40 , 12 Vol 40,No. 12,pp3699-3704
2020 12 Spectroscopy and Spectral Analysis December, 2020
- Savitzky-Golay
12 x| 12 v 1
1. 130033
2. , 100049
Savitzky-Golay(SG) s
87. 088 9% , - SG (TSG
) , SG 12. 066 7%, SG
SG )
TSG m=2~4, n=3~5, 10% N
30 db, 96 % , TSG R Pavia University
TSG (m=3, n=4), SG (m=7, n=3) s TSG
N 31 68% 41. 83%, SG
13. 40%. TSG-PCA-SVM
s 500 s 4500 s
99. 155 6% . 0. 983 613, 116 880
99. 206 0%,  TSG . , SG 87. 088 9%
SG ; H H 3
. TP79 : A DOI: 10. 3964/} issn 1000-0593(2020)12-3699-06
SG 87. 088 9%,
s SG N
N N SG s
, N N . TSG o
S ; TSG 99. 155 6%,
2 PaviaU .
. . . Savitzky-Golay TSG ; SG TSG
, SG , SG  TSG ;
B . , TSG .
. TSG-PCA-SVM 5
: 2019-09-13, : 2020-01-08
: (61975199) , (61605197) ,
(2019223), (2018SYHZ0013),
(20180201015SF, 20190303005SF) , (STS )STS (2ED19001),
(STS ) (2E2019005568) , (YJKYYQ20180037) ,
(18DY002)
, 1994 ,

e-mail: xintan grating@163. com

e-mail: 875289508@qq. com



3700 40
1 s m=2, n=3 SG
1 ,
SG o (xs ) (2
N 2m+1) s
; z=[—m, 1—m, -, 0, 1, B Z iji+))GE—j) =0
oy ml, o)) L1, b 4 ' i j 0 o
X -
. ’ B[0], i=0 j=0
pla) = Dlart (D
k=0 0,
’ | VEET P
. B=X e
(X'XO'X" S D '
' TSG .
s SG
1 SG
Fig 1 Extending One-D SG convolution kernel into Two-D convolution kernel in four directions
s et
2 DN . R , ref
2.1 TSG
(D (2) , SG/TSG
m. n ’
o (SNR) .
(PSNR) . (SSIM) Bl SG/TSG
Pavia University s
1. 3 m, 610X 340 s
115 s 12 Lol 2
s s 200 X200 X
103, .
(3) 2 Pavia University
i RCF— fu) . Fig 2 Pavia University hyperspectral image
Sret = frmin
3 ., f DN . fun SG m  3~15 , TSG



12 3701
m 1~10 s n 2~6 s 3 N N
s SNR, PSNR  SSIM, ( n<2m+1, )
3 TSG. SG
(a—c): SG ;
(d—D . TSG
Fig 3 The performance comparison of TSG and SG with different convolution kernel parameters
(a—c): SNR, PSNR, SSIM after SG filter; (d—{): SNR, PSNR, SSIM after TSG filter
. 70~90 41. 83%.,
i, 3Ca) (D TSG TSG
10% ; SG )
1%, PSNR 30 db.,
, TSG m 2~4.
n 3~5 . SG m n
2.2 TSG SG
SG m=7 n=13, TSG
m=3, n=4 SG
TSG . 4 . SG . TSG
7 o
s SG
, TSG o 4 77
(a): ; (b): SG ; (o): TSG
5 , Fig 4 Gray image of 77 band
70~90 1,3 (a): Raw image; (b): Processed by SG filter;
2, 5Cc) AH,, AH,, AH, (c): Processed by TSG filter
, SG (45, 45), (75, 75),
(105, 105) 2.3 TSG
13.92%, 14.59% 13 40%., . SG AR
TSG , (45, 45), (75, 75), TSG SG TSG-PCA-
(105, 105) SVM . TSG o

31 68%, 9. 39%

7.01%; (45, 45)



3702 40
) O N©) @ 70 007 46 873
. ® .©® . SG. TSG s PCA
, , SVM .
375~910 nm, 2. 3 nm, 540 s SVM (RBF) .
960 N 35 mm, 21 V/150 W ,
. . 500 , 4 500
, s 0.6 m * , .
min ', 300 mm, CCD 16 ms,

5
(a): ; (b): SG
Fig S5 The spectrum after processed by

; (©: TSG

different filtering algorithms
(a): Raw spectrum; (b): Processed by SG filter;
(¢): Processed by TSG filter

6

Fig 6 The acquisition system of hyperspectral image

o 6 ,
0% 100% 7(a,
e) o / 470 X 280
s 540 R
, (3)
7(b.D o

116 880

TSG(m=3, n=4), SGm=6, n=3)

ol | I
7Cc, ds g, h) .

