
the pre-flight calibration of ANITA2, all gases will be handled as belonging to one or two of the following classes: 

 
• Part of the main gas scenario (currently 19 gases foreseen) 
• Incremental gases (15+ gases foreseen) 
• Gases with incremental concentrations  

(about 5 gases foreseen, all from the main scenario – confer the main candidates below) 
• Unprepared gases. 

 
The main ANITA2 calibration will be designed for the main gas scenario, which will cover all expected gas 

contents of the ISS air. "Expected" here implies that a gas compound has a non-negligible probability to occur at a 
significant concentration, i.e. give significant spectral absorption, which can be detectable for ANITA2, or which can 
disturb the estimation of other gases. 

A gas with even lower probability of occurrence, but that still is more likely to occur than most other gases, is 
treated as an incremental gas, i.e. an additional target gas. This implies that the gas is measured applying an 
incremental calibration model, which is a calibration model for a target gas valid for a gas scenario plus (incremented 
with) the target gas. The incremental calibration model works perfectly well with the gas scenario, just like if the 
target gas were included from the start. However, the target gas will be an unexpected gas, and therefore an outlier 
gas, relative to the gas scenario. Therefore, an incremental calibration model will constitute an excellent outlier 
detector for the target gas, being fully specific and quantitative as well as very sensitive. Also, an incremental 
calibration model can be added along with the calibration models of a gas scenario without disturbing these at all – 
contrary to including the target gas in the gas scenario. 

Some gases will have special calibration models for incremental concentrations, meaning a calibration model for 
an increased CUCL for a target gas within the main gas scenario. This calibration model will be valid for a gas scenario 
plus (incremented with) an increased CUCL for a target gas within the gas scenario. The incremental calibration model 
works perfectly well with the gas scenario, just like if the increased CUCL were included from the start. However, the 
target gas above the original CUCL will make an outlier situation relative to the gas scenario. Such an incremental 
calibration model can be added along with the calibration models of a gas scenario without disturbing these at all – 
contrary to including the increased CUCL in the gas scenario. 

There are three main candidates for gases with incremental concentrations: 
 

• Ammonia – leakage from a cooling system 
• Carbon monoxide – from overheating, an incipient fire, or a full fire 
• Carbon dioxide – from fire extinguishing or system failure. 

 
For ammonia and carbon monoxide, the concentration in an emergency can be very far above the standard CUCL 

for sensitive measurements. The occurrence is by ISS design extremely unlikely, but the high gas concentrations are 
of paramount importance if they occur. 

Unprepared gases in principle cover all other gases, but the interesting ones are gases of practical importance as 
potential outlier gases, i.e. that they potentially can be detected by ANITA2 or disturb the measurements. An outlier 
gas is not part of a given gas scenario, so that it is an unexpected gas that the calibration has not been prepared for. In 
case an outlier gas occurs at a significant concentration, it should ideally be detected by the outlier detection system 
and cause an outlier signal (confer below). 

D. Air Analyses on the ISS 
After start-up on the ISS, ANITA2 will work fully autonomously, with no need for crew action. In regular 

operation, ANITA2 will sample the local air in front of the instrument. However, there will be an option to take non-
local air samples with a hand pump and air sample bags and feed the samples to ANITA2 for automatic analysis. 

The primary gas analyses will be performed automatically on-board the ISS. This will comprise the estimated gas 
concentration for each gas with a calibration model, any special signal that a gas concentration is higher than desirable 
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or acceptable, and primary outlier detection. The primary outlier detection is performed by the outlier detection 
system, which will be testing whether something is out of specification. Most interestingly, the system can discover 
if an unexpected gas occurs. In addition, it can detect if spectral artefacts or excessive spectral noise should be 
disturbing the gas estimations. 

