[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

. . & &
d&&b#iu’u&u’ﬂu/‘;uﬁ/
o -
J’U et ue 1A yliwo j «o,lg2 6 jloud (pias Jlw
Vol.7, No.4, Winter 2020

A-;/y&/' ML{/’J) Yov

S 0 D b yolyly (g jlwdingy oS 4y (Ao bl 0098 s (oS Sgate
Olyd mox Sigp gy 4 SETHI olga susamiow glaosls

r‘_g.bg..a.ﬁ.o b ‘r‘_géL,.c S0 ‘*é‘w JOT R

ssb il pea axlgs o oKils - (g sy Al swdige 0SS (g 2SS (sezeiils -
swsb pallpal axles s oSl - (g ls Al pwaige caSlails (Luzsls =Y
ewsb il peal axles ciais olKails - (6510 AL pwaige caSizsls ¢ sl <Y

VWRFL Y/ allia Gl )5 VYNV i il o b

oduS

S9i5 Vb CollB Lo 4y (gl 0 plad g o plee Glapiins ol W8S 15 (G0 g 090 005 Sy e Sl Gl jo
0892 (5 Il e )3 (oot Folib (ST 3k slap e & Conlan Judo @ iadad el )l 0355 Censy st 50 0L (2l
Sl ool oolaiul SETHI olga osiomiw (6 es Db plad (gloosls 51 gados (pl )0 065 a8ly audo 0898 Cann) (pedd 0 Silgi o a5
oty o3 Sget Ao (l 5o a8l o0 Wg ;505 D5tz )0 @ el Sie allaie )3 &bly Jlods Sla Sz g5 51 (o) 2 3,50 allaie
S ol Lo 500 slnsl gyl g e s S S 58,5 5 0 b Jlad slo S Bblin 0 005
5 Dbl Al oS o g 8 (Al la el ooy Gy (Soly izmes ol 485 )15 b5 000 P g L slaaily o
Gl 5o S rer Ghee bawg ange layll ) asgerme Su g 8T 18 pu)n Sjse (emsten 9 ilssS Slemsle
HH-WY  HY il ol a5 o GitSTyusl o5 el o 580k galts ol 48,5 1,5 asliil 5,90 0087 Camgj (ypadd gz 3 ol
3 ol sloyially e e Shedlr (gt ISl ey a5 L g 15 0955 o b |y Sy ot
o o2 Ghgy s b el ange LRl e ki ge (Rl e0g8 G b b el )y (Kivon (lie 5 995 o0 ool 8 Lo iiST 5L
Sgete P il p3 003 VgL wil )3 0o)0 7 pliee 4 gulis 0398 Gy (58 jslaie & (a3 (905, Sl oslaial 5 6l <l 0 23

Gl Al

JLG..J‘ L)“")"Lo ‘6)_..0.»))1) ¢ ).....5 l).:)la ‘Ql)é o> u..:}m mbjf (N S e > Lbo)b ».LJS

*
swsb il al axlgs s olRasls - Sl GleiSle (55,19, — Slels oo &bl - pasds (LS - ol g5 00 4SS cdig g
AYYREVY - - als
Email: shosseini@mail.kntu.ac.ir


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

03, s ol 31 S sl
P B SPR A AR R A A A A A 4 f W
Sgd5 s g oSy g #les Jlo L wl ! Jld bl
S STk G 9 el alpl WS e
oudlie 0355 ey L sy alie sl o
Pl e Job Jods 4P il a5 o 0 1098 e
s 4y i Jol (STl g 0)ls (6 yday S5
3,5 0y e a5 ot b 9 (S
O3S 6l 6l slredizin bawg a5 ol i,
polie ulwl 1 095 oo ool wl 00g 5 s
HVEVVYHHY) asie slo ok o b iS50
by Lof jiadad cpl ggeme b Cond 5l oS5 L g
obts Slidios 0,8 o0 Oj90 Ggam S ) slapll]
HV (i bd 5 jail slaggs Jsbo 45 ono o
0395 S oS Ay S | Sl (0 i
Ivy g velas s
SLedbl 5l s Ity sla by, ai o Lil a5 b Lo
eSS L et sl il o STy
Slagod bl o auS oo oolaiul 005 Gy
L Az 0055 S e A8 5 O j90 (5590
slogicbd ol 5o e M glasls jleslin
O d el 8,55 )13 s 2 3550 09ST e
Ol 00 A e Db sl el sl Lo
S8 addllan 550 0095 Canny (e jsliie 4 3ok
glel 5 alie slogiudad by ) p Sl 18
byl )l lawgs a6 e D sl sl
S Olyee § PG5t Az ) dingy (it
0395 T L |y (oot (i 45 (T 032
ol Bun cplply 020 Sgups wilgs o 1) b caslo

'Boreal

2 Horizontal-Horizontal
3 Vertical-Vertical

4 Horizontal-Vertical

3 Polarization

% Orientation

7 Ellipticity

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

1A liso ] @ plg2 6 laik @ mids Jlw

doddo —

595 9=h) oo 05 5 el S slaailes 5l (S
Ol a8 0Bl e phaed] 50 ()8 aST (63 (594
oa piail jo plymy Ol Ol i el g5 050
ARY IO

