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ABSTRACT

Although the field of sparse representations is relatively new, research activities in academic and
industrial research labs are already producing encouraging results. The sparse signal or parameter
model motivated several researchers and practitioners to explore high complexity/wide bandwidth
applications such as Digital TV, MRI processing, and certain defense applications. The potential
signal processing advancements in this area may influence radar technologies. This book presents
the basic mathematical concepts along with a number of useful MATLAB® examples to emphasize
the practical implementations both inside and outside the radar field.

KEYWORDS

radar, sparse representations, compressive sensing, MATLAB®



Bibliography

[1] H.Hertz, Electric Waves. New York: Dover Publications, 1962. (Republication of the work first
published in 1983 by Macmillan and Company.) Cited on page(s) 1

[2] M. A. Richards, Fundamentals of Radar Signal Processing. New York: McGraw-Hill, 2005.
Cited on page(s) 1, 2, 33, 36, 37, 39, 41, 42

[3] M. Elad, Sparse and Redundant Representations. New York: Springer, 2010.
DOI: 10.1007/978-1-4419-7011-4 Cited on page(s) 1, 10, 12

[4] M. Skolnik, Introduction to Radar Systems, 3rd ed. New York: McGraw-Hill, 2007. Cited on
page(s) 1,2, 3, 33, 35, 36, 45

[5] S. G. Marconi, “Radio Telegraphy,” in Proc. IRE, vol. 10,1992, p. 237. Cited on page(s) 1

[6] J. Rissanen, “Modeling by shortest data description,” Automatica, vol. 14, pp. 465-471, 1978.
DOI: 10.1016/0005-1098(78)90005-5 Cited on page(s) 7

[7] J. B. Tenenbaum, V. de Silva and J. C. Langford, “A global geometric framework for nonlinear
dimensionality reduction,” Science, vol. 290, no. 5500, pp. 2319-2323, 2000.
DOI: 10.1126/science.290.5500.2319 Cited on page(s) 7, 25, 26, 27

[8] J. Wright et. al., “Robust face recognition via sparse representation,” IEEE Transactions on
Pattern Analysis and Machine Intelligence, vol. 31, no. 2, pp. 210-227, 2009.
DOI: 10.1109/TPAMI.2008.79 Cited on page(s) 7, 8, 51,52, 53

[9] E. Candgs, J. Romberg and T. Tao, “Stable signal recovery from incomplete and inaccurate
measurements,” Communications on Pure and Applied Mathematics, vol. 59, no. 8, pp. 1207—
1223, 2005. DOI: 10.1002/cpa.20124 Cited on page(s) 7, 18

[10] D.L.Donoho,“For mostlarge undeterdetermined systems of linear equations the minimall_1-
norm solution is also the sparsest solution,” Communications on Pure and Applied Mathematics,

vol. 59, no. 6, pp. 797-829, 2006. DOI: 10.1002/cpa.20132 Cited on page(s) 7, 9

[11] E. Candes, J. Romberg and T. Tao, “Robust uncertainty principles: Exact signal reconstruc-
tion from highly incomplete frequency information,” IEEE Transaction on Information Theory,
vol. 52, no. 2, pp. 489-509, February 2006. DOI: 10.1109/TTT.2005.862083 Cited on page(s)
8

63



http://dx.doi.org/10.1007/978-1-4419-7011-4
http://dx.doi.org/10.1016/0005-1098(78)90005-5
http://dx.doi.org/10.1126/science.290.5500.2319
http://dx.doi.org/10.1109/TPAMI.2008.79
http://dx.doi.org/10.1002/cpa.20124
http://dx.doi.org/10.1002/cpa.20132
http://dx.doi.org/10.1109/TIT.2005.862083

64 BIBLIOGRAPHY

[12] G. Strang, Introduction to Linear Algebra, 4th ed. Wesseley, MA: Wesseley-Cambridge Press,
2009. Cited on page(s) 8

[13] I. Daubechies, “Time-frequency localization operators: a geometric phase space approach,”
IEEE Transaction on Information Theory, vol. 34, pp. 605-612, 1988. DOI: 10.1109/18.9761
Cited on page(s) 8

