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Hyperspectral Data Compression by Using Subintervals
Curve Fitting, and Smoothing Filter
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Abstract

Hyperspectral images due to simultaneous acquisition of data in more than hundreds narrow, close
spectral bands, have a very high correlation bandwidth. So, in order to store in less storage space, higher
transmission speed and less bandwidth, the compression is needed. Various lossless and lossy methods
for compression are existed, that can be in the spatial domain or in the spectrum domain. But, in regard
to the importance of spectral information of hyperspectral images in remote sensing, this compression
should be done by this condition that the spectral information of this kind of images is well preserved.
The methods of Compression can be based on the predictive function or using of a codebook to compress
information. one of the most effective ways is the method of using curve fitting, which is applied to
compress hyperspectral images due to its effect on the image spectrum. This method uses the spectral
signature of each pixel to reduce the feature by finding the closest approximation function to express the
curve and storing its coefficients as a new feature for reconstruction data. By replacing these coefficients
in the equation of approximation, spectrum reflection curve for each pixel can be reconstructed. This
method has very good results in comparison with previous methods such as PCA, but in compression
using this method, the SRC curve has been approximated in some points with distortion. In this paper,
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we tried to eliminate these distortions, by finding points which have distortion and Breakdown the SCR.
On the other hand, by using the Savitsky-Golay smoothing filter we can also reduce distortion and
increase the PSNR. Another way to eliminate or reduce this distortion described in this article is as
follow: At first, the spectral signature of each pixel of the intended data is smoothed by a Savitsky-Golay
smoothing filter, and then by using a particular method, it is divided into adjoining adjacent spaces, and
then a curve is plotted for each slice of data. By choosing the best degree and window length for
smoothing and selecting the best degree of numerator and denominator of function, the coefficients of
the selected rational function are considered as new features of the image. By using the proposed
method, in addition to eliminating the distortion, the PSNR level will be higher and the reconstructed

image quality is very close to the original image.

Keywords: Compression, Curve Fitting, Hyperspectral, Least Square, Savitsky-Golay Filter
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(Figure 4) (a) The Original data of IPS and Reconstructed by
(b) RFCF, (c) IPCA Methods.

SRC of IPS.Original Image and Reconstructed Image
6000 T T

5000 [~

*  The original Data
Reconstructed by Rational Function

4000
3000
2000 -

1000 [~

-1000 -

The Measured Intensities

-2000 [~

-3000

4000 . . . . . . . . .
0 20 40 60 80 100 120 140 160 180 200
Band Number

kol pgai 50 diged JauSy (b S 5L Hlogad (8- JSb)

o B3l b9 4 of Bl b3l ygad 9 IPS
(Figure 5) The SRC of a typical pixel and its approximated
data by RFCF method.
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(Figure 10) (a) The Reconstructed data of DC-Mall by
RFCF(b) IPCA, (c) DCT, (d) IRFCF Method in second
experiment
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PSNR jlte coms 33 RFCF Jslio 30 o halosT 30 IRFCF o ,Slos fumlio (Y- Jguz)

DC-Mallg UP4 IPS slaosls sl
(Table 2) Comparing PSNR of RFCF, IRFCF Method in first Experiment for IPS, UP, DC-Mall Data Set

Comp Comp
Indian Pines Site Rate Pavia University Rate DC-Mall
(N/D) (N/D)
Comp
Rate | . IRFCF The IRFCF The IRFCF
(ND) | Best | L | PSNR 'Sgﬁg Best | L | PSNR Egﬁg Best | L | PSNR sgﬁg
Ns (Ex.1) Ns (Ex.1) Ns (Ex.1)

200/15 1 14 | 47.12 48.55 | 103/15 5 2 58.57 3454 | 191/15 1 14 | 49.86 49.86

200/20 5 3 51.15 44.38 | 103/20 4 4 59.67 43.89 | 191/20 1 19 | 3843 38.43

200/25 2 11 | 73.49 45.71 | 103/25 3 7 64.55 39.12 | 191/25 3 7 43.69 42.80

200/30 4 5 44.88 45.94 | 103/30 4 6 53.00 40.51 | 191/30 4 6 47.20 39.57

200/35 5 6 42.26 51.44 | 103/35 3 10 | 46.43 49.77 | 191/35 4 7 64.40 39.47

Solw)lgad 9 5330 (e i jlrs Hl 0 3Ll b byl y19Las (§ wod juind

PSNR Lo cams 3 RFCF Jilio 40 pgo iwbo3l yo IRFCF & ySlos dun lio (V- Jguz)

