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Conventional quantitative protein as-
says of bodily fluids typically involve
multiple steps to obtain desired meas-
urements. Such methods are not well
suited for fast and accurate assay meas-
urements in austere environments such
as spaceflight and in the aftermath of
disasters. Consequently, there is a need
for a protein assay technology capable
of routinely monitoring proteins in aus-
tere environments. For example, there
is an immediate need for a urine pro-
tein assay to assess astronaut renal
health during spaceflight. The disclosed
nanoscale surface plasmonics sensor
provides a core detection method that
can be integrated to a lab-on-chip de-
vice that satisfies the unmet need for
such a protein assay technology. 

Assays based upon combinations of
nanoholes, nanorings, and nanoslits
with transmission surface plasmon reso-
nance (SPR) are used for assays requir-
ing extreme sensitivity, and are capable
of detecting specific analytes at concen-
trations as low as picomole to femtomole
level in well-controlled environments. 

The device operates in a transmission
mode configuration in which light is di-
rected at one planar surface of the
array, which functions as an optical
aperture. The incident light induces
surface plasmon light transmission from
the opposite surface of the array. The
presence of a target analyte is detected
by changes in the spectrum of light
transmitted by the array when a target
analyte induces a change in the refrac-
tive index of the fluid within the
nanochannels. This occurs, for exam-
ple, when a target analyte binds to a re-
ceptor fixed to the walls of the
nanochannels in the array. Inde -
pendent fluid handling capability for in-
dividual nanoarrays on a nanofluidic
chip containing a plurality of nanochan-
nel arrays allows each array to be used to
sense a different target analyte and/or
for paired arrays to analyze control and
test samples simultaneously in parallel. 

The present invention incorporates
transmission mode nanoplasmonics and
nanofluidics into a single, microfluidi-
cally controlled device. The device com-

prises one or more arrays of aligned
nanochannels that are in fluid commu-
nication with inflowing and outflowing
fluid handling manifolds that control
the flow of fluid through the arrays. The
array acts as an aperture in a plasmonic
sensor. Fluid, in the form of a liquid or a
gas and comprising a sample for analy-
sis, is moved from an inlet manifold
through the nanochannel array, and out
through an exit manifold. The fluid may
also contain a reagent used to modify
the interior surfaces of the nanochan-
nels, and/or a reagent required for the
detection of an analyte. 

This work was done by Jianjun Wei and
Sameer Singhal of CFD Research Corporation,
and David H. Waldeck and Matthew Kofke of
the University of Pittsburgh for Glenn Research
Center. Further information is contained in a
TSP (see page 1).

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Glenn Research Center, Innovative
Partnerships Office, Attn: Steven Fedor, Mail
Stop 4–8, 21000 Brookpark Road, Cleve-
land, Ohio 44135. Refer to LEW-18967-1.

Segment mirror phasing, a critical
step of segment mirror alignment, re-
quires the ability to sense and correct
the relative pistons between segments
from up to a few hundred microns to a
fraction of wavelength in order to bring
the mirror system to its full diffraction
capability. When sampling the aperture
of a telescope, using auto-collimating
flats (ACFs) is more economical. The
performance of a telescope with a seg-
mented primary mirror strongly de-
pends on how well those primary mirror
segments can be phased. One such
process to phase primary mirror seg-
ments in the axial piston direction is dis-
persed fringe sensing (DFS). DFS tech-
nology can be used to co-phase the
ACFs. DFS is essentially a signal fitting

and processing operation. It is an ele-
gant method of coarse phasing seg-
mented mirrors. DFS performance accu-
racy is dependent upon careful
calibration of the system as well as other
factors such as internal optical align-
ment, system wavefront errors, and de-
tector quality. Novel improvements to
the algorithm have led to substantial en-
hancements in DFS performance.

The Advanced Dispersed Fringe Sens-
ing (ADFS) Algorithm is designed to re-
duce the sensitivity to calibration errors
by determining the optimal fringe ex-
traction line. Applying an angular ex-
traction line dithering procedure and
combining this dithering process with
an error function while minimizing the
phase term of the fitted signal, defines

in essence the ADFS algorithm. The
error function, for the time being, is de-
fined as the rms value of the particular
signal fitting. ADFS is a unique and sig-
nificant enhancement to the DFS algo-
rithm, allowing one to reduce require-
ments upon calibration while obtaining
significantly better and more repeatable
results than using the simple DFS algo-
rithm. In addition, this enhancement
does not require any additional hard-
ware. Moreover, ADFS can overcome
hardware related alignment errors such
as DFS device positional uncertainties af-
fecting the signal dispersion direction,
and still allow one to obtain precise and
repeatable piston estimations.

ADFS allows dispersed fringe sensing
to be less sensitive to calibration errors.

