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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

bl prglal (53lwes b (sl oL slagiy, elel]
SloShs Wil 5l plaTgme o a5 cl ond (e
oudis aid S L o b QUL slaps cwsis -5y
S5 5 i o a5 Sl (f e 8)by0 5 ol
Glize glab o LSy e olid, A olie
sl 00l o 10 092y

lasaisyS (Bymel) (o9, [9,10] ol s (e
95 LSy b sladl slaps 6 —(owsin Cub
oolitul s ol (59, bli cuiy 4 by ledb
Coyots By heb gladl i o a5
Ol g Wigdoe a3 S Sl o allis Sy slal
Sob S @) LS S 0 S B3l0 b S
P& (g e o Gldazaiz S 5 Ojao 0 Glalazaiz
Jos 50 slaglaberaizr culps 53,5 035 9 SRC
OBl gy ol odes (53 Sy s h planil (g5luen 228
oo el &S ol oS @ Sy O yg0a o] Jlesl!
il i Bl S5lge ©goa wiyesl (glwesly 352
Sk e G55l sl bsS S &l eolisl Lo
S J 51 (6 gy 05,5 52 o) Gl Sl ik
FISE (hiln bS5 Slaberaiz pom e slagsdl o
5 yoole Conddy S lalezaix mlss ax ST .ol
o alaraiz al 5 o 6ymaS Sloslre am
51 eslinul a5 auzdly ;o Ll sl (5,m8 &5 51 (slosg
32 295 b @S Wlgiee gilwespad o 03 b5l
als olyen a4y PCA aile s lo g, b anglas
ooliiul b (g3lwos ;8 (g, &5 alas iy 3929 b ol
Sk o o)l b S Bl S5 o> Sl
3 Sl S gy ol Sl eslitul b el o3l Sk
19, 10]asl auuls zlogel glylo blas 51 >

et ) popdle b o il slaslgring yol> Alis o
5 ilwedyad anld e eadobul slaglrsel (23,

az g5 b ogugr 0ol b3k pgai PSNR (5w ¢ b5

dodio —)

“o3l o bl pola l lacgese b ul slaosls
obeips &5 s @ jglre Soib sl b sla
G310 418 oo US55 Wl (g yslmer i 85ka0e S
- oo Mg bl saicaSe o Mol «pglas ol
o Slsreas Lasl o auile asle o oy 3L (b 0s
JJs e 4 25dse g o] Gln P (S
b 5L Sy o sniiad alids, e loges 45 Caul
Vb bl s by b slasl ool o 4y by e
Ak bas o bl gleosls 0gd co 0asel oobe o
g Vg Sygleer o2 4 S0P g o)L b
Oyl 0929 polarl pl bl o ol (Siwen
i 50 Al aile (gjlwes yid as Lo jeS glas
6oL s cueal pglai 45 ol b Sledbl g0 ;|
Lis gg3a bl pglas ab Sledbl wb g )l
Slagsy, [1 20ogs Li> osva Ll ab ol
5 bl AW oas b g BWI L aisley oo (g3lwon b
—ools o] M1 L &sS B BT gy (g 5Lwos pi
2k BB 380 jebay oulion 8 8ols (g9, 3l Lol sl
x» ;».A.».A ..\.u‘sau;o ‘_;‘)Luo\)).us 6Lmuo9) [3, 4, 5]M
00,8 (gl 5o, Azl G 5L 4, Blocil $Siny &b
G ilwod yid ¢ yuizean [3, 7] oS ooliiwl ledbl o S
By el Odhas 618550, wlol Wil e Sl
L s BIOWT) Szge @ly (8IOCT) (ggipms
hey o9s all [7] (PCAT) Lol slaailse Julos
0250 5 G sell5 5l (S PCA (e (gilusos i
OO 03,88 g polal ;0 (Kot 30 O 3l sl el

! Spectral reflectance curve (SRC)
2 Descret cosine transform

3 Discrete wavelet transform

4 Principal component analysis

B8 by ) 5yl 1F-Y Jl


https://en.wikipedia.org/wiki/Discrete_wavelet_transform
https://en.wikipedia.org/wiki/Discrete_wavelet_transform
https://en.wikipedia.org/wiki/Principal_component_analysis
https://en.wikipedia.org/wiki/Principal_component_analysis
http://dx.doi.org/10.61186/jsdp.20.1.79
https://jsdp.rcisp.ac.ir/article-1-904-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-26 ]

