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! Artificial Neural Networks (ANN)
2 Support Vector Machine (SVM)
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5Linear Spectral Unmixing

6 Nonnegatively Constrained Least Squares
7 Sum-to-one Constrained Least Squares

8 Fully Constrained Least Squares

% Orthogonal Subspace Projection (OSP)

10 Sparse Representation

11 Matched Filtering

12 Adaptive Coherence Estimator

13 Constrained Energy Minimization (CEM)
4 Linearly Constrained Minimum Variance (LCMV)
15 Endmembers

| ol

@ -V g Trshudl glse T Jlaxsl iSTas Jalols
heb o asls 5, 2 o G Tall SeS
bl bl cnl (lyae) ol (SKiasew sl 09
15 SUM o0 gaidinhs wogllas 8,Slae el ot
5 Jsl 2,509, 0 sanaib slagdy, plo b awlis
e 4 cwlie lagley Sl Coenl (pizen
S s et 3l ped 9,80, 40 (5 lF Akl
SRR SO Wed o Dgmite G2doS (nl H oud
Glojlgale pglai Cobll (o jolite 4y G 500
Jyame i8S nj wlaw (b5)0 5 9,505 50 A-Cawad]
D3 (K LS 5 aslie g i 9,505, 5l olhe;
A-Cewsd glojlgale pslad I g 5t o Sy
93 o 50 aslllhae 8,90 dilaie [Y]l ooty soliial
odes A5 00g A dem Coyp Glie,ed Gedsd
Sl Syl elasl s a ol o5 sloges
dihie (6))9liS” SYgama 13 g9 S99 poe i
ey slacesdly pladd izes g aslllas 09
ol @l (riwiome jsliie 4 pmilpe g oS
S e sl lacusgamae 1 olgs o |y Slidss
(890 5 Ui LSS o el )
5l glasgemme b amolio j0 onnny SO (g5l 8]
Ban g5k, ST slaybg, 0y y0 o slaoasay
2o By &S gl e xS B
Sty g oyl jshite 4 Ban (g3l 5]
P Lol atle Sl e o Ol
Olgimy (Ko Sloy SL8; Ho pled .ol ool &l
rbo b asglie o ol ol (Sojglend a3ld o
SBEl s (egras (5)lse 5 (65,5laS DY gaa
GO5N9) O Ao g 00 Cgatts Slools R

1 Minimum Distance (MD)

2Maximum Likelihood (MLL)

3 Parallelepiped (PP)

4 Normalized Difference Vegetation Index (NDVI)
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2 Joint Sparse Representation Classification (JSRC)
3 Dictionary
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1 Top-Of-Atmosphere (TOA)
2 Ortho Rectification
3 Bottom-Of-Atmosphere (BOA)
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1 Level of Sparsity
2 Orthogonal Mapping Pursuit


http://dx.doi.org/10.29252/jgit.8.1.101
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.1.6.6
http://jgit.kntu.ac.ir/article-1-786-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-02 ]

[ DOR: 20.1001.1.20089635.1399.8.1.6.6 ]

[ DOI: 10.29252/jgit.8.1.101 ]

Jlie o 0By BB g Jfge jeax gojlxl S
2 y9lse ol 1) o512 glaadss

B0 Silelbl (5,glid Suwdigo — Sludg Ju ole 6y s

199 ,lgs @ S o jlouds @ poidus Jlw

WS a ) abgs o 5l eads Ol sbbdigad dlass
oS5 b glodigsd 4 Cod b g atle badye

[ NDVI o5 iej sy |

g

4 N
- },_.] sloa g o

’

—

—

2 A J 5
= —

ey o slags! 5l

IR

!

g plal wigy b Y

WS Sype CAM) ik 4l L b
Irvlewd
ladiges (sl gy 5l pow Al o
52 (e (o)) slagme)) SBlaal 4 by po (Lj9al
ol Sl e slasl G plon; LS
sl hSas jo aaes o JSis 1) ael oy
9 Sow slagil b alal slaggis ol oly u ilo
Irvlasss o n amojim slopl L psie L
(Makal) ©)ga 4l ojly G yle JLSlo o 5 oo

D=[81,62,...,&,&+1,...an] (V) alasl,

sl Gl paiges Gl A Cenl SO 4y a3

Sl dejm slae! ol ol
spa 3l cmaVl wnld pl o pdy e Ojse VL
Sl o chjgel sladiges 4 4l sl S
oehie (pl lp A oo S slx Al olly il
Soige] Godiges 5l aoye O iSlas b aS lagsl
asle u""’l-' Iy oy e 5l s colls Gaas
sl G ple pj Jksle jo 28,518 Sl il
Oy dlbwlas pl Wgd oo Aol Ao
pac dhawly a0y O (5l g oo Sl om0
sl sodls g pslaezr o Jlaiml slacalad
Bk 3l g cels o aSelwl el ons Ll


http://dx.doi.org/10.29252/jgit.8.1.101
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.1.6.6
http://jgit.kntu.ac.ir/article-1-786-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-02 ]

[ DOR: 20.1001.1.20089635.1399.8.1.6.6 ]

[ DOI: 10.29252/jgit.8.1.101 ]

ceotloj G S ylgrde el Lo (5 Ll SuiT

UlySas g yiuio gl Yl S

- T
plasl s glbs @=[a,8,,8;,...,2, ]
laps! slawd) 5] CuxBae ol AT ja0 [0 g atils
s> e Slas Gl Ol e e ol
Gy )l oSy 2 4 Bzl Gbain
3 a8 O s Oleladl wle ) o pleil @ 1) Sl
L Gley o 5l duSy 52 sl oleiin b9, o)