The autonomous on-board operation will produce estimated gas concentrations, any specific gas concentration 
signal, and any outlier signal. These data will be directly applicable and highly valuable. Like for ANITA1, any signal 
on special gas conditions or on an outlier situation (confer subchapter F below) will be handled by the ground support. 
Also, like applied so successfully for ANITA1, different extensions and optimisations of the calibration can be applied 
to handle unexpected situations6 as well as the observed standard conditions (see subchapter E below). However, also 
during regular operation without any special issues, further processing can add more value to the results. During 
ANITA2's commissioning phase, and possibly in a following operational phase, such further processing will be 
performed on ground. Targets for further processing will include different time-domain filtering for the different gases 
to increase the quality of the concentration estimates even further, and periodic average values to document average 
air quality and gas exposure levels relevant for human health and technical status on the ISS. The gained experience 
will indicate the value of possibly including such features in the autonomous operation of an updated version of 
ANITA2’s analysis software on the ISS, and in a possible ANITA3 for exploration. 

E. Planned In-Flight Optimisation 
As mentioned above, a gas scenario for calibration should ideally not include more gas compounds or higher 

CUCL values than necessary. Since the main scenario shall be robust enough to cover all expected air contents over 
the full period of operation, the actually occurring air contents for a given instant or period of time can be defined as 
a local gas scenario. For addressing an especially important instant or period of time, or for post-measurement analysis 
more generally, a local gas calibration can be tailored to the relevant local gas scenario, which can be precisely defined 
with a minimal extent. If an optimised calibration shall be applied for the upcoming air measurements, the minimal 
local gas scenario will not be robust to any increased gas variations. Therefore, a semi-local gas scenario can be 
defined with the necessary margins of robustness, so that a semi-local gas calibration can be produced. This semi-
local gas scenario can potentially be significantly easier to handle than the main scenario, mainly through the exclusion 
of several or many gases, and/or reduced maximum concentrations of one or more potentially high-absorbing gases. 
If so, the semi-local gas calibration can give significantly better gas estimation results than the main calibration in 
terms of detection limits and precision. 

Unless any measurement result is out of specification – or possibly after any such unexpected result has been dealt 
with (confer below) – a semi-local gas scenario will be defined for ANITA2 after the initial measurements on the ISS, 
and a corresponding semi-local gas calibration will be produced. This optimised and more adapted calibration can be 
applied on-ground only or also uploaded to the ANITA2 on the ISS for the autonomous operation. 

 
For the semi-local calibration of ANITA2, the classification of all gases will be as follows: 

• Part of the semi-local gas scenario 
• Incremental gases associated with the semi-local gas scenario 

o The original incremental gases associated with the main gas scenario 
o Semi-local incremental gases that are part of the main gas scenario 

• Gases with incremental concentrations 
• Unprepared gases. 

 

F. Applying a semi-local calibration for ANITA2 on-ground, possibly implies clearly significant benefits and 
no risk. If the semi-local gas scenario does not cover the situation, but the main gas scenario does, this will be 
detected very accurately through the main calibration, which should always be applied first. In addition, any 
insufficiency of the semi-local calibration can also be detected through the incremental models associated with 
the semi-local calibration. Finally, the more general outlier detection system will always be a watchdog to pick 
up any significant problem. If a given semi-local calibration becomes invalid, it must be discarded or set aside 
until it possibly becomes valid again. Then, a new semi-local calibration can quite easily be constructed after 
the necessary updating of the current semi-local gas scenario.Handling of Unexpected Results 

ANITA2’s autonomous outlier detection system on the ISS will detect any significant spectral feature that cannot 
be caused by any gas known to the system. This system can detect any unexpected gas, any spectral artefact, or 



 
 

International Conference on Environmental Systems 

 
 

15 

excessive noise. In addition, an outlier signal should be given if any gas should be estimated to be far above its CUCL 
in the defined gas scenario or significantly negative. Significantly negative gas estimates can only be side effects from 
air contents outside the gas scenario or instrument malfunction. 

