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NASA requires a gas sensor for monitoring a wide variety of species onboard spacecraft. 

As a major constituents analyzer the device should measure oxygen, carbon dioxide and 

water vapor with high precision. As a post-event combustion monitor the device should 

measure carbon monoxide, hydrogen cyanide, hydrogen chloride and hydrogen fluoride 

with high sensitivity. As a leak detector the device should measure ammonia and chemical 

hydrazine with high specificity. The device should be portable, handheld, operate under its 

own power in a widely variable temperature-pressure-gravity-vibration-radiation 

environment while reliably reporting gas concentrations as quickly and unambiguously as 

possible. Alas, the tricorder! A two-year technology demonstration of the tunable diode laser 

based Multi-Gas Monitor (MGM) on the International Space Station (ISS) for major 

constituents plus ammonia, combined with extensive ground test of detecting combustion 

evolved gases led NASA to commission Vista Photonics to develop a device to measure all 

those species plus chemical hydrazine. Known as the Anomaly Gas Analyzer (AGA) project, 

the end product will be critical flight hardware for both Orion and the International Space 

Station. Three AGA engineering development units were delivered to NASA Johnson Space 

Center and are being subjected to a variety of tests at present. A device similar to the MGM 

was recently tested by the US Navy on a submarine. A sea trial of a more capable AGA-like 

device is in the planning stages. The Navy’s interest in testing NASA equipment is in a 

planned update to submarine environmental monitoring equipment. Vista Photonics is 

developing a scalable AGA-based architecture for the Navy that expands the target gases to 

include formaldehyde, ethylene, nitrous oxide, nitrogen dioxide, R12/R134a Freon, and 

acrolein. The core technology was developed by Vista Photonics through the Small Business 

Innovation Research (SBIR) program and expanded using NASA program funding.   

AC = alternating current 

AGA = anomaly gas analyzer 

cm = centimeters 

cm
3
 = cubic centimeters 

COTS = commercial off-the-shelf 

CO2 = carbon dioxide 

CPM = combustion product monitor 

DC = direct current 

                                                           
1
Environmental Scientist, NASA-Johnson Space Center, M/C SK4, 2101 NASA Parkway, Houston, TX 77058. 

2
Project Manager, NASA-Johnson Space Center, M/C EC3, 2101 NASA Parkway, Houston, TX 77058. 

3
Air Quality Technology Lead, KBRwyle, 2400 NASA Parkway, Houston, TX 77058. 

4
Air Quality Section Lead, KBRwyle, 2400 NASA Parkway, Houston, TX 77058. 

5
President, 3655 Research Road, Las Cruces, New Mexico, 88003. 



 

 

 

International Conference on Environmental Systems 

 

2

EDU = engineering development unit 

FPGA = Field Programmable Gate Array 

GASP = Gases and Aerosols from Smoldering Polymers 

GRC = Glenn Research Center 

ICL = interband cascade laser 

JEM = Japanese Experiment Module (part of ISS) 

JSC = Johnson Space Center 

MCA = major constituents monitor 

MGM = Multi-Gas Monitor 

nm = nanometer 

N2 = nitrogen 

NH3 = ammonia 

O2 = oxygen 

OLGA = Optical Life Gas Analyzer 

PAS = photoacoustic spectroscopy 

ppm = parts per million 

psi = pounds per square inch 

psia = pounds per square inch, absolute 

QCL = quantum cascade laser 

RH = relative humidity 

SBIR = Small Business Innovation Research 

TEC = thermoelectric cooler 

VCSEL = vertical cavity surface emitting laser 

VDC = volts, direct current 

VPI = Vista Photonics, Inc. 

W = watts 

WMS = wavelength modulation spectroscopy 

WSTF = White Sands Test Facility 

I. Introduction 

here are a variety of both portable and fixed gas monitors 

onboard the International Space Station (ISS).  Devices range 

from rack-mounted mass spectrometers to hand-held electrochemical 

sensors. An optical Multi-Gas Monitor was developed as an ISS 

Technology Demonstration to evaluate long-term continuous 

measurement of four gases that are important from both life support 

and environmental health perspectives. Based on tunable diode laser 

spectroscopy, this technology offers unprecedented selectivity, 

concentration range, precision, and calibration stability. Successful 

technology demonstration with MGM led to the effort to incorporate 

combustion evolved products and hydrazine into a combined sensor 

platform called the Anomaly Gas Analyzer (AGA).  

