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The ANITA2 (Analysing Interferometer for Ambient Air) instrument is a trace gas 

analyser, designed to operate onboard the ISS and to monitor the cabin atmosphere. Within 

the last 2 years, significant progress has been made towards realizing the flight instrument, 

including the flight-like design, manufacturing, and functional testing of the opto-

mechanical components, as well as further development of the gas analysis methods. 

ANITA2 will deliver information on the air conditions, analysing in parallel more than 

30 of the most important trace gases in the cabin atmosphere. The data is complementary to 

other in-situ measurements in a crewed space cabin atmosphere. The advantages of the 

ANITA type instruments include high sensitivity, accuracy, precision and time resolution of 

the measurement data, as well as no consumption except electrical power and no production 

of waste. The novel, sophisticated analysis software is further improved, employing 

statistical and non-linear calibration and analysis methods. Thus, detailed, continuous, and 

quasi real time information on the cabin air quality becomes available. 

For these reasons, ANITA2 is also a stepping stone into the future, as a precursor system 

for crewed stations, bases, and exploration missions, including the (Deep-Space) Gateway 

and to/on the Moon and Mars. The current process of bringing local gas samples to earth for 

analysis is not feasible for these missions. Therefore, the availability of local gas analysis 

capabilities for a wide range of substances, is a key element of future human spaceflight 

missions.  

The paper gives an overview of ANITA2. This includes the overall system concept and 

design as well as details about sub-systems, where the hardware is already being 

manufactured. The current Optical Breadboard is shown and described, which contains all 

opto-mechanical components of ANITA2 in a flight-like design. In addition, the main results 

of the very successful performance testing of the Optical Breadboard are presented. These 

tests showed a robust, high optical quality at various conditions. 

ANITA2 has successfully passed PDR in June 2018 and will be ready for flight and start-

up on the ISS in 2020. The manufacturing of the Flight Model started early in 2019. 
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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 

EXPRESS Rack 

 = EXpedite the PRocessing of 

Experiments to Space Station Rack 

FTIR  = Fourier Transform InfraRed 

spectrometer/-metry 

GM = Ground Model 

GSE = Ground support equipment 

GUI = Graphical User Interface 

HW = Hardware 

IBB = Integrated Breadboard 

IFG = Interferogram 

IFM = Interferometer 

IR = InfraRed 

ISIS = International Subrack Interface 

Standard 

ISS = International Space Station 

MDL = Middeck-Locker (the locker inside a 

rack onboard the ISS where ANITA2 

will be located) 

OBB = Optical Bread-Board 

PCB = Printed circuit 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 

Already in 1990, the European Space Agency ESA started its technology selection process for monitoring of the 

air quality in crewed spacecraft. The preferred combination of technologies was FTIR (Fourier Transform Infrared) 

spectrometry combined with multivariate statistical calibration. 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 measurement principle is based on the detection of 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 measured all the target gases in the ISS cabin air with a time resolution of six minutes. This allowed, for the 

first time in a space cabin, tracing of the dynamics in the concentrations of multiple trace gases, for a time span of 

11 months in 2007 and 20085,6.  

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. 

Already at beginning of operation onboard the ISS, ANITA1 showed one particular aspect of it’s high value 

through detecting a totally unexpected gas in the cabin air. ANITA1’s automatic outlier analysis enhanced and 

pinpointed an unknown and unexpected spectral feature, which could easily be identified on-ground to be caused by 

sulphur hexafluoride, SF6. Then, the method of calibration allowed the on-board calibration to be updated to include 

this gas. After the detection of the gas, it became clear6 that SF6 had been released by a medical experiment, but it 

had not been expected to persist in the ISS air. As SF6 was never expected to be present in the cabin air, it was never 

detected and identified by any other analysis method before, neither on-board nor on-ground. This shows the high 

suitability of the ANITA measurement principle for future missions beyond low Earth orbit, where unexpected gases 

need to be detected and identified quickly. 
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II. ANITA2 OVERVIEW 

After the successful ANITA1 mission onboard the ISS in 2007/20085,6, the ANITA programme was continued 

through two breadboarding phases10-12 to develop further improvements. In 2016 OHB and SINTEF were selected to 

develop an ANITA2 technology demonstrator to operate onboard the ISS for about one year as a test for later 

exploration missions. As a technology demonstrator, ANITA2 will not be part of the official ISS air quality and 

safety system, however, the instrument performance and operation will be tested towards this capability. 

Key elements that qualify ANITA2 to be a good candidate for being a gas monitoring system on future human 

spaceflight missions are: 

 Fully autonomous operation 

 Measurement cycle of 5 minutes (of which ~3.5 minutes for gas sampling and acclimatisation; the rest for 

measuring) 

 Automatic and on-line gas concentration estimation by software from SINTEF 

 In-situ measurement minimizes changes in the gas concentrations (sorption effects) compared to taking 

samples and analysing on ground. 