[ DOI: 10.61186/jsdp.20.1.79]

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

Jstzme ol o dlawd assilis sl ume a0 5l glales
Ol w8L plp x5 ojlwl bl slaw b (lalezraiz
@ oloin 5 9,5 arlre | cal o bE 6,15 6> L
2,85 oo ools bl play 1 cuvye a5 Cdl Caws o>
el oS glae 535 A o) 5l wDygecnl g
A aaS e Al 1) culie il QL,.;)A Egozo
a0 Ll glra a5 conl (nl ez 055UsS RV
>0 bl oy 5l ol by sloss 4 glalezaix
Gl Ol Dj50 )0 (S eSS T e 05 SS
Gl 5 Cad ool gl gl a4 Gliws (G
Sly Bl b g Slaslxe sl p3Y ;0020 ks
O 59 Tz 5 ol pd sy G 5o (Slewle o )55l
15 S oSl b b 5l | bosls pan a5 ol
Sl o5 [12] THl sy 5By 05 e 4kl S
Cal Vb ax 0 b plaglaboraiz as Sleg Sdda
B s A dahi g0 5l o5 SO ST cal cde e G
Sl bl Suop ol 51 a5 ol e LB 0,05
Vb a0 glaglabemaiz )3 o) jsbas Lol 0,35 50 ol
wodleds .S o oot |y sauad lugs g Cansd 455 0l
ez aiz b anlie 5o b A0 b slaglaleraix
5 Bl greS b bli Yhas! YL ds s b sl
Ul o i chlae bl slast b ot 3 lgan
[13]cd 5 salys glady 5 Blo

ot JSia 31 (S ot b slosSl (55 S50 o
lpd dwlme sly g9, bl I (B golans 23l
Slape pitle aneS lp s 5 osej] &jp0n
0L sl (Gly e slaghy; 58 &y sl Canllas
S8 @ Glaco,i ploas Bl jo 0,00 gy o3l blas
&b ) polee &b o 5l o a5l g LS S
y s (e Tody 6y Lansgi odd Byre (i B
&b 5 OieesB @b Sl @ o5 GlaigTa s o 4l
T @l onl [H]%ed oo Gelaie 2 oadod g )i
WS oo o HoksS s 5l e (S 3)lge ol 53 4
Wy oo wsdoo 11y sokd s &5 @baoley o g
sty 5 T ol e @l g oyl lies
GrS Oy @l 0,50 S o |y M20gL>0 Cowyo
Rgdise iy O)goa (LM) &y 5l LS

L .
A\ Zj=0 Cj+M+1}'J

f(A)= - \
W= e M

&

3 Runge phenomenon
4 Henri pade

0O 2be ) 5L VFeY JLlo

read a4 S5 LS el obil peal CudS g Wb
mosl Ghsy S (Bre b eleiing Guiess o aal Lol
o ool (halS glasel (nl Al sladl a5, son
G356y » o dlss ploxl S50 o3 Gh3ly 5 0sb
s Savitsky-Golay jlu,lsen sls 5l solatal Ko
R CodsS g 39doe PSNR (I8l 5 glargel rals
90 S bocaled o lige deme 5 oniigslujl
Loools 3l oSy 2 Ga.,_lo laal cusu s Slpainy
wdds ,lges Savitsky-Golay jlu,lges L3 5l oolawl
OLisenl jglxe slaojl ar (saiojl 1 oolitad b s
o Ol e Soead)lsen 35k o g 298 o0 memd
O Bl 4 5l Sy, ool elad jeb 4 05
Slelgen 02y Jsb (e 9 5le)lsee @b sl 4z )0
L eadolily lops g5 5 Spe a2y Guyie 35 s
Olesds sabliln 6 aily culys wolys o oyl
- s Iy o3 olaws oy gy g o 0> Jyd> sosls
pyal lp odeliwwsa PSNR dlie L oles
s %e lolpiin Gzl oyl cass a4 eal objb
95 4 1) PSNR (e zlagel (o0 (5l pogdle
005 0ad bl pgal CodsS g wols dgne S edx