[14] M. R. Garey and D. S. Johnson, Computers and Intractability: A Guide to Theory of NP-
completeness. San Francisco: W. H. Freeman and Company, 1979. Cited on page(s) 9

[15] E. Amaldi and V. Kann, “On the approximability of minimizing nonzero variables or unsat-
isfied relations in linear systems,” Theoretical Computer Science, vol. 209, pp. 237-260, 1998.
DOI: 10.1016/50304-3975(97)00115-1 Cited on page(s) 9

[16] S.Chen,D.Donoho,and M. Saunders, “Atomic decomposition by basis pursuit,” SLIM Review,
vol. 43, no. 1, pp. 129-159, 2001. DOI: 10.1137/5003614450037906X Cited on page(s) 9,12

[17] E.Candes and T. Tao, “The Dantzig selector: Statistical estimation when p is much larger than
n,” Annals of Stastistics, vol. 35, pp. 23132351, 2007. DOI: 10.1214/009053606000001523
Cited on page(s) 12, 48

[18] S. Mallat and Z. Zhang, “Matching pursuits with time-frequency dictionaries,” IEEE Trans-
actions on Signal Processing, vol. 41, no. 12, pp. 3397-3415, 1993. DOI: 10.1109/78.258082
Cited on page(s) 12

[19] Y. C. Pati, R. Rezaifar and P. S. Krishnaprasad, “Orthogonal matching pursuit: recursive func-
tion approximation with applications to wavelet decomposition,” in 272 Asilomar Conf- on Sig-
nals, Systems and Comput., Nov. 1993. DOI: 10.1109/ACSSC.1993.342465 Cited on page(s)
12

[20] M. E. Davies and T. Blumesath, “Faster and greedier: algorithms for sparse reconstruction of
large datasets,” in Proceedings of ISCCSP 2008, 2008, pp. 774-779.
DOI: 10.1109/ISCCSP.2008.4537327 Cited on page(s) 12, 13, 16

[21] ]J. H. Friedman and W. Steutzle, “Projection pursuit regression,” American Statistics Association,
vol. 76, pp. 817-823, 1981. DOI: 10.1080/01621459.1981.10477729 Cited on page(s) 13

[22] T. Blumensath and M. E. Davies, “Gradient pursuits,” IEEE Transactions on Signal Processing,
vol. 56, no. 6, pp. 2370-2382, 2008. DOI: 10.1109/TSP.2007.916124 Cited on page(s) 15

[23] J. A. Tropp and A. C. Gilbert, “Signal recovery from random measurements via orthogonal
matching pursuit,” IEEE Transactions on Information Theory, vol. 53, no. 12, pp. 4655-4666,
December 2007. DOI: 10.1109/TTT.2007.909108 Cited on page(s) 15



http://dx.doi.org/10.1109/18.9761
http://dx.doi.org/10.1016/S0304-3975(97)00115-1
http://dx.doi.org/10.1137/S003614450037906X
http://dx.doi.org/10.1214/009053606000001523
http://dx.doi.org/10.1109/78.258082
http://dx.doi.org/10.1109/ACSSC.1993.342465
http://dx.doi.org/10.1109/ISCCSP.2008.4537327
http://dx.doi.org/10.1080/01621459.1981.10477729
http://dx.doi.org/10.1109/TSP.2007.916124
http://dx.doi.org/10.1109/TIT.2007.909108

BIBLIOGRAPHY 65

[24] E. Candes, “Compressive Sampling,” in International Congress of Mathematicians, Madrid,
Spain, 2006, pp. 1433-1452. Cited on page(s) 15

[25] E.Candes. (2005, October) 1} Magic. [Online]. http://www.acm.caltech.edu/l1magic/
Cited on page(s) 17, 19

[26] C. Moler. (2010) ‘Magic’ Reconstruction: Compressed Sensing. [Online]. http://www.
mathworks.com/company/newsletters/articles/clevescorner-compressed-
sensing.html?issue=nn2010 Cited on page(s) 17

[27] A.H. Delaney and Y. Bresler, “A fast and accurate iterative reconstruction algorithm,” IEEE
Transactions on Image Processing, vol. 5, pp. 740-753, 1996. DOI: 10.1109/83.495957 Cited
on page(s) 17

