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System Development

nedy Space Center

Soft Computing (SC):
._,,,f"'ffers from conventional (hard) computing in that, unlike hard

RGL e e

provides flexible information processing to handle real life ambiguous
situations and achieve tractability, robustness, low solution cost, and close
semblance of human decision making.
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System Development

ennedy Space Center

RED (Fuzzy Reasoning Edge Detection):
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Software implementation. e

nnedy Space Center

S NASA]

ator has one input (original image) and two outputs, the
rized image and the optimal threshold value.
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Binarized image

Original image

FRAT algorithm coded in C and “wrapped”
under an I/O operator and named KSCThreslin
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FRED: The major scratch is clearly
shown as well as other minor ones
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riginal Image: CD containing a hard-to-
¢ major scratch on the center
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Prewit Approach: less clear feature~ -

major scratch invisible m
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¥ Original 8-bit Image
i Size: 246%245

Huang-Wang Method
CPU time: 10.8 ms
Threshold: 89

entry in Cha

Thoen. just s
littie south &
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Otsu’s Method
CPU time: 1.5 ms
Threshold: 88

New Method
CPU time: 2.0 ms
Threshold: 8

ASRC Aerospace Corp.
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NASA Applications
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+ Real-Time (RT) Anomaly Detection.
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RT Anomaly Detection ~ swewm=e

Ke nnedy Space Center

Image Preprocessing. FRAT

Enhancement /

Segmentation (Binarization)

Classification and Learning Processes.
Artificial Neural Network (ANN)
Genetic Algorithm (GA).
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; B oken strand. Molten spots caused by lighting.
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RT Anomaly Detection (Cont.)  scsom<e

ol ennedy Space Center

1

§ Céble aﬁd Line I'n‘spection Mechanism (CLIM)

direet touch and sight, The CLIM technology éliminates
the hazard powerinensive, and time i
methods previously required to maintain the emergency
cgress system at peak performance standards. In addition,
CLIM is capable of inspecting the top end of ferrous

wire ropes nedr the attachment point in the cable housing
where magnetio cable tegters ans unable to reach, CLIM
has a further application with respect to mdio frequency
(RF) tower guy-wire Inspections. The low-garbon, low-
magnetic inductance of the stainless-steel guy-wire cables,
combined with added RF rodiation interference from the
tower, yields mugnetic cable testers ineffective. Therefore,
CLIM's ability to conduct a 360-degree view of the cable
without incurring RF radiation interference is significant,

he National A ics and Space Admini

(NASA) seeks to transfer the NASA-developed Cable
| and Line Inspection Mechanisin technology o private
ndustry for use in commercial applications. This mecha-
nism was developed t the John E Kennedy Space Center
o (KSO) to provide a means for automated inspection of

14 the seven slidewire cables used in the emergency cgress

14 system for the Space Shuttle. ‘There ars two sets of

gantry cables plus 3n overhead lightning cable that requine
periodic inspection. These cables are nonferrous stainless
1 steel; therefore, magnetic cable lesters are not suitable for
such Jnspections, Prior 10 this invention, cable inspections
required 150 man-hours twice per year, with inspectors
teing hoisted in baskets to manually inspect the cables by

“ W g
v S

CLIM at the Shuttle Pad

National Aeronautics and Space Administration
John F. Kennedy Space Center, FL

Slidewire image acquired by CLIM
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RT Anomaly Detection (Cont.)  rwexomecn

Kennedy Space Center e e Sl S

Background Exraction + FRED Blob analysis via ANN-GA engine
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RT Anomaly Detection (Cont.)  scummmcn

RETRIEVEICREATE
SESSIONS

DATA

Delete]  INETFILE = session11G4)

Help

ON-LINE ANOMALY
DETECTION

ANN-GA MODEL GENERATION
BASED ON GENERATED IMAGE
INPUT DATA

OFF-LINE TRAINING AND
GENERATION OF IMAGE INPUT

B

End-user front
end built via
MFC.

Main Menu
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RT Anomaly Detection (Cont.) o

End-user front
end built via
MFC.

Training Stage.




RT Anomaly Detection (Cont.)  swcsomecm

Relative limportance of Inputs

NeuroShell Classifier - Trained Network Information

Network filename: C:\sessions\data\session11\session11G3.net

The network was trained on:

Filename: C:\sessions\data\sessioni1\session11.dat
Total data rows: 788

Training rows: 798

Start row: 1

End row: 798

Results of training session:

Training time:

1:20:18"

Generations trained: 178
Correct classifications: 98.87% (789 of 798)
Incorrect classifications: 1.13% (9 of 788)
Performance !?' categaory:

"0"  90.48% (38 of 42)

"10" 99.34% (751 of 756)

Network structure:

Training strategy: Genetic
name:

"Class"

Number of inputs: 13

List of in and their rejative importance:
"Con 0.006
"Contrast1" 0.163
"AngMom20"  0.074
"AngMom21* ~ 0.018
“MeanVal0" 0.018
“MeanVal1" 0.074
"Homogen0" 0.095
“Homogen1* 0.045
"EntropyQ" 0.184
. o o 0.01
A act’ 0.094
% 3 0.115
“Edginess" 0.106

Development of
classification
model via ANN &
GA (NeuroShell)



RT Anomaly Detection
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Anomaly Detected
& displayed in RT.