Dgad aoMS 5 oS 4l O g Olgi e

6 byye lasl A (1=12,01) (1) abal; s
s Chasy el slomy) B
o) 4 oo ol di,(i=t+1,t+2,...,n)
o sl ((Makl) 0l S s 51 o

Bl o OMP 39, SaS 4y (Sloj (gm0 51 JuuSy
Ngy 5l A1 el 8 ogd e 8ygln @3l e 4 bgye
Bl o Ay CumBae L 4 Bas (o5l IS]
JoSy

dor 0 605 pea

1R 539,9

(SYNDVI loj (gm0 & bgapo ool 3 5l Sy S5 4y bgyyo Siloj JUSw

(V) dlasly) o yus 9 B slags] 5 JSisio (6 ,0i850

(1) ool (slaigns S

9>

6399 S 1395 b (1390 B yauseits

((¥) 5(V)dkasly)) OMP g 5 (6 yimiSd KaS &y (6395 JiSuw S5 (55 > ' 1

m =argmax(ai),a S0 5> ity DS Cusdge il -->m

Anlgs Llod die s § yganl pé )3 g odd (gandib Bun o § JKw oI MST 3

Ban (55l 5T (5 LT sloig, (eizan 9 (SVM
Ubsy s ksl MF 5 CEM ACE el
aipey G (SB35l slaosls wioils PP gunailo
Sdiges Ol SYM g, 3,90 50 Jg [VF] 004
Sl 0S5, b alie aeim O (23550
ol 0y Lzl ay ali o5lg y0 aey s (slopes]
OSile 5 Ba (3l ISaT (sla by, 090 50
A e Baa gley Jb8, olgin (ieel sladiges
Loawslio BB o0l acds adg slp g ond aid S
aliwlos Glo Kol fwl acds a4 (golpin b,

[rolecl onss Jlosl gusl oy, p e

11

Sl Al e agi alaulsy a5 Coul o
90 gamaib) (il Kol 8y, cpl yo B
L oalice 5l 8ol fwl ass adg poc g (adS
AT A o Bae il Kol &, slahs,
929 ROC (siorie o 5 Sl coud sleiiiy b
ol g Bro cds o, elel ol ol
2 G Codly Swle b ol mls avlis
s Ol 5l @ byl 5 pleel G ile B
Dy dlgs
sl Hohre 4 osliinl 590 slanlie sla by,
PP) onail sla by, 4w 95 5| Goiods (nl @l


http://dx.doi.org/10.29252/jgit.8.1.101
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.1.6.6
http://jgit.kntu.ac.ir/article-1-786-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-02 ]

[ DOR: 20.1001.1.20089635.1399.8.1.6.6 ]

[ DOI: 10.29252/jgit.8.1.101 ]

NDVI ;e

sbdige Sy jld) o ol jo owl a3 s
ools dcgarme 5 B 0 a5 olres o) (sjgel
5 ()JSS p loass Sl (W) o)

Lol 00

$ o ¥ b o - % T g o o F < 3 < > > »
brrZEZosgaskEkEgE kL E S ke
Stz z-mrrrsER S SEESSE
= = N RO SS AR e > > > @ T > > T F >
A T AN T T - 3 o o - 3 o
@ o ¥ & T T T T b b P o - b b o - 3
LR i S~ S S - - -—
e T EZTREZ

B0 Silelbl (5,glid Suwdigo — Sludg Ju ole 6y s

199 ,lgs @ S o jlouds @ poidus Jlw

Cox g g bi-Y
5 OIS o oud wil )l &jlargld (285 L5 o b
@l 3 onl 5oV (i j0 eud e Slsgs
03ld dsgezme dw 390 ;5 (o3liin By sl
A Eom y5e 5 ALl (S BSe 0 ead (Byee

Yy o - - -4 CEC I N A S =
EdcERESELrEZS LTSk >
£ 848 NG > > Lig &=
> & > > > & > > > > > > > > > >
o 3 o o o 3 T o T T o o T T T o
F IR S T I T o i i = i i i o
obej

Gl by 3o o igel JuuSay 3o 6l NDVI yolio jLidy  pxiw 18 S

b Jgame (ol pled 4z (n yiege a5 009 (V) JS0
Al 093 Hlgzmen (55,5LaS SV gaze bl
Ol e oBiod (nl 5o aslllas 950 adlais
SYgaze el 595, Olulp bl o plins
2955 @S 92 eaiS adlae cl o (g5 liS
Srloie i8S o8l e widlyoe oz 9 &)
e 5Ll s g5,0liS ¥ e il 4y o |
Sby sosk el Jlo S Jsb e (S
9 e b alie (Ko e byl g Ol 2l
Ngams b 1, slbcald gal o 5 4l 5>
097 (88,lg0 .l 393 (aiaz) o)l S
o) (pizren g )5 Joad ;5 (Sijew gl pas

11E

S92y plyele gl o0 0pd (IS0 o5 jshailen

5 E55 (el sladigal los alie seges L3,
ssolice Ll 10 35 cwgmime (Spdo i atals
oS S ooy 50 Gl ol 0ed e
00y yiim B po) 09 S yloj Ay Cand oyl yac
sas 3l Sl S5 ooy St pae oS
o) > oliey CBlS Cwad b cenline ol pie
2 &85 395 RS (et 5l Gl e | (5550LeS
NDVI asls Slej s 50 obS cnl (K Juad
Sud, slhkil (s coenl Bl SISl s