MGM utilizes the combination of high performance laser 

absorption spectroscopy with a rugged optical path length 

enhancement cell that is nearly impossible to misalign. The 

enhancement cell simultaneously serves as the measurement 

sampling cell for multiple laser channels operating within a common 

measurement volume. Four laser diode based detection channels 

allow quantitative determination of ISS cabin concentrations of water 

vapor (humidity), carbon dioxide, ammonia and oxygen. Each 

channel utilizes a separate vertical cavity surface emitting laser 

(VCSEL) at a different wavelength. In addition to measuring major 

air constituents in their relevant ranges, the multiple gas monitor provides real time quantitative gaseous ammonia 

measurements between 5 and 20,000 parts-per-million (ppm). A small ventilation fan draws air with no pumps or 

valves into the enclosure in which analysis occurs. Power draw is only about 2.5 W from USB sources when 

T

Figure 1. Version 2.0 Optical Life 

Gas Analyzer. The vacuum tight 

enclosure met the requirements sought 

at the time of the development. 
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installed in NanoRacks or when connected to 28 VDC source from any EXPRESS rack interface. Internal battery 

power can run the sensor for about 18 hours during portable operation. The sensor stores data internally while 

displaying running average measurements on an LCD screen and interfaces with the rack or laptop via USB. 

Figure 1 shows the first fully self-contained prototype version of the four gas optical sensor, constructed and 

delivered in 2011.
1
 That instrument is the Optical Life Gas Analyzer (OLGA) version 2.0. Version 1.0 was a bread 

boarded open and exposed laboratory technology demonstrator.
2
 Because ammonia had been added to the required 

suite of sensed species, it was thought desirable to have the sensor in a hermetically sealed enclosure for prolonged 

exposure to that strongly adhering molecule. In practice, it turned out easier to just put the whole sensor in a separate 

container for exposure to ammonia. The version 3.0 and 4.0 (Multi-Gas Monitor) devices are not isolated from the 

environment and employ in situ sampling with a DC fan. 

Design, construction and certification of the Multi-Gas Monitor were a joint effort between Vista Photonics, Inc. 

(VPI) NanoRacks, LLC and NASA-Johnson Space Center (JSC).  Vista Photonics developed the core technology 

and built the sensor. NanoRacks designed, constructed the aluminum enclosure, interfaces, and battery power 

management circuitry, integrated all subsystems into the enclosure, and then managed the certification tests, 

documentation and manifesting. The unit was calibrated in the JSC Environmental Chemistry Laboratory. The 

Multi-Gas Monitor was delivered onboard Soyuz as a technology demonstration to the ISS in November 2013 and 

activated in February 2014. The sensor was scheduled to operate for at least 6 months with data sent to the ground 

for evaluation. The primary goal is to demonstrate long term interference free operation in the real spacecraft 

environment.
3 

The fundamental detection principle in each version of 

the sensor is path length enhanced optical absorption 

spectroscopy. Optical absorption spectroscopy provides 

signal that is linear and quantitative in concentration of the 

absorbing species for small absorbance. Wavelength 

modulation spectroscopy (WMS) allows measurement of 

weak optical absorbance by shifting the detection band to 

high frequencies, where noise is reduced, to achieve 

fractional absorption sensitivities a factor between 100 and 

1000 better than direct optical absorption spectroscopy. 

WMS is implemented by superimposing a small amplitude 

modulation at frequency f on the laser diode injection 

current, causing modulation of the laser wavelength 

because wavelength is tuned by changing the current. The 

amplitude of the current modulation is chosen so that the 

induced wavelength modulation is comparable to the 

width of the spectral feature under study. Absorption by 

the target gas converts the laser wavelength modulation to 

an amplitude modulation that induces alternating current 

(AC) components in the detector photocurrent. Phase-

sensitive electronics are then used to demodulate the 

detector photocurrent at a selected harmonic, nƒ (typically, n = 2)  (Fig. 2).  

The near-infrared wavelength range is well suited for sensitive and selective detection of H2O, CO2, NH3 and O2 

because many isolated suitable absorption features are available for each species. Careful selection of the nominal 

wavelength range can even result in several species being detected with a single laser device. Whereas current 

modulation and second harmonic detection provide the basic absorption signal at a single wavelength, simultaneous 

current or temperature tuning the laser wavelength at a lower rate can produce either a single isolated absorption 

feature or an entire spectrum. In this case, the signal appears qualitatively as the second derivative of the original 

lineshape. 