 Non-local sampling (e.g. from airlocks) is possible by gas bags 

 No maintenance and no consumables required 

 High stability of optical system, so the calibration is permanent 

 The gas scenario contains over 35 gasses that are measured simultaneously 

 Automatic outlier detection to discover off-nominal operation, e.g. the detection of an unexpected gas 

 Update of calibration from ground possible, e.g. to include new gases or to optimise for the observed gas 

scenario (was performed for ANITA1) 

 

The main improvements of ANITA2 compared to its precursor are increased spectral stability, improved analysis 

software, and reduction in mass, volume, power (see Table 1), and interface complexity. ANITA2 will need a power 

cable only, plus a data connection cable if it is not just connected via WiFi. Being a completely self-standing single 

rack insert, which also includes a controlling PC with a touch panel, ANITA2 can be installed much easier and 

quicker than ANITA1. This will save valuable crew time onboard the ISS for installation, and it will reduce the 

cable-occupied space in front of the rackand the associated risk of crew entanglement. In addition, the high degree 

of autonomy makes the instrument suitable for operation at different positions onboard the ISS, outside the Express 

rack as well.  

 

              
Figure 1 shows ANITA1, consisting of 2 Middeck Locker inserts, a laptop PC, and a PC expansion chassis. A 

drawing of ANITA2 is shown in Figure 2. The ANITA2 Middeck Locker insert will be accommodated in an 

EXPRESS Rack (or a comparable position).  

Table 1: Comparison of ANITA1 and 

ANITA2.  

 ANITA1 ANITA2 

Volume 2 MDLs 

+ Laptop and 

PC expansion 

chassis 

1 MDL 

(incl. PC 

and touch 

screen) 

Mass 58kg 37kg 

Average 

Power 

173W 105W 

A Middeck Locker (MDL) has the 

dimensions 440x253x516mm 

 

 

 
Figure 1.  ANITA1, consisting of 2 MDL inserts 

plus Laptop, power extension bay and several 

connecting hoses and cables. 
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III. ANITA2 System Hardware Overview 

ANITA2 is divided into two compartments, sealed and vented, respectively, which are marked in Figure 2 

below: 

The “Sealed Compartment”: 

 This area contains the optical subsystem.  

 It is filled with dry synthetic air (purity 99.999% or better). 

 If required, it is possible to refill this compartment with clean air through “late access” quick connectors. 

 
The “Vented Compartment”: 

 This area uses the EXPRESS Rack avionics air for active cooling of ANITA2.  

 Air inlet and outlet are covered by debris grids.  

 Most of the electronics are contained in this compartment.  

 

       
Figure 2.  Left: Drawing of ANITA2, including the MDL door but not showing the rest of the MDL; Right: 

Sample image of an Express Rack (source: NASA). 

 

As mentioned above, ANITA2 will be inserted in a Middeck Locker, inside an Express Rack. As an MDL insert, 

ANITA2 has no stiff connection to the MDL. Instead, it has contact by foam elements only, which can be seen in 

Figure 2 at the long sides of the corners. For inserting, the MDL “door” is folded downwards by hinges, by which 

the door is attached to the MDL along the bottom side. This door will also hold the touch panel used for crew 

interaction. 

IV. Design and manufacturing of ANITA2 Flight Model 

The ANITA2 project has been separated into two phases. The aim of phase 1 was to identify and test critical 

subsystems of ANITA2, while phase 2 covers building of the Flight Model. After the project passed the PDR in the 

summer of 2018, the contract for phase 2 became effective. Hence, the final version of the Flight Model was 

designed, and manufacturing of the first parts (e.g. mirrors and gas cell) started by the beginning of 2019. 

The flight-like design and first manufacturing of the opto-mechanical elements started already in 2017, as an 

ANITA2 Optical Breadboard (OBB) was built, set-up and tested. An overview of the test results are presented in 

chapter V.  
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Figure 3.  The gas cell with the optomechanical 

elements mounted on top. 

Except for the IR source, all optomechanical 

elements are mounted on the gas cell. This is 

necessary due to the very constrained space available, 

and it also saves mass. The setup is shown in Figure 3. 

Compared to the design of the OBB gas cell, only 

some minor structural parts needed to be changed for 

the Flight Model.  

The gas cell contains multi-pass optics, in which 

the radiation emitted by the IR source is reflected 

back and forth 39 times, giving 40 passes to achieve a 

total interaction path length of 10 m. This extended 

path makes very low detection limits possible. More 

details are given in references 17 and 18. 

The mirror design and manufacturing (both the gas 

cell mirrors and the mirrors mounted on top) showed 

good performance in the OBB, so no change was 

necessary.  

The interferometer used is a robustified version of 

an interferometer sold by Bruker Optics GmbH in 

Ettlingen, Germany. It contains a pendulum with a cube-corner mirror at each end. As the pendulum has its center of 

gravity on the axis of rotation, it is rather insensitive to external vibrations or shocks. The rotation movement is 

made completely friction-, lubricant- and wear-free, enabeling highly precise and long-lasting operation. The 

necessary modifications, both for the optomechanical and the electronics parts were made in cooperation between 

Bruker and OHB. The robustness was impressively demonstrated through vibration and shock tests in 2017. More 

details about the interferometer can be found in reference18.  