DC-Mallg UP4 IPS o osls o
(Table 3) Comparing PSNR of RFCF, IRFCF Method in second experiment for IPS, UP, DC-Mall Data Set

Comp Indian Pines Site Comp Pavia University Comp DC-Mall

Rate The | IRFCF RECE | Rate The | IRFCF RecE | Rate The | IRFCF RECE
(N/D) Best | PSNR PSNR | (N/D) Best | PSNR PSNR | (N/D) Best | PSNR PSNR

Ns (Ex.2) Ns (Ex.2) Ns (Ex.2)

200/15 4 52.00 48.55 | 103/15 3 35.05 | 34.54 | 191/15 1 49.86 | 49.86
200/20 1 44.38 44.38 | 103/20 1 43.89 | 43.89 | 191/20 1 38.43 | 38.43
200/25 2 73.49 45.71 | 103/25 2 43.79 | 39.12 | 191/25 1 4280 | 42.80
200/30 1 45,94 4594 | 103/30 1 4051 | 4051 [ 191/30 | 4 54.63 | 39.57
200/35 1 51.44 51.44 | 103/35 1 49.77 | 49.77 | 191/35 3 39.50 | 39.47

90 swbo3l ;o DC-Mall g UPg IPS slaesls ciub bl slaojl ploi jo M gL il yo yolie (F-Jguz)

(Table 4) The best value of L, M for all intervals in IRFCF Method in second experiment for IPS, UP, DC-Mall Data Set
Indian Pines Site

The Best | The Best The Best The Best The Best IRFCF

Compression

Rate The . . . . .

(NID) Best Ns (L, M) in | (L, M) in | (L, M) in | (L, M) in | (L, M) in | PSNR

Sectionl Section2 Section3 Section4 Section5 (Ex.2)
200/15 4 (2,0 (2,0 (2,0) 0,2) - 52.00
200/20 1 (18,1) - - - - 44.38
200/25 2 (11,0) (11,0 - - - 73.49
200/30 1 (27,2) - - - - 45.94
200/35 1 (29,5) - - - - 51.44

Pavia University
The Best | The Best The Best | The Best | The Best IRFCF

Compression

Rate The . . . . .

(NID) Best Ns (L,M)in | (L,M)in | (L,M)in | (L,M)in | (L,M)in | PSNR
U" 5 Sectionl Section2 Section3 Section4 Section5 (Ex.2)
‘Z‘f, 103/15 3 @0) @0) @0) ; - 35.05
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103/20 1 (17,2) - - - - 43.89

103/25 2 (3,8) (11,0) - - - 43.79

103/30 1 (29,0) - - - - 40.51

103/35 1 (16,18) - - - - 49.77

DC-Mall

Compression The Best | The Best The Best The Best The Best IRECE
Rate The of of of of of

. . . . . PSNR

(N/D) BestNs | (L,M)in | (L,M)in | (L,M)in | (L,M)in | (L, M)in (Ex2)

Sectionl Section2 Section3 Section4 Section5

191/15 1 (14.0) - - - - 49.86

191/20 1 (19,0) - - - - 38.43

191/25 1 (10,13) - - - - 42.80

191/30 4 (6,0) (6,0) (6,0) (6,0) - 54.63

191/35 3 (10,0) (10,0) (3,7) - - 39.50
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(Figure 15) The process of implementing the SGRFCF method
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(Figure 16) (a) The Reconstructed data of UP by RFCF (b) IPCA, (c) DCT, (d) SGRFCF Method.
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9RFCF Jslio 43 SGRFCF o ySkos dung Ui (F— Jgur)

IPSols (5l 32 PSNR jlzo s wIPCA

(Table 6) Comparing PSNR of IPCA, RFCF, SGRFCF

Method for IPS Data Set

Indian Pine Site

Comp
Rate D Best ngR PSNR | PSNR
N/D (L, M) RECE RFCF | IPCA

200/3 3 0,2) 30.40 30.31 29.33
200/4 3 (2,1) 58.36 25.00 26.78
200/5 3 (3,1) 38.59 26.83 31.46
200/6 3 (0,5) 74.50 34.28 48.80
200/7 3 (6,0) 73.07 27.78 56.69
200/8 3 (3,9 55.43 34.90 40.37
200/9 4 (2,6) 60.37 45,59 55.83
200/10 4 2,7 59.30 47.53 39.62
200/11 2 (7,3) 71.45 34.98 43.15
200/12 3 (0,11) 75.64 30.04 36.62
200/13 3 (2,10) 72.18 31.33 35.55
200/14 2 (12,1) 71.45 60.17 35.02
200/15 | 2 (8,6) 64.44 | 4855 | 37.73
200/20 | 3 (12,7) | 6016 | 44.38 | 31.19
200/25 | 3 (1,23) | 6379 | 4571 | 29.66
200/30 3 (20,9) 95.65 45.94 32.25
200/35 4 (24,10) 73.31 51.44 30.62

s RFCF Jslio ;5 SGRFCF 5 ySlos duslito (Y- Jgu2)

