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based on the unsteady hinge moment
results. The stall detection algorithm
provided a warning of stall several de-
grees prior to actual stall. In this way, the
envelope monitoring system can alert
the flight crew to the current aircraft en-
velope boundaries for both longitudinal
and lateral control.

The system uses a combination of
three separate detection algorithms
based on the unsteady hinge moment
signal to provide a warning at a preset
number of degrees prior to stall. Results
from the three algorithms are averaged

to provide a single warning prediction.
The averaging of the three separate al-
gorithms provides a level of redundancy
in the calculation and can also be used
as a measure of the confidence of the
stall boundary warning prediction. For
the majority of the cases, the detection
algorithm produced a warning within
±0.7° of the set boundary value. There
appears to be sufficient signal to provide
a stall warning boundary out to approxi-
mately 4° prior to stall. Output from the
detector function for the range of shown
contaminations collapses onto a single

curve, as a function of the angle-of-at-
tack prior to stall. By collapsing onto a
single curve, the developed detector
function-based system can use a simple
threshold approach to set a variable
warning boundary, up to several degrees
prior to stall.

This work was done by Michael Kerho of
Rolling Hills Research Corp. and Michael
B. Bragg and Phillip J. Ansell of the Univer-
sity of Illinois at Urbana-Champaign for
Dryden Flight Research Center. Further in-
formation is contained in a TSP (see page 1).
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Nemesis Autonomous Test System
NASA’s Jet Propulsion Laboratory, Pasadena, California

A generalized framework has been de-
veloped for systems validation that can be
applied to both traditional and au-
tonomous systems. The framework con-
sists of an automated test case generation
and execution system called Nemesis that
rapidly and thoroughly identifies flaws or
vulnerabilities within a system. By apply-
ing genetic optimization and goal-seek-
ing algorithms on the test equipment
side, a “war game” is conducted between
a system and its complementary nemesis.
The end result of the war games is a col-

lection of scenarios that reveals any unde-
sirable behaviors of the system under test. 

The software provides a reusable
framework to evolve test scenarios using
genetic algorithms using an operation
model of the system under test. It can au-
tomatically generate and execute test
cases that reveal flaws in behaviorally
complex systems. Genetic algorithms
focus the exploration of tests on the set of
test cases that most effectively reveals the
flaws and vulnerabilities of the system
under test. It leverages advances in state-

and model-based engineering, which are
essential in defining the behavior of au-
tonomous systems. It also uses goal net-
works to describe test scenarios. 

This work was done by Kevin J. Barltrop, Cin-
Young Lee, Gregory A. Horvath, and Bradley J.
Clement of Caltech for NASA’s Jet Propulsion
Laboratory. Further information is contained
in a TSP (see page 1).

This software is available for commercial li-
censing. Please contact Daniel Broderick of the
California Institute of Technology at danielb@
caltech.edu. Refer to NPO-47596.

Thin, lightweight mirrors are needed
for future x-ray space telescopes in
order to increase x-ray collecting area
while maintaining a reduced mass and
volume capable of being launched on
existing rockets. However, it is very dif-
ficult to determine the undistorted
shape of such thin mirrors because the
mounting of the mirror during meas-
urement causes distortion. Traditional
kinematic mounts have insufficient sup-
ports to control the distortion to meas-
urable levels and prevent the mirror
from vibrating during measurement.
Over-constrained mounts (non-kine-
matic) result in an unknown force state
causing mirror distortion that cannot
be determined or analytically removed.
In order to measure flexible mirrors, it

is necessary to over-constrain the mir-
ror. Over-constraint causes unknown
distortions to be applied to the mirror.
Even if a kinematic constraint system
can be used, necessary imperfections
in the kinematic assumption can lead
to an unknown force state capable of
distorting the mirror. Previously,
thicker, stiffer, and heavier mirrors
were used to achieve low optical figure
distortion. These mirrors could be
measured to an acceptable level of pre-
cision using traditional kinematic
mounts. As lighter weight precision op-
tics have developed, systems such as the
whiffle tree or hydraulic supports have
been used to provide additional
mounting supports while maintaining
the kinematic assumption.