Dghioe hel poad &

Sl ylgon pidid g o (3 ps =)
Savitsky-Golay

> il V)
2y BB L o3 o ylio Sl anl 8 o5 (35l
5 Ll (S0 b ool ool bla degemme S 5l a5 ol
SG P il 0,35 pe patin slaad 4 Ly Yl
ol G (2l slakuly 508 oy sl (o )
law ol 5l Gas g el Joiwe glo pxio g 00l onnlice
degarme slp s wlgs 5l edlgls 5T &b oo ,S
LW WIW) & g5 4 Casl (LIG)) ool
g 090 bl Kl 2=1,2,.. N ] j0 a5 0gi JBlas
Sluye Sl ol olo,bas [11]cwl b (59 wy
5 S5l lp (LARY) llas onile 8L JSlo> 4 (LSY)
bt b s Sl e Tl 09, (o0, 4 Gl
bohs olp 50 il (vy ol cslabezais )
iz blE 4 puilily gln LB U ey cslalerain

! Least square
2 Least absolute residuals


http://dx.doi.org/10.61186/jsdp.20.1.79
https://jsdp.rcisp.ac.ir/article-1-904-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-26 ]

[ DOI: 10.61186/jsdp.20.1.79]

G35 jsba Saili ol anld aces Jleol LG
Sl wsielgen Sllee 5l slacgome b ol Jolao
sl 5956 Ll £6 18 5ie g Slabozais Slas e JBlas
Llday b oods aods lal> 0o anlp SO 0 ol
Gy S [15, 16, 17] ,o asl gl lS Slewle
ol Sl el suds 0051 Sy ilid l 51l 2L
Sluye Jlao S @ ilojlsen o Kn il
Jlas Lo b slabazais SO ol ol o 1) oloas
8, ,0 a5 Lo slaosls I (lacgamme pj o Slaye
2oy orl S e S e gy ilasd 518 G S
Sy booyls J18 00l gile,lgen Canl 1,8 a5 glalads
Gilo)lsen ool blas GG oo bl (g5, 0,
OV JS8) w0

c B slp omb azye laerainr SOl pgee jsbas
e wnb ol Slals )l gla S U ogd oo oolail
sl o YU ile )l sleddyl sac ;0 g 09 00 ol
18, 19]0igs g7ee oy ,i5

o " " ' ' "I —The orginal deta
+-=- The smoothed data

reflactance
& =]
—
=

I

750 800 850 %00 950 1000 1080
wavelength [nm|

o 50 ylg0n g 4iges SRC b slawel Hloges (- i)
Savitsky Golay jlw,lges ylid dluwgas

(Figure 1) The SRC of a typical pixel and smoothed pixel by
Savitsky-Golay filter

o lejlyen b ol o Slee osle Glo b &Bly 5o
Jsb @ loyzmiy ((Gomie (65, (s & Sl 9000l
S e 1090 g0 D] (RoYy) alas 35 00 40 9 W
g 00b oliln oyt S (gomie p Dsg patine 4250 L
599 (Xg5¥y) dlats cads lay oaiylily o5 aS sl
ol o3l eaiglily o5 5l (oY) Akl 5 endaizsy,
SIS L S (o0 &8 > (ovie (S5 07 Ol 9b o
[R20]05 o 3ol iz blis b bl

51 058 (oo Balaie <8 Culed LTR) p oy ol
0=t i=0,1,..., M+L M
S &b pli gise 5l el o)le f9¢) ol yeas
e oS )l S (G Dygo |y a6
- So by o bl O L ol Ao ML i
S Wil yae M aS b o ol Gudaie T(R) )
hxd (nege Mo R 0 S b oy
Slosls 51 el Yoy bla a )l ol ooy O
2l 5o Shsa sl besls G 556 5l 2,1 5,k sbas
Slr S5 Bl sl I LAR g, 50 )38 oo 5l
(P9 O 9 Fpglie &5 Sebiee 03y op T L
> OBl 5l eoB eIl allie (nl ys ol Seduzmy
el 00y ool LsF (S a5l ooliiul b ot ié
(ol 00l (g3lwos yid o> 3l cpl 5l eolanul 5l Bae
Sl 4y Comd (5565 Sloasls ghls wub f(R) e

Aol il wols sladiges

Savitsky - Golay jlw,lges wld -Y-)