» ed al)l Soyem (heled b olhe (S


http://dx.doi.org/10.29252/jgit.8.1.101
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.1.6.6
http://jgit.kntu.ac.ir/article-1-786-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-02 ]

[ DOR: 20.1001.1.20089635.1399.8.1.6.6 ]

[ DOI: 10.29252/jgit.8.1.101 ]

ceotloj G S ylgrde el Lo (5 Ll SuiT

UlySas g yiuio gl Yl S

cald sbss NISS o 2l grar i
2 sy Coably Al b (golpiiny by ol i
Py Ol ol o Sliee s oty b anslie
ol g els las vgx 5l 6 pas o Slee CEM
S gt 38> e & Ol o0 |y 9o
Slo s aslllas 0j90 adlaie o laey el
5 g llesS G le 6l i ©ln
Lo jo Wl jeas sax Jdo das sl JLS
5 05,5 hgaxe I, CEM (g, 5Sles ool
zls @ Jol g5 slb> Ojpar |) i sladige
3load oS mls blie jo .l 009380 (g5 IS
ey Comly AdB L gytie a8 SVM i,
s 4 by e Slplad 51 gob) (idu wes oo lis
2lo Guizmen g soloidn () 50 Baa (g3l
by oo plie 5l s o) (g5l S5T sla s,
Sy @ (2l slags) @ e (B0 p 4
=hy sl e 50 ead &y Llike sl
obas ‘S!‘Lia S8 d> @ dzg Loyl plaisl
3 ke Loy s WS olas ) V- oo
S 03g s Sl =y sl & oSy
G{Lmo.x%l drwgs oo Xl sl gl ol Sl oo
iy g 5l Al o3ly wes =) isaren
5 B alls sladigel g Gua L bz slraiges
g oxd ;S lulph o mdcezn slagts, b
“iged Joll (SB510 5 e e ;68! (655G <Y
Gy S8 glage; jalrme glously 5 s5l0y
Soopm 095 S 0 ) olbes plem oad
OlAe) Bl e oo g (G o Sl (LSoy
“ged ek s Gkl e S sln
L SuSS gzl dpe 4 e b g sl
o) SlSe SSE a> Julil jslae 4SRM
S ol 5 gt e dead e ke
Syl 18 allde pl B ocug s

1 Super Resolution Mapping

116

lples oy b LT 0 egecme (S
Lol ileodr DY gz dy S ol (] (Sujslsed
sy calsy gelis plwpd e B sk
2y adl plaey by b YL Sley eyl 3
PS5 =y Slacmey crl 5o orml CiS 4G50
om b e Sl cald Gl il > L
uble il ely; slacme) iz b olie) Joame
Jyrame (S Olgies I 55k @ Jil b
woby b el Jlo So ek 0 1) ol
3,5 dlaels 5,8 paxie

Oley oS (i gol &5 Sl S5 4 oY
Sy Gl (al 9 9 0398 (235 Ol 4 by
Ol s ees oaalive (lae) by )3 (swgaire
23 NDVE (a3l (50g: 0l Sl Olgien |y 9290
Al (pl Dged pewds 20 5 L bad e slogl;
21y oles 5l Kol slagss, (oasu Sl Wl s
Ohgasee ailey ST polal ulul g (2o 5 Jsad
OsFes 6 £y Ygame (SKojew il
2 elde 58, Sl 5 allie) palS 5 axig
Loaiyloyes n e glagme; (Sojme slople;
Jods @ plies Gl Gog dpame S5 bk
ol el dzg S 0y50 Jsb po ol glasly Laa
Wline) a5 B dlgame Wz glaire b s
5 eolainl Wi o allue oyl BTV PP SETVWE 9%
=l Jpaze ol SS& jolane 4 Sboj lags
PPN

ooy ol el S mls e cpl bl o
Gl lslio slaghy, plo 5 solerin
Gl (ools asgezme aw )5 (lyae; slagns)
A ) Sonbly aza (VUL o sl o &3l
(oot by, a4 by sile,Kal ol s
s MF CEM ACE 7ol silsn (soaisS sanasls
o i 0010 dcgazma o 0 SVM gouiS sondals

Sl 00


http://dx.doi.org/10.29252/jgit.8.1.101
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.1.6.6
http://jgit.kntu.ac.ir/article-1-786-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-02 ]

[ DOR: 20.1001.1.20089635.1399.8.1.6.6 ]

[ DOI: 10.29252/jgit.8.1.101 ]

Saww 6010 dc a0 pad 6310 dc a0

B0 Silelbl (5,glid Suwdigo — Sludg Ju ole 6y s

199 ,lgs @ S o jlouds @ poidus Jlw

Lol 0018 ac a0

& 3lgke
T okl
(PP)

ACE

CEM

MF

SVM

E:-KV-Y G}L"’)&ZT Slawlio gbd yugy wlu g golisuiny 99, !l ) ool Cawdy @Lu VJS».:


http://dx.doi.org/10.29252/jgit.8.1.101
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.1.6.6
http://jgit.kntu.ac.ir/article-1-786-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-02 ]

[ DOR: 20.1001.1.20089635.1399.8.1.6.6 ]