[28] C.V.Jakowatz, D. E., Eichel, P. H. Wahl, D. C. Ghiglia, and P. A. Thompson, Spoz/ight-Mode
Synthetic Aperture Radar: A Signal Processing Approach. New York: Springer Science + Business
Media, 1996. DOI: 10.1007/978-1-4613-1333-5 Cited on page(s) 17, 34, 36, 37, 41, 49, 50

[29] E.].Candeés,]. Romberg and T. Tao, “Robust uncertainty principles: exact signal reconstruction

from highly incomplete frequency information,” IEEE Transactions on Information Theory,
vol. 52, pp. 489-509, 2006. DOI: 10.1109/TTT.2005.862083 Cited on page(s) 18

[30] Z.Zhang and H. Zha, Local linear smoothing for nonlinear manifold learning, 2003, Technical
Report, Zhejjang University. Cited on page(s) 21

[31] H.Hotelling, “Analysis of a complex of statistical variables into principal components,” Journal
of Educational Psychology,vol. 24, pp.417-441,1933.DOI: 10.1037/h0070888 Cited on page(s)
21

[32] L.T. Jollife, Principal Component Analysis. New York: Springer-Verlag, 2002. Cited on page(s)
21

[33] R.A.Fisher, “The use of multiple measurements in taxonomic problems,” Annals of Eugenics,
vol. 7, pp. 179-188,1936. DOI: 10.1111/7.1469-1809.1936.tb02137.x Cited on page(s) 21

[34] L.]J. P. Van Der Maaten, E. O., Van Den Herik and H. J. Postma, “Dimensionality reduction:
A comparative overview,” Submitted for publication to Elsevier, 2007. Cited on page(s) 21,
22,23,25,28

[35] Y. Bengio and M. Monperrus, “Non-local manifold tangent learning,” Advances in Neural
Information Processing Systems, vol. 17, pp. 129-136, 2005. Cited on page(s) 21

[36] C.M. Bishop, Pattern Recognition and Machine Learning. New York: Springer Science + Busi-
ness Media, 2006. Cited on page(s) 22, 23, 25



http://www.acm.caltech.edu/l1magic/
http://www.mathworks.com/company/newsletters/articles/clevescorner-compressed-sensing.html?issue=nn2010
http://www.mathworks.com/company/newsletters/articles/clevescorner-compressed-sensing.html?issue=nn2010
http://www.mathworks.com/company/newsletters/articles/clevescorner-compressed-sensing.html?issue=nn2010
http://dx.doi.org/10.1109/83.495957
http://dx.doi.org/10.1007/978-1-4613-1333-5
http://dx.doi.org/10.1109/TIT.2005.862083
http://dx.doi.org/10.1037/h0070888
http://dx.doi.org/10.1111/j.1469-1809.1936.tb02137.x

66 BIBLIOGRAPHY

[37] K. Pearson, “On lines and planes of closest fit to systems of points in space,” The London,
Edinburgh and Dublin Philosophical Magazine and Journal of Science, Sixth Series, vol. 2, pp. 559—
572,1901. Cited on page(s) 22

[38] M. G. Partridge and R. A. Calvo, “Fast dimensionality reduction and simple PCA,” Intelligent
Data Analysis, vol. 2, no. 1, pp. 203-214,1998. DOI: 10.1016/51088-467X(98)00024-9 Cited
on page(s) 23

[39] S.Roweis, “EM Algorithms for PCA and SPCA,” in Advances in Neural Information Processing
Systems, 1998, pp. 626-632. Cited on page(s) 23

[40] J.Yin, D. Hu and Z. Zhou, “Noisy manifold learning using neighborhood smoothing embed-
ding,” Pattern Recognition Letters, vol. 29, no. 11, pp. 1613-1620, 2008.
DOI: 10.1016/j.patrec.2008.04.002 Cited on page(s) 25

[41] K.Q.Weinberger and L. K. Saul, “An introduction to nonlinear dimensionality reduction max-
imum variance unfolding,” in Proceedings of the 215t National Conference on Artificial Intelligence,
2006. Cited on page(s) 27

[42] S. Lagon and A. B. Lee, “Diffusion maps and coarse-graining: A unified framework for di-
mensionality reduction, graph partitioning and data set parameterization,” IEEE Trans. Pattern
Analysis and Machine Intelligence, vol. 28, pp. 1393-1403, 2006.