& I 5 Segle Sl ondasll Sy S

5 OISPOT) Jiuzms slolsan laloraiz Sy 2Lid
ool gy jobas iz (riwcil (o w5l ce 00l
o2 5 ek lulgen plateds oo By (nl gl
il i g e el ool L Slge 3128l S S
a5 s s e olS |, asg 36 SG L DISPO
e b 1) ol b (YL A ye sl pslins (lojen
@z pler 5l Toy0ke ild b anglio o il po S
9 Ltz it g ogdioed obml b jo Jlaix glrsel
i walgss abisde LB o s G slaaily gl
ol ] 09 2l )lS 5 (Sole Uiy, ol K00 g8 Ak
L b oadsll o bl by jsbay o5 (5 9k
A 65 B @Bly po el b ol sl slacgae
» b ol hhas a5 cll aaldd pl 5 i SG
S Jels oylal 0)50 Syl ol (55 ady Bi>
Iy ool iy @ gl b 4 Ol &l Bl
labozaiz Aoy (Sl by Job 4wl
P55 Satgle By el e &S0 g 2bsy
oS wilosysl vg3 Alae o 1)l 5l g)led o Jshox
b 5l 655 Bt 5 3l lgen Holiteds e ol

"outlier
2 Digital Smoothing Polynomial
? Intermediate filter

B8 by ) 5yl 1F-Y Jl

&


http://dx.doi.org/10.61186/jsdp.20.1.79
https://jsdp.rcisp.ac.ir/article-1-904-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-26 ]

[ DOI: 10.61186/jsdp.20.1.79]

S slan 9 5303l e b3l 3l oSkl b iyl 219las (5 3lwe puixd

g

<

I ol meplsd o 5 a2,le5 SRC v (sl AL,

o._:)yodq f()\,) O f(;\.) Lo )Jaab)}a w)m ‘-Q.a.\).’ u.)).m

PMazs s Sige oL oazs kbS8 2l S
(RFCF) ¢l z,5we

UP (&
S5y b pgai (0) Lhudal 3l S5, by guai () (Y- )

DC-Mall G35 K5y b pguai (z) Lol olidls Qi
(Figure 2) The Original Data of (a) IPS, (b) UP, (c) DC-Mall

DC-Mall(z

- 2 —()(~:‘|+M+l;"j
)=
@)= 1+3M G A D)

I P QL";Ji Laasl 6, g3l ormlo &l

= .. A
'M.)rfgs“fjm)"ﬁ

ol e

A
. (X Y Cimn(§)
en\N)T T T
A ®
1+Z}v:ll Cj(ﬁ)

a5 Gl (5lais8 @ j=1,0 LAMHL (ol € ol po (s
3o 1y gome (HBly lade a5 by o o, sl ggese
PETTRIW Slam M)L.\, S

N
1 ” 2
min {E=— (f(x/N)-f(x/N))} »

ol el sao b ol ol
0_E=0 i=1 ,M
dej
N

<1+Z,1 j( ))

—= i=M+1,...
M-

ZN: 2(3)

=1+ z:Ml ¢ (1;\})

JM+L+1

80 ol ) 6l VF-Y Jlu

) RO LG O[T

)

30 oolawl Sy90 rodIdAc gozxo —Y
oy

"BLassl 2 guai —)-¥
nobas Lhonl 4 powge Asbpl B3l acgecxe
AVIRIS oz b a8 ol IS 55,5LaS sladlaie
Jads 5o ialos] Coles oS5 51 e0dae V2T 595 0
g ol [2, 22l oad 435,5 Lhas) cbl 3,5
g 0,10 yiegil YO--U Feo o doguse 0wl YV
o ol Sl B0 ol JuS ) EOXVEA T ol
5,5 kgl )3 OllS il pgar loj yo el e Y
USE 5 OFF Wil Loy oS3 sl pami iy A,

el o oals las (D) Y

TnggL;: oliG1S yyguai V-V
Lol olSisls dbgome &mb 4y bgyyo (6,05 jgad ol
5 >,b) ROSIS saiw L g [21]cwl ULsl o
sl el 0as 48,8 (gl Bolow] g ond Sl
5L 0 b Wb MO glils 5 Sy YFexfY . QT
U Bis jl an ol jiegll AP B FYe sl
oads pll saile Bb Wb V4 Y gy, p b iolej] (slady

ool U"‘ 5..4.: w‘;.».a VY )49@ U"‘(S’&A gﬁé ol

oads ooy lid (©) Y USs o0 Q35 slacs,y 5l oolaxul b
[21,23] sl

DC-Mall ygai -Y-Y
wbgie idgh pl j0 eabeslitul pgal oo
HYDICE saioiw b a5 coul o38iily 08 o (glailate
ond ad ) Wl YV o Sy YVAXYSY sl Lo
Oob wd g g ladg JJoa il VA [21,24] el
Wb VY ol ply saiad Bl Saesl by Ll LSl
IS ol yie G pgad p) G5 cds sile o B
ods ool Gwled pgai cpl 5l QIS K, peal (7)Y