[ DOI: 10.29252/jgit.8.1.101 ]

ceotloj G S ylgrde el Lo (5 Ll SuiT

UlySas g yiuio gl Yl S

ACC-p,
1_pe
OV) Ly, SaS @ (Ve)alal, 10 59250 ol s

KAPPA = O +aka,

Pe = Pves +Pro (\ \)4'14)‘)
AY) alal,

__ TP+FP TP+RN
Pre S TP TN+FP+FN TP+TN+FP+FN
(¥ )ak],

FN+TN FP+TN

= X
Pro = TP TN+ FP+FN  TP+TN+FP+FN

djLujLiﬁ'LT @L.; Cono d)L"] ua}L...o (\)Jsd.?-
IRE-X olad 1) Gudod ol ools dcgeme aw (gly
ssky b samline (V)Jgaz o a5 jshiles
Iy S8 dgue oy FA golpiinn by, lawgie
el 03503 S Slanglio sla by, plo a4 Cos
S35 SVM djl**‘)lii’] D9y Lo oo (pl 5o
aolol jo ool arils golpiinn g, 4 Cond |y @l
g leass jo Bas gjle, ol cds (V) g
ol IRT-X 9P ol PPV ezl &b 5l 1, co
arg yo 1) Bas jl more sbaiges wo s sl
DB oo olis ouls Lg)‘LM,)Li.‘LT
ople (V) Jgax ;o ool &l mls L Gllas
s PP g, ol guo,0 VY dgu> Suil DS
o parls ol oolalinl Gl (eolprinn b,
dslio ;o a5 00g oy VO Jolee (golpiin b,
Golub 3PP hgy (gawe,e A s laskiul Gl sl L
OLA...C| w.l.sl.‘i ).n‘ U"‘ w‘ obj_} )‘O)P)'«' 6fYL
s o ool ol i, ) eslanal o ) g
CEM oy, a0 als opl Culbge o yiaS o5l
yolie Canyol amis ) las aS asls  plaizl
o NI 0 CEM )'Lw)Li,i;T ol b Soe
aS ceol S5 4 p3Y il oo fadge (pl samo L

S o5 awmlio 5 b)) jshiie 4 bl o

-Y (ACC") como s bl el )b cin oan] canas
Bi> cds -Y (PPVY) Gae gileSal cés
&5 -0 (TPRY) Jlys5L -F «(NPV") o)
peo g s> gy -F (FPRY) Jol g9 slas
S o b wileas bl LIS oy s -V g (FNRY)
@ aS Bun sladiges olows lgia TPA -y 188
TN -Y cwslonds ools RS Bas lgin gy
Oloin (S yd 4 a5 Aoy Sladiged Slan lgn
Oy FP' - loods ools LAl Ao g
Ban ol 4 oS Ao )l obbdiged slass
slaws olgm FNY -F g Wloals ools  aseis
aeim Ol Gl 4 S Bas gl pleaise
@ oad 53 g kel Lasls camailoads sols ausis
il awloes BB (Vo) U (F) Lailgy & jpar oy

.09..!
acc=_ 1P+ (Faka,
TP+TN+FP+FN ’
TP
PPV =—— @) alny,
TP+FP
NPV =A (%) akal,
TN+FN ’
TPR =L (V)alal
TP+FN ’
FP
FPR = ——— A) adal,
FP+TN
FNR :l (Vala,
FN+TP ’
1 Accuracy

2 positive predictive value

3 Negative Predictive Value
4 True Positive Rate

5 False Positive Rate

6 False Negative Rate

" kappa Coefficient

8 True Positive

% True Negative

10 False Positive

11 False Negative


http://dx.doi.org/10.29252/jgit.8.1.101
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.1.6.6
http://jgit.kntu.ac.ir/article-1-786-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-02 ]

[ DOR: 20.1001.1.20089635.1399.8.1.6.6 ]

[ DOI: 10.29252/jgit.8.1.101 ]

Lol 00,5 S (g0lgiig b9,

B0 Silelbl (5,glid Suwdigo — Sludg Ju ole 6y s

199 ,lgs @ S o jlouds @ poidus Jlw

& S |) S e @L.s u“>L~‘ Qg.‘ I SVM 99

A0 38 s 3 0315 glads oo soled 43 (ACC) o (g kel asli s ) Jgu

SVM MF CEM ACE PP olotion b9,

v o Q- AFY A% Y av)y Jsl o0ls acgazna
AS A A¥ Y Ya,A A A Yo, AAY p55 03ls acgorna
¥4 WY A\ A\l Y A Py 03ls acgors
R AR AFA AV ADA N oSl

A0 30 > g3 0310 (AL gozxo olod ;3 (PPV) Bub (6 5lu, T wds (g)bol jasls guls ¥ Jgus

SVM MEF CEM ACE PP @oleiy s,

AY Y SAY N sy VY, AYA Jsl 0315 acgozme
) VY BAY aro vy A3 A P ools degaze
A vay £9,) DA ay)) ADD pgms 0015 48 gozme
AV Y Y¥)) 0¥ AYY AVF AN Sl

G 5 dledce ol 1y 1 (V) gaz a5 ansly
Doty Camilyy PP ouiiS gandads a5 aiz e 50
G99y 4 S Bab (55l KT CBs 0 (oo, VY
Gy anseid Glaie 3 Ll sasles oS (golgrian
@oloiiay gy b1y geys YO ST aees
Lo oo oyl
“diges oys (Flyib sl ety (F) gax
sla g, lawgi a5 giw) Comdly ands 5l Bos slo
cen ol 1 wloass Lls s 4 ke S5

