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! Target Detection

2 Linear Spectral Unmixing

3 Nonnegatively Constrained Least Squares
4Sum-to-one Constrained Least Squares

5 Fully Constrained Least Squares

6 Orthogonal Subspace Projection (OSP)

7 Sparse Representation

8 Matched Filtering (MF)

9 Spectral Angel Mapper (SAM)

10 Adaptive Coherence Estimator (ACE)

11 Constrained Energy Minimization (CEM)
121 inearly Constrained Minimum Variance (LCMV)
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1 Mixture Tuned Matched Filter
2 Generalized Likelihood Ratio Test
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Clevers (1988)
Modified Soil Adjusted
o MSAVI 0.5x ((2x NIR+1) —/((2x NIR +1)* ~8x (NIR-R))) Vegetation Index, Qi et
al .(1994)
Green Normalized
_ Difference Vegetation
7 GNDVI (NIR=-G)/(NIR+G) [ e Y
C(1993)
Normalized Difference
_ Vegetation Index, Rouse
\4 NDVI (NIR-=R)/(NIR+R) etal.
(1974)
Infrared Percentage
A IPVI (NDVI +1)/2 Vegetation Index,
Crippen (1990)
q BI2 \/(RZ G’ +NIR)/3 Brightness Index,
Escadafal (1989)
Normalized Difference
\e NDWI (G—NIR)/(G+ NIR) Water Index, Gao
(1996)
Visible Atmospherically
" VARI (G-R)/(G+R) Resistant Index,
Gitelson, A et al. (2002)
Green Chromatic
\Y GCC G/(R+G+B) Coordinate, Woebbecke,
D.M et al. (1995)
Pol



http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

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

19A lisoj @ plg2 6 losk @ mids Juw

ssalie B @) JS5 & lrgls 590 & o] Wy, o5 3l IS0l (ol g Y

)9.]4':.;;. VAW ol.e:...,.......;' o )li:b‘) T A oy U"‘
asls olaisl g8 slob ogls olS (g5le a1

L 5310 diod 96999 sresls () Conndlg Al

ERIEETI

Yo o

Lol canSlal 6 ooy
b sl atll g

)’1 ooliiw! lJ Adaho ‘_gl.hg;j.g_g 9 L:a..ub uL‘z.u‘

o 50 E55 b (ojgel aipad il

M; f‘*’)sﬁl oS ) a0 o oo
s e g Soet) i 1 o S Lo lSaT gy b
S i o8 sle el il (CEM, ACE, MF,
! ASMF)

| Ayl Sonoz |

}

el el Sl ke arslons |

Olye 4 ass el
ety slo S

O30 dilioe 59) » (2L

o &5')9 )L,J)IS.:II g:,‘.ﬂ)_,;';sd.:.ﬂ,“ a5|-“‘_=,§)‘9
| &l 5T b ol o ar an

‘ u;._\ﬂjwusd_auwﬁb

l B |
| e il o585 bl | Bl i g or il | |
—‘ esiges S 5l golasi (g3, iz plo | )
W 2Ll

G2 ol Jo e 0 S

ol


http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

s G S B (5 Ll SiT sl iy pgSIl (5SS oy
Ul g 55U glool

SN jo Vb g0 g Ojle 4 aes als
il o peess Ll (S slad )3 ez
sladiges bl 513, sanles Glaie a1, uiblsS
B> bl (pl g alS oo (S LA 50 S92
Saa b (g slad )3 35290 slaaiged 55luosl 5
Ol 5 s bl slacuss lael bl
L aes dgn 1) Buas (63l )01zl Coro Wilgs oo
Bl solerinn Ghe) 5l A8 gl 5o 080,
13 (s phol olS) Gua g Jlais a5 iblis
ol @l 85 8 g 0 0o ol kil
Sype oS gy @bl (Sloj g (b )13, (sl
5 ihio w8 90 ol b ceslite 5 285 15 o)
b ol gblie ol gl paess LG

Vo) oolainl 090 pglal Sl SSa a4y a9 L
3lspsS el obS 5l LAl gla Sy Slaz ) (e
oS ol a5 bl 5l e Jloje3 (VL Jlezo
sdes S o A, pbog s bl ,o loges
5995 ollS @ ol jslee (g LS slaiis
s olatsl 5 sladis 5 5n slacile ol
Sx g oloy Job 58 (dej o) ol Cnl (Ko
S o a9 4Bl oS @y @ )l Jab
Sldlpzr 4 argi b aSl ed gjo0 R O
380 Ll 51 @Vl o1 lelS Gl g,y e
Sy )3 (SRalS g,y cplpli g walgss Wil
M) pas izmes g Gl g sk Jad o
398 Olore a4 Jlo ew Jad o oS (K
SLl Glagy waiewe Bble gilulaa o et
NDVI a3l Sloy (s yo aud 90 ol el oads
ol 00 Jlael (V) aba, & g

NDVI; (i =all times) < 0.3 and NDVl,5 ... — NDVI

U')‘ o )...t ’,YJ )‘..\M ol 00 g_)l.?Lu‘ YV )...AL...:.)
NDVI azls o laibinl gamesb olwl » Lo,