Firing stage



RT Anomaly Detection (Cont.) scswmc
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Automated Region of Interest (ROI)
extraction and anomaly detection.



RT Moving FOD Detection

nedy Space Center

FRAT

. Blob Generation (single image). /
Segmentation (Binarization)

+ Blob/FOD Selection and Trajectory Computation
L ogical path analysis (consecutive images).
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Space Shuttle Extert
Tank.

Tail Service Mask
(TSM)
Space Shuttle
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RT Moving FOD Detection (Cont.)
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R T MO Vlng FOD De teC tIO n (C o) nt) ASRC Aerospace Corp.
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Foam Debris

‘%‘;D: Detection & Location. /’ FRAT
- Segmentation (Binarization)
" Characterization (center of mass, borders, etc.)

Location & Trajectory |
 Optimal path at three consecutive 3D projections.
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Columbia Investigation

:nnedy Space Center

STS-107 REPORT:

2D-Detection, 3D-Location & 3D-Velocity Estimation of
Foam Debris Based on Images acquired by E212 & E208
Video Cameras.
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Jesus A. Dominguez, ASRC Aerospace Corp.
NASA Kennedy Space Center, June 12, 2003
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Columbia Investigation:

‘Kennedy Space Center

. Foam Debris Detection/Location

(Cont.)
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E212 at 21.722 s

Optimal Debris Path

ET208 at 21.724 s
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| Columbia Investigation:
Foam Debris Detection/Location (Cont.) s
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E212 at 21.800 s

E212 at 21.784 s ___ ET208 at 21.791s
Optimal Debris Path
Y
-180 -0 -0 -1

- . ""’Vlvx__r_,'_}%s
/_1 o -5 1

-1

: b i e : -5

X
/ E212 at 21.784s _______ E212 at 21.800s
X1
TR 65 ™ ET208 at 21.791s Optimized path.




- Columbia Investigation:
Foam Debris Detection/Location (Cont.) v
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_ E212at21.816s __ ET208at 21.824s
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Columbia Investigation:
Foam Debris Trajectory

inned‘y Space Center
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Columbia Investigation:
Foam Debris Trajectory

Current Work Lane-Nelson work via LighWave3D
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Columbia Investigation:
Foam Debris Velocity

nnedy Space Center

3D Velocity Estimation
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Proposed Debris Analysis Software
System Development at KSC

VAB Launch Analysis Laboratory at

W‘i”r“dows KSC equipped with recently acquired
H _ SGI Reality Center facility with a 7-
Cl‘;g “"E’g %SC hl;’“S”;g, FRAT, foot display, and advanced SGI

i et TP9500 data management

attern recognition.
: . subsystem.

& ———
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Commercialization: Licensing ASKC Aerspace Corr.

nedy Space Center

Technology Marketing

| N
INTERNATIOMAL

Research Triangle Institute (RTI)
Center for Technology Applications
PO Box 12194, 3040 Cornwallis
Research Triangle Park, NC 27709

Kirsten Rieth John Geikler

Phone: (919) 967-4991  ppone: (919) 941-8372
(919) 541-6221  Fax: (919) 941-8399
-mail: krieth@rti.org Email: johng@thesolutioncenter.com



Commercialization (Cont.)

@hoas revsiioisn Joonvannas
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A Fuzzy Ressening Method
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Figure 9



NASA's Kennedy Space Cnntnr

s yoaking cempanies 19 icense its partfoks of image

o Tl

Commarcial Applications

Thw XSG image processing portfato has potential b ¥ broed range of appicadons
+ Hedical dagrostic meging and Computer-Aided Detection (CAD)
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Figure 8



Commercialization (Cont.)
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gis
ial Associates Meeting Agenda
May 11-12, 2004

Register online here

May 11 i i

8:00 Registration ¢ i
8:30 CIS Overview i '

Mr. Joe Pow, Associate Director, CIS
9.00 Image Analysis via Fuzzy-Reasoning Approach: Prolotype : i

Applicalions al NASA : b \
i . NASA Technology Applications Team B i
9:45 Student Research in Medical Imaging s :

Mr. David Fetzer (BS), Ultrasound Fingerprint Imaging: System 2

Characterization and Malerial Identification
10:15 Break

10:30 3-D Laser Radar Using Arrays of Geiger-Mode Avalanche
Phatadiades - o d
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