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Hyperspectral Image Compression Using Improved Principal
Component Analysis and Integer Wavelet Transform
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Abstract A combined method based on improved principal component analysis(PCA) and integer wavelet transform
is proposed for hyperspectral image compression. PCA can effectively reduce the spectral correlation of hyperspectral
image and integer wavelet transform by using lift scheme is widely used for spatial decorrelation. The code speed
dramatically decreases when the spatial size becomes large. The hyperspectral images are partitioned into several
blocks with same size and each block is encoded by PCA and integer wavelet transform independently. A non-linear
model is setup to estimate the optimal retained number of principal component(PC) at any compression ratio. When
the optimized compression methods are using on the hyperspectral images of the AVIRIS instrument and our
developing hyperspectral imager, the compression effects is competitive and it runs fast comparing with common PCA
followed by integer wavelet transform. This method is also easily completed on the hardware.
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Fig. 1 Compression processing of hyperspectral image
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Table 1 Process time of algorithm at different spatial sizes

Parameters Value

64X64 128X 128 256 X256

Image size /pixel

Compression ratio /

0.5 0.5 0.5
bit/ (pixel*band)
PCA time /s 2.5 13.8 38.2
Encode time /s 8.55 183 2132.8
Total time /s 11.05 196. 8 2171
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Fig. 2 PSNR performance as the number of PC

coded varies
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Table 2 Statistical distribution of PC

PC Eigenvalues Total contribution /%
1 5719957. 02 97.55
2 68960. 86 98. 73
3 30023. 04 99. 23
4 11925. 23 99. 44
60 93.58 99. 95
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Table 3 Best number of PC at different compression rates

Value

Parameters

Compression ratio /

bit/ (pixel*band)

0.250.32 0.5 1 2

Optimal retained number of PCs 9 12 16 32 64
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Fig. 3 A non-linear curve of the best number of PC
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Table 4 Application of non-linear model in other dataset

1 bit/ (pixel+band)

0.5 bit/(pixelsband) 0. 25 bit/(pixel*band)

Simulative value Actual value Simulative value Actual value Simulative value Actual value

number of PCs 32 31
Dataset 2
PSNR 64.09 64. 54
number of PCs 32 35
Dataset 3

PSNR 62. 86 63. 10

17 16 9 9
62.24 62.63 59. 84 59. 84
17 18 9 10
60. 66 61.20 58.58 59.12
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Table 5 Application of non-linear model in other images
0.5 bit/(pixel*band) 0. 25 bit/(pixel*band) 0. 125 bit/(pixel*band)
Simulative value Actual value Simulative value Actual value Simulative value Actual value
Cuprite number of PCs 17 16 9 9 6 5
scene2 PSNR 60. 76 60. 77 59. 28 59.28 55.94 56. 10
Cuprite number of PCs 17 17 9 10 6 5
scene3 PSNR 60. 48 60. 48 58. 25 58. 35 55.40 55. 60
Jasper number of PCs 17 18 9 10 6 6
scenel PSNR 64.56 64. 60 62. 30 62.53 59. 80 59. 80
Jasper number of PCs 17 18 9 10 6 6
scene2 PSNR 63. 44 63.47 60. 55 60. 78 57.62 57.62
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Table 6 Lossy compression performance comparison of improved and original algorithm based on data set 1

Algorithm 1:PCA+DWT-+SPIHT

Algorithm 2 ;Improved PCA+DWT~+SPIHT

Compression ratio /

bit/ (pixel+band) PSNR /dB
. 64.12
! 60.48
0.5 49,55
0-25 43.79

Time /s PSNR /dB Time /s
1971.1 64. 84 604. 6
1047. 8 62.13 310. 8
493. 8 60. 24 178.6
271.6 58. 04 107.8
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Table 7 Lossy compression performance comparison of improved and original algorithm based on data set 2

Algorithm 1:PCA+DWT+SPIHT

Algorithm 2 :Improved PCA+DWT+SPIHT

Compression ratio /

bit/ (pixelsband) PSNR /dB
- 43. 34
0. 25 4123
0125 35. 80

0.0625 27.42

Time /s PSNR /dB Time /s
2528.3 43.55 842.7
317.9 42.06 249.1
253 40. 51 119.8
197 40. 38 105
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(a) algorithm 1

(b) algorithm 2
(compression ratio: 1)

compression ratio: 1

(c) algorithm 1
(compression ratio: 0.25)

(d) algorithm 2
(compression ratio: 0.25)
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Fig. 4 100th band of data set 1 compression effect at

two algorithms

(b) algorithm 2
(compression ratio: 2)

(a) algorithm 1 ‘
(compression ratio: 2)

(c) algorithm 1
(compression ratio: 0.125)

(d) algorithm 2
(compression ratio: 0.125)
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two algorithms
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