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Introduction:  Many electro-mechanical systems 

past, present, future, on-earth, on-orbit and on other plan-
ets/moons are and will be designed for longevity and with 
sufficient diagnostic capabilities to assure safety. Here we 
present technology used at NASA Goddard Space Flight 
Center (GSFC) Planetary Environments Lab that provides 
comprehensive trending data allowing for instrument and 
subsystem health measurements during daily operations.  

Details: Testing, design and operation of two GSFC 
instruments are explained; 1) the Sample Analysis at Mars 
(SAM) instrument suite [1], on-board the NASA Mars Sci-
ence Laboratory, Curiosity Rover launched November 2011, 
landed August 2012 and currently in the 5th year of surface 
operations on Mars and 2) the Mars Organic Molecular Ana-
lyzer Mass Spectrometer (MOMA-MS) [2] on-board the 
ESA ExoMars Rover to be launched in 2020. Mission history 
coupled with trends of housekeeping data over the past few 
years will provide on-going developments and ideas for fu-
ture space mission health checks and diagnostics. Many fu-
ture flight systems provide life-sustaining equipment for 
manned-missions; therefore, proper design and health diag-
nostics are critical in their design and operational features.  

Markers: The flight software and scripts for SAM and 
MOMA-MS were purposely designed with the ability to 
uniquely mark data based on context. This is a key point 
because post processing of data for trending of system health 
was incorporated early in flight software development. This 
system of markers would not be available without this unu-
sual brand of flight software. 

 

	
Figure	1	-	Health	of	Flight	SAM	Valve	#2	as	Shown	by	Capacitor	Re-Charge	Voltage	(Housekeeping	

Channel	#	210)	
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Figure 1.  Trending of SAM valve #2 health as shown by capaci-
tor re-charge voltage (housekeeping channel #210) during mark-
er #102 for all SAM health checks on Mars 

 
The mark in telemetry identifies a very particular state 

of the instrument and therefore health checks can be tailored 
to quickly examine that state. The importance of using this 
feature for future missions is that it allows problems during 
component tests, pre- and post-launch integration, testing and 
operations to be captured quickly and easily and corrected 
before they propogate to significant system anomalies. 
 

Trending: Figure 1 shows a simple example of trend-
ing SAM housekeeping values to evaluate the health of a 
subsystem. Here we look at valve operation (SAM Valve #2, 
V2) during one stage of monthly baseline tests. The valve 
operates using a solenoid which is pulsed to measure health 
of the circuit without changing the valve’s open/closed state. 

The SAM script introduces marker #102, which occurs 
before the capacitor re-charge voltage following V2 opening. 
This type of trending using unique markers after downlink of 
monthly health-checks can quickly show the continued 
health of subsystems such as shown for SAM V2. 

Software Tools: The software tools that use the 
markers, analyze and plot the housekeeping data are referred 
to as Igor Pro 7, Python and XINA. Figure 1 was created 
using XINA, a tool developed at NASA/GSFC, that provides 
web-based access to data for SAM, MOMA-MS and four 
other missions. XINA is also used to keep track of the 
consumables such as pump operating hours. 

 

 
Figure 2. Excerpt from SAM flight health-check showing last 17 
checks (of total 1225 checks) 

 
Python: To assess instrument health, the Python soft-

ware toolkit, consisting of a collection of scripts written in 
Python, quickly examines baseline tests and identifies volt-
ages, currents, temperatures, RF frequency, pressures, etc. 
that are off nominal. As shown later, other tools can correct 
for temperature effects to detect off nominal values even at 
environmental test extremes. Figure 2 is a sample of a SAM 
health-check report provided by the Python toolkit showing 
the last 17 checks during the last marker. All these tests show 
nominal operation. MOMA-MS has a similar report for base-
line health-check tests. 