DOI: 10.1109/TPAMI.2006.184 Cited on page(s) 27

[43] B Scholkopf, A.J. Smola and K. R. Muller, “Nonlinear componenet analysis as a kernel eigen-
value problem,” Neural Computation, vol. 10, no. 5, pp. 1299-1319, 1998.
DOI: 10.1162/089976698300017467 Cited on page(s) 27

[44] S.T.Roweis and L. K. Saul, “Nonlinear dimensionality reduction by locally linear embedding,”
Science,vol. 290, pp. 2323-2326,2000. DOI: 10.1126/science.290.5500.2323 Cited on page(s)
27,28

[45] T.F. Cox and M. A. Cox, Multidimensional Scaling. London: Chapman and Hall, 2001. Cited
on page(s) 27

[46] M. Belkin and P. Niyogi, “Laplacian eigenmaps and spectral techniques for embedding and
clustering,” Advances in Neural Information Processing Systems,vol. 14, pp. 585-591,2002. Cited
on page(s) 28

[47] D.L.Donoho and C. Grimes, “Hessian eigenmaps: New locally linear embedding techniques
tor high-dimensional data,” in Proceedings of the National Academy of Sciences, vol. 102, 2005,
pp- 7426-7431. DOI: 10.1073/pnas.1031596100 Cited on page(s) 28



http://dx.doi.org/10.1016/S1088-467X(98)00024-9
http://dx.doi.org/10.1016/j.patrec.2008.04.002
http://dx.doi.org/10.1109/TPAMI.2006.184
http://dx.doi.org/10.1162/089976698300017467
http://dx.doi.org/10.1126/science.290.5500.2323
http://dx.doi.org/10.1073/pnas.1031596100

BIBLIOGRAPHY 67

[48] Z.Zhangand H.Zha,“Principal manifolds and nonlinear dimension reduction vialocal tangent
space alignment,” SLAM Journal of Scientific Computing, vol. 26, no. 1, pp. 313-338, 2004.
DOI: 10.1137/51064827502419154 Cited on page(s) 30

[49] Y. W. Teh and S. T. Roweis, “Automatic alignment of local representations,” in Advances in
Neural Information Processing Systems, vol. 15,2003, pp. 841-848. Cited on page(s) 30

[50] M. Brand, “Charting a manifold,” in Advances in Neural Information Processing Systems, vol. 15,
2002, pp. 985-992. Cited on page(s) 30

[51] G.H. Golub and C. F.van Loan, Matrix Computations. Oxford, UK: North Oxford Academic,
1983. Cited on page(s) 30

[52] S. Dasgupta and A. Gupta, “An elementary proof of the Johnson-Lindenstrauss lemma,” U.
C. Berkeley, Technical Report 99-006 Mar. 1999. Cited on page(s) 30

[53] E. Bingham and H. Mannila, “Random projection in dimensionality reduction: applications
to image and text data,” in Knolwedge Discovery and Data Mining, 2001, pp. 245-250.
DOI: 10.1145/502512.502546 Cited on page(s) 31, 32

[54] E.R.Keydel, “MSTAR extended operating conditions,” in Proceedings of SPIE, vol. 2757,1996,
pp- 228-242. DOI: 10.1117/12.242059 Cited on page(s) 32, 54

[55] D. E. Dudgeon and R. M. Mersereau, Multidimensional Digital Signal Processing. Englewood
Cliffs, NJ: Prentice Hall, 1984. Cited on page(s) 41

[56] S.M. Kay, Fundamentals of Statistical Signal Processing: Detection Theory, 2nd ed. Upper Saddle
River, NJ: Prentice Hall, 1993. Cited on page(s) 42

[57] R.Baraniukand P. Steeghs, “Compressive radar imaging,” in IEEE Radar Conference, Waltham,
MA, Apr. 2007, pp. 128-133. DOI: 10.1109/RADAR.2007.374203 Cited on page(s) 45, 46,
47

[58] M. C. Shastry, R. M. Narayanan and M. Rangaswamy, “Compressive radar imaging using
white stochastic waveforms,” in Proceedings of the 5th IEEE International Waveform Diversity
and Design, Aug. 2010, pp. 90-94. DOI: 10.1109/WDD.2010.5592367 Cited on page(s) 46,
47