Spring <0

a3 goloiiag gy szl Wig, «(B) USS L Billae
G Gilwookal 51wy ol ool JSis Lol o8
Cadh o8 0 (b gl Shs 5 LAl b
plol olS g waiee S Glaagy silulox
ol olas ) Jlasl b bl ple Bis 5 o268
Lopgs ol o o)l 13 8 ss jo Boa gl
Slom sl ) 5l Liigel saiges iz Byme
3hdae 5l 88T 58 Fge la Shg 5 lauih (Saa
Sl 4 S35 6, s SeST 4y ane
3lpgm pB )0 igd oo plulid Bua I JUSKw 5o
dny S SRy et ) dm (Biod Gl sl g,
Gladises 51 o e slp le KT olps syl
Ll 4 gesl bl )3 Bas (g3le, 0T ((o2590]
Ol oIl jshaie 4y 5 Al e cnl jo el on,
el Gl e o)), as gl Kl
5 A Sl She) (hisel dged o 5l ead S
oo slerin Gl Sl Bllsl sbyild culye
B s oolgiig sy 5l pE a aslsl Lo
00l g pid Jali 4y Y-V 5 V-1 O-F slo isn

W
plob ol jguas v 3bln o Lull -)-Y
e

SialS a5 gla b, 5l eolizul alia
Sy SLad 3 diesm sladised @95 (S
Sanli 55Es s oS e 3 S olsie &
5 pole lonay ;0 YU g9 3929 [VA] 098 0
sl Gloj sk Jld) 10 YU ples g pgad aimo
Sl ol slocaS el 5 Cono il o

l Sy slad j0 g ladiges Iz s

(V) akal,

JLO).) QSDL“f GLoLﬂ.s UQ>LM" NDVISpring s(V)AJaJ‘) )J

9 Sy G 3 VY 595 Y b a4 by e el
\ﬂ CJ)L: )Q ‘f>LM) ul.o.b LY -Ios.s).c NDvlwinter


http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

S kol adge flod sl sy 4 i alexr Sl aS
o)Ll T Jitne adlge Julow 9T ng puS (g5luwareS
3 Glacgeme Gyl 5l bools ciws (pl j0 0ges
FoS am b plad a4 b e b s OOLaS
adsl (Sud sline Lad hows s a5 adly Jlil
Sy, 4 pgd alws s o Zewd 1, 0g>
25 S ol e 4 anls plasl S5 b
W35 o bl adsl sla SRy 5l acsee
o0y 3 Olee 1) Gl Suy o, 65,10
Gl &5 s gl 13 gileane slaghs,
A osliiul 990 ook i 3 (S oLl
S piayssdl o YO o YF XY Y] el a8 S
o shacl €, Sy 51 USte pins,S 55wl
Sy slad o b cwline gl Jgb a5 0050 S5
Sl Sy 0 jeax pae b jea> 0g aalss (5949
Ao g S opolie b oSS 4 piges)S & 0
oo sla el ple (V) Joor 35800 (s 0505
Iy Beizs ol )0 oad aid )3 IS ([YF] Sy v, oX!

RC X #4
il slaaiges poled Il ar 35 (55luainge s,
cilre sl sisel @ Gln s ead S5
s.,\.».: ol u..,..S S8 9 A L;ng;)"ﬁ 5)Lw)l1~j
352 5l 2 smw sbjgel glaaiges DLl o 005 o0
Sl Glo Sy j0 Bun jga> g HO £45 oS
ouds bl Bue Slej- b (6,L8) Hlgia JuSy
298> e 50 95 S92l liebl Jpax sln
ouds oolaiwl &k 865 wlideS )5 polas 3l o
Lcwlito 4w U G 5l s 5 4 baiged (pl o]
Wgod loalds (6 Al 5 gumaz > ol j5a> (o

! Principal component analysis
2Minimum Noise Fraction
3 Independent Component Analysis

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

19A lisoj @ plg2 6 losk @ mids Juw

adS Sl e SIS de b lages; sl
siblie jeas 5l (Vakaly ;0 oal 53 048 Jleel b
5 ol @bl -V oSTte ol 2dg =) ip9zees
G55l a5 plol oS jie Jatme aigy olyie
aix Bro clladl cpl a5 cul gon 0sd e
Lol S5l ol slogidu 5 atsls ooV
Sy sl Lol 1285 dalgs 5 jo 1, (ALS (adg
oolS abanlyy Sy slad Suz 5l ok o> b
9 ool alwlS Real Ao ) 63‘5 ‘_glbu»)ls Eg 4o
L olylsS e ple Sl @i looylol ()T a5 4
¥ A ouiledl gladigas 3l ool wdgs M
Glae pelin o) Sal, wss 2Sop Jloy o bl
odd Bl asdS Slidiss o e 9,Sus, ol U

