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Fig. 1 Reconstruction spectrums of objects via sparse dictionary
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Fig. 2 Reconstruction error of typical spectrums via different sparse basis
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Ean L Bt ) 4l piASE iz} KA K A4
DCT i/ % 15. 42 15.07 8. 94 3. 84 2.49 2.08 1.51 1.50
sym2 /N IR 2/ Y% 18.91 16. 60 13. 44 8.81 4.36 2.69 1. 66 1.48
i b 7 LR 22/ %% 1.63 1.58 1.48 1.36 1.37 1.26 1.32 1.26
L B m YT 5 S R 1 0 18 S 9
‘A T

A S X R 45 B ADGE BUE b e H AR R AR Y
TR R T — Bl T I G A G AR AL v
3 o X6 N [ R A b ) 1) O i R 4 L AR S8R L I
51&5e 0 DCT JE AN I 56 3F 47 % b, & 30 B8R )L
Tl s 00 B 22 B M T SR R B0 B R R
PETHY 2 R e (R R X A% g DCT 5 R /N i & i
T AR ST AR A O T A B B AR R R B D 1 1
BRI AT DCT A/l 3%, 76 20 %0 (4 fI% R B
R, B A) 3 T 56 36 M T A O IE  £2 L OF B Ok
SRR H AR IR g RS s ., BT
i 1 7 B 4 Ak 28 R T TR A O EE A T SR B Y
R ROR S AT LA AR A I T 4R O 1 AR
W B R T

FEAS 24 AR AR G0 35 BEROR I 3 B4 2 Bl
I o AH B (9 Y1 5 i o T 2 AT O A B el
TR T e e i SR - 38 5 45 BE R SE B TS
(19 Bt AL 20 A% 0 E2E 7 DI i 0 1) S s L R B Bl ik A 4
Jr AT R — IR

£ % 3L #f (References) :

[1] Xiang Libin, Wang Zhonghou, Liu Xuebin, et al. Spatially
Modulated Fourier Transform Hyperspectral Imager for HJ-
1A Satellite[ J ]. Spacecraft Engineering, 2009, (6);43-49. [
AR LR, E R R X Ak, 45 FRBE I U - 1A TR A Ji] 9 o 8 T
WOLTE AR E ALY ] it K 4% T 2009, (6) :43-49. ]

[2] Chrien T G,Green R O,Eastwood M L. Accuracy of the Spec-
tral and Radiometric Laboratory Calibration of the Airborne

Visible/Infrared Imaging Spectrometer ( AVIRIS) [ C]//Pro-



1018 1

R

giny

5N

H 4 28 &

[3]

[4]

[5]

(6]

(7]

[8]

L9l

[10]

[11]

ceedings of the International Society for Optical Engineering,
Imaging Spectroscopy of the Terrestrial Environment, 1990,
37-49.

Tong Qingxi, Zhang Bing, Zheng Lanfen. Hyperspectral Re-
mote Sensing[ M. Beijing: Higher Education Press,2006. [ #
PRAE 3 5% 0 22 28, i 0l 1 0 Uk JREE B 5 M.
JbmT i AR R AL 2006. ]

Donoho D L. Compressed Sensing[J]. IEEE Transactions on

Information Theory,2006,52(4) :1289-1306.

Candes E J,Wakin M B. An Introduction to Compressive Sam-
pling[J]. IEEE Signal Processing Magazine, 2008,25(2) :21-
30.

Han Shensheng. Intensity Correlation Imaging Technology for
Remote Sensing[ ] ]. Spacecraft Recovery and Remote Sens-
ing,2011,(5) :44-51. [ 5 B 4. 58 & JC 38 JB IR LA LT .
AR (7] 5 38 %, 2011, (5) 1 44-51, ]

Duarte M F,Davenport M A, Takbar D,et al. Single-pixel Im-
aging via Compressive Sampling: Building Simpler, Smaller,
and Less-expensive Digital Cameras[ ] |. IEEE Signal Process-
ing Magazine,2008,25(2) :83-91.

Wagadarikar A,John R, Willett R, et al. Single Disperser De-
sign for Coded Aperture Snapshot Spectral Imaging[J]. Ap-
plied Optics,2008,47(10) : B44-B51.

Russell T A, McMackin L, Bridge B, et al. Compressive Hy-
perspectral Sensor for LWIR Gas Detection[ C]//Proceedings
of the International Society for Optical Engineering, Compres-
sive Sensing,2012.

