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ence that takes into account whether
neighboring pixels are diagonal, which is
a longer distance than horizontally or
vertically joined pixels),

• Elongation (measure of particle
elongation given as a number be-
tween 0 and 1. If equal to 1, the
particle bounding box is square. As
the elongation decreases from 1,
the particle becomes more elon-
gated),

• Ext_vector (extremal vector),
• Major Axis (the length of a major axis of a

smallest ellipse encompassing an object),
• Minor Axis (the length of a minor axis

of a smallest ellipse encompassing an
object),

• Partial (indicates if the particle ex-
tends beyond the field of view),

• Perimeter Points (points that make up
a particle perimeter),

• Roundness [(4π × area)/perimeter2)
the result is a measure of object round-
ness, or compactness, given as a value
between 0 and 1. The greater the ratio,
the rounder the object.],

• Thin in center (determines if an object
becomes thin in the center, (figure-
eight-shaped),

• Theta (orientation of the major axis),
• Smoothness and color metrics for each

component (red, green, blue) the
minimum, maximum, average, and
standard deviation within the particle
are tracked.
These metrics can be used for au-

tonomous analysis of color images from
a microscope, video camera, or digital,
still image. It can also automatically
identify tumor morphology of stained
images and has been used to detect
stained cell phenomena (see figure).

This work was done by Mark McDowell of
Glenn Research Center and Elizabeth Gray of
Scientific Consulting, Inc. 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: Steve Fedor, Mail
Stop 4–8, 21000 Brookpark Road, Cleve-
land, Ohio 44135. Refer to LEW-18291-1.

Original Tumor Cell Image Labeled

Analyzed Image With Each Cell/Object

CCMIS Automatically Identifies Tumor Morphol-
ogy of florescence stained images. The key with
this application is that the second set of tumor
images above could not be identified by human
experts. However, CCMIS was able to identify
the tumor cells in seconds.

A portable system of electromechani-
cal and electronic hardware and docu-
mentation has been developed as an au-
tomated means of instructing
technicians in matters of safety and qual-
ity. The system enables elimination of
most of the administrative tasks associ-
ated with traditional training. Cus-
tomized, performance-based, hands-on
training with integral testing is substi-
tuted for the traditional instructional ap-

proach of passive attendance in class fol-
lowed by written examination. 

The system includes four worksta-
tions, accommodating up to eight stu-
dents. The system simulates hazardous
conditions (without exposing students
to real hazards) and quality or safety dis-
crepancies that students are required to
recognize and for which the students are
required to perform corrective actions.
The system enables students to demon-

strate knowledge gained from previous
training and work experience. The sys-
tem provides remedial training for each
student who does not perform satisfacto-
rily in a simulation. 

This work was done by Pete T. Scobby of
United Space Alliance for Johnson Space Cen-
ter. Further information is contained in a
TSP (see page 1). MSC-23232-1
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A physical-based simulation has been
developed for the Mars Exploration
Rover (MER) mission that applies a
slope-induced wheel-slippage to the
rover location estimator. Using the digi-
tal elevation map from the stereo im-
ages, the computational method re-
solves the quasi-dynamic equations of
motion that incorporate the actual
wheel-terrain speed to estimate the gross
velocity of the vehicle.

Based on the empirical slippage
measured by the Visual Odometry soft-
ware of the rover, this algorithm com-
putes two factors for the slip model by
minimizing the distance of the pre-
dicted and actual vehicle location, and
then uses the model to predict the next
drives. This technique, which has been
deployed to operate the MER rovers in
the extended mission periods, can ac-
curately predict the rover position and

attitude, mitigating the risk and uncer-
tainties in the path planning on high-
slope areas.

This work was done by Jeng Yen of
Caltech for NASA’s Jet Propulsion Labo-
ratory. 

The software used in this innovation is
available for commercial licensing. Please
contact Karina Edmonds of the California In-
stitute of Technology at (626) 395-2322.
Refer to NPO-45240.
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