R
bgf S b 5l eolaal -Y
30 b bk o3 h3lp jekwea

byl g glad (g 3lwes yiud

PUVIUL CRN =T b pl sy dcgeme S
dhayl, Lol ool mussi pgs isw jo 4T jsbijles
Wb 3 jled e b Olyieds F0) O jp0h astiv

!Indian pine site
2 Pavia university


http://dx.doi.org/10.61186/jsdp.20.1.79
https://jsdp.rcisp.ac.ir/article-1-904-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-26 ]

[ DOI: 10.61186/jsdp.20.1.79]

Sg, VUSS j0 0l 18, o)lgen D=M+L+1 dolee
ool s JelS jsboty (siloospid b, cnl sl
GS9y »2 5% (gilwos s i, oSIL[9, 10]cewl ou
L a9 (gjlwosly DC-Mall g UP 4 IPS (slaools
2 Tobe 5 658 Ghe) e lorea DCT 5 PCA ()
polre jlade glilay ol aglie Wools pl (g5lwos s
sM+L+1=D b5 L L g M Galisee pyolie gljlay 5 D
ol ) SeS @) pgal slaail o5kl Slles 3<D<15
Ot D e s gl g plwl 221 N sl o e
5 IPS Lol pear FUSG b Zlpzeil ass
&b ,0 DCT 4 IPCA RFCF sla g, b ol 50 obsb
@y » 2l peal (nl wasee Gl 1) pavia
MLl LS s e oSl Lis s RFCF s,
S Wk pgal Spar oSy L 5 b
laol O S j0 090 walem DIN L ol (g3lwos s
YV b jo @ly Jusy sl 00l bl g el Gl
Sl Sy Olsrear IPS ools asgozs 51 o (55
T 5 O)ge labezaiz A2 sl oddipu; Aiged
Lol M=2 4 L2120 S0l 0 il sbeS o
RFCF s, wibs oo olii b cove ol a5 sblon
ol bl b didls jo glelgen Sllee
Ghls il 5 san ol ol cel (Soe ol
RO FIRVRW A I EIvS
polai  glp PSNR  polie 505,500\ Jgus
shol nslai sl PCA 9 RFCE (sla ), 5l oads 25k
WS oo yui5 VO B Y 51D aS i34 DCMallg UP 4 IPS
alpo olasi RFCF kg, ;0 D Shy olaw) el
oo Lai> Lol 4df5e slaxs PCA 39, ;0 g oddbo psd
L 9 M &l>,0 4 RFCF 33, slp PSNR lade (ol
PSNR (pyige L g M D ke ;o glp g Cuwl atuly
Golwod pid g, Cawl ool ools 13 Jaam o ¢ Sl
S sl 38es (lwos a8 slag 5 ST )3 RFCF
el slaadlye o ) esssSoslinad s, & o
Gilwos pid g, YU IS pogdle [9,10]Cm] aiils
c03,58 J5:b B Slowlns ozl blje RFCF
P (bl polas pgare) b 9, » sile
ol paai 4 oul bl peal Calld cole Cada
Li> Ll 5l oo 5 S5 oMbl Lis Ll 5l oa
o S plos sy olojed Jloe! el ¢ cads eS|
Sy bl 4y Coslas LS 5l oslinl Ldoay Lol ol a2 |,
b dls o glelgen olles S5 RFCF 09y 4l
wals zlgel Ll 55 50 Ceul (S (ol b o]

Yolae oS s o (sl a3V & Ll IS b o oS
a8 Conl TV as

Yz Cjamsa( % )j i ( x)