[59] D. Donoho, “Compressed sensing,” IEEE Transactions on Information Theory, vol. 52, no. 4,
pp- 1289-1306, April 2006. DOI: 10.1109/T1T.2006.871582 Cited on page(s) 46

[60] H. Nyquist, “Certain topics in telegraph transmission theory,” Proceedings of the IEEE, vol. 90,
no. 2, pp. 280-305, Feb. 2002. DOI: 10.1109/5.989875 Cited on page(s) 47



http://dx.doi.org/10.1137/S1064827502419154
http://dx.doi.org/10.1145/502512.502546
http://dx.doi.org/10.1117/12.242059
http://dx.doi.org/10.1109/RADAR.2007.374203
http://dx.doi.org/10.1109/WDD.2010.5592367
http://dx.doi.org/10.1109/TIT.2006.871582
http://dx.doi.org/10.1109/5.989875

68 BIBLIOGRAPHY

[61] D. Gao, D. Liu, Y. Feng, Q. An and F. Yu, “Radar echo signal detection with sparse represen-
tations,” in Proceedings of the 2nd International Conference on Signal Processing Systems (ICSPS),
July 2010, pp. 495-498. DOI: 10.1109/ICSPS.2010.5555846 Cited on page(s) 47

[62] L. Carin, D. Liu and B. Guo, “In situ compressive sensing multi-static scattering: Imaging and
the restricted isometry property,” preprint, 2008. Cited on page(s) 47

[63] Y. Chi, L. Scharf, A. Pezeshki and R. A. Calderbank, “Sensitivity to basis mismatch in com-
pressed sensing,” IEEE Transactions on Signal Processing, vol. 59, no. 5, pp. 2182-2195, May
2011. DOI: 10.1109/TSP.2011.2112650 Cited on page(s) 47

[64] E. Fishler et al., “MIMO radar: An idea whose time has come,” in Proc. IEEE Radar Conf,
Philadelphia, PA, Apr. 2004, pp. 71-78. DOI: 10.1109/NRC.2004.1316398 Cited on page(s)
47

[65] A.M.Haimovich,R.S.Blum and L. J. Cimini, “MIMO radar with widely separated antennas,”
IEEE Signal Processing Magazine, vol. 25, no. 1, pp. 116-129, 2008.
DOI: 10.1109/MSP.2008.4408448 Cited on page(s) 47

[66] P.Stoica and J. Li, “MIMO radar with colocated antennas,” IEEE Signal Processing Magazine,
vol. 24, no. 5, pp. 106-114, 2007. DOI: 10.1109/MSP.2007.904812 Cited on page(s) 47

[67] A.P. Petropulu, Y Yuand H. V. Poor, “Distributed MIMO radar using compressive sampling,”
in Proc. 42nd Asilmoar Conf. Signals, Syst. Comput., Pacific Grove, CA, Nov. 2008, pp. 203-207.
Cited on page(s) 47

[68] S. Shah, Y. Yu and A. P. Petropulu, “Step-frequency radar with compressive sampling (SFR-
CS),” in Proc. ICASSP 2010, Dallas, TX, Mar. 2010, pp. 1686-1689.
DOI: 10.1109/ICASSP.2010.5495497 Cited on page(s) 48, 49

[69] Y. Yu, A. P. Petropulu and H. V. Poor, “Reduced complexity angle-Doppler-range estimation
for MIMO radar that employs compressive sensing,” in Proceedings of the Forty-Third Asilomar
Conference on Signals, Systems and Computers, Nov. 2009, pp. 1196-1200.

DOI: 10.1109/ACSSC.2009.5469995 Cited on page(s) 48, 49

[70] P. A. Rosen, “Synthetic aperture radar interferometry,” Proceedings of the IEEE, vol. 88, no. 3,
pp- 333-382, March 2000. DOI: 10.1109/5.838084 Cited on page(s) 49

[71] D.A.Yockyand C.V.Jakowatz, “Shift-scale complex correlation for wide-angle coherent cross-
track SAR stereo processing,” IEEE Transactions on Geoscience and Remote Sensing, vol. 45, no.

