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Adaptive MGS Phase Retrieval 
NASA’s Jet Propulsion Laboratory, Pasadena, California 

Adaptive MGS Phase Retrieval software
uses the Modified Gerchberg-Saxton
(MGS) algorithm, an image-based sens-
ing method that can turn any focal plane
science instrument into a wavefront sen-
sor, avoiding the need to use external
metrology equipment.  Knowledge of the
wavefront enables intelligent control of
active optical systems.  

The software calculates the optical
path difference (wavefront) errors in
the exit pupil of an optical system using
only intensity images of a point of light.
The light input may be a star, laser, or
any point source measured at symmet-
ric positions about focus and at the
pupil. As such, the software is a key en-
abling technology for space telescopes.
With only a basic understanding of the
optical system parameters (e.g. imaging
wavelength, f/number, measurement
positions, etc.), the software evolves an
internal model of the optical system to
best match the data ensemble. Once
optimized, the software proceeds to ac-
curately estimate the wavefront of light
as it travels through the optical system.  

The MGS software is highly adapt-
able to a large range of optical systems

and includes many innovative features.
This version does not require an exten-
sive and complete understanding of
the system under test. Instead, using
Automatic Model Adaptation, only the
most basic system characteristics must
be known. The algorithm adapts these
parameters to best fit the data ensem-
ble. These steps are crucial in achiev-
ing extremely high accuracy in the
wavefront solution at the system exit-
pupil. In addition, a convergence-mon-
itoring feature allows the algorithm to
stop when the wavefront solution has
been reached to within a specified
error tolerance level.

The software also facilitates the ap-
plication of prior system knowledge to
better deal with high-dynamic range
wavefront errors. This is especially im-
portant where the error magnitude is
much greater than the imaging wave-
length (a significant problem in wave-
front sensing). The software can use
wavefront models based on previous
runs or optical measurements, or pre-
dictions from external models, to initi-
ate a prior phase estimate, through its
Prior Phase Builder Graphical User In-

terface. The prior phase is treated by
the software as a Numerical Nulling
Reference, which is evolved in an
outer-outer loop during computation,
until it contains the full solution. The
innermost iteration then has the sim-
pler job of estimating the low-dynamic
range residual difference of the true
wavefront error from the Nulling Ref-
erence model. This allows the inner
loop to operate around null, where it is
most accurate and robust.

In addition to the wavefront solution,
the software can provide an improved
set of system parameters.  For example,
the result can report the true position of
best focus and true f/number in the op-
tical system.

This program was written by Scott A.
Basinger, Siddarayappa Bikkannavar, David
Cohen, Joseph J. Green, John Lou, Catherine
Ohara, David Redding, and Fang Shi of Cal-
tech 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 Karina Edmonds of
the California Institute of Technology at
(626) 395-2322. Refer to NPO-43857.

tances” greater than the tallest object
under study.

The Monte Carlo simulation tool uses
several random state machines to gener-
ate x–y origin of leaders and peak stroke
currents. The structures under study are
entered in text files whose names are
used as descriptors for report purposes.
So, “External_tank.txt” could be the text
file that contains all the vertices of the
external tank. The lines of the text files
contain three points (x, y, and z) that de-
fine “points” of lines or “vertices” of

polygons. A line composed of three
zeros (0 0 0) is used to indicate the end
of a line or polygon.

Imaginary spheres (whose diameters
are the striking distances) are drawn as
the leader descends vertically to ground,
and the first object intersected is consid-
ered to be struck. Therefore, the last
step of the leader can be in any direc-
tion. The leaders can move in the z di-
rection only, or in a random xyz direc-
tion (software selectable). The leader
steps can be either fixed or variable. The

length of the study is also software selec-
table, so the user can perform a study of
“n” number of years. A summary report
generated by the software indicates the
frequency at which objects under study
will be struck by lightning.

