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Technology Focus: Sensors

The figure depicts a unit that contains
a rotary-position or a rotary-speed sen-
sor, plus electronic circuitry necessary
for its operation, all enclosed in a single
housing with a shaft for coupling to an
external rotary machine. This rotation-

sensor unit is complete: when its shaft is
mechanically connected to that of the
rotary machine and it is supplied with
electric power, it generates an output
signal directly indicative of the rotary
position or speed, without need for addi-

tional processing by other circuitry. The
incorporation of all of the necessary ex-
citatory and readout circuitry into the
housing (in contradistinction to using
externally located excitatory and/or
readout circuitry) in a compact arrange-
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All necessary mechanical and electronic components are packaged together in compact units. 
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A sensor system was proposed that
would monitor spaceflight bioreactor
parameters. Not only will this technol-
ogy be invaluable in the space program
for which it was developed, it will find
applications in medical science and in-
dustrial laboratories as well.

Using frequency-domain-based fluo-
rescence lifetime technology, the sensor
system will be able to detect changes in
fluorescence lifetime quenching that re-
sults from displacement of fluorophore-
labeled receptors bound to target lig-
ands. This device will be used to monitor
and regulate bioreactor parameters in-
cluding glucose, pH, oxygen pressure
(pO2), and carbon dioxide pressure
(pCO2). Moreover, these biosensor fluo-
rophore receptor-quenching complexes
can be designed to further detect and
monitor for potential biohazards, bio-
products, or bioimpurities.

Biosensors used to detect biological
fluid constituents have already been devel-
oped that employ a number of strategies,
including invasive microelectrodes (e.g.,
dark electrodes), optical techniques in-
cluding fluorescence, and membrane per-
meable systems based on osmotic pressure.
Yet the longevity of any of these sensors
does not meet the demands of extended
use in spacecraft habitat or bioreactor
monitoring. It was therefore necessary to
develop a sensor platform that could deter-
mine not only fluid variables such as glu-
cose concentration, pO2, pCO2, and pH
but can also regulate these fluid variables
with controlled feedback loop.

To accommodate the inevitable failure
of sensing elements, a biosensor array
must be noninvasive and interchangeable
— something missing in the current state
of the art. Robust, compact, in-situ
biosensor arrays that are easy to use and
self-contained are needed for the on-
board testing and monitoring of bioreac-
tor parameters. In a miniaturized fre-
quency-domain lifetime fluorescence
(fLF) system, sensor arrays can be inte-
grated into a “dead leg” where the de-
sired assays of bioreactor constituents can
be analyzed and results can be sent to a
feedback control of regulatory valves that
will release nutrients and maintain a con-
stant bioenvironment for cell or tissue
culture growth. 

The sensor array and dead-leg test so-
lution must be designed so that they are
interchangeable for the inevitable re-
quirement of sensor replacement. This
design will take into account sterilization
considerations as well as the ease with
which a part can be replaced in order to
minimize the use of astronaut time. The
dead leg will allow a small volume of sam-
ple to be directed over the fLF sensor
surface in order to collect multicompo-
nent emissions and analyze them for dif-
ferent constituents. The biosensor sys-
tem will also contain feedback controls
to the feed lines of the bioreactor, thus
providing autonomous operation.

The final fLF sensor system will contain
a fully optimized sensor array that can be
interfaced with the dead leg of a bioreac-
tor or bioenvironment where current fLF

analysis can be performed repeatedly and
then replaced when sensor failure occurs.
The fLF has a proven track record and the
small dimensions needed to accommo-
date removable and interchangeable in-
terfacings with the bioreactor/bioenvi-
ronment. Scientists believe that an even
smaller dimension system can be devel-
oped for interfacing directly with the
bioreactor. This sensor platform, which
will be built around this dead-leg sample
analysis segment, will be used for preflight
testing/evaluation as a solution to biore-
actor environment control and will also
be marketed in a development program
for use in bioreactor control in the bio-
pharmaceutical and medical industries.

The development of this multi-analyte
biosensor system has broad commercial
applications in the biopharmaceutical in-
dustry where genetically engineered drugs
are produced by bioreactors. In addition
to its use for bioreactor monitoring, this
fLF biosensor technology will be useful for
biosensor applications including detec-
tion of toxins, dangerous chemicals, and
hazardous environmental agents. In addi-
tion to monitoring bioreactor parameters
during long spaceflights of the future, this
system can be used to monitor for biohaz-
ards to ensure astronaut safety.
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Replaceable Sensor System for Bioreactor Monitoring
An instrument is capable of detecting and monitoring biological media constituents in a
spaceflight bioreactor.
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