IV-1 el
S S Hg (2 lwld jakiin 4 gilwaings -T-¥
Yoo

2 T S Sy 5 il YL ol 4 azgi
Fodiiiw polad bawgi oad o Gloy s
@l S pshaie 4 g slaail 5 o Sy Sl
4 Oy dalys (6590 Ban (55l KaT Wy, jo e
e 9 W93l Sla Shg 5 Lol 052 e O)le
Glolaz o il 5l (S 6 SSE 5 ples pae
IR L SV PP S0 PEWE R RS- KV ) PR KV
Sl S w plple s sl (ol K]
Py S SRy (sl Iy @, BlE e ,6S!
oyl Gl s [YY 5 Y] sed ololis
Gl )I8aS anld o s S5 )l B
Slopy Wy Wg) 5 (Shs S 0998 b 0o9)

dbioe pyigeg,S
wlad olul als Bas b govxie o g, 55U

‘;5 Awd 9o 4o ‘) U‘ 0‘9’@ aS ooy 43‘)| L;)"j


http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

s G S B (5 Ll SiT sl iy pgSIl (5SS oy
Ul g 55U glool

Q] LSLM&?’ [V-Q-W M)Q ;0 }‘ ~:.‘H ksf.l)_é.s )s-la).

Iy p 1) Baa jea> 0 g (p i Jgl (859!
pom 250 Saged g (20,0 Ve lawgle k) 039

(5529 S y3lite & o o215 S 025 slo sl oY Jyar

sl

£93909,5 (5 185U 09

YOO

£93909,5 Job

Yoo

i B Comazolasd

O+

S5 agpdgs olal

(AUC) sovws j gelaws sy

S L 20U

s, ol

omlg ol og

bl g,

Y.

Ui 56 &5

Y.

o>

\)l)ﬁwbsxl)io.m

ASgi jluro

5l 80T gl a2 RTi g pl T g0l diges olses]
R ra‘ | 4)5..0.’ lef 0du d..ﬁl.) 4.,.4..@‘.: w‘).a LS‘)‘ 4)
5,5 AUC L slasls ) SaT (M) akaly b illae
Syl el ol s adss o 1) g i A
el ialdl il Sl ol ooyl oS e Lyl
-diprd bl b anslie [0 3890 slacs il aT gl
bylpd B0) izren g 00 ol @l oy 0 5
gz 1y oel Cessy @ Gle hiler ol
)5l ol 8 ;S Coalabpas b gilupeeas

e g b -¥

Ll 00 lul:)u‘ CJa..u 90 ;S (Gabdd U"‘ C"L"' 6:[4))
a4 Gilwaing anld Cuddee (e (st mhaw o
LSHJ)Q.AT (_gl.mol..\. Le Jog.wj.n Guuo) Coxd " ‘5 A ASaQS
slogis, 51 S Glp s ) mhe
3w &5 039 (3luding W) 5l Jies (23l poo
ColaS « adll mls adgl 5 gy sla Sy oLl

‘Tournament Selection

05599, b byl 3ble o gilwesly -Y-Y
Sged o sl 4 (gl sl G2l o
cds g ang gl Sy le)Kal colps (bl
sobae 4y dalol jo 098 s 09l o 5 ead S
0,559, S bl plu 4 oul S wls Jloel
P2 ellae Syl ) cal onw; T2l 4y 4ials
Crizmed g Soe oy b L8, I bl aised
gy 058,55 0 L) (T b e e e sl S
L yaT el gl Ky (oad Sl L AT
ek @l el ol 0 oS e Wy
3ol S oeSilke Gk 5l RT) (sjle S
sloaiges 51 S0 e Gl 4 gl Kal Ful b

A anlys adg (A) abaly & jga (objgel

RT, =L 3" AUC, xRT,
N i=1

AUC; «o5550] slaaigos slows N =3 alal, ol 4o

A) aka,

Gl 4 s dibate )0 sael Cavny gzvie ) mhaw


http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

sl ank 5l Se 4 bgye ROC sove (o5
el o 11 (V) S o (7) S sl ST gsly
1S el g sPes AUC a3 ls 55 (V) Jgoz 5o
5 b el o @) (V) U5 ROC (sl logas
sadls 7l g 8 (AUC ,0lie 3 ROC smio)
isal Gladiges 5l aSul 4 azgi b ams o ol |
B8y Olyie Sl 5550 ol jpam g ;o £95 L
ooy ade sl ouls colaiul Gos JSlej- el
@b sl 5elhe b SO b diges @l (09
el diged )3 Baa jeh> e (3P 4l
Coadly 408 )5 35290 Sl Sy Ha> e b Se

Conls Lag e gine

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

19A lisoj @ plg2 6 losk @ mids Juw

S lwdigs a3 50 sdwl ey S s LB
55 el 48518 bl 00 (05l sldilate 5
o 9 Solwaige 8 4 by o gl lal caslol
dibie jo 5le,lS8l gangy oSy Jbel @b
ol 285 )18 oy 550 9 L] (59051