The MGM approach, which employs a special type of multi-pass cell, is limited to about 10
-4

 fractional 

absorbance. The advantages of this cell relative to traditional multi-pass cells are in its compactness, ease of 

multiplexing and elimination of beam collection optics (which give rise to its rigidity/no alignment issues). AGA 

expands the use of this approach to six gases using the WMS photodetection technique. AGA also employs three 

photoacoustic spectroscopy (PAS) detection channels. In PAS, the same type of WMS laser operation is employed, 

but instead of detecting AC photocurrent on an optical detector, sound generated by the modulated 

absorption/heating of the target gas species is detected with a microphone. 

  

WAVELENGTH 

2f WMS SIGNAL 

Figure 2. Generation of WMS signal. 
Modulation of an optical source wavelength across 

the center of a molecular absorption feature 

produces WMS signal at twice the modulation 

frequency. 
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II. Multiple Gaseous Species Monitors 

The AGA development builds on the earlier investment towards several multiple species monitors that were 

targeted at detection of various classes of compounds important onboard spacecraft. These parallel developments 

took place over the course of several years with test campaigns and development efforts at NASA JSC, NASA GRC, 

and NASA WSTF. The purposeful employment of a common evolving electronics platform resulted in the capacity 

to ultimately combine many of the sensed species into the suite of gases monitored by the AGA. Major cabin 

constituents and ammonia were demonstrated with MGM. Detection of combustion evolved gases including the 

three major acid gases and carbon monoxide were developed on various platforms that together represent a 

combustion products monitor (CPM). Chemical hydrazine was detected, along with ammonia, on a platform known 

as the post-landing contingency monitor. Each of these instrumentation platforms is described here. 

A. MGM 

The Multi-Gas Monitor (originally 

OLGA version 4.0) built on lessons 

learned from earlier versions. MGM 

implemented laser line locking of each 

VCSEL channel to eliminate wavelength 

drift in the sensor. This critical feature 

was lacking in version 3.0 whose lasers 

were free running. Their wavelengths 

could drift around slightly and cause the 

sensor to misinterpret the absorption line 

of interest. This was made clear during a 

NASA press conference where OLGA 3.0 

was displayed in operation.
5
 The sensor 

displayed an anomalous, high, reading for 

ammonia because a slight wavelength drift 

had caused it to interpret a water vapor 

line as ammonia. This potential issue had 

already been recognized and remedied in 

OLGA 4.0 at the time of the press 

conference, but the sensor had not yet 

been delivered. The Multi-Gas Monitor 

scans farther in wavelength space than 

OLGA 3.0 for most of the sensor channels 

so that a sufficient spectral pattern can be obtained to unambiguously identify the line of interest for quantitative 

detection. Indeed, that same water line is used for referencing wavelength in the ammonia channel when the relative 

humidity exceeds 10 %. The sensor continually updates the VCSEL operating temperatures to keep those target lines 

at the proper locations in the spectrum. A second significant advancement over earlier platforms was the 

introduction of USB data transfer. During development of the basic architecture, it was not too burdensome to 

simply transfer data by physically removing the CompactFlash card and manually transferring data onto a computer. 

All versions up to MGM used this approach. 

The electronics architecture in MGM is comprised of one main 

electronics board, an FPGA board, a microcontroller, the USB 

communications and power boards. Design of the main analog 

board was continually improved throughout the development 

process of all the versions. The function of the main analog board is 

to provide current drive capability for the four laser channels and 

control their associated TECs without cross talk from the digital 

waveform delivered by the FPGA. The main board also routes 

power to the FPGA and microcontroller boards and two small 

photodetector preamplifiers. It also contains onboard temperature, 

pressure and humidity sensors. Portable power is provided by 

rechargeable batteries. A strict USB power only port and a 

combined power/data port provide power to the device when 

Figure 3. Sensor version 4.0, Multi-Gas Monitor. Flight 

prototype version 4.0 after assembly and integration. The adaptor 

plate allows for mounting to ISS equipment racks. The sensor can 

be powered through two USB ports or 28 VDC rack power. 