NEV-1

s DA 8 kel atls s (V) g
-t Ol Beams pl sleosls acgesme sl 1) A
o) gy GBS ciwyd oy all pl e
a3 o ol (3l ST slaasis o,
ol gy HSal; gl o cunlic S jshiles
) ezt (e 22l (nl 5o bawgie jolay atuilys
o8,y yo pasls opl o CEM 5L ISl agled s
ABS o0 olas as axsls (1,8 solpain by, L ooy
G dged So (RO D)goys eSSl ()

o) og avles Sl o1 og Bas Jlaisl e

dlm Lbd.’}o_v Le RV SRV g O )90 O &5..49.9

Ao 30 ow p 0010 (gldacgozmo (oolod jo (NPV) dicwo j gy Bdo> Cdd bl asls guls ¥ Jgux

SVM MF CEM ACE PP GOl 9

v A¥)) A AQY vy ) Jol 6515 4c gozxo

ASY AS Y AAY Ase AT AN¥ 9 0315 4 gozo

Y Wy a8y aY)) ¥ A vy g 0318 A4S gozxo

Y ay,. Y0 AY# ) ars oSl
11A



http://dx.doi.org/10.29252/jgit.8.1.101
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.1.6.6
http://jgit.kntu.ac.ir/article-1-786-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-02 ]

[ DOR: 20.1001.1.20089635.1399.8.1.6.6 ]

[ DOI: 10.29252/jgit.8.1.101 ]

ceotloj G S ylgrde el Lo (5 Ll SuiT

UlySas g yiuio gl Yl S

038 > 3 0315 bds gazmo olod 4o (TPR) Slgd3b g bl (ol guls :F Jgus

SVM MF CEM ACE PP Ol 09

OFA YN #9f \AAi 00,0 FAE Jgl 03l acgozxo
o8 050 £8)\ YEA T £1)) 29 0313 4 gozxo
oy f ovf £Y A Y40 \EE YY)y pgmw 0013 4cgozxo
00 A £5 YVY fYF VY il

Wiy LSl & Gladiged jpa> Gliee pgd g9
Ao o HLis 1y ool osly auseis

oy @ Jol er slb> 4 Lo @l e
Golgin by, g adly plaisl ACE (gjle 501
50 Jbeal bl ooy &8y o5lo> 00, jo Jlate oyl
Sy & Lewd MF 5 CEM sla s, b avslio
15 @yoline alolé 5| ACE 5 SVM PP ol
Jyose jokay a5 Culls azgi b )ls )95 5 Uas
ACE lajlo sl jo sl g5 llas 255 950
b oad el Glinlas i 3,k 5l MF o CEM
dwle ROC sovie SaS @ g 5L, K01 ks 4
» B u-*-"l-’ dhlyy gwyp ol S0 Oebiee
ol lp gl G, 5l 5l ST Al a5 1 5
ol o oolital jglaie

) cds G yiin adlys (s3leiiiay P9,y LS
- poe bl ceS Glaslie sla by, boanolie o
Sy ad jo &dly lalie sladiges ;o lacyalad
woles 0 ol Gl e el Jale (2l
Conhd pae jialS jelaie 4y ool 7 olae SDlolgaiy
=i slome) ad )3 @l Gladises (pociz n )
W.QS g9 00y JJ9‘° ua.?-l.w L)"‘ w‘/&‘ 3 A:‘j».:
il ool (g3l KT S5 1) 6 5L
Fr oarly g skl laasls al)l aelsl o
G slediges 0929 i 4 ol g5 sl ol
6Ua.‘> 9 00y ‘bs.v).a ouds ool ua.».?Lw.: RV ol...»..u‘

o 38 > 3 0310 glbds gazmo olod 4 (FPR) Jgl g5 slbas & 5 )bl pasli gl b Jauo

SVM MF CEM ACE PP Solestion (09
VA .0 VeF i \ig AN Jol 0018 as gozxo
A 710 Yoy 7 0 Yy 299 8313 Ac gozxo
Y A YA Y. Ehy \ Y o 0315 4c gozxo
)oY A AN +A \ 1A u-j‘L‘"

W03 > g3 0315 As oo oloi ;3 (FNR) g0 g9 sllas £ 5 (5ko] Lasld gulis i Jous

SVM MF CEM ACE PP SOl (9
£y YVy e VY $ £F0 ia¥s Jal 0315 acgozro
£F 0 YA Vo ¥ gV YAA 9 0315 4 gozo
fV5 fV5 VY Ve SV YV A g 0318 A4S gozxo
£F,4 YA YA YY A oF Y YYA oaSilee
1119


http://dx.doi.org/10.29252/jgit.8.1.101
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.1.6.6
http://jgit.kntu.ac.ir/article-1-786-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-02 ]

[ DOR: 20.1001.1.20089635.1399.8.1.6.6 ]

[ DOI: 10.29252/jgit.8.1.101 ]

2 Ga00 VA g bwgie jalay LIS oo 050
0,50s, @ldail ggog0 (pl a5 ouls cvmliv mls
=5 Sl il ST age Jool ) b sleiing
2l ol g e LIS sk ams e i |y e
e 650l 5 B (ol 50 ead Slgiion by, oS
Slawslas slo ig, b anslio jo cds s Lo
obed 8590 50 atuilys lojen johay oS 035 19,95 2
dhbd.{.}) l.: 9 s 6[94,..3) 5o gjlﬂ})‘ L.SLQUA’.'L‘:’
Slawslio slaghs, 51 (Fpn az S 0sd &dls 5
Lol casmo las 1) 065 (65 p ale Jiz o sculys
bl Gloazls olad 1o gy ol Jsere ok
Oistie |y il gyl dlae ol 5 azsles glaas