UPsslo sl PSNR o cans o IPCA

(Table 7) Comparing PSNR of IPCA, RFCF, SGRFCF

Method for UP Data Set

Pavia University

Comp
Rate | | Best ngR PSNR | PSNR
N/D (L.M) | poae | RFCF | IPCA
1033 | 4 02 | 2128 | 2357 | 36067
1034 | 4 21) | 4497 | 2690 | 36.64
1035 | 4 (13) | 6283 | 2593 | 39.04
1036 | 3 (14) | 4834 | 3503 | 27.95
1037 | 2 (15) | 4766 | 2802 | 37.75
1038 | 4 (25) | 4694 | 4693 | 29.51
1039 | 3 @5 | 6020 | 3014 | 37.88
103/10 | 4 (36) | 4816 | 3155 | 41.06
103/11 | 2 @46) | 4785 | 3171 | 3422
103/12 | 3 011) | 6164 | 3116 | 3613
10313 | 4 (75 | 5957 | 3273 | 39.20
103/14 3 (8,5) 56.47 42.74 40.42
10315 | 3 (131) | 7487 | 3454 | 4456
10320 | 2 (136) | 6661 | 4389 | 53.05
103/25 | 3 177) | 6342 | 3912 | 4819
103/30 | 4 (1217) | 5183 | 4051 | 5351
103/35 2 (16,18) 64.43 49.77 52.56

»IPCA §RFCF lis ,o SGRFCF s Sles duwlio (A Jga)

DC-Mallosls (gl 5y PSNR jLzo s
(Table 8) Comparing PSNR of IPCA, RFCF, SGRFCF

Method for DC-Mall Data Set

DCMall

Comp PSNR

Rate | Best | o5 | PSNR | PSNR
N/D (LM) | gpep | RFCF | IPCA
913 | 3 D) | 4909 | 3L9L | 3457
1914 | 3 (12) | 3920 | 37.09 | 3306
1915 | 2 (40) | 4913 | 4843 | 3455
1916 | 4 (05) | 4434 | 3114 | 4021
1917 | 3 (33) | 6380 | 5179 | 3588
191/8 | 4 43) | 5077 | 3085 | 34.42
1919 | 2 (71) | 2353 | 3059 | 36.24
191/10 | 4 (45 | 7604 | 7604 | 36.02
19111 | 2 82) | 5905 | 4372 | 3393
19112 | 4 83) | 6944 | 57.11 | 34.04
19113 | 2 (120) | 57.47 | 5100 | 3465
19114 | 2 (130) | 7340 | 6671 | 3446
191/15 | 4 7.7) | 6518 | 49.86 | 34.18
191/20 | 3 (118) | 10230 | 3843 | 33.98
191/25 | 4 (1410) | 60.86 | 4280 | 48.10
191/30 | 4 425) | 6459 | 3957 | 53.90
191/35 | 2 @311) | 7052 | 3947 | 63.90
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(Figure 17) The SRC of a typical pixel and its approximation
by SGRFCF Method.
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(Figure 20) The SRC of a typical pixel and its approximation
by SGIRFCF Method.
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(Figure 19) (a) The Reconstructed data of DC-Mall by RFCF
(b) IPCA, (c) DCT, (d) SGIRFCF Method.
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(Table 10) Comparing PSNR of RFCF, SGIRFCF Method for IPS, UP, DC-MALL Data Set