XINA: Another example for the XINA tool is shown in 
Figure 3. Voltage monitors, for instance the +5V Digital 
(housekeeping channel #001) for MOMA-MS, can be used to 
provide diagnostic trends. And again the measured voltage 
can vary with environmental temperature. The XINA plot of 
recorded voltages at marker #50 (2-minute quiescent steady-
state early during the health check) shows all values are with-
in expected upper and lower values except the two cold envi-
ronmental tests. 
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Figure 3. Measured 5V digital voltage for MOMA-MS during 
quiescent steady-state of flight baseline test including cold envi-
ronmental testing 
 

Temperature Compensation: Proper operation of 
the 60 heaters on flight SAM and the 23 heaters on flight 
MOMA-MS are also checked during the baseline test. 
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Figure 4. Getter current at marker #1150 showing average cur-
rent and current after temperature correction 
 

Figure 4 shows activation current when 2 volts are ap-
plied to the heater element of the SAM Getter circuit – notice 
the deviations due to environmental temperature. After tem-
perature correction the current shows a small, steady, de-
creasing trend over 4.5 years due to negligible degradation.  
The trends provided by using these tools are essential to de-
tect changes in system and subsystem performance that need 
to be investigated and corrected such as heaters that may 
need to be repaired or replaced before launch. 

 

 
Figure 5. Consumables page for flight MOMA-MS 
 

Consumables: Consumable usage for SAM and 
MOMA-MS are logged by XINA for easy access after each 

test. The consumables include; usage of analytical sample 
cups, pump operating hours, filament and electron multiplier 
on-time, Helium usage, laser shots, valve cycles, etc. Some 
metrics are logged with percent life, for instance, in Figure 5 
MOMA-MS wide-range pump (WRP) usage is at 59%, 206 
hours used of a total 350 hour life. A similar page for SAM 
also shows oxygen, calibration-gas usage and thermoelectric 
cooler (TEC) percent of total life cycles used.  

Igor Pro 7 and Add-ons: And finally, a trend of mass 
spectrometer science data produced using the post-processing 
software called Igor Pro 7 (developed by WaveMetrics) is 
shown below. The SAGE/MAGE/GATES add-ons to Igor 
Pro 7 were developed at GSFC [3]. The plot in Figure 6 
shows mass/charge ratio 147 (m147) at a marker created to 
examine science data when the WRP is pumping on an oth-
erwise sealed quadropole mass spectrometer (QMS). Parti-
cles or other compounds measured by mass spectrometers 
can be quickly trended using these tools and add-ons. 
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Figure 6. Igor Pro 7 plot showing mass ratio 147 data for all 
SAM testbed runs versus date 
 

Conclusions: NASA/GSFC is successfully using a sys-
tems of markers and post-processing tools to gauge the 
health of Mars-based instruments and instruments under 
development. These techniques can be used in the future for 
space-exploration missions to quickly assess health of vital 
equipment.  They can provide recommendations for repair or 
replacement of these components before launch, as is the 
case for the SAM and MOMA-MS projects. SAM continues 
its exploration of the Mars environment continuously provid-
ing science of sand, dust, rock and atmosphere as the Curi-
osity Rover makes is way along the surface of Mars and 
ExoMars/MOMA-MS continues its trajectory through fabri-
cation, integration, test and launch towards a safe landing 
and exciting operations on Mars.  

Ackowledments: B. P. thanks and acknowledges P. 
Mahaffy, W. Brinckerhoff and all the SAM, MOMA-MS and 
MSL teams.  

References:  
[1] Mahaffy, P.R. et al (2012) Space Science  Reviews, Vol. 
170, Issue 1, pp. 401-478  
[2] Goetz, W. et al (2016) International Journal of Astrobiol-
ogy, Vol. 15, Issue 3, pp. 239-250  
[3] Brunner, A.E. et al (2013), LPSC, abst # 2053 
[4] Malespin, C.A. et al (2015), LPSC, abst # 2558 

7068.pdf3rd Planetary Data Workshop 2017 (LPI Contrib. No. 1986)