Sl a5l

B0 Silelbl (5,glid Suwdigo — Sludg Ju ole 6y s

199 ,lgs @ S o jlouds @ poidus Jlw

o) ped Ep sz Sy 5 GRS s

-he) ple ) S 655 st jsha (oolpiiny
4 Comd G lolime BT g 00 slavslio sla
ACE by, i & ylons ol 4135 1,5 ACE s,
gk Gt Jol g8 gl (nteS pf e
S ol sl a5 e0gs jlay55 5 1 peo g5 sl
Sl Tl Gl aT G slaghs, oy
LE cure slel a2la a1 4 5 (Vg
S 285 e U cays b 5 ol olats]
2 Ll gl K a5 o ) e | ganail
S8 ged dwglie ol ganallb Solal o)j50
2lo lgllae ek eolidn By, 50 LS
5 SYM Glafg; 5 oo yiien (slamlie slaghs,
5 yS e 58 o slees, o Ml L MF

B0 50 w3 0010 (gldac gosxo olod Ho (KAPPA) tﬁ)l'”‘i els b Y Jeus

SVM MF CEM ACE PP ooy (shg,

£Y0 09,) 0+ A TSy 09,f YA Jol 0818 ac gozxo
£\ g AN YA \idd 70,0 299 03ld ac goxo
sy Y OAY £1,4 YA £5 5 Yo¥ g 0015 4 goxo
SYY ovY oY s YA 0+A Ve il

el sla g, Lo awalie )5 (oloiiny b9,
sl o1 § SVM g zgla ol (g5l 00saS g0
o eesS 3 IS MF 5 CEM ACE Giun
Al o3lg adei oayl 90 0 0 3ezg gy (sl o 4
5 iy 9 s (Al sladises I JSice
039> =l ;9 SRM Lo g (6 25 )LSe (rpizmo
OB Y g5 Sl LS jol s ;0 a5 ol olpiiny
"Gy g Slgiiay SR s 5o ls 18 Allie
Ogred 9 03 Jale 2l 1 (e Sy sl
=y DYgame plo SS& o K)ol 65,5
ol E5—050 L bad e Gliiios sla @l ) Hlgiea |,
Ohigel labsy 655,50 (ygesl oges olaels allis
ouds zlyeiwl sloesl 0,50 10 KSVD aiiles 4l oy

1Po

Ololeidiny 9 (5 a5 a2t -F
Ol S a9yl el 4 4z
Jg—ame ol 5l e )10 me 0 9 o o jelates
&3l ST g late ay gy Allie ol 5o i)
e gy (rl b sleida Gl (ol); Sl
©99,5 lrosls a5 oog Bun (o5l ST glo g, 5
3z NDVI 25 o lss Sl (g QT
&3l ST gy w09 V=i (slolsale glas
S5 6355 5 (e Gaiod ol 40 ol eslinul
3 Snilyh a8 035y S (e Lol g 00428
L e 0,Slos ;500 glaslio by o b anslie
O30 ddlaie dw 0550 ;0 Guiod ol il ams lis
S CatnS o ude aS ol las jelass liw el o


http://dx.doi.org/10.29252/jgit.8.1.101
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.1.6.6
http://jgit.kntu.ac.ir/article-1-786-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-02 ]

[ DOR: 20.1001.1.20089635.1399.8.1.6.6 ]

[ DOI: 10.29252/jgit.8.1.101 ]

ceetloj G S ylgrde el Lo (5 Ll SuiT

lySes g Ginio Gl jy oSl S

.ML" C)JG.Q ..“ .

[1] M. Rahimzadegan and M. Pourgholam,
"Indentification of the area under
cultivation of Saffron using Landsat-8
temporal satelite images (Case study:
Torbat Heydarieh),” RS & GIS for
Natural Resources, vol. 7, no. 4, pp.
97-115, 2017.

[2] j. Farzadmehr and K. Tabaki Bajestani,
"Capability of Landsat 8 satellite
images to estimate the area under
cultivation of saffron (case study:city of
Torbat Heydarieh)," Saffron Agronomy
& Technology, vol. 6, no. 1, p. 49-60,
2018.

[3] G. Shaw and D. Manolakis, "Signal
Processing for Hyperspectral Image
Exploitation,” IEEE Signal Processing
Magazine, vol. 19, no. 1, pp. 12-16, July
2002.

[4] S. Matteoli, M. Diani, and G. Corsini,
"Hyperspectral Imaging: Techniques
for Spectral Detection and
Classification,"” IEEE Aerosp. Electron.
Syst. Mag, vol. 25, no. 7, pp. 5-28, July
2010.

[5] C.-l. Chang and D. C. Heinz,
"Constrained subpixel target detection
for remotely sensed imagery,” IEEE
transactions on geoscience and remote
sensing, vol. 38, no. 3, pp. 1144-1159,
2000.

[6] S. Soofbaf, M. Sahebi, and B. Mojaradi,
"A sliding window-based joint sparse
representation  (swjsr) method for
hyperspectral ~anomaly  detection,"”
Remote Sensing, vol. 10, no. 3, p. 434,
2018.