Lu Minghai, Shen Xia, Han Shensheng. Ghost Imaging via
Compressive Sampling based on Digital Micromirror Device
[J]. Acta Optica Sinica,2011,(7):105-110. [ W17 . k. 5 .
AR T RO OB AR R I A R G I B R R S L . ol
24 ,2011,(7) :105-110. ]

Candes E J, Romberg J, Tao T. Robust Uncertainty Princi-
ples: Exact Signal Reconstruction from Highly Incomplete

Frequency Information[ J]. IEEE Transactions on Information

[12]

[13]

[14]

[16]

[17]

[19]

[20]

[21]

Theory,2006,52(2) :489-509.

Li Chengbo. An Effcient Algorithm for Total Variation Regu-
larization with Applications to the Single Pixel Camera and
Compressive Sensing[ D]. Rice University, Houston, 2009,

Li Xiaobo. Research on Measurement Matrix based on Com-
pressive Sensing [ D]. Beijing: Beijing Jiaotong University,
2010. [Z=/)Nipl . F T 1 4 8% R A I et 4 P P 92 (DL db s - b
52T K, 2010, ]

Zhou Canmei. Research on Siginal Reconstruction Algorithms
based on Compressive Sensing[ D]. Beijing: Beijing Jiaotong
University,2010. [J&Ali#f. J& T 47 20 0915 5 g 00 0 o
FE[D]. bt b s 8@ R %, 2010. ]

Mallat S G,Zhang Z. Matching Pursuits with Time-frequency
Dictionaries[ ] ]. IEEE Transactions on Signal Processing,
1993,41(12) .3397-3415.

Aharon M, Elad M, Bruckstein A. K-SVD: An Algorithm for
Designing Overcomplete Dictionaries for Sparse Representa-
tion[ J ]. IEEE Transactions on Signal Processing, 2006, 54
(11) :4311-4322.

Yu F,XiJ,Zhao L,et al. Sparse Presentation of Underdeter-
mined Blind Source Separation based on Compressed Sensing
and K-SVD[J]. Journal of Southeast University. Natural Sci-
ence Edition,2011,41(6):1127-1131.

Li Min, Cheng Jian, Le Xiang,et al. Super-resolution based on
Sparse Dictionary Coding[J]. Journal of Software.2012,(5):
1315-1324. [Z= R R AR 45 0 L 7 St 25 ) 19 8 20 9 ¢
T[], R, 2012, (5) . 1315-1324. ]

Gesen Z,Shuhong J, Xiaoli X.et al. Compressed Sensing and
Reconstruction with Bernoulli Matrices| ] |. IEEE Internation-
al Conference on Information and Automation(ICIA),2010:
455-460,

Mohimani G H, Babaie-Zadeh M, Jutten C. Fast Sparse Rep-
resentation based on Smoothed LLO Norm[ C]//Proceedings of
the 7th International Conference on Independent Component

Analysis and Signal Separation,London, UK,2007:389-396.

Compressive Sensing Spectral Sparsification Method

based on Training Dictionary

Wang Qi"?,Li Chuanrong',Ma Lingling',Tang Lingli',Li Jianjian"

2

(1. Key Laboratory of Quantitative Remote Sensing Information Technology ,

Academy o f Opto-Electronics ,Chinese Academy o f Sciences,Beijing 100094 ,China;
2. University of Chinese Academy of Sciences ,Beijing 100049 ,China)

Abstract: Using object’ s sparsity, compressive sensing theory is able to breakthrough Nyquist sampling
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theorem and reconstruct object image from very few observations, which has become a very potential re-
search field to achieve super-resolution image. One of the crucial problems of applying compressive sensing
to earth observation remote sensing image is how to pursue effective sparsification method under the com-
plexity of ground scene. It will be more practical for hyperspectral imaging with a large amount of data to
search for effective spectral sparsification method using rich redundant spectral information in bands. This
paper introduces the basic principle of compressive sensing spectral imaging and spectral sparsification,and
trains a redundant dictionary based on K-SVD method using multiple types of ground objects’ spectral data
from ASTER spectral library, reconstructs several typical objects using DCT basis, wavelet basis and train-
ing dictionary via simulation experiment and compares the reconstruction results. The result shows using
training dictionary as sparse basis performs is better at low sampling rate than DCT basis and wavelet ba-
sis,spectral curves can be reconstructed almost perfectly at sampling rate as low as 20%. Our research indi-
cates the great potential for sparse dictionary applied in compressive sensing spectral imaging.

Key words: Compressive sensing; Hyperspectral imaging; Sparse basis; Dictionary training
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