Figure 4. Multi-Gas Monitor display. 
Flight prototype instrument displays four 

measured gas concentrations, temperature 

and pressure. Display updates once per 

second. 
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plugged in and also keep the batteries charged. The device can also be powered by 28 VDC EXPRESS rack power, 

so that it could be semi-permanently operated anywhere on ISS that such power is available. The various power 

sources can be connected and disconnected while the sensor is operating. Figure 3 shows the MGM flight unit with 

associated cabling and mounting plates and Figure 4 provides a close up of the active sensor display. The sensor 

front panel LCD presents measurement updates every second. A user will immediately see changes registered on the 

display in real time. However, due to the time limitations in exchanging the sample volume in the sensor with a DC 

fan operating below full capacity (for acoustic reasons) and the large amount of data acquired, it was decided to only 

write measurements to file once every 30 seconds. The sensor begins a new, dated and sequentially numbered, file at 

the start of each day in Coordinated Universal Time. The sequential numbering protects against loss of the correct 

date in the file naming system. Data is appended to the file as it is acquired onto a redundant, synchronized set of 

microSD cards inside the Multi-Gas Monitor. From the operations room at NanoRacks LLC, data files are selected 

and down linked as scheduled via the EXPRESS Rack ethernet and KU band transmitter. Downlinks are typically 

once a week. 

NASA has been following the advent of environmental tunable diode laser spectroscopy (TDLS) and funding the 

application of TDLS to the challenge of spacecraft cabin air monitoring primarily via the Small Business Innovative 

Research (SBIR) program. One of the drivers has been a growing frustration with commercial electrochemical 

sensor based hand-held devices previously used for oxygen and still used for combustion product monitoring on ISS.  

Recent development of low power tunable lasers diodes in the mid infrared wavelengths has put portable, battery 

powered multiple gas TDLS based monitors for many gases of interest within reach. TDLS holds promise of 

unmatched selectivity—the ability to distinguish, for example, between different contaminant gases such as 

ammonia in parts-per-million (ppm) concentrations while also measuring percent levels of oxygen, carbon dioxide, 

and water vapor in the International Space Station (ISS) cabin atmosphere. Another potential advantage, which is 

being confirmed, is the ability to hold calibration for long periods (years). The Portable Oxygen Monitor was the 

very first environmental TDLS device deployed on ISS, and is still in use for airlock operations
1
. In 2013, the MGM 

was built and certified as a payload under the ISS Technology Demonstration project at NASA-JSC, with a primary 

motivation of developing continuous ammonia monitoring capability. The unit was calibrated in July 2013, and was 

launched on a Soyuz vehicle to ISS in November 2013. MGM was installed in the Nanoracks Frame 2 in the 

Japanese Experiment Module (JEM) and activated on February 3, 2014, making continuous measurements of the air 

for several years. MGM was returned to Earth in 2017. The history of the development of MGM, preparation, 

calibration, operation and results from the ISS technology demonstration were reported at the 2014 and 2015 ICES 

Figure 5. MGM On-orbit. MGM being operated in battery powered mode in the JEM during Increment 42. 
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Conferences
3
. MGM is pictured in Figure 5 and its performance specifications for the 4 gases MGM measures are 

provided in Table 1. 

Table 1. Physical and analytical characteristics of Multi-Gas Monitor Tech Demo 

Mass 2.6 kg   

Volume 4.4 L   

Power 2.5 W*   

Channel Precision Target Concentration  Range Actual Concentration Range 

Ammonia 1.5 ppm 10 – 10,000 ppm 5 – 20, 000 ppm 

Carbon Dioxide 20 ppm 500 – 25,000 ppm 250 – 30,000 ppm 

Oxygen 0.05 % 14 – 32 % 4 – 36% 

Water vapor 0.2 % RH 20 – 80% RH 2 – 90 % RH 

*Power draw is higher (5W max) when internal batteries are recharging while the sensor is running. 

 

B. Combustion Product Monitor 

Figure 6 shows the state of Vista Photonics’ combustion gas detection in 2010 and the challenge presented to 

produce a compact, portable, monitor for combustion products. This was one year before the advent of the OLGA 

2.0 device pictured in Figure 1 and capable of sensing four gases simultaneously. In 2010, each of the four most 

sought combustion evolved products was monitored with a stand alone, line-powered, single gas instrument. In most 

of the cases a microcomputer was required to run the instrument and acquire data, further limiting portability. 

Further confounding the incorporation onto a single platform was the use of photoacoustic spectroscopy to detect 

CO 

HCN 

HCl 

HF 

Figure 6. Combustion Product Monitors at WSTF. Four combustion species were measured over 

multiple events in 2010 using four separate instruments, one for each gas. 
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several of the combustion gases. The MGM electronics had not been designed to incorporate PAS based sensors. 

