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ABSTHACT. ThL research aims at improving most steps involved in the ATD/R 
proc^L ««tin. with preprocessing, including denoising, «gmenUt.cn, background 
^ddutler removal and followed by feature extraction and deRmtion to enhance the 
deification and recognition process. These stops are directly tied to fast numeral 
akorithms whose purpose is to enable real time ATD/R. The toolkit developed m 
this o okctT cv^rcntly being successfully used by Martin Marietta to enhance he,r 
A «lur* A™™hy Hughes Research Labs for Fast Rad« return «mulation.. 

1. Objectives 
The purpose of the project was to explore and develop an Adapted Waveform 

Analysis toolkit for ameliorating the processing steps involved in ATR, cither by 

accelerating the computation or by providing new means of analysis and modehng, 

as well as for extracting features and classification. 
AWA extends Fourier analysis to a broader collection of waveforms (with better 

time frequency localizations), where the choice of waveforms for analysis (or appro- 

priate orthonormal basis) is made automatically by a measure of fit between the 

class of targets and the corresponding waveforms. 
These methods have already been successfully tested on Radar data, and need 

to be modified and adapted to other classes of sensors. The waveform used in af- 

dapted waveform analysis consist (in the high frequency case) of various hbrar.es 

of orthonormal bases of localized trigonometric polynomials, or specific exponential 

sums (as arising in the Fast Multipole method for Heimholt* equation). And ,a the 

Key vords and ,W*. Adapted Waveform Analysis for ATD/R, automatic feature e*tr»c- 

tion, fast numerical algorithms,, 
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low frequency case of libraries and wavelets and wavelet-packets, again correspond- 

ing to multipoles for Laplaces equation. 

2. Results 
The methodology for automatic feature extraction for classification and regres- 

sion developed by Coifrnan and Saito has been incorporated into an ATR Diagnostic 

toolkit enabling interactive data based adaptation of the features to the classifier 

environment, this is currently being tested and used by various teams including the 

Lockheed Martin Radar group. 
Fast algorithms for electromagnetic waveform compression and for scattering 

simulations have been substantially improved. New libraries of orthonormal bases 

with directional frequency sensitivity (brushes) have been invented for processing 

SAR data, as well as for texture discrimination. 

3. Accomplishments 
We have developed a toolkit for AUTOMATIC diagnostic feature extraction, in 

which the feature selected for classification are optimized for optimal separation and 

parameter estimation. These methods have been applied and validated on Radar 

returns from Lockheed Martin, as well as on a variety of other sensor data. 

Methods for automatic feature selection and definition have been developed. 

A toolkit for Image denoising and enhancement was developed in which the image 

is modeled by a rudimentary musical transcription, permitting a rough model of 

noise and clutter and providing separation. These methods have been applied and 

validated on audio, images and video allowing for separation of image from speckle 

in SAR data and substantial enhancement of NMR videos. Our feature selection 

toolkit has been successfully validated by a Martin Marietta team for Radar returns 

ATR. 
Our algorithms for fast computation of Electromagnetic Scattering have demon- 

strated their capability in breaking the EM logjam, they have been converted into 

engineering code by Hughes Research Lab, as well as by Boeing Corp. 

4. Personnel supported 

R. Coifrnan, V. Rokhlin, Pi's 
G. Matvyienko, F. Gcshwind, F. Meyer, E. Sorcts Post doctoral associates 



"May-12-97 12:09P Yale Matheni2t1cs 203 432 7316 P- 04 

L. Woog, S. Kapur, N. Yarvin, R. Guglielmi, T. Hrycak, M. Mohlenkamp, N. 

Bennett, N. Sajto, Graduate Students 

5. Technical Publications 

Journal Publications R- Coifman: 

1. (with N. Saito) "Local discriminant bases and their applications". Journal of 

Mathematical Images and Vision 5, 1995. 