Silwaint aul 8 g ls -)-F

aab oylal play 53 V-V i5e 0 &5 sbiles
Bap (3l 5T slaeny 80l 0 Shos 25 jskate
o 25 gl 3'ROC inia (25 Jlas 5o
&5l KT s .l o solawl AUC) eie
E)JSs o ASMF MF ACE CEM sla s, !,
Dy gn 0O

ol @V o el Lol iy g0 5l USitite (8) S
5 ool oolaiul guwy Coadly 4 bgs o Sole IS
Sz aslol jo el sdd p i (gl ol
(Ban (55le 5T slapm ;55 Hlaws lez 51 JSae
sl Wgei ¥ (sl 0nd S @) 5 ez s
tglie el 0nd &) (Aabal, (il ol
Sy o shro) Coadly Al g bl AT Guly 4t
Sra @l GRs Gow Sl dppie @S 5 ra
aii 0y5ly )0 (el JSal) iy Coibye 5l S
ol g3l ) a1 slapis oSl coled jo Bun muly
Gk as o5l S5T 45 ACE s, a5 wiles aziss
SFchnd 0 Slas laly) ;K00 4 Sunnd 0dd (Byxe
plo b Kl pl pled azg .Cawl ools lis 045 51,
ob,lsS e ile (655 ) 50 eu ol (sla by,
e (it Sl R) (ot g yilo gl (D)
o ig) ol 4 o Sl M by (g pmy Lo 5]
Se oo b gy cnl wSboe ASMF (g 40 by e
dgaze |, Bus sl JuSs CEM o iy 445108
sl lpd Gl jsbie @ Joal b S e

' Receiver Operating Characteristics
2 Area Under Curve


http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

c G g5 B3 5L ST sl i eSIl (5518 oy

OlyBos g 5 ,SLi Gloyl

Silwddonty wisly8 &) by po (o) Canxbly o0lo

SAged
37
o9
&b ]

CEM

ACE

MF

ASMF

@.w . - . l..
(A)akly

S ibwdiaty wiulyd 3l vl Caway (o jgol Al y Bud (55w )T Wiy lyd 3l ouud e gl F UK

PoV



http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

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

19A lisoj @ plg2 6 losk @ mids Juw

1 1 ’J T
08 - _‘J"j ool ’_IJ_’ 1
I s
08 Sy ek Hges 08 jx S ilaj g aigai | -
_ 07 { 99 (gl hab diged | - 07 J g2 Gl b aigad| |
§ 06 L i oy gl Aigod _3 s ilaj ol igad
50 ks s ok 208 ot
3 05 _— dos _
= o
3,04 F04
a9 9
03] 03
0.2 | 0.2 -
01 0.1 -
0 : : : 0 | ‘ .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
sl jlaka 258 oLadl ot #
1 1 T
09 - 0.9H i
08 — S Pl Ak A - 08 —— S e b g | -
3 07 9 loj b diged — 07 39 Floj phuds Wigei | _
st oo bl aigad _'3 t gilo = pylo igad
206 G st il =06 O oo-
= — il oSl — | — el s il
05 - 0.5 i
j 1
504 al 3 0.4
03 l 0.3
02 02} i
01 l 0.1 N
0 . . . . 0 | | |
0 02 0.4 0.6 0.8 1 o] 02 0.4 086 0.8 1

sl e ¢

slacdl slada =3

o B yro (63l NS (Glohg) (6l s b (reKilin 9 (sl b s (61 (3L Aent 41 b3 3o ROC jlogas -V JSiis
ASMF (& MF (o ACE (s CEM (il

Gilw gy Al o 4 bgo yo Bu ‘S}M)IS.;Z:TAUC L R gy PR

] Gl cBs | il Sl cds | gyl l50aT cdo 3he T s
RS % o5, i % 50 i % s i | % gulis 139 ouSilee
CEM RV «,qY- +,avy4 +,44Y
ACE .,44¥% .,ava -,20Y +,44¥
MF +,49) .,ava -,AY0 +,44Y
ASMF .,44¢7 +,AYA <, 4AY +,44¥

s MF ACE CEM (glajlu IS8T 5l ool e

sl 0 @8l () US55 ASMF
sl s oas olulis age sl S5y (A) IS5 5o
slaghy, slp Sae Gl il sladises
3 j95e ol o a5l g3l ddlate jo (ol L]
385 00 Sloy 6 5l (2la SRy loged (nl 5o
AL, glaale wiload Sl g5luarge %y,

PoA

S S Gpdprexs bl jskie 4 aslsl o
colpe Grizen 5 (glwaige W)y g
Ny, sy sl Thy 5l eael Casay LKl
IS8 aesl ddlaie jo il 0,805, b g5l K]
A b iy el oal gilwesly (@ - Y)
a> e 30 oyl S el SWS 4 e
Crar wli 9 (A) USS lojloges jo (o5lwaigy


http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

v G 3 B3 (5 L ST (sLe i oSl (5 518 oy
OlyBos g 5 ,SLi Gloyl

&y Glaaiges JLslo yuss & Glgi oo 1) ol cnl do
bye aie) G sloosls & by (Shg slad o
oy plocaadas ool oS bl Jcpl bcudls
Sloj G 0 oS il Slaal (g5l
an a5 wiled aaSlwes oo lis V- i gl
b Lasuine Gge;l ddlhie 51 Sloe doze w3l
wi s e meyieST bl S| Sy 8 oS
Loy Gy SO Spgar a5 plol jpdax LKA
A oder jo bl opl a alils 5925 oS Gy
"0 Ol Eglge cnl WIALIIN jpha (o) Sually
L oo Sy Slanl aiiilys 0,504, ol a5 aao