(a—d): . . SG . TSG
; (e—h): N . SG
. TSG
Fig 7 The visualization of classification results and
mask of wheat hyperspectral image
(a—d) : The hyperspectral image, mask imgae, classification results
after SG/TSG filter of health wheat; (e—h): The hyperspectral
image, mask imgae, classification results after SG/TSG filter of

infected wheat

1
Table 1 Image classification performance after processed
by different filtering algorithms
0. 859 333 0. 870 628 0. 761 522
SG 0. 870 889 0. 879 646 0. 775 600
TSG 0. 991 556 0. 992 060 0. 983 613
1 . , SG
87. 088 9% ,
1 155 6%, TSG
, 99. 155
6% 13222 3%, 7 ,
SG s (



12 3703

) , (2)TSG (m=3, n=4) 10%
, N 30 db, 70~90
TSG , 31. 68%, 41. 83%.,
5 TSG (45, 45) SG , TSG
(3)TSG (m=3, n=4) PCA-SVM
3 99. 155 6%,
0. 983 613, SG 12. 0667 %,
Pavia University, s B
TSG o
[@D) . N
TSG m 2~4. n 3~5 ;
References

[ 1] Zhang Yuxiang, Du Bo, Zhang Liangpei. IEEE Transactions on Geoscience and Remote Sensing, 2015, 53(3): 1346.

[ 2] Du Bo, Zhang Yuxiang, Zhang Liangpei, et al. IEEE Transactions on Image Procession, 2016, 25(11); 5345.

[ 3] Luo G, Chen G, Tian L, et al. Canadian Journal of Remote Sensing, 2016, 42(2); 106.

[ 4] ZHANG Yizhou, XU Ting-fa, LIU Zi-wei, et al( . . . ). Chinese Optics( ), 2015, 8(1): 51.
[5] Yang] X, Zhao Y Q, Yi C, et al. Remote Sensing, 2017, 9(4): 305.

[ 6 ] Fang Leyuan, Li Shutao, Duan Wuhui, et al. IEEE Transactions on Geoscience and Remote Sensing, 2015, 12 6663.

[7] LiC, MaY, Mei X G, et al. Remote Sensing, 2017, 9(11): 1166.

[ 8] Jiang C H, Zhang Q Y. Fan R, et al. Scientific Reprots, 2018, 8(1): 8799.

[9] Yang GY. Wang Q Y. Liu C, et al. Spectrochimica Acta Part A; Molecular and Biomolecalar Spectroscopy. 2018, 200; 186.

Joint Space-Spectrum SG Filtering Algorithms for Hyperspectral Images
and Its Application

NING Hong-zhang' ?, TAN Xin'* , LI Yu-hang" ?. JTAO Qing-bin', LI Wen-hao'
1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China
2. University of Chinese Academy of Sciences, Beijing 100049, China

Abstract In the process of hyperspectral image( HI) filtering by Savitzky-Golay (SG) filter, the spatial information of HI is
ignored which lead to the accuracy of recognition model of wheat HI dataset can only reach 87. 088 9%. This paper proposes a
method, TSG filter, that combines space-spectrum information of HI. By this way, the accuracy of the model is improved by
12. 066 7% compared with SG filter. The algorithm expands one-dimensional SG convolution core into two-dimensional SG
convolution core in four directions. Then the HI data can be quickly convoluted using convolution theorem and fast Fourier
transform, so that the space-spectrum noise of HI can quickly filter. When the TSG filter core coefficient m=2~4, n=3~5,
the SNR of the HI is increased by more than 10%, the PSNR is higher than 30 dB, and the SSIM is greater than 96 %, which
means TSG filter maintains the original HI characteristics well and improve the SNR significantly. After TSG filtering (m=3, n
=4) or SG filtering (m=7, n=3), by comparing with the gray image and spectrogram of Pavia University HI, it can be seen
that after TSG filtering. the band noise of the image is suppressed. the peak height of the characteristic peaks is increased by
31. 68% , and the average intensity of the characteristic band is increased by 41. 83% , while after SG filtering the band noise of
the image is still clear and the relative peak height of the characteristic peak is up to 13. 40%. The model of wheat HI recognition
model based on TSG-PCA-SVM algorithm is constructed. The training set contains 500 sample points and the test set contains 4
500 sample points. The accuracy of this model is as high as 99, 155 6% and the kappa coefficient is 0. 983 613 while predicting
the test set. The total accuracy predicting all 116 880 samples in the wheat HI data set is as high as 99. 206 0%, which means
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the classification model has high accuracy and good consistency, and the classification accuracy is significantly improved com-
pared with SG filtering that only reaches 87. 088 9%. In conclusion, this paper provides a new idea for HI filtering and provides
a reference for the construction of a hyperspectral identification system of wheat Hi dataset.

Keywords Savitzky-Golay filter; Hyperspectrum image; Principal components analysis; Support vector machine; Recognition
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