Between 2010 and 2015 various detection platforms based on both PAS and enhanced path length WMS were tested 

at JSC, GRC, and WSTF for the four target combustion products (HF, HCl, HCN, CO).
4-6 

By 2015, the preferred multiple gas detection strategy used enhanced path WMS for the four combustion gases 

and was then able to take advantage of the baseline electronics platform used on MGM. The four combustion gases 

were combined with the three major constituent gases in a single enclosure as shown in Figure 7. The instrument 

consisted of two independently operating, but co-located, multi-gas sensors capable of combined sensing of seven 

species. The 7-Gas CPM was tested at NASA Glenn Research Center in June, 2015. Initial testing consisted of 

presenting the sensor with known 

concentrations of most of the test species 

from certified standards (both neat and 

from flow dilution). Other sensors were 

present in the flow path including 

electrochemical devices made by Draeger 

and Crowcon. The 7-Gas CPM was the 

terminus of the gas flow path and gas 

escaped the device into a vented 

enclosure. 

The initial testing can be summed 

up as a learning curve in how to expose 

all the sensors to the same challenge of 

gas concentrations while maintaining a 

reasonable humidity in the gas stream. 

The CPM was configured to utilize water 

vapor spectral signal as a means for 

wavelength determination in several of 

the gas channels (HF, HCl, HCN). Water vapor is a wavelength reference for determining the spectral location for 

Figure 7. Seven Gas Sensor. In 2015 sensing for the four combustion gas was combined with major 

constituent monitoring in a single enclosure; 7-gas CPM being calibrated at JSC. 

Figure 8. Seven Gas Sensor at GRC. Sensor being tested before 

exposure to multiple combustion events. 
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the target gas of interest. It is also the means for implementing laser wavelength locking so as to eliminate/mitigate 

wavelength drift in the instrument over the span of years. This was the approach used effectively on MGM which 

operated for several years on ISS. The MGM remained in calibration and was in good agreement with the gold 

standard MCA mass spectrometer on ISS.  

A bubbler was introduced into the gas challenge diluent stream immediately prior to testing to provide a 

background level of water vapor. The bubbler represented an additional variable and introduced higher complexity. 

A leak in the bubbler caused the initial run of HF challenges to be discarded and necessitated a repeat of the 

challenges. A series of HCl measurements were, likewise, tossed out. More importantly, it was suspected that the 

aggressive amount of gas traversing the bubbler was causing issues downstream near the blending point where the 

target gas stream met the wet diluent. The suspicion arose from the strange behavior of the HCl sensor which read 

anomalously low at low HCl concentrations and high at high HCl concentrations. To test this assumption, water 

vapor was introduced without the bubbler by adding liquid water to the enclosure containing the electronic sensors 

which was upstream of the CPM. Two test points were made for HCl that showed close agreement between set and 

measured values.  

In most cases, there was close agreement between the CPM and the other sensors. Typically, if the CPM 

reading diverged from the computed set challenge concentration, the other sensors did as well.  This is possibly 

attributed to the introduction of the bubbler and the slipstream flow arrangement which presented 3 to 4 slpm to the 

downstream suite of sensors. The slipstream flow arrangement made the upstream back pressure an additional, 

important, parameter. In some cases the diluent flow controller could not just be set and assumed to go to the desired 

flow as the back pressure was too high. If issues like that occurred during the challenges, it could explain the 
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Figure 9. Seven Gas Sensor combustion event measurements. Time traces of GRC smoke tests of 7-Gas 

CPM on final day of testing.  Sensor was in good agreement with available electronic sensors. Chamber was 

vented between burns. 
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sensors’ agreement with each other but deviation from the set concentration. In cases, where the electronic sensors 

and the CPM deviated, it was usually from an attempt to provide alternate methods for introducing water vapor into 

the gas stream. One example was a wet cloth in the electronic sensor enclosure which appeared to adsorb acid gases 

and prevent them making it into the CPM. However, the CPM was not able to measure significant HF from either of 

the blended mixes, wet or dry, while initial measurements from the Crowcon showed HF (it began to fail later). One 

possibility is that a new, unknown, variable was somehow introduced between the electronic sensor enclosure and 

the CPM. Another possibility is that the HF is somehow no longer in the gas blended mixtures and that the Crowcon 

is cross sensitive to HCl. Figure 9 shows CPM data from the five runs accomplished on the last day of testing. 