elad i 355 Sl o s

12
10 <

8

6

| TR |l
2 MR

oé‘o\ 9‘44\\\\\\\4\4\&4\\\\'\'\
ELES P T FEEF e g CEFS *“

By Sloimsiab aigni B 9o Gloj-dub aigel W aw Jloj- b aise
10

4
m“mnnmmm“mhdhhm

t‘\)‘*&q-da-;\&&&a\&&&\‘v@
FFeFFg o Q{xoé_,v-e‘,o S

&

By Ploj b dgal Mo Jloj-phib aiged Faw Gloj- b aigei

e N A~ & 0

=
Qo

o N B O ®

Sy G 5 Sis o Bl LSS sl (T
o & bge Jloges ol sloals 51 5, a e

Aibos Bae il gley L) Sl djsel aiges

)109.&» BLISS xji)p.b slbalo Egoimo aS conl st

Lgad o (5‘)'.’ W) ul-’?h-" (SLQ(;)Jj slass L ﬁ‘f"
oads &)l (sl loges ay sliiul b wagy wales 30l

SIPVE 5 DVI glaaslss 5 s il (A) JS5 o

s @ bgiye 1 L5 (p eS g dog lo 55

! NDWI
Cowdy bl 0l o 000 () IS0 0 aS job lea
& Sl GyeS CoaS Qy,ﬂ ashie o odwl

310555 5 (Sileaing il j0 Lhigel slaesls

o))

@@ R °$§$@§$§$&®
F § S FS O

By Gloj b wigni M g3 Glaj b aigai M dws giloj- b aigel

R g T L I MR L
«.e\ c, q,\s!“
s S $ & \QOQQ$05?§O S

B Gl el wigni B33 o s digni s ila - s g

MF (o ACE (0 CEM (il 1 g jlusiontes Al yo 33 (5 yils <Sii§ oits 9501 oS ds o0 ool sy sl 5509 1A JSCb
ASMF (&


http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

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

19A lisoj @ plg2 6 losk @ mids Juw

ol 00U RSy a5 Cowd adilso S92 sju)m]— p.»),i” f leslawl b C.;Lq @l{j) a bj.g).a ).g.sl..a.’f R L)
o) CarBly 4l (& ASMF (& MF (o ACE (o CEM(I

Olas 1) (Shjgel Blaal 51 Sy e (sl eads asily Wy b oalie 38 9je cnl 3 (5 slagl)]
2 ln ) (il by bS5 (V1) JS& ae0 o edalie JB (Vo) JS& o (F) Jouzr jo (sjlosine
e g taled Lo K51 slang, 5 S STy sl & b, Sal @bs () Jsaz ool

QB‘)T Gailio 4 by o Su & 3bw, T AUC >l f Jgus

) &b, T eds &b, T eds &b, T eds &b, T cds
S R T % 55 isb s ciab | %6 gl s oo
CEM A A <, AY . < YYY < A¥F
ACE AT < YYO AR -, YYYy
MF < FAY <, YO S YeF AARE

ASMF LYY AV 2y Y
Plo


http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

s G S B (5 Ll SiT sl iy pgSIl (5SS oy

OlyBos g 5 ,SLi Gloyl

— Sl kb ais | |
39 o isheb aiged |
s o o aiges
Pr— &'L:")I"‘J,u"t“l—‘

63k, 8T Jlass!
o
2

03r

0 0.2 0.4 0.6 0.8 1
olocdl Hloles 7

09

08

07r

— s e b e

4 os}
= 08 9 il gieb g
é 05 s e g
j‘ 04 —_— s oeRike
™
v/ ]
03t
0.2
0.1
a I | I I
0 0.2 04 0.6 0.8 1

sl s ¢ ©

! 1 ’ P

r

o8 T Sy b

— e b s

§ 06 o e ki digai
> — s el
g
304
2,
3
02 /
0 L : | :
0 02 0.4 06 0.8 1
oLkl s &5 il
,
0.9
08+
oy O — Sy e b g
_*3 0.6 — 9Pl gub diss
) / I
= 05 A giloj— ghab digas
-‘}3\ —_— g Rl
3 04
)
)
03
02
0.1
0 | ! : i
0 02 04 06 0.8 1
<

olocd! Hloius & 55

o B yro (63l SBT (slo by (6l gl (reKilen 9 Bl o ds (613 (53l At 41 bgpo ROC yloged 1 JSCo
ASMF (& MF (o ACE (o CEM (I

Ol soaige 5 9%, (nl Caldes (S Baa
@y Giluting W) 5l 0ad S @l g (lalS
5250 (nl bt @l Grdyeeens ) Of &
s 4 el plie lad S0, b plgiee &5 op
Wlgios mro (nl g 9095 (295l oS gun
Sloposge llyd (Sul glal gladuie b dl e
Ao Loyl eald ]y als sle opl 5l 5 ,5STo
o slagsluesly 5l ead S oy 285
g o515 ond Bld ) rpgzmen 60)lge (Budod
SS@a> bocawlite Gan lalS s o
S el Aag; poe -V V- fuiin s Sl
o> Y g b Sojew plo YL SIS LS
sl il 5l saal Cavss Sloj- b LB,
Sgupe Wilgi oo Bad kS ol Sl el
@9l plalS asb aals Jiw ) e Kol mbs