The purpose of this invention is to
over-constrain a mirror for optical
measurement without causing unac-
ceptable or unknown distortions. The
invention uses force gauges capable of
measuring 1/10,000 of a Newton at-
tached to nano-actuators to support a
thin x-ray optic with known and con-
trolled forces to allow for figure meas-
urement and knowledge of the unde-
formed mirror figure. The mirror is
hung from strings such that it is mini-
mally distorted and in a known force
state. However, the hanging mirror can-
not be measured because it is both
swinging and vibrating. In order to sta-
bilize the mirror for measurement,
nano-probes support the mirror, caus-
ing the mirror to be over-constrained.

Mirror Metrology Using Nano-Probe Supports
Any application requiring precise measurement of a flexible object could benefit 
from this invention.
Goddard Space Flight Center, Greenbelt, Maryland
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Capillary electrophoresis is an ana-
lytical technique that can be used to
detect and quantify extremely small
amounts of various biological mole-
cules. In the search for biochemical
traces of life on other planets, part of
this search involves an examination of
amino acids, which are the building
blocks of life on Earth. The most sensi-
tive method for detecting amino acids
is the use of laser induced fluores-
cence. However, since amino acids do
not, in general, fluoresce, they first
must be reacted with a fluorescent dye
label prior to analysis. After this
process is completed, the liquid sample
then must be transported into the elec-
trophoresis system. If the system is to
be reused multiple times, samples must
be added and removed each time. In
typical laboratories, this process is per-
formed manually by skilled human op-
erators using standard laboratory
equipment. This level of human inter-
vention is not possible if this technol-
ogy is to be implemented on extrater-
restrial targets.  

A multi-layer glass wafer device was de-
signed that is capable of performing all
necessary steps of the analysis.  The device
consists of bonded layers of Borofloat
glass wafers and a flexible polydimethyl-
siloxane (PDMS) membrane (254-µm
thick). This flexible polymeric material
was used to open and close liquid junc-
tions in order to perform valving opera-
tions. At the base of the stack, a microflu-
idic channel (20×50 µm cross-section) was
used for electrophoretic separations and
a 405-nm laser was employed for fluores-
cence detection at the end of the channel. 

Microchip capillary electrophoresis
(CE) combined with laser induced fluo-
rescence detection (LIF) was selected as
an extremely sensitive method to detect
amino acids and other compounds that
can be tagged with a fluorescent dye. It
is highly desirable to package this tech-
nology into an integrated, autonomous,

in situ instrument capable of performing
CE-LIF on the surface of an extraterres-
trial body. However, to be fully au-
tonomous, the CE device must be able to
perform a large number of sample
preparation and analysis operations
without the direct intervention of a
human. While some of this functionality

A closed-loop software algorithm is
used to control the forces applied by the
nano-probes. These support forces are
determined by finite element analysis
(FEA) to have an acceptable and known
effect on the mirror distortion. If neces-
sary, distortions created by the nano-
probes can later be analytically removed
based on the correlated FEA.

The mirror is hung from strings in the
suspension metrology mount (SMM) fix-
ture.  Nano-probes mounted to the fix-
ture in optimized locations extend to

stabilize the mirror. The software closed-
loop force control algorithm is run to
adjust the forces to pre-determined lev-
els. Once stabilized and in a known
force configuration, the mirror is meas-
ured with an interferometer.

The novel feature of this invention is
the ability to measure and control the
forces supporting an object whose shape
must be precisely known. The advantage
of this invention over prior art in the
field is that a flexible object may be over-
constrained without causing unknown

distortions. Also, imperfections in kine-
matic type mounts can be measured and
controlled. Using this invention, mirrors
have been measured and their figures
have been correlated with the figures
predicted by FEA.

This work was done by David Robinson,
Maoling Hong, and Glenn Byron of Goddard
Space Flight Center; Ryan McClelland of SGT,
Inc.; and Kai-Wing Chan of the University of
Maryland. Further information is contained
in a TSP (see page 1). GSC-16084-1
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Automated Lab-on-a-Chip Electrophoresis System 
Robotic analysis in defense or security operations that require sample handling or dilution can
utilize this technology. 
NASA’s Jet Propulsion Laboratory, Pasadena, California

Shown here is the Layout of a Chemistry “Circuit” designed for the purpose of performing automated
analyses of amino acids. Experiments have been performed in which a sample of amino acids is placed
on the surface of a chip.  All subsequent sample handling processes are performed by the microfluidic
circuit shown here.