. — »=1,...,N \)
IR
Bl elyS ()F sl b g
L i M i
S o 153 6 (2 1(2) sen @
j=0 j=1
Bl pulem s il LJB o g
Ansv+L+1) CovL+1)*1=Bne1 -
S
Anon+L+ny=lay] an
[
! (%)] =M+, M+L+ Ov)
B=if(§) £ (2) -t I (")

i ol o dlas 5l SYolas Slasy aS s lagas g3l

C limd 595 Oaily and b, 3l eolitul b ez

=28 il gl 5 el aalys s any Hlais 5
[9, 25]59 ools 1,8 Lol doles jo culpo con S5

S3lwed piid i) @
ondoslily o3 Akl pgal Sl Sy 2 sl
§ il Sl @il |, Sy b glaal 4,
o B yme oyl @l gye g O)9e lalleraiz
il slasl bl b jslse cod 4 ez abal; o
dsls g JoSin ol b slasl b ol anlis g
5 Dyge Sl e Ol S Sluye gseze
SRy Olyear | JBlie ol 59,5 QL) g 5
ol )8 0p3 lools waz e ple 0 W sla
by, ©ab polie Gluepss bw s
polie ol BASAy pF culs cilike (glawl
ol olaxs 5l a8 lea Ll olaws a5 1, ol
a2y S5 ol 4 Wb 4l oS oo 0533 el 4yl
e Wb LS oS @b 5l oslinnl Jdoay a5 cuals
o 0dgdte ;o L el ol 5D pase Slass S
a5 0gh ol laSeS A4 M g 0l eals Lz D-1 L

B8 by ) 5yl 1F-Y Jl


http://dx.doi.org/10.61186/jsdp.20.1.79
https://jsdp.rcisp.ac.ir/article-1-904-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-26 ]

[ DOI: 10.61186/jsdp.20.1.79]

S slan 9 5303l e b3l 3l oSkl b iyl 219las (5 3lwe puixd

g

4...]3‘ ).»9..4:4 LY IR 6)1....4)[; ).99..4:) u.ﬁl......) 9 PSNR u,....a:lf
o v e o Ses e ln (9, Ol S9d o
o ol bl g b slasl ganeil Sl eealss
5 e gloel J2alS Sz s o3l (55, Sl5lax
Says 1) Ne XNyx N olal b pos caSe @
(5LQJ.7[) Sloss Nb 9 ).»5.41_» QLU‘ NXX Ny U—l B as ...\.’)..KJ
Ol 0 a5 el Ny X Nyx D olul @ |y guas S
g Sl LS o3 53l 5l sdwlcwnsas ol o slass D
I, SRC ;2 .0l dale> Np/D b ply (g5lwos pid S
Sii=1,2,..., Job 4 S o ligeal jolxe 55L'S 4
Ny=0 9 Sl r:‘ Ni Aala L)] ‘;Lé‘.ul alag; 9 l“‘Ni-1+1
el 25 Er0 4 ga0sl pi 98Ul 05 0 22
Q=X " [10+1)-1(w)| 0H
Q =%, 7N 1041100 )
Q2Q8 1 ;o oS el lahs s Ny o] o oS
Sygods LS o S YL slaosl sl plas e gl eST]
S o Ole R
f ()»)_Zj[;iociai*'Mi"'](Nisi)]

A )
N Mi ()
1+ 8 eii(sg)

Q1)

ol GELAMH o5 52 50 9 D= 3 di ol o olaas
Lol e di-1 L0 5l by ol cole, Lol bl
Olgsds LsS oymS &l 5l Slays oy bl
Glp Wgd ad 5 a5 o paal osld N SRRV olie
SR8 el dolee jo ulpo can S 55 paad L35G
Dol ools
10l s0 5 5 e yded O ygeods nlysSl Lo
S 3590 8018 5l ol JuSy bl ()
Sloe Mol 3llas 08 gaomxe JuSy cpl sl (¥
09....: w‘?m SRC ‘51[».«»9) ).:OLM
Sgd ol Dlakad sl (Y
bl glahats Jgl aais 5l 4,5 L SRC (g5, » (F
31 SRC odolay 3lhae 03 ggasme a5 04l
olass p peenls LSS 3llae j08 S ggee
ol Jgl dalad Ll dladi ol 0gd yiaSU Dlakad

sl bl o5e SRC (g5, 5 oS, dall b (B

b ateie i Slakd L

80 ol ) 6l VF-Y Jlu

whyy pl oSles vp g culae (ol 28, lp ol
Ded oo 7o dalol o Slaoslyiiog

(w)RFCF

(s)DCT

(z)PCA
RFCF (b9 4w 41 o) 80 9l 3 9 IPS Lol 51 gua (F- JS)
VP 559 olasi b 9 1V Wil ;o DCT g IPCA 4

(Figure 4) (a) The Original data of IPS and Reconstructed by
(b) RFCF, (c) IPCA Methods.
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(Figure 10) (a) The Reconstructed data of DC-Mall by
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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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