Pl

(F)Jgaz LAUC 5l sowl cawds mli awslis
& Cad il CEM (S0l g <oblB oainoglis
a Kl ol el gl el slagn oS le
P o tls ASMF gy 4 Cod Qo0 VA o5 5
doys YO o 2all ACE (g, 4 Cod oy
03g0d S 83 Sgnge (HAdls ME Jg) 4 S
o

loleiday 9 65 4 -0

e o b a5 ool oL i 5 ) s
solpnle psla Sloj g 3 Sy Baes
4 «Ban 5l ST Glagby, coygmme b V- Jriin
Jolis Bam 5Ly ISET ez 51 by, cnl p0 e, 2]
a5l 55T slaie 4 ASMF s MF (CEM ACE
OlS Sloy -k )18, (655 ) ol ok oslinul
5l T g o il o550 slo U olsie 4


http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

5 4 aieils (5l o T sla gy om0
sloiisy 655,050 5 dejmy polie Gloj- ol
sbagbyy by -F desl (2L jolaie 4 oaise Ui
sl e sl IS LISl (jloange
5 Sy 3 i S)lse 9 O 90 (S9lS (Dl 30095
-0 5 ol b, 5l Jlazinl JHB mles <o
L cwlite oS po plulid sudS slagle; 8L

Sl S g nabal 6558 5 ol 59dsid 5 puldl
=zl Gl Sz Sl sl 4 ailey S b
" 59 9 ol (8L pslate 4 gz wil B 5 el

.\M;L,u_a g sl

[1] S. Hosseinzadeh, A. Jafarikukhdan, A.
Hosseini and R. Armand, “The Application
of Medicinal Plants in Traditional and
Modern Medicine: A Review of Thymus
vulgaris,” International Journal of
Clinical Medicine, vol. 6, pp. 635-642,
2015.

[2] R. Singh, “Medicinal plants: A review,”
Journal of Plant Sciences, vol. 3, no. 1-1,
pp. 50-55, 2015.

[3] A. Ganjali  and A, Khaksefidi,
“Identification of some species of medicinal
plants in Zabol (Sistan and Baluchestan
province) and their application in
traditional ~ medicine,”  Journal  of
Traditional Islamic Medicine and Iran,
2015.

[4] R. Heydari, M. Khodagholi and M. Zarean,
“The zoning of plant biomass of Oriental
peas (Teucrium orientale) in Isfahan
province using multivariate statistics and
geographic information system (GIS),”
Research of medicinal plants and aromatic
plants of Iran, vol. 31, no. 4, pp. 637-650,
2015.

[5] D. Naseri, S. Hedayat and S. Shenavayi,
“The zoning of medicinal plants cultivation
in Arasbaran region using GIS,” The first
National Conference on the Protection and

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

19A lisoj @ plg2 6 losk @ mids Juw

iy B =Y lacn el -Y (65 - emen (6,500
95 sy Jeily Cews pl 5l pladiged 5 (SOl -F
a1y Geios pl o eal a8 SIS el sl
5,10 595 1 Gy jelate

ST Olidss jeme oloie a4 wlgs o a5 (5,500 3 )l5e
@l_; d)ﬂf)l_ig -\ J.aL..a .\_...al.u C)_Ia.n 039> Q{‘ o
aS Bua (pl b giloaigs anld o gl Sls
XY 6L:bJLiMu dod 4y Jo}g]c L dl‘bg;}i?
b Y s o sl (gl o o B o
ogdle alilgn a5 Jaul,l5 aal slaow) 605,
S ol 3adli (Sloym b slo Sy o g9
SV g Jels |y calisee laylow, ST 5l oo
&=y

Conservation of Arasbaran forests, 2017.

[6] S. Mubako, O. Belhaj, J. Heyman, W.
Hargrove and C. Reyes, “Monitoring of
Land Use/Land-Cover Changes in the Arid
Transboundary Middle Rio Grande Basin
Using Remote Sensing,” Remote Sensing of

Water Resources in Semi-Arid
Regions/Drought Areas, vol. 10, no. 12, p.
2005, 2018.

[71 N. Lu, “Biases and Abrupt Shifts of
Monthly Precipitable Water from Terra
MODIS,” Atmosphere Remote Sensing, Vol.
11, no. 11, p. 1315, 2019.

[8] P. Liu, Y. Li, B. Liu, P. Chen and J. Xu,
“Semi-Automatic Oil Spill Detection on X-
Band Marine Radar Images Using Texture
Analysis, Machine Learning, and Adaptive
Thresholding,” Oil Spill Remote Sensing,
vol. 11, no. 7, p. 756, 2019.

[9] T. Bai, N. Zhang, B. Mercatoris and Y.
Chen, “Improving Jujube Fruit Tree Yield
Estimation at the Field Scale by
Assimilating a Single Landsat Remotely-
Sensed LAI into the WOFOST Model,”
Earth Observations and Crop Models for
Sustainable Agricultural Management, vol.
11, no. 9, p. 1119, 2019.