Indian Pines Site Pavia University DC-Mall
Com Com Com
PSN PSN PSN
p PSN p PSN p PSN
Best R Best R Best R
Rate R Rate R Rate R
D|{w/| (LM SG D|w/| (L, SG w | (LM SG
N/D RFC N/D RFC N/D RFC
) IRFC M) IRFC ) IRFC
F F F
F F F
200/1 48.5 103/1 1| (131 | 345 191/1 2 49.8
3151 (02 88.79 3 74.87 (4,0) 77.20
5 5 5 1 ) 4 5 1 6
200/2 44.3 103/2 1| (136 | 438 191/2 1 384 | 102.3
317 (50 65.00 2 66.61 (11,8)
0 8 0 5 ) 9 0 7 3 0
200/2 1 45.7 103/2 1 39.1 191/2 42.8
2 (7,0) 79.26 4 (2.,5) 75.07 5 | (7.0) 79.52
5 3 1 5 7 2 5 0
200/3 1 45.9 103/3 1 40.5 191/3 1 395
3 (20,9) 95.65 2 (3.4) 69.51 (4,25) 64.59
0 1 4 0 7 1 0 7 7
200/3 (24,1 51.4 103/3 49.7 191/3 1 (23,1 39.4
4|17 73.31 319 @41 72.23 70.52
5 0) 4 5 7 5 7 1) 7

DC-Mall gUP g IPS gosls (5152 PSNR jLzo cows y3 00l 8 yxo (s gy & ySloe duny Lo (-1 Jgu)
(Table 11) Comparing PSNR of all Methods for IPS, UP, DC-MALL Data Set

Indian Pine Site
Compression IRFCF SG- SG-
PCA DCT RFCF
Rate Ex1 Ex2 Ex3 RFCF IRFCF
N/D PSNR PSNR PSNR PSNR PSNR PSNR PSNR PSNR
200/15 37.73 24.27 48.55 47.12 52.00 48.55 64.44 88.79
200/20 31.19 26.64 44.38 51.15 44.38 51.15 60.16 65.00
200/25 29.66 33.14 45.71 73.49 73.49 73.49 63.79 79.26
200/30 32.25 33.78 45,94 44.88 45,94 54.49 95.65 95.65
200/35 30.62 31.76 51.44 42.26 51.44 51.44 73.31 73.31
Pavia University
Compression IRFCF SG-
PCA DCT RFCF SG-RFCF
Rate Ex1 ‘ Ex2 ‘ Ex3 IRFCF

B8 by ) 5yl 1F-Y Jl
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N/D PSNR PSNR PSNR PSNR PSNR PSNR PSNR PSNR
103/15 44.56 28.40 34.54 58.57 35.05 58.57 74.87 74.87
103/20 53.05 31.27 43.89 59.67 43.89 59.67 66.61 66.61
103/25 48.19 52.02 39.12 64.55 43.79 64.55 63.42 75.07
103/30 53.51 35.51 40.51 53.00 40.51 53.00 51.83 69.51
103/35 52.56 36.16 49.77 46.43 49.77 49.77 64.43 72.23

DC-Mall
Compression IRFCF SG-

Rate PeA beT | RFCF Exl Ex2 5a  To | Reck

N/D PSNR PSNR PSNR PSNR PSNR PSNR PSNR PSNR
191/15 34.18 42.08 49.86 49.86 49.86 49.86 65.18 77.20
191/20 33.98 40.71 38.43 38.43 38.43 38.43 102.30 102.30
191/25 48.10 39.30 42.80 43.69 42.80 43.69 60.86 79.52
191/30 53.90 42.71 39.57 47.20 54.63 47.20 64.59 64.70
191/35 63.90 56.41 39.47 64.40 39.50 64.40 70.52 70.52

Lo gy 5593 g ool B yro (b Jhg) (Flawlme aiy 3 duylio (1Y J3u2)
(Table 12) Comparing computational cost of all Methods

Method Complexity Method Complexity
PCA O(MN?) + O(N3) + O(MDN) DCT MO(NIogN)
IRFCF Ex1 SMO(D/S)? RFCF MO(D?)
IRFCF (EX. 2) SDMO(D/S)? IRFCF (EX. 3) SDMO(D/S)?
SG-RFCF MO(D*) SG-IRFCF SDMO(D/S)?

Lo igy K0 g oud (Bym0 oy (Sonam dmlio (1Y-Jgu)
(Table 13) Approximated amounts of Complexity for ips data set

Indian Pine Site
Compression IRFCF

Rate PCA DCT RFCF SG-RFCF 56

NID Ex1 Ex2 Ex3 IRFCF
200/15 109 107 109 106 15*106 15*106 109 15*106
200/20 109 107 3*109 6*106 12*107 12*107 3*109 12*107
200/25 109 107 8*109 13*106 32*107 32*107 8*109 32*107
200/30 109 107 17*109 23*106 70*107 70*107 17*109 70*107
200/35 109 107 31* 109 36*106 12*108 12*108 31*109 12*108
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