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Figure 11 - Doppler Time Intensity Plots from
Dynamic Measurements

5.0 RCS and BN Nomograph

Characterization of the material properties of Shuttle
debris is a high priority of the NDR mission. Sections 3.0
and 4.0 discussed the collection of static and dynamic
debris RCS data. In addition to this testing, both C-band
and X-band radar has been collected over multiple Shuttle
missions. From this data set, clear patterns of overlap
from mission to mission can be determined. The majority
of these radar detected objects also include a ballistic
number estimation, using the process detailed in section
1.0. This radar mission data was further filtered to only
take cases where a good free-stream ballistic estimate was
available and a good estimate could be made of the RCS.

By plotting the analytically determined ballistic number
versus the measured RCS, some focused regions became
apparent. Once the ground test “truth” data was overlaid
onto the mission data, it became clear that specific Shuttle
debris material could be lumped into multiple regions of
the RCS vs. Ballistic Number graph (see Figure 12).

Four specific zones were identified from the data set,
which represent the following Shuttle debris categories.
Zone One includes all ice debris and is characterized by a
wide range of ballistic numbers and includes the highest
RCS values encountered during Shuttle debris missions.
Zone Two includes foam with ice coating, frost, and RTV
gap filler material, and is characterized by low ballistic
numbers with moderate to high RCS values. Zone Three
includes foam, ceramic gap filler, and weather seal
material. This region is characterized by low ballistic
numbers and the lowest RCS values typically seen for a
Shuttle debris mission. Zone Four includes dense ablator
material, Shuttle tile, FRSI insulation, and putty repair
material. This group typically catches any outliers from
the other three groups, and spans a wide range of ballistic
numbers and RCS values.
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Figure 12 - Shuttle Debris Ballistic Number vs. RCS
Zone Definitions

6.0 Automated Debris Detection and Analysis

The maturation of the debris detection and
characterization processes led to the AFRL investigation
of algorithms to automate debris detection and
characterization. This research evolved into development
of the Ascent Radar Debris Examination Tool
(ARDENT). ARDENT was designed to automatically
detect and characterize shuttle debris observed by the C-
band radar during late ascent (>150 seconds after launch),
due to the amount of debris released during this
timeframe.  Figure 13 demonstrates the detection
performance using data collected during the STS-117
ascent in June 2007 from 150 to 300 seconds after launch.
The debris present in this timeframe has been referred to
as the late ascent shower, and is a known and expected
debris event due to foam release from the external tank.

Figure 13 - ARDENT showing detected debris tracks
during the STS-117 launch



The ARDENT debris detection algorithm uses a Multi-
scale Localized Radon Transform (MSLRT) optimized
for this application. [4] The MSLRT computes a localized
Radon transform of blocks of the data for multiple block
sizes (or scales) to form an aggregated (across scales)
debris track detection map based on identifying piece-
wise linear features in the data. From this detection map,
a track refinement process forms individual debris tracks
that are then characterized and stored for analysis and
reporting. Several algorithm settings may be adjusted by
the user in the graphical user interface (GUI). The
ARDENT GUI is organized in sections to visualize the
radar data, enter and modify meta data, adjust the debris
detection algorithm settings, select and modify tracks, and
display various results including histograms of track and
RCS statistics and RCS plots for individual tracks.

The ADRWG team uses ARDENT to characterize the
debris environment after 150 seconds so the debris
analysis team can focus data from launch to 150 seconds,
which is when the highest threat of Shuttle damage
occurs.

7.0 NDR Fusion Tool

The Fusion Tool was developed by NASA’s Concept
Exploration Laboratory (CEL) to provide visualization
and analysis capabilities in support of various NDR
missions. The Fusion Tool utilizes a 3-D digital terrain
model and is capable of displaying the Space Shuttle
Vehicle (SSV) trajectory including separation events.
The locations of the ground and ship-based NDR systems
are included and the radar pointing angles can be
displayed during the shuttle flyout. Mission data is

recorded and can be played back post-mission in support
of debris analysis. Also, several geometric distance and
angle calculations can be performed to support the
analysis mission.

Figure 14 - Fusion Tool Display of Shuttle Trajectory
and NDR Pointing Directions

In the days prior to a shuttle mission, the Fusion Tool is
utilized to conduct several simulated shuttle launches.
These simulations exercise nominal launches as well as
potential mission anomalies, which train radar operators
and the ascent team to operate under these conditions.

During shuttle launches, the Fusion Tool displays real-
time shuttle trajectory (via the Eastern Range’s integrated
trajectory solution) and the pointing angles of the three
NDR systems. The displays are used by the radar
operators and managers in the NDR Operations Center.

Following a mission, the Fusion Tool is used for mission
playback and in support of the analysis phase by knowing
the relative position of the SSV, the NDR systems, and
debris objects as a function of time. This information is
used to estimate the release location of debris, which is
one of the most important pieces of information to the
Space Shuttle Program for debris threat assessment.

8.0 Summary

This paper presented an overview of these NDR shuttle
debris analysis approaches and tools. In addition to
detecting very dim debris targets, the NASA debris radar
has characterized a lost tool bag on-orbit, and has made
detailed measurements of ascent control surface
movements, and re-entry trajectory measurements for
expended boosters. It is clear the capabilities of this
system offer a remarkable capability to future space-lift
users be they manned or unmanned systems.
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