[10]C. Xu, J. Fang, Y. Wen, h. Wang, G. Xu, Y.
Zhao and L. Yi, “The 2018 Mw 7.5 Palu


http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

<o S LB (5 L SET sle i Sl (5 SIS oy

OlyBos g 5 ,SLi Gloyl

Earthquake: A Supershear Rupture Event
Constrained by InSAR and Broadband
Regional Seismograms,” Applications of
Sentinel  Satellite  for  Geohazards
Prevention, vol. 11, no. 11, p. 1330, 2019.

[11]R. Mania, T. R. Walter , M. Belousova, A.
Belousov. and S. L.  Senyukov,
“Deformations and Morphology Changes
Associated with the 2016-2017 Eruption
Sequence at  Bezymianny  Volcano,
Kamchatka,” Satellite Remote Sensing for
Water Resources in a Changing Climate,
vol. 11, no. 11, p. 1278, 2019.

[12]B. H. P. Maathuis, “Remote Sensing Based
Detection  of Minefields,”  Geocarto
International, vol. 18, no. 1, pp. 51-60,
2003.

[13]V. Markogianni , D. Kalivas, G. P.

Petropoulos and E. Dimitriou, “An
Appraisal of the Potential of Landsat 8 in
Estimating  Chlorophyll-a,  Ammonium

Concentrations and Other Water Quality
Indicators,” Satellite Remote Sensing for
Water Resources in a Changing Climate,
vol. 10, no. 7, p. 1018, 2018.

[14]S. Dehnavi, Y. Maghsoudi and M.
Valadanzoej, "Using spectrum
differentiation and combination for target
detection of minerals,” International
Journal of Applied Earth Observation and
Geoinformation, vol. 55, pp. 9-20, 2017.

[15]S. A. Sayedain, M. J. Valadan zouj and Y.
Maghsoudi, “Exploration of oil seepages
using target detection algorithms in
hyperspectral  images,”  International

Archives of the Photogrammetry, Remote

Sensing and Spatial Information Sciences,

Vols. XL-1/W3, 2013.

[16]M. Rahimzadegan, B. Sadeghi, M.
Masoumi and S. Taghizadeh Ghalehjoghi,
“Application of target detection algorithms
to identification of iron oxides using
ASTER images: a case study in the North of
Semnan province, Iran,” Arab J Geosci,
2014.

[17]L. Ji, X. Geng, K. Sun, Y. Zhao and P.
Gong, “Target Detection Method for Water

P

Mapping Using Landsat 8 OLI/TIRS
Imagery,” Water, vol. 7, pp. 794-817, 2015.

[18]A. Camacho Velasco, C. Augusto Vargas
Garcia and H. Arguello Fuentes, “A
comparative study of target detection
algorithms in  hyperspectral imagery
applied to agricultural crops in Colombia,”
Tecnura, vol. 20, pp. 86-99, 2016.

[19]X. Yang, Q. Qin, P. Grussenmeyer and M.
Koehl, “Urban surface water body
detection with suppressed built-up noise
based on water indices from Sentinel-2 MSI
imagery,” Remote Sensing of Environment,
vol. 219, pp. 259-270, 2018.

[20]X. Genga, L. Jia and Y. Zhaoa, "Filter
tensor analysis: A tool for multi-temporal
remote sensing target,” ISPRS Journal of
Photogrammetry and Remote Sensing, vol.
151, pp. 290-301, 2019.

[21]1Z. Sayadi and Thesis, “The evaluation of
topography and soil characteristics on
quantitative and qualitative traits (case
study: Rahmat abad Abyek resrve,
Ghazvin),” 2012.

[22]C. Chein-l, Hyperspectral Imaging:
Techniques for Spectral Detection and
Classification, (Vol. 1). Springer Science &
Business Media, 2003.

[23]1D. Manolakis and G. Shaw, “Detection
algorithms  for hyperspectral Imaging
applications,” IEEE Signal Processing
Magazine, vol. 19, no. 1, pp. 29-43, 2002.

[24]S. M. Kay, Fundamentals of Statistical
Signal Processing: Detection theory, Upper
Saddle River, NJ, 1998.

[25]L. Gao, B. Yang, Q. Du and B. Zhang,
“Adjusted Spectral Matched Filter for
Target  Detection in  Hyperspectral
Imagery,” remote sensing, vol. 7, pp. 6611-
6634, 2015.

[26]P. Ganapathy and J. A. Skipper, "A novel
ROC approach for performance evaluation
of target detection algorithms,”" in Defense
and Security Symposium, SPIE 6566,
Automatic  Target Recognition  XVII,
656610 (7 May 2007), Orlando, Florida,


http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

United States, 2007.

[27]F. Gascon, C. Bouzinac, O. Thépaut and a.
E. al., “Copernicus Sentinel-2A Calibration

and Products Validation Status,” Remote
Sensing, vol. 9, no. 6, 2017.

[28]M. Pal and G. Foody, “Feature Selection
for Classification of Hyperspectral Data by
SVM,” IEEE Transactions on Geoscience
and Remote Sensing, pp. 2297-2307, 2010.