2. (with Y. Meyer) "Gaussian Bases".  Applied and Computational Harmonie 

Analysis 2, 1995. 
3. (with I. Popovic, J. Berger) "Towards a unified representation of sound and 

analytical structure in music. Preprint. 

4. (with Averbuch, Beylkiu, Israeli) "Multiresolution solution of elliptic and 

parabolic PDE, 1995. 
5. (with Qu'ycn Huinh, Walter Greene) "Feature extraction and classification of 

marine biological species." 

6. (with Yves Meyer, G. Matviyenko) "Wigner distributions and related atomic 

decompositions." To appear ACHA 1995-6. 

I. (with J. Berger, M.J. Goldberg) A method of denoting and reconstructing 

audio signals. J. Audio Engineering Soc, Nov. 1994. 

8. (with S. Dobyinsky and Y. Meyer) Operateurs bilineaircs ci ^normalisation. 

To appear in Stein Conference Proceedings, 1995. 

9. (with A.S. Fokas) Inverse spectral method on the plane. Preprint, 1994. 

10. (with PX. Lions, Y. Meyer, and S. Semmes) Compensated compactness and 

Hardy spaces. Cahiers de Mathematiques de la Decision, 9123 (1994). 

II. (with Y. Meyer and V. Wickerhauser) Numerical harmonic analyst*.   To 

appear in Stein Conference Proceedings, 1995. 

12. (with M-C. Peckerar, E. Barouch, V. Hollerbach, K. Rhce, and V. Rokhlin) 

Advanced transformational analysis applied to E-btam proximity effect correction. 

To appear. 
13. (with N. Saito) Construction* of local ortkonormal bases for classification 

and regression. C.R. Acad. Sei. Paris 319 Serie I 1994. 

14. (with X. Fang and E. Sere) Adaptive multiple folding local trigonometric 

transforms. To appear. 



*  May'-12-97 12:09P Yala Mathematics 203 432 7316 P.05 

6. V. Rokhlin: 1. On the Numerical Solution of Two-Point Boundary Valun 

Problems II (with P. Starr), Communications in Pure and Applied Mathematics, 

Vol. XLVII, pp. 1117-1159 (1995). 
2. A Fast Direct Algorithm for the Solution of the Laplace Equation on Regions 

with Fractal Boundaries (with P. Jones and J. Ma), Journal of Computational 

Physics, Vol 113, No. 1, July 1994. 
3. High-Order Corrected Trapezoidal Quadrature Rules for Singular Functions 

(with S. Kapur), Yale University Technical Report, YALEU/DCS/RR-1042 (1994), 

to appear in SIAM Journal of Numerical Analysis. 
4. Analysis-based fast numerical algorithms of applied mathematics, Proceedings 

of the International Congress of Mathematicians, August 1994, Zürich, Birkhauscr, 

1995. 
5. Fast Fourier transforms for non-equispaccd Data II (with A. Dutt), Applied 

and Computational Harmonic Analysis, v. 2, 1995, pp. 85-100. 

6. An algorithm for the fast Hankel transform (with S. Kapur), Yale University 

Technical Report, YALEU/DCS/RR-1045 (1995). 
7. On the Riccati equations for the scattering matrices in two dimensions (with 

Y. Chen), Yale University Technical Report, YALEU/DCS/RR-1081 (1995). 

8. An improved fast multipole algorithm for potential fields (with T. Hrycak), 

Yale University Technical Report, YALEU/DCS/RR-1089 (1995). 

9. Sparse diagonal forms for translation operators for the Hclmholtz equation in 

two dimensions, Yale University Technical Report, YALEU/DCSk/RR-1095. 

10. Generalized Gaussian quadrature rules for systems of arbitrary functions 

(with JH. Ma and S. Wandzura), SIAM Journal of Numerical Analysis, v. 33, No. 

3, pp. 971-996,1996. 
12. Generalized Gaussian quadratures and singular value decompositions fo inte- 

gral operators (with N. Yarvin), Yale University Technical Report, YALEU/DCS/RR- 

1109, 1996. 