The time traces for CO and HCN were smoothed with a 10 point binomial smooth of the data which was 

acquired at one point every 5 seconds, still maintaining sensor response. The oxygen channel was smoothed with a 5 

point binomial in order to show the decrease during the events in contrast to the increases of carbon dioxide. The 

oxygen read somewhat high because a necessary ambient pressure compensation had not yet been implemented at 

that time. Background carbon dioxide from the GASP building compressed air supply was shown, surprisingly, to be 

a variable and dropped to essentially zero several times over the course of the week. In any case the presence of the 

smoldering events appears to reduce oxygen content in the box. Overall, the CPM quantitatively determined the 

gases that should have been evolved in each fuel mixture and did not report any anomalous false positives. HCl 

production was high during one of the runs and exceeded the arbitrary 45 ppm range of the sensor. The CPM was in 

good agreement with those measurements which were available from the companion electronic sensors. 

 The 7-Gas CPM was calibrated during two campaigns at NASA JSC in March and June 2015. The 7-Gas CPM 

was tested at NASA GRC in June 2015. The CPM sensor was generally in good agreement with companion 

electronic sensors and/or the challenge set points. Discrepancies typically depended on whether the need for water 

vapor in the challenge affected the sensors differently (wet rag in electronic sensor enclosure) or affected the 

challenge gas (blending point with aggressive bubbler for HCl; and slipstream back pressure arrangement). In 

hindsight, this could have been avoided by letting 7-Gas CPM lasers temporarily free run just for this testing 

campaign. The sensor does not need water vapor to make valid measurements if it is configured to expect dry 

challenges. The water vapor approach is, however, necessary for locking in long term calibration on orbit and should 

not be changed permanently. The CPM draws about 7 Watts because of a non-ideal CO laser. An ideal CO laser is 

anticipated to result in a total draw of about 3.5 Watts. This makes battery operation easily implemented in the 

future. 

 The 7-Gas CPM saw implementation in 2015 of a newly commercially available mid-infrared optical source in 

the form of an interband cascade laser (ICL) for carbon monoxide. The baseline MGM electronics were upgraded 

for compatibility with these devices. The advent of readily available mid-infrared, relatively low-power draw, laser 

devices ultimately led to an upgrade of the CPM platform after 2015 resulting in the current platform for the AGA.   

C. Hydrazine (plus ammonia) 

The CPM prototype demonstrated the viability of utilizing ICL-based trace gas sensors. Consequently, some 

design changes were implemented in 2016 that incorporated several ICLs with photoacoustic spectroscopy to 

significantly reduce the overall size of the multiple species platform. In particular, the standard technique for both 

CO and HCN detection became ICL-based PAS. As Vista Photonics’ CPM design was emerging alongside several 

competitors’ designs for contingency monitoring on both ISS and the Orion spacecraft, a second gas sensing need 

for chemical hydrazine was presented specifically for Orion. It turned out that the ICL wavelength selected for HCN 

detection was simultaneously capable of accessing absorption lines for hydrazine. NASA then commissioned a 

technology demonstrator for hydrazine using ICL-PAS along with an enhanced path length WMS channel for 

ammonia based on the MGM approach.
7
 This device was known as the Orion post-landing contingency monitor 

(PLCM). If successful, the demonstrator would offer a clear path to a single combined instrument that could 

accomplish the major constituents, combustion products, hydrazine and ammonia measurement objectives. 

The PLCM proved effective at hydrazine detection, though the detection limit was marginal at several ppm. 

Nonetheless an AGA prototype was developed based on the ICL-PAS approach using a common laser for both HCN 

and hydrazine detection. The AGA prototype was calibrated and tested for hydrazine at NASA WSTF, Figure 10. 

Performance was equal to that evidenced previously using the same hydrazine sensor components that were utilized 

in the PLCM. No performance degradation was realized after incorporation into the AGA using all new electronics. 

Noise at one standard deviation was still on the order of +/- 2 ppm. 
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During construction and testing of the AGA prototype a second type of mid-infrared laser became commercially 

available in a package potentially compatible with Vista Photonics’ low-power electronics. The relatively low 

current draw, collimated beam, quantum cascade laser (QCL) in a TEC temperature controlled package offered the 

possibility of having a more sensitive, dedicated, PAS channel for hydrazine. Sensors using both hydrazine detection 

approaches are shown in Figure 10 and gas detection results are shown in Figure 11. The much longer operating 

wavelength of the QCL is able to access stronger hydrazine absorption features where improved sensitivity is to be 

expected.  