[7] L. Ji, X. Geng, K. Sun, Y. Zhao, and P.
Gong, "Target Detection Method for
Water Mapping Using Landsat 8
OLI/TIRS Imagery," Water, vol. 7, pp.
794-817, 2015.

1P

So 2 hb 5o ol Salidee ol g dejm S
o=l Dlolgaion laie Wlgh so s )SMT)lS 4ol o3lg

&l

[8] M. Pieper, D. Manolakis, R. Lockwood,
T. Cooley, P. Armstrong, and J.
Jacobson, "Hyperspectral detection and
discrimination  using the  ACE
algorithm,” in Imaging Spectrometry
XVI, 2011, vol. 8158: International
Society for Optics and Photonics, p.
815807.

[9] C.-l. Chang and H. Ren, "Linearly
constrained minimum variance
beamforming approach to target
detection and classification  for
hyperspectral imagery," in IEEE 1999
International Geoscience and Remote
Sensing Symposium. IGARSS'99 (Cat.
No. 99CH36293), 1999, vol. 2: IEEE,
pp. 1241-1243.

[10] R. G. Baraniuk, "Compressive sensing
[lecture  notes]," IEEE  signal
processing magazine, vol. 24, no. 4, pp.
118-121, 2007.

[11] M. T. Eismann, A. D. Stocker, and N.
M. Nasrabadi, "Automated
Hyperspectral Cueing for Civilian
Search and Rescue," Proceedings of the
IEEE, vol. 97, no. 6, pp. 1031-1055,
June 2009.

[12] P. WT Yuen and G. Bishop,
"Hyperspectral Algorithm Development
for Military Applications: A Multiple
Fusion Approach,” in 3rd EMRS DTC
Technical  Conference, Edinburgh,
2006.

[13] C.-l. Chang, "Hyperspectral Data
Processing:  Algorithm Design and
Analysis; ," Wiley: Hoboken, March
2013.

[14] C. Zhao, Y. Wang, B. Qi, and J. Wang,
"Global and Local Real-Time Anomaly
Detectors for Hyperspectral Remote
Sensing Imagery Hyperspectral Remote


http://dx.doi.org/10.29252/jgit.8.1.101
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.1.6.6
http://jgit.kntu.ac.ir/article-1-786-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-02 ]

[ DOR: 20.1001.1.20089635.1399.8.1.6.6 ]

[ DOI: 10.29252/jgit.8.1.101 ]

Sensing Imagery," Remote Sens, vol. 7,
pp. 3966-3985, 2015.

[15] B. Du, R. Zhao, L. Zhang, and L.
Zhang, "A spectral-spatial based local
summation anomaly detection method
for hyperspectral images," Signal
Processing, vol. 124, pp. 115-131,
2016.

[16] N. Bhuvaneswari and V. Sivakumar, "A
comprehensive  review on  sparse
representation for image classification
in remote sensing,” in 2016
International Conference on
Communication and Electronics
Systems (ICCES), 2016: IEEE, pp. 1-4.

[17] Y. Chen, N. M. Nasrabadi, and T. D.

Tran, "Hyperspectral image
classification using dictionary-based
sparse representation,” IEEE

transactions on geoscience and remote
sensing, vol. 49, no. 10, pp. 3973-3985,
2011.

[18] M. Immitzer, F. Vuolo, and C.
Atzberger, "First Experience with
Sentinel-2 Data for Crop and Tree
Species Classifications in Central
Europe,” Remote Sensing, vol. 3, no. 8,
p. 166, 2016.

[19] J. Clevers, G, L. Kooistra, and v. d. B.
M.MM "Using Sentinel-2 Data for
Retrieving LAl and Leaf and Canopy
Chlorophyll Content of a Potato Crop,"
Remote Sensing, vol. 5, no. 9, p. 405,
2017.

[20] W. I. Ng, P. Rima, K. Eimonann, and
M. Immitzer, "Assessing the Potential of
Sentinel-2 and Pleiades Data for the
Detection of Prosopis and Vachellia
spp. in Kenya." X 9(1), 74.," Remote
Sensing, vol. 1, no. X9, p. 74, 2017.

[21] X. Song, C. Yang, M. Wu, C. Zhao, G.
Yang, and H. W.C, "Evaluation or
Sentinel-2A  Satellite  Imagery for
Mapping Cotton Root Rot,” Remote
Sensing, vol. 9, no. 9, p. 906, 2017.

1Py

50 Slelbl (5 5glid wsigo — (Sdung fu (Sole oy s

1199 ,lg @ S o jlosds @ ot Jlw

[22] H. Zheng et al., "Performance
Evaluation of Downscaling Sentinel-2
Imagery for Land Use and Land Cover
Classification by  Spectral-Spatial
Features," Remote Sensing, vol. 12, no.
9, p. 1274, 2017.

[23] B. Mariana and C. Ovidiu, "Sentinel-2
Cropland Mapping Using Pixel-Based
and  Object-Based  Time-Weighted
Dynamic Time Warping Analysis,"
Remote Sensing of Environment, vol.
204, pp. 509-523, 2018.

[24] D. Manolakis, C. Siracusa, and G.
Shaw, "Hyperspectral subpixel target
detection using the linear mixing
model," IEEE  transactions on
geoscience and remote sensing, vol. 39,
no. 7, pp. 1392-1409, 2001.

[25] J. A. Tropp and S. J. Wright,
"Computational methods for sparse
solution of linear inverse problems,”
Proceedings of the IEEE, vol. 98, no. 6,
pp. 948-958, 2010.