The sealed compartment houses all further auxiliary elements such as the power supply, all PCBs, the vacuum 

pump, and the metrology laser. This resulted in a complex structure, which needed a significant amount of design 

work to ensure accommodation of all equipment, good thermal properties, as well as the assemblability of ANITA2.  

As the sealed compartment may warm up significantly, and the design has to fulfill the requirement of 

withstanding vacuum inside the ISS, the resulting worst-case pressure difference is about 1.95 bar (proof pressure 

test). This required significant stiffening measures 

of the Sealed Compartment walls.  

The interferometer requires a monochromatic 

laser to operate (in our case a 760nm DFB laser). 

The laser beam is directed through the 

interferometer parallel to the IR radiation used for 

the actual spectroscopic measurement. It is also 

split and re-combined by the beamsplitter, leading 

to sine signals on dedicated phododiodes when the 

pendulum is moving. These signals are then used 

both for controlling the pendulum movement and 

for triggering the IR detector data acquisition. 

Due to laser safety regulations, the glass fiber 

for the metrology laser is housed in a stainless steel 

sleve, and several switches are foreseen to disable 

the laser if the sealed compartment is opened. 

The air sampling system is connected with 

stainless steel tubes. To sample new air to the gas 

cell in the standard operation, the gas cell is 

pumped down to about 40 mBar and filled with 

new cabin air to be analyzed, giving a gas exchange of about 96%. For background measurements which will be 

done about every 12 hours, the gas cell pressure will be pumped down to about 10 mbar. 

The gas connection interfaces will be the same as used for ANITA1 to maintain compatibility to the existing gas 

sampling bag system, which was used for non-local sampling at different positions in the ISS by filling with a hand 

pump. 

Figure 4.  Periphery components 
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The design of the optomechanical components (gas cell, mirrors, interferometer) differs only very slightly from 

those of the Breadboard. These were already designed flight-like, to achieve the highest possible significance of the 

OBB results for the final model. Also the interferometer control electronics were designed flight-like. As the tests 

verified a well-functioning instrument, as described in the next chapter, there was no need for significant changes. 

Most of the other components, such as the walls of the sealed compartment, the power source, the touch panel, and 

the cooling fans were not included in the breadboard. These components, which are considered as non-critical for 

the initial testing, are added only for the Flight Model and the Ground Model. 

 

V. Breadboard and component tests 

A. Breadboard functional testing 

Testing the core components of the planned ANITA2 before building the Flight Model, was an important step 

for reducing the overall project risk. For this, an Optical Breadboard (OBB) was built, containing the opto-

mechanical elements in a flight-like design together with the flight-like interferometer control and data acquisition 

PCBs. The setup of the OBB, as well as the uncoated gas cell and one of the parabolic gold coated mirrors are 

shown in the following images.  

 
 

After aligning the OBB, the achieved spectra showed good results. The test campaign was performed for about 6 

weeks. Most of this time the instrument was continuously measuring spectra, so that more than 40’000 one-minute 

spectra were recorded. 

Key parameters investigated here were the SNR and the spectral resolution, lineshape, and stability. To check the 

line stability and shape, several water vapour absorption signatures were monitored for several characteristic 

parameters (widths, asymmetries, …) during the complete performance measurement campaign. Two of the 

investigated lines are shown in Figure 6 (in absorbance), together with a complete spectrum (in single-beam 

transmission, arbitrary units). The complete spectrum shows the very large applicable spectral range for ANITA2, 

from 650 to 5500 wavenumbers, which is about 1.8 to 14µm. 

Figure 5.  Left: Optical BB. Descriptions see Figure 3. Right: One of the parabolic mirrors and the Gas-Cell. 
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Figure 6. Left: Spectrum recorded by ANITA2 OBB with ambient air in gas cell. Right: Voigt-fits (black) 

onto 2 measured water lines (blue) for evaluating the line positions. 

 

The unapodised spectral resolution defined as the 

full width at half maximum of the water vapour line at 

3178 cm-1 is 0.44 cm-1 at ambient pressure in 

absorbance spectra. For the spectra used for gas 

analyses, the normal FTIR procedure of apodisation is 

applied to suppress side lobes (ringing effects) around 

steep spectral features like narrow absorption lines. 

This side lobe suppression comes at the price of a 

somewhat reduced resolution of the aforementioned 

line to 0.64 cm-1. This value is clearly better than the 

requirement for this specific line (1.0 cm-1) and more 

than twice better than the resolution of ANITA1 (1.45 

cm-1). The FWHM value for the above shown line at 

1933 cm-1 even lies below 0.58 cm-1 (also including 

apodization), as the linewidths scale with the actual 

line position. 

 

As no zero-g parabolic flight tests are foreseen for ANITA2, the impact of gravity has been 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 (see Figure 7). Due to the optimised, balanced design of the pendulum, no or 

minimal impact of the g vector was expected on the interferometer itself. However, as also all the opto-mechanical 

components (mirrors, source, detector) and their mounts are affected by gravity, these tests are of high importance. 

 

The results show no significant change in the spectra stemming from the different orientations. The derived 

spectral position of a water vapour absorption feature is shown in Figure 8.  

