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Fig. 14.  Image of cortisol sensor.  Coin is shown for 
scale.  

 Gas/vapor sensors and humidity monitoring 
are needed to continuously monitor the cabin air 
quality in ISS and future habitats. These small, 
compact sensors could potentially replace bulky 
instruments currently used for this purpose.  For 
example, mass spectrometers provide very accurate 
quantitative information about the constituents of the 
ambient, but they are heavy, have a large power 
draw, and cannot characterize variations in elemental 
concentrations across the cabin environment.  In 
contrast, postage stamp-sized chip-based sensors are 
small, have very low power requirements, and, if 
calibrated properly, will provide reliable 
measurements of gases and vapors across a volume 
(it is possible to deploy multiple printed sensors 
across the cabin in a networked fashion) [18].  NASA 
has developed printed sensors for monitoring carbon 
dioxide and ammonia (ammonia has a high level of 
toxicity and leakage of ammonia in systems which 
use it for cooling represents a serious safety concern). 
The NASA research group has used machine learning 
to convert the measured signal of ammonia �± which 
is resistance in this case �± into analyte concentrations. 

 

 

Fig. 15.  Image of first-generation CO2 sensor.  

Radiation exposure is also serious concern 
in space missions, particularly for exploration 
missions beyond low earth orbit where radiation 
exposure levels increase by orders of magnitude.  
Radiation exposure poses threats to both crew health 
(increased risk of cancer) and payload electronics. 
Radiation sensors capable of fingerprinting various 

types of radiation based on their energy levels and 
intensity are needed. Towards this goal, a printed 
gamma ray detector was developed [19].  This sensor 
detects the conductivity change in carbon nanotubes 
upon exposure to radiation; the magnitude of this 
conductivity change is indicative of particular 
radiation levels. It is also able to detect gamma 
radiation at flux levels. 

Additional developments with on-demand 
printing capabilities include energy storage and 
power generation.  Most modern printed sensors 
require only milliwatt (mW) levels of power for 
operation, which can be locally generated from 
vi�E�U�D�W�L�R�Q�V���D�Q�G���R�W�K�H�U���P�R�Y�H�P�H�Q�W�V�����1�$�6�$�¶�V���S�U�L�Q�W�D�E�O�H��
electronics research group has exploited triboelectric 
power generation mechanisms to print energy 
scavenging devices which can provide a continuous 
supply of tens of mW power (this harvested energy is 
used to run the printed sensors). Supercapacitors are 
ideal devices for energy storage, as they have 
charging rates which far exceed conventional 
batteries. Through optimization of various inks for 
electrodes and active layers, NASA has printed 
supercapacitors with a specific capacitance of 150 
F/g.  These supercapacitors have completed a 
thousand charge and discharge cycles without any 
significant degradation in performance.   The 
development of a printed array of mini-antennas to 
harvest power for electronic applications is a 
compelling technology also being developed by ISM 
through a university collaboration�����7�K�L�V���³�U�H�F�W�H�Q�Q�D�´��
will harvest watts of electromagnetic radiation energy 
(Wi-Fi) through printed antennas on flexible 
substrates and utilize a rectifier circuit for power 
conversion.  

Future development of printed electronics 
technologies will involve development of multi-
material 3D printers to manufacture advanced sensors 
and devices on-demand as they are needed for ISS, 
Lunar Gateway, and future habitats on the Moon and 
Mars. Future phases of the Fabrication Laboratory 
activity are intended to include development of 
printed electronics capabilities.  Parallel development 
of advanced functional materials for sensors and 
devices are also needed to fully realize the 
�W�H�F�K�Q�R�O�R�J�\�¶�V���S�R�W�H�Q�W�L�D�O���L�Q���V�X�S�S�R�U�W of long duration 
spaceflight.  

5.  In-process sensing 

Inspection of parts produced on-orbit and 
certification of them for use in an application or 




