[26] J. Mairal, J. Ponce, G. Sapiro, A.
Zisserman, and F. R. Bach, "Supervised
dictionary learning,” in Advances in
neural information processing systems,
2009, pp. 1033-1040.

[27] M. Jian and C. Jung, "Semi-supervised
bi-dictionary learning for image
classification with smooth
representation-based label
propagation,” IEEE Transactions on
Multimedia, vol. 18, no. 3, pp. 458-473,
2016.

[28] P. Sprechmann and G. Sapiro,
"Dictionary learning and sparse coding
for unsupervised clustering,” in 2010
IEEE international conference on
acoustics, speech and signal
processing, 2010: IEEE, pp. 2042-2045.

[29] Q. Zhang and B. Li, "Discriminative K-
SVD for dictionary learning in face
recognition,” in 2010 IEEE Computer
Society Conference on Computer Vision


http://dx.doi.org/10.29252/jgit.8.1.101
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.1.6.6
http://jgit.kntu.ac.ir/article-1-786-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-02-02 ]

[ DOR: 20.1001.1.20089635.1399.8.1.6.6 ]

[ DOI: 10.29252/jgit.8.1.101 ]

ceetloj G S ylgrde el Lo (5 Ll SuiT

lySes g Ginio Gl jy oSl S

and Pattern Recognition, 2010: IEEE,
pp. 2691-2698.S

[30] S. F. Cotter, B. D. Rao, K. Engan, and
K. Kreutz-Delgado, "Sparse solutions to
linear inverse problems with
multiple measurement vectors," IEEE
Transactions on Signal Processing, vol.
53, no. 7, pp. 2477-2488, 2005.

[31] S. Wu, H. Chen, Y. Bai, Z. Zhao, and H.
Long, "Remote sensing image noise
reduction using wavelet coefficients
based on OMP," Optik, vol. 126, no. 15-
16, pp. 1439-1444, 2015

[32] P. Kumar, D. K. Gupta, V. N. Mishra,
and R. Prasad, "Comparison of support
vector machine, artificial neural
network, and spectral angle mapper
algorithms for crop classification using
LISS IV data," International Journal of
Remote Sensing, vol. 36, no. 6, pp.
1604-1617, 2015.

[33] S. Huang, H. Zhang, and A. Pizurica,
"A robust sparse representation model
for hyperspectral image classification,"
Sensors, vol. 17, no. 9, p. 2087, 2017.

[34] S. A. El-Rahman, "Performance of
spectral angle mapper and
parallelepiped classifiers in agriculture
hyperspectral image,"” International
Journal of Advanced Computer Science
and Applications (IJACSA), vol. 7, no.
5, pp. 55-63, 2016.

[35] N. Otsu, "A threshold selection method
from gray-level histograms,"” IEEE
transactions on systems, man, and
cybernetics, vol. 9, no. 1, pp. 62-66,
1979.

PP


http://dx.doi.org/10.29252/jgit.8.1.101
https://dor.isc.ac/dor/20.1001.1.20089635.1399.8.1.6.6
http://jgit.kntu.ac.ir/article-1-786-en.html

Journal of Geospatial Information Technology
Vol.8 No.1, Spring 2020

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

[ Downloaded from jgit.kntu.ac.ir on 2026-02-02 ]

[ DOR: 20.1001.1.20089635.1399.8.1.6.6 ]

[ DOI: 10.29252/jgit.8.1.101 ]

A Sparse Representation Method to Detect Saffron Agricultural
Lands Using Sentinel-1I Satellite Images Time

Seyed Ashkan Razaghmanesh?, Samira Allahyari Bek 2, Alireza Safdarinezhad 3*

1- M. Sc of photogrammetry, Department of Geodesy and Surveying Engineering, Tafresh University, Tafresh
2- M. Sc of photogrammetry, Department of Geodesy and Surveying Engineering, Tafresh University, Tafresh
3- Assistant professor, Department of Geodesy and Surveying Engineering, Tafresh University, Tafresh

Abstract

Nowadays, agricultural management via remote sensing technology has gained a special position among
managers and the people who are in charge of this industry. Saffron (Red Gold) is one of specific Iran’s
agricultural products with a high economic valance which is used in different fields of food and medical
industries. Considering the cultivation conditions of the saffron, there has not a persistent condition to plant in
farmland, and it could not be recommended to plant saffron on the same land continuously. So, their
cultivation area varies every year and the prediction of annual yields could be useful for managing aims. In
this paper, considering the phenological behavior of the saffron farmlands, the detection of these farmlands
using a novel target detection algorithm is proposed. To do so, a time series of the Normalized Difference
Vegetation Index (NDVI) extracted from Sentinel-2 satellite images have been used as the indicator of the
phenological of cultivation areas. In the proposed method, a sparse representation method is used as the target
detector. In this procedure, each pixel of the NDVI time series is reconstructed through a dictionary consists of
the spectra-temporal response of the saffron farmland and background samples. The sub-dictionary of the
background samples has randomly sampled from a clustered feature space spanned by time series pixels. A
filtering step has also been designed to avoid the selection of the target-like samples in the sub-dictionary of
the backgrounds. On average, the results achieved in three different datasets in the Neyshabour city have
reached 93.1% accuracies. Also, the proposed method in comparison with the well-known target detectors
CEM, ACE, MF, and the parallelepiped and SVM classifiers have been indicated, on average, the 4.8%

accuracy improvements.
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