 
Figure 8.  Position of water line as measured by ANITA2 OBB for the 4 different orientations, as 

separated by the green lines. The red dashed lines show the required position stability. 

 

Figure 7: Tests of gravity impact: upside down 
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As the change of gravitational force by this test is twice the change from operation on ground to operation in 

space, these results are very convincing. 

 

ANITA2 will be actively cooled by air, supplied by the EXPRESS rack avionics air and circulated by internal 

fans. As this avionics air can reach temperatures up to 28°C (depending on the load of other experiments in the same 

express rack), the temperature inside ANITA2 on the ISS may vary significantly. For this reason, the OBB was also 

tested in a temperature chamber and operated at 35°C and 45°C. Again, no degradation of the spectral characteristics 

was observed, see Figure 9. 
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In Figure 9, the line position of one water vapour line is shown, as derived by a Voigt fit onto the data as shown 

in Figure 6. This graph contains the complete time series of the testing campaign, including warm-ups, orientation 

tests, exchanging of the IR source and temperature tests. It can be seen that the size of variations is well below the 

requirement, showing the extremely high stability of the system. 

B. Gas testing 

In order to test the complete measurement and analysis process chain, without having to move the OBB to 

SINTEF for high-quality gas mixing, a simplified test campaign was performed, in which a set of commercially 

produced gas mixtures (pure gases in N2 and gas mixtures in N2) were measured on the OBB at OHB. This set of 

data was transferred to SINTEF. SINTEF then checked the spectral usability and quality and set up a simplified 

calibration.  

As an example, one measured spectrum and its corresponding spectral reconstruction are shown in Figure 10. 

Figure 9.  Spectral line position stability over the complete measurement campaign. The red dashed lines 

show the required stability 
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Figure 10. Gas mixture of four gases measured by the OBB. The original spectrum is shown as black dots 

(mostly covered). The blue line is a reconstructed spectrum made by adding the four calibration spectra 

scaled according to the measured concentrations. Each of the four calibration spectra for single components 

(single gas spectra) are also shown separately. The lines in the right end of the measured spectrum are water 

vapour signatures from imperfect breadboard purging, and they were not including in the fitting. 

 

Figure 10 shows that the spectral features of the single components are highly overlapping. In this simple 

example, only 4 gases were applied in each gas mixture. This depicts how the complexity of implementing and 

measuring more than 30 gases simultaneously in the standard gas scenario increases significantly for the real 

calibration. The gas estimation software by SINTEF has the ability to derive the single components from over 30 

gases from the complete spectrum. More details about this are given in section VI. 

In total, the gas testing campaign demonstrated that the complete measurement and analysis chain works well. It 

could also be shown, that the simplified calibration for gas estimation, which was set up for this test, already 

delivered results far more consistent than the gas concentrations values measured by the manufacturer. 

 

As a summary, the results of the breadboard testing were very good, showing that there is no technical obstacle 

to building a high performance ANITA2 Flight Model. 

C. Investigation on adsorption in gas cell 

During the breadboard test, some issues arose which 

needed further optimization and testing.  

One issue was the characteristic of the gas cell inner 

surfaces to adsorb some gases. Owing to the shrinking of 

the gas cell relative to ANITA1, the new gas cell shape 

gives a larger surface to volum ratio, making inner surface 

adsorption more important. This was observed during the 

aforementioned gas testing measurements. The extent of 

adsorption was dependent on the polarity of the 

molecules. Among the gases tested, ammonia showed the 

highest adsorption rate, followed by methanol. Non-polar 

molecules, such as methane, did not show any adsorption 

at all. Adsorption effects are well known, which is also 

the reason why ammonia and methanol were selected as 

test gases. To cope with these problems, polar molecules 

should ideally be measured in gas cells with constant 

flow. This, however, would have negative side effects for the operation of ANITA2: The vacuum pump creates 

strong vibrations, which may affect the measurement of spectra negatively. Due to the very limited space available 

and the need to withstand the launch loads, a more “vibration-damped” mounting of the pump was not possible. 

Figure 11.  Comparison of adsorption of Methanol 
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Therefore it is an important advantage that the pump will be operating only when no measurement is being 

performed. 

To reduce the adsorption effects inside the gas cell, several coatings were tested for the gas cell. At the end, a 

special coating could be found, showing minimal adsorption effects only. A comparison of a pure aluminium gas 

cell and the gas cell with a specially selected coating is shown. In both cases, the cell was cleaned thoroughly and 

filled twice with about 18 ppm Methanol in dry nitrogen. Within the first 11 minutes, the decrease is smaller than 

2% for the final cell coating which is significantly better than the results of many other coating materials. Another 

finding was that even small additions of water vapour improves the situation significantly. Due to the high polarity 

of water vapour, these molecules have a much higher tendency to adsorb at the walls than other molecules, so that 

the available surface is “occupied” by water. As the cabin air onboard the ISS will always contain some water 

vapour, the adsorption behavior will be significantly better than the aforementioned 2% within the first 11 minutes 

after filling. In addition, the measurement starts already about 1 minute after filling. For calibration, where water-

free gas mixtures are used, the gas sampling scheme can be changed (filling several times and via overpressure, 

saturating the surfaces to equilibrium), to counteract any adsorption loss as well.  