Advanced Dispersed Fringe Sensing Algorithm for Coarse
Phasing Segmented Mirror Telescopes 
The algorithm reduces sensitivity to calibration errors. 
NASA’s Jet Propulsion Laboratory, Pasadena, California

Nanoscale Surface Plasmonics Sensor With Nanofluidic Control 
This sensor has applications in health centers, clinical labs, pharmaceutical firms, drug research
labs, and other facilities engaged in biomarker screening. 
John H. Glenn Research Center, Cleveland, Ohio
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ADFS corrects for piston estimation error
terms, which appear in the fitted phase
term when processing a DFS signal. The
results of the Monte-Carlo type simula-
tions clearly validate the analytical work
to prove a correlation exists between cali-
bration-induced piston estimation errors
and the algorithm fitted phase.

At the time of this reporting, ADFS is
being integrated with the DFS algorithm

improvement called Multi-Trace. Multi-
Trace is currently the baseline for the
dispersed Hartman sensor (DHS) used
on-flight for coarse segment alignment
of the James Webb Space Telescope
(JWST). Because Multi-Trace does not
address many degrees of freedom for
the calibration process (i.e., rotational,
scaling, tangential translation), a hybrid
algorithm offers a possible improvement

upon these algorithms. ADFS offers
marked improvements on the DFS, DHS
algorithm, and opens possibilities for
broader applications of these processes.

This work was done by Joshua A. Spechler,
Daniel J. Hoppe, Norbert Sigrist, Fang Shi,
Byoung-Joon Seo, and Siddarayappa A.
Bikkannavar of Caltech for NASA’s Jet
Propulsion Laboratory. For more information,
contact iaoffice@jpl.nasa.gov. NPO-47688

Fast, continuous detection of a wide
range of hazardous substances simulta-
neously is needed to achieve improved
safety for personnel working with hyper-
golic fuels and oxidizers, as well as other
hazardous substances, with a require-
ment for such detection systems to warn
personnel immediately upon the sud-
den advent of hazardous conditions,
with a high probability of detection and
a low false alarm rate. Current detection
methods rely on dosimetry badges that
are not processed instantaneously, but
rather at the end of work shifts.

A software technique provides pattern
recognition for monitoring large num-
bers of channels of carbon nano tube
sensors to detect a wide range of sub-
stances, including simultaneous hyper-
golic fuel and oxidizer detections, in
near real time. It is useful for providing
continuous monitoring of potentially
hazardous substance leaks, with the ad-
ditional ability to add detection capabil-
ities without requiring hardware
changes. It also includes software tech-
niques to achieve quick neural network

training with little to no human inter-
vention, through the use of innovative
adaptive training techniques.

The primary purpose of this software
is to read the voltage outputs from volt-
age dividers containing carbon nano -
tube sensors as a variable resistance leg,
and to recognize quickly when a leak
has occurred through recognizing that
a generalized pattern change in resistiv-
ity of a carbon nanotube sensor has oc-
curred upon exposure to dangerous
substances, and, further, to identify
quickly just what substance is present
through detailed pattern recognition of
the shape of the response provided by
the carbon nanotube sensor.

The software consists of input nodes,
hidden nodes, and output nodes, with all
input nodes connected to all hidden
nodes through a set of weighted path-
ways, and with all hidden nodes con-
nected to all output nodes through a set
of weighted pathways. Bias terms, in ad-
dition to sums of weighted prior node
layer values, are also added, for both the
hidden layer nodes as well as the output

layer nodes. The number of hidden
nodes must be of the order of 2n+1, or
slightly larger, where n is the dimension-
ality of the data space being monitored.

Modular implementation permits re-
using the basic gradient-descent, simu-
lated-annealing adaptive training algo-
rithm for training to detect any set of
patterns for any particular application, not
only carbon nanotubes. This means that
the pattern recognition capability using
carbon nanotubes can easily be added for
a wide range of detections, ranging from
detecting hypergol leaks, to detecting bio-
logical agents such as anthrax, or perhaps
even improvised explosive devices, pro-
vided that vapors are emitted. Carbon
nanotubes may respond well to detecting
biological agents due to the cillia present
on biological agents likely to respond to
the carbon nanotubes.

This work was done by Jose Perotti, Mark
Lewis, and Pedro Medelius of Kennedy Space
Center; and Gary Bastin of ASRC Aerospace
Corporation.  For more information, contact
the KSC Technology Transfer Office at (321)
861-7158. KSC-13500

Neural Network Back-Propagation Algorithm for 
Sensing Hypergols
A software technique working with carbon nanotube sensors provides near-real-time 
vdetection of hazardous substances.
John F. Kennedy Space Center, Florida

Bulk Moisture and Salinity Sensor
This sensor uses electrodes on the inside of the growth container to measure capacitance and
conductance over the enclosed bulk volume. 
John F. Kennedy Space Center, Florida

Measurement and feedback control
of nutrient solutions in plant root
zones is critical to the development of
healthy plants in both terrestrial and
reduced-gravity environments. In addi-

tion to the water content, the amount
of fertilizer in the nutrient solution is
important to plant health. This typi-
cally requires a separate set of sensors
to accomplish. 

A combination bulk moisture and
salinity sensor has been designed, built,
and tested with different nutrient solu-
tions in several substrates. The substrates
include glass beads, a clay-like substrate,


