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Hyper-Spectral Data Feature Extraction Using Rational
Function Curve Fitting

S. Abolfazl Hosseini & Hassan Ghassemian”

Image Processing and Information Analysis Lab, Faculty of Electrical and Computer
Engineering, Tarbiat Modarres University, Tehran, Iran

Abstract

In this paper, with due respect to the original data and based on the extraction of new features by smaller
dimensions, a new feature reduction technique is proposed for Hyper-Spectral data classification. For each
pixel of a Hyper-Spectral image, a specific rational function approximation is developed to fit its own spectral
response curve (SRC) and the coefficients of the numerator and denominator polynomials of this function are
considered as new extracted features. The method focuses on geometrical nature of SRCs and relies on the
fact that the sequence discipline - ordinance of reflectance coefficients in spectral response curve - contains
some information which has not been addressed by many other existing methods based on the statistical
analysis of data. Maximum likelihood classification results demonstrate that our method provides better
classification accuracies in comparison with many competing feature extraction algorithms. In addition, the
proposed algorithm has the possibility of being applied to all pixels of image individually and simultaneously
as well.

Keywords: Feature extraction, Hyper-Spectral imagery, curve fitting, Padé approximation, classification.
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(Table- 1): 16 land-cover classes of IPS
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(Table- 2): 13 land-cover classes of KSC.
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(Table- 3): Parameters of FE methods used in the experiments.

D is the number of features for all FE methods, and D =2,...,14
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(Figure- 2): (a) False colour image of IPS, (b) its ground truth map (GTM), (c) False colour image of KSC, (d) its ground truth
map (GTM)
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1 HJ} (Figure- 3): Classification accuracy measures for IPS data set using different FE methods and various numbers of features, (a)
Average accuracy (b) Average validity (c) Overall accuracy (d) Kappa statistic
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(Table- 4): The overall-accuracy (OA), Kappa-statistic, and class-specific accuracies for 16 classes in IPS data set (D =12)

FE method OA |Kappa| 1 2 3 4 6 7 9 |10 | 11 [ 12 [13]14]15] 16

PCA 63.87| 57.91 [[13.26{47.86(60.21|31.10{75.12{93.00{10.26(98.56| 8.89 |77.32(50.58(34.98|58.32|194.01(57.12(24.64
LDA 66.00| 60.19 |[ 6.45 [47.55(56.33]|33.44]73.28]92.85(15.38(99.07|11.11]76.60(59.22(44.92|63.06|93.39(55.24(28.63
KPCA 61.12] 53.68 [[13.26(43.19(67.53|43.72|23.09]91.21{20.51(98.81| 4.44 |79.48(43.20(44.94|70.09|94.34{49.33(41.31
KDA 66.90| 58.40 [[17.20{50.24(68.56|45.12129.60]92.47(19.66(99.54| 8.89 |72.94(59.41(57.80|66.43|94.04(56.83(49.72
MMP 56.44| 50.76 [ 6.09 [38.50|47.42(36.03|76.83]90.75 6.84 |98.58(17.78|76.72(33.34|26.11|72.49|94.87|40.29|24.64
NWFE 68.09] 60.87 | 8.60 [47.43(55.85|46.00|74.81(89.23[11.11(98.53|11.11|80.53(65.45(44.71|59.58]|93.72(53.64(31.62
RFCF (proposed)[75.06] 70.84 (10.04(72.01]69.43(49.01|78.93/93.62|11.97|99.78(13.33|78.49(66.16|77.13|59.52{95.15]|63.44(10.04
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(Figure- 4): Classification accuracy measures for KSC data set using different FE methods and various numbers of features (a)
Average accuracy (b) Average validity (c) Overall accuracy (d) Kappa statistic
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(Table- 5): The overall-accuracy (OA), Kappa-statistic, and class-specific accuracies for 13 classes in KSC data set (D =12)

FE method | OA | Kappa 1 2 3 4 5 6 7 8 9 10 11 12 13
PCA 43.20 35.78 83.65 | 46.58 | 42.42 | 40.53 | 12.41 | 25.12 | 12.22 | 80.41 | 74.15 | 3.85 97.09 | 4.19 2.52
LDA 84.71 82.18 88.76 | 91.78 | 86.15 | 62.56 | 55.17 | 57.97 | 37.78 | 90.21 [ 99.36 | 95.05 | 98.41 | 49.45 | 99.64
KPCA 44.88 37.71 83.36 | 52.51 | 53.68 | 31.28 | 28.97 | 44.93 7.78 | 73.71 | 85.04 1.65 96.03 3.75 1.44
KDA 77.68 74.03 88.91 | 91.78 | 72.73 | 49.78 | 44.83 | 43.48 | 32.22 | 87.63 | 98.29 | 93.13 | 96.30 | 8.61 98.92
MMP 81.28 78.19 91.09 [ 88.58 [ 69.26 | 59.03 | 31.03 | 44.93 | 45.56 | 88.14 | 91.88 | 96.43 | 97.62 | 43.27 | 99.76
NWFE 79.85 76.53 89.05 | 91.78 | 63.64 | 56.39 | 9.66 | 47.34 | 18.89 | 87.11 | 94.44 [ 90.38 | 99.47 | 47.02 | 99.64
(I;Fmil;d) 87.14 84.99 92.78 [ 93.15 [ 70.13 | 70.04 | 29.66 | 54.59 | 34.44 | 83.76 | 99.86 | 86.81 [ 92.33 | 94.48 | 100.00
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(Figure- 5): Sample classification maps of IPS data set for different FE methods used for 12 features
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(Figure- 6): Sample classification maps of KSC data set for different FE methods used for 12 features
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