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Abstract

Over the past five years, the Air Force Research Laboratory and the Space Computer
Corporation have supported the Civil Air Patrol in the development of the Airborne Real-
time Cueing Hyperspectral Enhanced Reconnaissance (ARCHER) system, which
combines a visible/near infrared hyperspectral imaging system, high-resolution
panchromatic imaging sensor, a real-time on-board target detection processor and other
supporting elements to aid in civilian search-and-rescue missions. The procurement and
fielding of the ARCHER system provided useful practical experience in terms of moving
hyperspectral remote sensing into an operational context, including areas where further
advances are needed. It also provided a flying collection platform with which to
experiment with and refine target detection and change detection algorithms, and to gain
greater insight into detection performance. Many of the system and algorithm
characteristics and refinements have been reported previously in the literature. This
paper attempts to go one step further in providing several of the key lessons-learned from
the CAP ARCHER experience, with a specific aim to illuminate the areas where further
progress is needed and suggest approaches that may address these remaining shortfalls.

Bibliography

1. P.C. Hytla, R.C. Hardie, M.T. Eismann, and J. Meola, “Anomaly detection in
hyperspectral imagery: a comparison of methods using diurnal and seasonal data,”
Journal of Applied Remote Sensing, vol. 3 (January 2010).

2. M.T. Eismann, A.D. Stocker, and N.M. Nasrabadi, “Automated hyperspectral
cueing for civilian search and rescue,” Proceedings of the IEEE, vol. 97, pp. 1031-
1055 (June 2009).



10.

1.

12.

M.T. Eismann, J. Meola, A.D. Stocker, S.G. Beaven, and A.P. Schaum, “Airborne
hyperspectral detection of small changes,” Applied Optics, vol. 47, pp. F27-F45
(October 2008).

M.T. Eismann, J. Meola, and R.C. Hardie, “Hyperspectral change detection in the
presence of diurnal and seasonal variations,” IEEE Transactions on Geoscience
and Remote Sensing, vol. 46, pp. 237-249 (January 2008).

M.T. Eismann and R.C. Hardie, “Improved initialization and convergence of a
stochastic spectral unmixing algorithm,” Applied Optics, vol. 43, pp. 6596-6608
(April 2005).

J. Meola and M.T. Eismann, “Methods for multi-temporal change detection in
HSIL,” in Algorithms and Technologies for Multispectral, Hyperspectral, and
Ultraspectral Imagery XIV, S. S. Shen, P. E. Lewis, Eds., Proceedings of the SPIE,
vol. 7334 (April 2009).

M.T. Eismann and J. Meola, “Hyperspectral change detection: methodology and
challenges,” Proceedings of the IEEE Geoscience and Remote Sensing Symposium,
Boston, MA (July 2008).

. J. Meola and M.T. Eismann, “Image misregistration effects on hyperspectral

change detection,” in Algorithms and Technologies for Multispectral,
Hyperspectral, and Ultraspectral Imagery XIV, S. S. Shen, P. E. Lewis, Eds.,
Proceedings of the SPIE (March 2008).

M.T. Eismann and J. Meola, “Use of spectral clustering to enhance clutter
suppression for hyperspectral change detection,” in Algorithms and Technologies
for Multispectral, Hyperspectral, and Ultraspectral Imagery XIII, S. S. Shen, P. E.
Lewis, Eds., Proceedings of the SPIE, vol. 6565, pp. 65651T-1 to 65651T-12
(April 2007).

J. Meola, M.T. Eismann, K.J. Barnard, and R.C. Hardie, “Analysis of
hyperspectral change detection as affected by vegetation and illumination
variations,” in Algorithms and Technologies for Multispectral, Hyperspectral, and
Ultraspectral Imagery XIII, S. S. Shen, P. E. Lewis, Eds., Proceedings of the SPIE,
vol. 6565, pp. 65651S-1 to 65651S-12 (April 2007).

P. Hytla, R.C. Hardie, M.T. Eismann, and J. Meola, “Anomaly detection in
hyperspectral imagery: a comparison of methods using seasonal data,” in
Algorithms and Technologies for Multispectral, Hyperspectral, and Ultraspectral
Imagery XIII, S. S. Shen, P. E. Lewis, Eds., Proceedings of the SPIE, vol. 6565,
pp. 656506-1 to 656506-11 (April 2007).

S. Johnson, M. Eismann, and S. Cain, “Adaptive constrained signal detectors for
hyperspectral images,” in Algorithms and Technologies for Multispectral,




13.

14.

15.

Hyperspectral, and Ultraspectral Imagery XIII, S. S. Shen, P. E. Lewis, Eds.,
Proceedings of the SPIE, vol. 6565, pp. 656505-1 to 656505-9 (April 2007).

M.T. Eismann, “Strategies for hyperspectral target detection in complex
background environments,” Proceedings of the IEEE Aerospace Conference, Big
Sky, MT (March 2006).

B. Stevenson, R. O’Connor, W. Kendall, A. Stocker, W. Schaff, D. Alexa, J.
Salvador, M. Eismann, K. Barnard, and J. Kershenstein, “Design and performance
of the Civil Air Patrol ARCHER hyperspectral processing system,” in Algorithms
and Technologies for Multispectral, Hyperspectral, and Ultraspectral Imagery X1,
S. S. Shen, P. E. Lewis, Eds., Proceedings of the SPIE, vol. 5806, pp. 731-742
(June 2005).

B. Stevenson, R. O’Connor, W. Kendall, A. Stocker, W. Schaff, R. Holasek, D.
Even, D. Alexa, J. Salvador, M. Eismann, R. Mack, P. Kee, S. Harris, B. Karch,
and J. Kershenstein, “The Civil Air Patrol ARCHER hyperspectral sensor system,”
in Airborne Intelligence, Surveillance, and Reconnaissance (ISR) Sensors and
Systems 11, S. H. Wyatt, Ed., Proceedings of the SPIE, vol. 5787, pp. 17-28 (May
2005).