3, pp- 576583, March 2007. DOI: 10.1109/TGRS.2006.886193 Cited on page(s) 49, 50, 52

[72] L.H. Nguyen and T. D. Tran, “A sparsity-driven joint image registration and change detection
technique for SAR imagery,” in IEEE International Conference on Acoustics, Speech and Signal



http://dx.doi.org/10.1109/ICSPS.2010.5555846
http://dx.doi.org/10.1109/TSP.2011.2112650
http://dx.doi.org/10.1109/NRC.2004.1316398
http://dx.doi.org/10.1109/MSP.2008.4408448
http://dx.doi.org/10.1109/MSP.2007.904812
http://dx.doi.org/10.1109/ICASSP.2010.5495497
http://dx.doi.org/10.1109/ACSSC.2009.5469995
http://dx.doi.org/10.1109/5.838084
http://dx.doi.org/10.1109/TGRS.2006.886193

BIBLIOGRAPHY 69

Processing, Mar. 2010, pp. 2798-2801. DOI: 10.1109/ICASSP.2010.5496197 Cited on page(s)
51

[73] C.T.Wangetal.,“Disaster monitoring and environmental alert in Taiwan by repeat-pass space-
borne SAR,” in International Geoscience and Remote Sensing Symposium, Jul. 2007, pp. 2628~
2631. DOI: 10.1109/IGARSS.2007.4423384 Cited on page(s) 52

[74] X. Wang, Y. Liu and Y. Huang, “The application of image registration based on genetic
algorithm with real data,” in 2nd Asian-Pacific Conference on Synthetic Aperture Radar, Oct. 2009,
pp- 844-847. DOI: 10.1109/APSAR.2009.5374187 Cited on page(s) 52

[75] K. Huang and S. Aviyente, “Sparse representation for signal classification,” in Advances in
Neural Information Processing Systems, 2006, pp. 609—617. Cited on page(s) 52

[76] J. Thiagarajan, K. Ramamurthy, P. Knee and A. Spanias, “Sparse representations for automatic
target classification in SAR images,” in 425 International Symposium on Communications, Control
and Signal Processing (ISCCSP), Mar. 2010, pp. 1-4. DOI: 10.1109/ISCCSP.2010.5463416
Cited on page(s) 52, 53, 54

[77] D.E.Kreithen, S.D. Halversen and G. J. Owirka, “Discriminating targets from clutter,” Lincoln
Laboratory Journal, vol. 6, no. 1, pp. 25-52, 1993. Cited on page(s) 52

[78] G.]J.Owirka, S. M. Verbout and L. M. Novak, “Template-based SAR ATR performance using
different image enhancement techniques,” in Proceedings of SPIE, vol. 3721,1999, pp. 302-319.
DOI:10.1117/12.357648 Cited on page(s) 52

[79] Q.Zhao et al., “Support vector machines for SAR automatic target recognition,” IEEE Trans-
actions on Aerospace and Electronic Systems, vol. 37, no. 2, pp. 643-653, 2001.
DOI:10.1109/7.937475 Cited on page(s) 52

[80] P.Knee,]. Thiagarajan, K. Ramamurthy and A. Spanias, “SAR target classification using sparse
representations and spatial pyramids,” in IEEE Internation Radar Conference, Kansas City, MO,
2011. DOI: 10.1109/RADAR.2011.5960546 Cited on page(s) 54

[81] S.Lazebnik, C. Schmid and ]J. Ponce, “Beyond bags of features: Spatial pyramid matching for
recognizing natural scene categories,” in IEEE Computer Society Conference on Computer Vision
and Pattern Recognition (CVPR), vol. 2, 2006, pp. 2169-2178.
DOI: 10.1109/CVPR.2006.68 Cited on page(s) 54



http://dx.doi.org/10.1109/ICASSP.2010.5496197
http://dx.doi.org/10.1109/IGARSS.2007.4423384
http://dx.doi.org/10.1109/APSAR.2009.5374187
http://dx.doi.org/10.1109/ISCCSP.2010.5463416
http://dx.doi.org/10.1117/12.357648
http://dx.doi.org/10.1109/7.937475
http://dx.doi.org/10.1109/RADAR.2011.5960546
http://dx.doi.org/10.1109/CVPR.2006.68

	Bibliography