Indeed, the long wavelength QCL-

PAS sensor for hydrazine proved 

much more sensitive and much faster 

than the AGA prototype hydrazine 

sensor. Detection limits were over an 

order of magnitude better, about 0.1 

ppm vs. 2 ppm, with an 18-times 

faster response time of 10 seconds, 

Figure 11. There was also no 

measurable water vapor correlation 

and an extremely weak ammonia 

correlation (100:1 vs. 5:1) at the QCL 

wavelength relative to the AGA 

wavelength. After the sensor was 

calibrated for hydrazine and the 

ammonia correction was 

implemented, the sensor was taken 

back to WSTF for verification testing 

and found to be in good agreement 

Figure 10. Two hydrazine sensors. Hydrazine was detected in the near-IR with an ICL in the AGA 

prototype and in the mid-IR with a QCL during testing at WSTF. The QCL sensor proved far superior and 

was ultimately selected for the second phase of the AGA development. 

AGA prototype 

QCL breadboard system 

Figure 11. Hydrazine sensor measurements. The QCL based 

hydrazine sensor was much more sensitive with a faster response time 

than the AGA prototype hydrazine sensor. 
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with the “gold standard” fire brick determinations. In the Orion post-landing contingency monitoring mode, the 

QCL-PAS hydrazine sensor is able to meet the 1 – 10 ppm required range. 

D. AGA Prototype 

The AGA prototype is a combination of sensors for the four MGM gases, the four combustion product monitor 

gases and chemical hydrazine.
8
 A total of nine gases are monitored using eight lasers. The laser for HCN was also 

set up to measure hydrazine. Selection was accomplished by a mode switch function of the main power switch. In 

“on-orbit mode” all gases but hydrazine were measured. In “post-landing mode” hydrazine, ammonia and carbon 

dioxide were measured. Thus, the laser for HCN/hydrazine was only ever required to measure one gas in any given 

mode. 

Figure 12 shows the great reduction in 

size achieved relative to the 7-gas CPM 

sensor with the AGA by switching to 

PAS detection of CO, HCN and 

hydrazine. The other six gases were 

detected using the proven enhanced path 

length WMS approach. The AGA 

prototype is powered by 4 BP-955 

camcorder batteries and could run for 

over 24 hours on a fully charged set. In 

situ gas sampling was accomplished by a 

pair of 5 volt fans. 

The AGA was calibrated and tested 

for CO, O2, CO2, H2O, HCN, HCl, HF 

and NH3 in the new toxicology laboratory 

at NASA JSC (Figure 13). All gases were 

presented and the respective sensor 

channel fit coefficients determined over 

the course of five days at JSC. The fits 

were added to the AGA onboard software 

as each one became available. The CO, 

Figure 13. AGA Prototype at JSC. Eight of the nine sensed 

species were calibrated at the JSC Toxicology Laboratory; hydrazine 

was calibrated at WSTF. 

Figure 12. Multiple Species Sensors. The AGA prototype evolved from the 7-gas CPM but is much smaller, 

detects 9 gases and runs on batteries. 

AGA prototype 

7-gas CPM 
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HCN, HCl and HF channels were calibrated with simple linear fits. The O2, CO2 and NH3 channels were calibrated 

to take curvature in the sensor response into account due to the wide concentration span required. Note that 

ammonia was calibrated up to 30,000 ppm in the prototype. All channels response functions were as expected and as 

previously demonstrated. Cosmetic changes to the LCD were also added as their usefulness became evident during 

calibration and testing. Examples include an RH LO condition for the CO channel display when RH is below about 

10 % as well as indicators for when the main inlet fan and internal fan are energized. The successive calibration 

point periods for HCl and HF was sufficiently long (for passivation of the flow system) that the AGA was able to be 

calibration checked for the other, previously calibrated, gases in parallel. By the end of the five days all gases had 

been calibration checked at multiple test points. Hydrazine was calibrated earlier at WSTF. 

Several design considerations dictated the change from all optical to optical plus PAS for the AGA prototype. 