With this advancement in the gas cell coating, the cell is very well suited for ANITA2. 

D. IR source lifetime 

The requirement for ANITA2 as a technology 

demonstrator is 8000 hours of operation, which 

is almost one year. The expected limiting factor 

for the lifetime is the IR source, which has a 

typical lifetime given by the manufacturers of IR 

sources of about 5000 hours, which is too short 

for ANITA2. When testing IR sources, it was 

found that the lifetime depends significantly on 

the operational conditions. 

The IR source type used in ANITA2 is 

thermal. Due to the very large required spectral 

range for ANITA2 (from 3 to 14µm), no other 

sourc exists which could cover this range. The 

emitting material used is silicon carbide, with its 

active part being a U-shaped element about 5mm 

long, with a cross-section of about 1mmx1mm. 

This is heated by electrical current to a stable 

temperature between 1100 and 1400°C. A 

common name for this type of IR emitter is “Globar”, being a portmanteau word from glow and bar. The emitted 

spectrum is very close to a blackbody source. The disadvantages of this type of source are the low overall radiative 

efficiency and the limited lifetime. The lifetime itself is strongly dependent on the temperature of the source. The 

higher the temperature, the stronger the radiation and the better the SNR in the measured spectra. On the other hand, 

a higher temperature decreases the lifetime of the SiC element. Therefore, a tradeoff needs to be made to find a 

suitable temperature. 

For this reason, a special test was set up to acquire data on the lifetime at various temperatures as well as for 

Globars from several manufacturers. An image is shown in Figure 12. In this setup, 13 Globars are running with 

constant power, set to specific values to achieve desired temperatures. Using a dedicated pyrometer, this temperature 

is checked at regular intervals. With the data from this test, having run for about 9 months at the time of writing, 

optimised operating conditions (temperatures) have been derived to allow expected lifetimes between 1.5 and >4 

years. The final decision on temperature for ANITA2 has not yet been made. As written above, it will be a 

compromise between SNR and lifetime. Overall, with these tests, good knowledge has been gained, and we are 

confident to achieve at least the required 8000 hours of ANITA2 lifetime. 

Figure 12: Globar Long-Term testing 
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VI. Gas calibration and gas scenario 

A. General on the calibration procedure 

ANITA2 will be calibrated based on the same novel procedures that were developed for ANITA13. One or more 

reference spectra for each target gas will be measured on the target instrument, the ANITA2 FM. Applying these 

reference spectra and test data from the instrument, the measurement process will be simulated to produce large sets 

of simulated spectra for different gas mixtures, spanning the defined gas scenario for the measurement task. Through 

analyses of these simulated spectra applying partial least square regression (PLS)15, a calibration model – simply a 

vector of numbers to be multiplied with each spectrum – is produced for each gas for each applied gas scenario. This 

so-called synthetic calibration process handles all complexity of the measurement task, so that the operational gas 

estimations from each measured spectrum can be performed in less than a millisecond. 

For ANITA1, the calibration simulations of the measurement process ensured that the extracted information was 

almost undisturbed by inter-gas spectral interference (the main problem), spectral baseline drift, and non-linear 

spectral response, and that spectral noise was handled in an optimal way. For ANITA2, the simulations will in 

addition make the calibration more tolerant to very slight spectral line shape changes, in particular line position 

changes.  

Excellent spectral position stability is a unique feature of FTIR instruments. However, ANITA1 exhibited 

sufficient spectral line position changes to make a robustification of the gas estimation worthwhile6 – although the 

inflicted gas estimation errors were small enough that they would not have mattered at all for most gas measurement 

systems, owing to their poorer precision. Such tolerance to slight spectral line position changes will be implemented 

in ANITA2, although the recent testing of the ANITA2 OBB in the lab indicates that this extra tolerance should not 

be needed. 

B. Calibration models for ANITA2 

Like for any type of measurement system, each calibration for ANITA2 must be intended for a defined 

measurement scenario. While the system HW must behave properly under the foreseen physical conditions at its 

position in the EXPRESS Rack, the gas calibration and estimation SW must primarily be adapted to the foreseen gas 

scenario for the ISS cabin air. 

A calibration is valid only for its specified gas scenario, i.e. the gas list with CUCL (Calibration Upper 

Concentration Limit) values. Any deviation from this represents an off-nominal situation, also denoted an outlier 

situation. The mildest form of an outlier situation is that a target compound exceeds it CUCL. If the excess value is 

moderate, e.g. 10 – 20 % above its CUCL, this is normally of little consequence, inflicting only minor or 

insignificant gas estimation errors, owing to a graceful degradation. On the contrary, the occurrence of an 

unexpected gas – an outlier gas – will give unprepared spectral interference that may be detrimental to the estimates 

of all gases with calibration models in an affected spectral area. 

Thus, it is very important that the specified gas scenario for the calibration covers all the relevant measurement 

situations. 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.  