This work was done by Carlos Mata and
Pedro Medelius of ASRC Aerospace Corpora-
tion for Kennedy Space Center. For more infor-
mation, contact Pedro Medelius at
Pedro.J.Medelius@nasa.gov, (321) 867-
6335, Mail Code:  ASRC-19, Kennedy Space
Center, FL 32899. KSC-12882

Simulating the Gradually Deteriorating Performance of an RTG
NASA’s Jet Propulsion Laboratory, Pasadena, California 

Degra (now in version 3) is a com-
puter program that simulates the per-
formance of a radioisotope thermo-
electric generator (RTG) over its
lifetime. Degra is provided with a
graphical user interface that is used to
edit input parameters that describe the
initial state of the RTG and the time-

varying loads and environment to
which it will be exposed. Performance
is computed by modeling the flows of
heat from the radioactive source and
through the thermocouples, also allow-
ing for losses, to determine the temper-
ature drop across the thermocouples.
This temperature drop is used to deter-

mine the open-circuit voltage, electri-
cal resistance, and thermal conduc-
tance of the thermocouples. Output
power can then be computed by relat-
ing the open-circuit voltage and the
electrical resistance of the thermocou-
ples to a specified time-varying load
voltage.
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The BLT Prediction Tool (“BLT” signi-
fies “Boundary Layer Transition”) is pro-
vided as part of the Damage Assessment
Team analysis package, which is utilized
for analyzing local aerothermodynamics
environments of damaged or repaired
space-shuttle thermal protection tiles.
Such analyses are helpful in deciding
whether to repair launch-induced damage
before re-entering the terrestrial atmos-
phere. Given inputs that include re-entry
trajectory and attitude parameters, air
density, air temperature, and details of
each damage or repair site, the BLT Pre-
diction Tool calculates expected times of
laminar-to-turbulent transition onset of
the boundary-layer flow during re-entry.
(These times help to define the proper
aerothermodynamic environment to use
in subsequent thermal and stress analyses
of local structural components.) 

The BLT Prediction Tool includes a
database of computed boundary-layer
parameters that cover a range of nomi-
nal re-entry trajectories and uses an in-
terpolation program for estimating local
boundary-layer properties during flight

A computer program performs calcula-
tions to calibrate a quadrupole mass spec-
trometer in an instrumentation system
for identifying trace amounts of organic
chemicals in air. In the operation of the
mass spectrometer, the mass-to-charge
ratio (m/z) of ions being counted at a
given instant of time is a function of the
instantaneous value of a repeating ramp
voltage waveform applied to electrodes.
The count rate as a function of time can
be converted to an m/z spectrum (equiv-
alent to a mass spectrum for singly

charged ions), provided that a calibration
of m/z is available. 

The present computer program can
perform the calibration in either or
both of two ways: (1) Following a data-
based approach, it can utilize the count-
rate peaks and the times thereof meas-
ured when fed with air containing
known organic compounds. (2) It can
utilize a theoretical proportionality be-
tween the instantaneous m/z and the in-
stantaneous value of an oscillating ap-
plied voltage. The program can also

estimate the error of the calibration per-
formed by the data-based approach. If
calibrations are performed in both ways,
then the results can be compared to ob-
tain further estimates of errors.

This program was written by Seungwon
Lee of Caltech for NASA’s Jet Propulsion Lab-
oratory. Further information is contained in
a TSP (see page 1).

This software is available for commercial li-
censing. Please contact Karina Edmonds of
the California Institute of Technology at
(626) 395-2322. Refer to NPO-45181.

Calculations for Calibration of a Mass Spectrometer 
NASA’s Jet Propulsion Laboratory, Pasadena, California 

Degra accounts for the gradual dete-
rioration of performance attributable
primarily to decay of the radioactive
source and secondarily to gradual dete-
rioration of the thermoelectric mate-
rial. To provide guidance to an RTG de-
signer, given a minimum of input,

Degra computes the dimensions,
masses, and thermal conductances of
important internal structures as well as
the overall external dimensions and
total mass.

This program was written by Eric G. Wood,
Richard C. Ewell, Jagdish Patel, David R.

Hanks, Juan A. Lozano, G. Jeffrey Snyder,
and Larry Noon of Caltech for NASA’s Jet
Propulsion Laboratory. 

This software is available for commercial li-
censing. Please contact Karina Edmonds of
the California Institute of Technology at
(626) 395-2322. Refer to NPO-45252.

Predicting Boundary-Layer Transition on Space-Shuttle 
Re-Entry
Langley Research Center, Hampton, Virginia

Critical Elements for development of new BLT tool for on-orbit assessments.