During ANITA2's commissioning phase, and in a foreseen operational phase to follow, any outlier signal from the 
ISS and its underlying spectral data will be treated further on ground. The first step will be to make a diagnosis to 
define the underlying problem. If there are indications of at least one unexpected gas, special analyses will try to detect 
which gas(es) and to confirm that the possible unexpected gas(es) can explain the problem. Data tools for supporting 
these processes on ground will be developed. The practical experience from applying these tools on ISS data will 
constitute part of the basis for including some of their features in the autonomous operation of a possible ANITA3. 
More complex analyses as well as actions to handle the situation will probably be handled from ground, even for 
ANITA3. 

The flexibility of ANITA's method of calibration gives the possibility to make new calibrations for different gas 
scenarios and to apply them on ground or install them on the ISS from ground. An updating of the main calibration is 
important if the main gas scenario is no longer valid, e.g. if a new, unexpected gas is detected in the ISS air, like it 
happened for ANITA16. 

In case of an outlier situation, there are three possible root causes that call for an extension of the main gas scenario 
and a corresponding updating of the main calibration: 

• A gas of the main scenario is above its original CUCL 
• An incremental gas emerges as an outlier gas 
• A totally new gas emerges as an outlier gas. 

 
In the first case, the main calibration will normally be suboptimal rather than invalid, unless the actual 

concentration of that target gas is far above its original CUCL. Normally, it will be very easy to update the main 
calibration to cover the increased CUCL. If the new CUCL will lead to highly increased resolution-induced spectral 
non-linearity, which is not covered in the existing reference spectra for the target gas, new reference spectra should 
be measured (confer below). 

If an incremental gas should be included in the updated main gas scenario, an updated main calibration can 
normally be produced within hours. This is because the incremental gas already is fully described by an applicable 
reference spectrum, unless a necessary increase in CUCL should lead to highly increased spectral non-linearity, like 
discussed above. 

If a totally new gas has been identified as an outlier gas, one or more reference spectra of this gas must be measured 
on the target instrument or on a very similar one, before an updated main calibration can be constructed. During the 
ANITA2 flight on the ISS, such reference spectra can be measured on the ANITA2 EM (Engineering Model), which 
will be used as a GM (Ground Model, a twin on-ground ANITA2 system). The GM will have the same construction 
as the PFM (Proto-Flight Model) and be very similar, but of course not fully identical. The expected minor differences 
in their spectral characteristics can probably be made even smaller through special spectral transformations that were 
developed for ANITA1. 

The measurement of new reference spectra may take weeks, if there is no pure source of the target compound(s) 
at hand. Then, if a quite good IR spectrum is available for analysis, an initial workaround solution may be to block 
out the spectral interference from the new gas to construct a preliminary calibration, like performed for ANITA16. 
The possibility to post-fit new calibrations on the ISS from ground, or for on-ground use only, can be exploited for all 
kinds of adaptations, optimisations, and workaround solutions to any unexpected problem. 

VI. Summary and Outlook 
 
The very successful nearly one year flight test of ANITA1 on the ISS has demonstrated the validity, performance 

and useful complementarity of this in-situ instrument in closed habitats such as the ISS. With its capability of nearly 
real-time detection of incidents, measuring the air composition including trace gases in-situ and with short response 
time, and with no consumables except power, ANITA should become a mandatory measurement device for crewed 
space cabins. 

Even with just the functionality of ANITA1, ANITA2 could be applied routinely, giving frequent readings of the 
trace gas contents of the ISScabin air with a unique combination of accuracy, precision, sensitivity, and stability. Like 
for any well-designed measurement system, this will work perfectly well for any measurement task within the 
measurement scenario defined for the calibration. In addition, ANITA’s novel method of calibration allows several 
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types of flexibility, including post-launch calibration updating and optimisations. It also is an excellent basis for many 
add-on features, including automatic outlier detection, warning and diagnoses, as well as different kinds of specialised 
calibrations for further optimised sensitivity, for special preparedness for emergency situations and for automatic 
handling of unexpected situations.  

 
At the time of writing this paper,  ANITA2 is in the development and test phase to be ready for launch to the ISS 

in 2020. The next generation system, ANITA3, is an excellent candidate to be integrated in future manned space 
mission scenarios, including the NASA Deep Space Gateway and Moon or Mars bases. 
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