The ANITA2 calibration is planned to contain several types of calibration models. All the models will be 

produced through the same calibration procedures, but under different specified conditions – most importantly 

adapted to different gas scenarios. 

 

 Pre-flight calibration 

o One main set of calibration models for the main gas scenario (like for ANITA1) 

o Individual incremental calibration models for incremental (additional) gases 

o Individual incremental calibration models for incremental concentration values (above the 

main CUCL) for gases in the main scenario 

o A set of incremental calibration models for an extended gas scenario (overheating/fire) 

o Individual local calibration models for gases in the main gas scenario with a reduced CUCLs 

 In-flight calibration 



 

International Conference on Environmental Systems 
 

 

12 

o Ad hoc: Possibly an updated main set of calibration models for an extended main gas scenario 

(like for ANITA1) 

o Ad hoc: Possibly local calibration(s) for local gas scenario(s) tailored for observed situation(s) 

of particular importance or interest 

o Planned: A semi-local set of calibration models for a semi-local gas scenario with associated 

incremental models (like for ANITA1) 

 

The main set of calibration models will be valid for the specified main gas scenario, which will be designed to 

cover all expected ISS air contents over the full period of operation. All gases that have a non-negligible probability 

of occurrence, possibly giving an IR absorption sufficient for detection or disturbance in ANITA2, shall be included.  

Gases with even lower probability of occurrence, but that still are more likely to occur than most other gases, can 

be treated as additional target gases, covered by incremental calibration models. Each incremental model is valid for 

a gas scenario plus (incremented with) the target gas. Therefore, an incremental calibration model will be an 

excellent outlier detector for the target gas, being fully specific and quantitative as well as very sensitive. Also, if an 

incremental gas should be detected, everything will be in place (including an applicable reference spectrum and 

known concentration in the air) for a quick recalibration for an extended gas scenario. 

Some gases included in the main scenario with moderate CUCLs may with a low probability reach elevated 

levels owing to leaks, system failures, or overheating/fire events. For such gases, ANITA2 will have individual 

incremental calibration models for incremental CUCLs. If any such gas alone should rise above its main CUCL, the 

model with incremental CUCL will give a fully valid and quantitative estimate of the gas concentration. Owing to a 

situation outside the main gas scenario, other gases may then have estimates of reduced quality. However, the gas at 

elevated concentration would normally be of dominating interest and define the crew behaviour, in particular 

regarding breathing masks for protection. If the situation should last, or if a detailed retrospective investigation of all 

gas variations through the period of the incidence should be performed, an updated calibration with the higher 

CUCL can be produced quite quickly. 

A highly improbable, but still possibly highly interesting situation could be caused by overheating, an incipient 

fire, or even a full fire. Then, several gases may reach elevated concentrations at the same time. This will be 

partially covered through a set of incremental models with incremental CUCLs for a hot event. Then, the 

combination of incremental models may be valid and cover several of the most interesting gases, giving enough 

information to support decisions on the crew behaviour. 

A gas may be included in the main scenario with a quite high CUCL, although the expected regular 

concentration is much lower. Then, an additional local calibration model with a reduced CUCL can be run to give 

more sensitive and precise estimates for its target gas. Since this situation is within a sub-region of the main gas 

scenario, all the estimates from the main calibration are fully valid. The local model just gives estimates of higher 

quality (confer an example below). 

In-flight, especially at the ANITA2 start-up on the ISS, the observed gas scenario might be outside the pre-flight 

main gas scenario, giving an outlier situation. Then, the main gas scenario must be updated and a corresponding set 

of calibration models produced. Also, a special event or situation of particular importance or interest could be 

analysed with maximum gas estimation quality, applying an ad hoc local calibration tailored to the observed local 

gas scenario, avoiding robustness that is not needed. 

Towards the end of ANITA2’s commissioning phase, it is planned to define a semi-local gas scenario, defining 

an easier measurement task within the main gas scenario. This will constitute the observed gas composition 

(defining a minimal, local scenario) plus moderate margins to cover the historic plus the expected upcoming gas 

concentrations. A corresponding semi-local set of calibration models will be produced for on-ground use, to give 

even better gas estimations as long as this scenario is valid. The improvements will follow from reduction of the 

CUCLs for some high-absorbing gases (confer the example in Figure 13 and Figure 14 below), and from exclusion 

of any non-occurring gases, which will then be handled as incremental gases. 

In the planned routine on the ISS, ANITA2 will monitor the air in fully automatic and autonomous operation, 

estimating gas concentrations applying the fully robust main set of calibration models. In addition, automatic outlier 

detection will be performed, including specific, quantitative, and very sensitive checking for the possible occurrence 

of a number of incremental gases. If an outlier situation is detected, further analyses will be performed on-ground. 