Significant drivers included the size/portability requirement, operation on batteries, laser alignment stability, and 

hydrazine sensitivity. The single digit ppm sensitivity required for hydrazine could not be achieved by a path length 

enhancement approach that could also result in a portable instrument. Simultaneously, the alignment stability 

requirements for the optical CO channel were difficult to maintain and were unlikely to survive vibration testing. 

Once both of those channels were selected/switched to PAS, the HCN was switched as well for size and 

convenience since it could share the CO sensor transducer. The alignment requirements for PAS are less restrictive 

relative to an optical open path because the path itself is shorter and there is no need to control impingement on a 

small area detector.  

III. AGA EDUs 

The transition from prototype to flight 

hardware for the AGA is going through an 

engineering development unit stage for 

many practical reasons.
9
 From a 

fundamental sensor standpoint, the 

hydrazine sensor in the prototype has been 

upgraded to a dedicated QCL-based 

channel. The laser is no longer shared with 

the HCN channel. The nine sensed gases 

now utilize nine separate lasers. This 

required PAS sensor redesign to 

accommodate three lasers instead of two, 

electronics redesign to drive nine lasers, 

and extensive hydrazine testing. Other 

features added to the AGA EDU that were 

not in the prototype include 1) audible and 

visible alarms, 2) separate mode-select and 

power switches, 3) audible alarm mute 

button, 4) built-in-test button, 5) battery 

low indicator, 6) low flow indicator, and 7) 

error code display. The instrument was also 

made more rugged to accommodate kick-

load and g-force requirements. The 

operational temperature range was 

increased to 2 °C – 50 °C whereas the 

prototype basically operated around room 

temperature. Unit conversions for several of 

the gases were implemented to be more 

useful to the crew. The capacity to set 

separate alarm limits for ISS and Orion was 

added. 

Electronics redesign to expand the 

operating temperature range and to meet 

NASA de-rating requirements resulted in 

growth of the board footprints. Likewise, 

Figure 14. Anomaly Gas Analyzer EDU. Significant 

modifications were made to the AGA prototype to address the 

requirements for flight hardware. Three EDUs were produced and 

delivered to JSC. 
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ruggedizing the internal sensor components for shock loads increased their size as well. The use of larger BP-975 

camcorder batteries and the requirement for them to be fully enclosed further increased the instrument size over the 

prototype. Even after accommodation of these requirements, the 9-gas EDUs are about 65 % the size of the 7-gas 

CPM. The AGA EDUs seek to meet other NASA requirements including rounded edges, vehicle mounting to Orion, 

EMI emission and susceptibility, radiation tolerance, and variable ambient pressures. Three AGA EDUs were built 

and delivered to NASA JSC in August, 2018 and have undergone extensive testing since that time. Lessons learned 

are being applied to the flight hardware design. 

 

IV.  Submarine Sea Trial Sensor Version 

A device similar to the MGM was tested by the US Navy on a submarine and results reported at ICES 2018.
10

 A 

sea trial of the more capable AGA prototype style device is in the planning stages. The Navy’s interest in testing 

NASA equipment is in a planned update to submarine environmental monitoring equipment. Vista Photonics is 

developing a scalable AGA-based architecture for the Navy that expands the target gases to include formaldehyde, 

ethylene, nitrous oxide, nitrogen dioxide, nitric oxide, R12 and R134a Freon, and acrolein. The central frame with 

user interface is expected accommodate up to three 9-gas AGA-style sensor modules for a total capacity of 27 gases. 

 

V. Conclusion 

An integrated optical architecture utilizing lessons learned and techniques advanced on several NASA SBIR 

projects has been developed for use in the emerging Anomaly Gas Analyzer for ISS and Orion contingency 

monitoring. The first version of the sensors, called MGM, proved the value of the optical approaches employed and 

resulted in a compact, rugged design which flew on ISS. Combustion monitoring evolved through several instrument 

platforms providing Vista Photonics with experience in the pros and cons of various detection techniques, 

culminating in the 7-gas CPM demonstrator. Concomitant availability of new mid-wavelength infrared laser sources 

allowed significant reduction in CPM size without loss of performance while also presenting the capacity for high-

performance detection of chemical hydrazine. Each of those endeavors provided the means to develop a combined 

gas monitor for the 9 gases sensed by the AGA. The AGA evolved from a prototype to the present flight-like EDUs 

over the last year and three units were delivered in 2018. The flight hardware design itself is in progress. In the 

future, a modular arrangement of the AGA will allow scalability to many gases for the US Navy and other 

customers. 
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