[29] J. R. Jensen, Remote Sensing of the
Environment : An Earth Resource
Perspective, Upper Saddle River, NJ,
United : Pearson Education (US), 2006.

[30]S. R. Soofbaf, M. R. Sahebi and B.
Mojaradi, “A Sliding Window-Based Joint
Sparse Representation (SWJSR) Method for
Hyperspectral ~ Anomaly  Detection,”
Remote sensing, vol. 10, no. 3, p. 24, 2018.

[31]S. Sharifi hashjin, A. Darvishi, S. khazai, F.
Hatami and M. Jafari houtki, “A band
selection method for sub-pixel target
detection in hyperspectral images based on
laboratory and field reflectance spectral
comparison,” The International Archives of
the Photogrammetry, Remote Sensing and
Spatial Information Sciences, pp. 12-19,
2016.

[32]V. Sadeghi, H. Enayati and H. Ebadi,
"Improved identification of changes in
urban areas by selecting the optimal
spectral and spatial characteristics based
on the genetic algorithm.,” Scientific -
Research Quarterly of Geographical Data
(SEPEHR), vol. 24, pp. 135-152, 2016.

[33]D. Akbari, A. Safari and S. Khazai, "The
effect of feature selection using genetic
algorithms on spectral-spatial
classification of hyperspectral imagery,"
Journal of  Geospatial Information
Technology, vol. 3, 2015.

[34]A. Salinmi, M. Ziyai, A. Amiri 4 M.

Hosseynjani zadeh, “Evaluation of Feature
Selection Method for Identifying the Best
Hyperion Hyperspectral Spectrum Bands
(Case Study: Identification of Porphyry
Copper Mine Replacements in Dareh Zar-

P

S0 Oilelbl (5,9L8 wigo — Siung fy sole oyl

1A gl @ p,lg> 6 losd @ poidsd Jlw

Kerman),” Journal of Economic Geology,
pp. 77-93, 2018.

[35]A. Masjedi and S. Khazai, "Improving the
Effectiveness of Subpixel Target Detection
in  Hyperspectral Images Based on
Selection of Proper Attributes,” Scientific
and Research Journal of Surveying Science
and Technology, vol. 3, pp. 203-215, 2016.

[36]M. Melanie, An Introduction to Genetic
Algorithms, Cambridge: MIT Press, 1996.

[37]1. C. Chein, C. Shao-Shan, D. Qian, R.
Hsuan, and A. Ifarragaerri, "An ROC
analysis for subpixel detection,” in IGARSS
2001. Scanning the Present and Resolving
the Future. Proceedings. IEEE 2001
International Geoscience and Remote
Sensing Symposium (Cat. No.01CH37217),
9-13 July 2001 2001, vol. 5, pp. 2355-2357
vol.5, doi: 10.1109/IGARSS.2001.978000.


http://dx.doi.org/10.29252/jgit.7.4.193
http://jgit.kntu.ac.ir/article-1-770-en.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-03 ]

[ DOI: 10.29252/jgit.7.4.193 ]

Journal of Geospatial Information Technology
Vol.7 No.4, Winter 2020

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

Herbal plants zoning using target detection algorithms on
time-series of Sentinel-2 multispectral images
(Amygdalus Scoparia)

Iman Shakeri !, Alireza Safdarinezhad 2*, Marzieh Jafari 3

1- Ms.c student of photogrammetry in Department of Geomatics, College of Engineering, University of Tafresh
1- Assisstant professor in Department of Geomatics, College of Engineering, University of Tafresh
1- Assisstant professor in Department of Geomatics, College of Engineering, University of Tafresh

Abstract

Today, medicinal plants have a special place in the economy and health of a society. Due to the natural growth of many of
these products, the necessity of zoning them for optimum and optimal utilization seems necessary. Traditional zoning
solutions are not efficient due to their low accuracy and speed, therefore a new approach is needed. Remote sensing data
have many applications in various fields including target detection because of their spectral, spatial and temporal
information of land surface phenomena. In this paper, target detection methods including Constrained Energy
Minimization (CEM), Matched Filtering (MF), Adjusted Spectral Matched Filter (ASMF) and Adaptive Coherence
Estimator (ACE) are used to detect Amygdalus Scoparia in Sentinel-2 satellite time series images. In this process, firstly,
the filtering of undesirable effects (unlikely areas of plant growth) is eliminated from the time series of images. Then, with
the help of hyper heuristic optimization, the optimal features from time-series were identified to reduce the dimension from
one hand and increase the detection accuracy from the other hand. The final detection map is generated by weighting the
results obtained from each training sample with a different share of the target. The generalizability of the proposed
solution was evaluated using the selected optimal features elsewhere, using the ground truth map. The ROC and its sub-
area (AUC) are used to evaluate the results. In the optimization phase for feature selection, the AUC index for all detection
methods used was greater than 0.99. The best results in this process were obtained by the CEM detection method, which
achieved the accuracy of 0.993 and 0.846 in the optimization and independent evaluation, respectively. The results of this

study indicate the ability of Sentinel-2 multiplexed time series images to detect targets such as medicinal plants.

Key words: Target detection, Time-series, Sentinel-2, Zoning, Herbal plants, Amygdalus Scoparia.
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