The experience from the ANITA2 operation regarding outlier analyses, and also the output from all the different 

kinds of calibration models, will constitute the basis for how much additional automatic analyses that should be 

included in the autonomous operation of an envisaged ANITA3. 
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C. Gas scenarios to be applied for the ISS air monitoring 

 

1. Definition of gas scenarios 

The gas scenarios for the pre-flight calibration of ANITA2 for the ISS are currently in a draft stage. They have 

been defined based on the following input:  

 

1. ANITA1 pre-flight gas detection scenario and measurement results from the ISS air  

(including one outlier gas6) 

2. NASA's newest list of gases that are relevant for real-time monitoring in manned spaceflight  

(Currently Tox/ECLSS Target Volatile Compounds for Real-Time Monitoring, Rev O, 07.07.2016) 

3. Other available information on historical, planned, or expected gas occurrences in the ISS air 

 

The gas scenarios will be fully defined by the summer of 2019, so that the final preparations for the reference 

measurements and the test gas mixtures can be made. These preparations will include acquisition of pure compounds 

for gas mixing, definition of optimum gas concentrations for reference measurements, detailed gas mixing 

procedures for accurate reference concentrations, definition of 30 multi-gas test mixtures, and detailed gas mixing 

procedures for these mixtures. 

The combination (sum) of the main gas list and the list of incremental gases includes 36 gases as shown in Table 

2. They cover all ANITA1 gases, except for four halogenated compounds. These are Halon 1301 (CF3Br), which is 

no longer used in visiting spacecraft to the ISS, and Freon 11 (CCl3F), Freon 12 (CCl2F2), and Freon 113 

(CCl2FCClF2), which have now been phased out of use, owing to the ban in the Montreal Protocol. 

 

2. The main gas scenario 

The target compounds of the draft main gas scenario are the 21 gases listed in the central column of Table 2. 

Except for gases number 8, 9, 10, and 12, all these gases were also monitored by ANITA1. The cooling gases 8 and 

9, and the fire suppressing gas 10, are or will be used in new types of spacecraft visiting the ISS. 

 

Table 2. Compounds included in the draft gas scerarios for ANITA2 

No. Main target gases Incremental gases 

1 Methanol Propylene glycol (propane-1,2-diol) 

2 Ethanol Propionaldehyde  

3 2-propanol  Butyraldehyde  

4 1-butanol Benzene 

5 Formaldehyde Toluene 

6 Acetaldehyde Meta-xylene 

7 Perflouro propane Ortho-xylene 

8 Flutec PP1 (perfluoro-2-methylpentane) Para-xylene  

9 Freon 134a (1,1,1,2-tetrafluoroethane) Ethyl benzene 

10 FM-200 (1,1,1,2,3,3,3-heptafluoropropane) Ethyl acetate 

11 Acetone N-butyl acetate  

12 Trimethylsilanol Dichloro methane 

13 Hexamethyl cyclo-trisiloxane 1,2-dichloro ethane 

14 Octamethyl cyclo-tetrasiloxane Hexane (n-) 

15 Decamethyl cyclo-pentasiloxane 2-butanone 

16 Sulphur hexafluoride  

17 Ammonia  

18 Carbon monoxide  

19 Methane  

20 Carbon dioxide  

21 Water   

 

3. Incremental gases 

The draft gas scenarios include 15 incremental gases, as listed in the right-hand column of Table 2. These gases 

will be monitored through individual incremental models. 
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4. Gases with individual incremental calibration models for incremental concentration values 

Currently, calibration models with incremental CUCLs are planned for four gases, as shown in Table 3. 

 

Table 3. Planned standard and incremental CUCL values for some gases 

 

Planned CUCL values (ppm) 

 

Standard Incremental 
High 

incremental 

Hot 

event 

Ammonia 4 30 1 000 (30 000)   

Carbon monoxide 10 200   1 000 

Methane 30 400     

Carbon dioxide 10 000 26 000   15 000 

 

Any indoor ammonia leak or abnormal carbon monoxide production on the ISS is potentially very harmful to the 

crew. Although such incidents are expected to stay extremely rare, the potentially terrible consequences call for high 

preparedness, including defined crew procedures. In case of an observed or suspected incident, the crew must 

immediately put on protective breathing masks. The crew procedures specify that the masks can be taken off for 

ammonia levels below 30 ppm and for carbon monoxide below 200 ppm, their so-called doffing levels. Since the 

doffing levels are of particular interest, incremental CUCLs are defined at these levels, ensuring optimal gas 

estimation quality for these very interesting concentrations and below. 

For ammonia, a second incremental CUCL is tentatively set at 1000 ppm. This is a high concentration, giving 

very good ammonia estimates up to 1000 ppm. Above 1000 ppm, the estimates with a calibration model based on 

reference spectra only up to 1000 ppm, will degrade slowly, although the non-linear spectral effects can be pre-

estimated and compensated for. Approaching NASA’s contingency maximum of 30 000 ppm, the estimates will be 

less accurate, but it will be perfectly clear that the air is far from breathable. – The main reason to limit the 

calibration gas concentration for ammonia to 1000 ppm is to protect the air sampling system of ANITA2, as well as 

the mixing system for calibration gas samples, to avoid degradation of any non-metallic sealing materials. 

For carbon monoxide, a second incremental CUCL has also been set to 1000 ppm. However, this has been 

included in the incremental hot scenario as shown in Table 3 and described in sub-chapter 5 below. 

System failures can give higher than normal concentrations of methane and carbon dioxide. Although methane in 

itself is unproblematic up to % levels, it is a good indicator for the operation of the air revitalisation systems. 

Therefore, an incremental CUCL of 400 ppm is planned for methane. Carbon dioxide is more critical for the crew. 

An incremental CUCL at NASA’s emergency target range of 26 000 ppm has been defined to give good gas 

estimates up to this level. 

Incremental CUCLs can also be relevant for any leak event for the three gases Flutec PP1, Freon 134a, and FM-

200, which are all new after ANITA1. However, neither the expected normal concentration levels nor any estimate 

on the effects of leaks are currently known. Therefore, their normal CUCLs and possible incremental CUCLs remain 

to be defined. 

 

5. A set of incremental calibration models for an extended gas scenario (hot event) 

An event involving overheating or fire on the ISS may produce a number of gases. ANITA2 is not intended to 

monitor everything in this case. However, up to a fire possibly is detected, and towards the end of the following 

clean-up phase, ANITA2 can give valuable gas estimations. – If a fire is detected, ANITA2 should stop sampling the 

air in order to protect the gas cell mirrors from soot. Then, the crew should wear breathing masks anyway, and 

details of the air composition will be of limited value. When the clean-up has been successful enough to make 

possible doffing a relevant question, ANITA2 should resume sampling – with clean optics – to support the decision. 

In a hot event, carbon monoxide is believed to possibly rise to up to 1000 ppm, and carbon dioxide up to 15 000 

ppm, including the effect from the release of a fire extinguisher. Therefore, the respective incremental CUCLs for a 

hot event have been set to these values in Table 3. A hot event will also increase the risk of releasing aldehydes. 

Therefore, the two incremental aldehydes propionaldehyde and butyraldehyde are also included in the incremental 

hot scenario. These aldehydes will be included with their regular incremental CUCLs of 50 and 40 ppm, 

respectively, since no really high level is expected. 
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6. Individual local calibration models 

Perfluoropropane (PFP) is used in a large cooling system on the ISS. As proven by ANITA1, this gas is not 

removed by any contaminant removal system for the ISS air8. After each release of PFP to the air, only leakages 

from the ISS air and air exchange with visiting spacecraft will deplete the PFP in the ISS air. Contrary to how other 

gases with possible leak or release events in the ISS will be treated (confer sub-chapter 4 above), the main CUCL for 

ANITA2 has been set to 140 ppm, which is the highest concentration ever observed in the ISS air (December 2008, 

i.e. few months after ANITA1 lost its rack position on the ISS). This treatment has been chosen, since PFP leaks 

already have happened several times, including in two events monitored by ANITA1. Since PFP at 140 ppm gives 

severe spectral saturation, as shown in Figure 13, an additional local model is planned, to give considerably better 

PFP estimates at the expected "normal" concentration levels. This local model has tentatively been set to a CUCL of 

30 ppm, like in the semi-local ISS scenario for ANITA1 (see Figure 14). This value will be confirmed or adjusted 

shortly before the ANITA2 calibration work, according to the newest information from the ISS on PFP releases and 

concentration history. 

 
Figure 13. A spectrum of 140 ppm of perfluoropropane (PFP) from ANITA1. The spectral area with the 

highest absorption peaks is shown. The spectral points where high optical absorption leads to poor spectral 

SNR are shown in red, while spectral points applicable for calibration are shown in blue. The high absorption 

obviously leads to major losses of usable spectral information. 
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Figure 14. A spectrum of 30 ppm of perfluoropropane (PFP) from ANITA1. The spectral area with the 

highest absorption peaks is shown like in Figure 13. Here, only one absorption peak gives poor spectral SNR 

(red points). The rest of the peaks are very well suited for gas estimation, giving much better estimation 

quality with a CUCL of 30 ppm than with a CUCL of 140 ppm. 

VII. Summary and outlook 

At the time of writing of this paper, the ANITA2 technology demonstrator is on track to monitor the cabin air 

quality onboard the ISS from 2020. 

After the start of the current ANITA2 project in September 2016, the instrument was designed, and the critical 

opto-mechanical elements were built in a flight-like design. An extensive test campaign with this Optical 

Breadboard was performed, showing a high performance in spectral quality.  

The very successful nearly one-year flight test of ANITA1 on the ISS demonstrated the validity, performance 

and useful complementarity of this in-situ instrument in closed habitats such as the ISS. ANITA should become a 

mandatory measurement device for crewed space cabins due to its capabilities such as nearly real time detection of 

incidents, in-situ measurement of air composition including trace gas dynamics, and no consumption except for 

power. 

Even with just the functionality of ANITA1, ANITA2 could be applied routinely, giving frequent readings of the 

trace gas contents of the ISS cabin 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 

types of flexibility, including post-launch calibration updating and optimisations. It is also 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. 

With these achievements, the ANITA2 project passed the PDR successfully in 2018. The ANITA2 Flight Model 

manufacturing started at the beginning of 2019, so that it will be ready for launch to the ISS in 2020.  

The envisioned 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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