(S S Sz 3 i Sl A Js @
(oo 45 09 0 ST Bblie (o D552
Lol ) (ooter Gl diny (ol 50 0095 S
Sy e (Sl 8 (o oy, (V]S e
She B0 51 6510,95 s 0, 4 B oo colaiul 00gs
A8 a1 sg3 ol EMSie § bacgagase U
pos ol ause (og p oley & Ol e alex T S
3 Olimebl pae g o yws JHB e bl (o)
Ol Ol pas JJs 4 0085 ey s (a5
I¥ls 5 o,lal aiwgn

Bl las s 590 5l romiw slaosls S5
ol olass 4 93,5 ik dtusn job 4, (ory
VAY & b Flo s ade s slasy, oM
eS| slaosiziin bawg 0395 Canyy Ve
slaiSly by 2lS slaasld (bl )| bl
S o 03] eSS 0395 Ly Ly (il
O ombe (Faed gy ol (ol O
0955 Camj b (b sloiSTy b (2lS sla Ll
g )3 @S Lo iz 5o Jds (red 4 1092
9 Wy g0 gl o 4 o adly jlade 51 5l
DY g W Jassgs oS5l ol itig b 3blse ,o 3
bl egian SosiS L s)lol,) slaodizi
ol ode a5 Wil 1) 0098 Gy (e gz YL
by 2l g ol lulyd 4 (Sly pas g VU 3985
ol YA VY 2 00 0 F Yo sl s 5, 5
Slaodgly)) ;o 5 Alidee Gl uils 2 5o lnosizin
aoms e oz Slidss wleacs >l (i Lise

4 Cad (295 Cawla L ol ) slauls )

ool ;o gz Slidod .05 )ld 009 Cong) (uedd
@ lizes gla oo an |y badl ol cawlus Ly P


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

...\S_DSO\_'Ju_&EJdbLlDOQS_'JMu:JJMQH

GI3gaio pwls ¢ 3L 3105 ¢ o | joaw 630w

i 5395 X

auad, LS 4 sl s, it cnl gl o3 o
Lo ile 5l s Dl sl el )y lhial jslaie
P9 Coomnd 5o Ll 00l Ly il )55 5 (gwge
e S 3 g oo s Sl e
cdle o Ol e hen (lwdigy (i ol
el o0 ol syl

St 5= )M Lo yelyby gl sl ) -Y
0095 Loy § (XS

Ol D slac S5, (g)laly slaosls 3511
w2 OlsSee Dsliie (8L 0 5 Jlw)
et le 50,5 szl 1) Swy 5 Subt « Siv « S iaST
H 5 3mae oyl SV sl LS5 1, S 25T,
Madal; jo ST (il adloo (8l ks

.[Y"\]C;‘.wl o oold UL....:

S S
S= [ m ”V] V)ala
Svu  Swy ekl

SOl Tdon 5l (s S058 sl S ol sl
Ol 4505 oolaial (il )95 5 (swgien Slagm Slo
3 ped ad e (g Ll sl Ul oS s Lo s ke
ol S0 s (3,51 oy BB 23Sy e e
g ol Cowss (Ml 5l STy ol pd by
FB (Mabal; by (owgiad o ile Jlop (nl S
Ivalces acule

Gl o S8 e 5 S 5SS o
Coles o el o,5] s J0B (Fatal, b
®atal) b oy (ol S5y il 955 e
IvalaT oo conns

(o985 5 (sgted law il ol jhas olie
5 g i ple sl el )l ol o (i jlade
5 0L S g gLl e g ojlasl 4 il 965
Gan s e K251,y g 5 Sl b daaile
Iralaizs oo ooy (B1T55 5 laio 50

“Target
SLexicographic

S (aoBS B9k S (s9) Wy (G5
il a ik Lol Ji] b IS o3
iz sla i dd 4ol )3 (65 D slaalo
a5 & e cilies b sloarly g e ol
Otlplis ied e i lie (e M sloaS s
Sl v il ate sbaby, 5l esliil
slahy) Sl (§y900 dine oM sloalo
0o zydne o3l Lo Jlu o ilise (gjlodiugy
Silwdits hgy S5 (PSO)) &lpd re (yosn .ol
3l Ghgy S Sl 4 45wl T o IS
oals (L Taine sl s gl 2ol Cur sl
PSO (gludings b5, Jds cmen 4 [¥AlCl ous

ol 00 oolaiwl Badss ol jo
e 67 D logasli lawl jo (i cal o
sl 31 3l b il 555 5 srgiad sl s
> o o] 008 2l Fsl e (glajionlad
o D90 005 Sy s el ol oy (e
oy bt e slo il Tales ool asi 5 15
gz 0395 Sy 9 2L5I PSO (g5lwaie
390 slaosls .l 0uls 003 et > yeew S
oaiziw 3l (6 yias Db slaools ( gz ) o colatl
555 oyl aelsl j3 sl o L wil ,5 SETHI lse
Lo stall il slaciand Jolb &S 5o
Al e 0395 S (eSS S (e O
Syl cdl )0 DS oo (hea g 9 Siekad
S50 Sloooldy s g Sl ool 00ls udgl el
Oy S Gusu o Sl ol Lo Jeads 4 colaswl
5 it gy @l G 5 lae 3l
Lgsl 5o g 00 00,5] e slmoslo L ] 4 lis

! Particle Swarm Optimization
2 Heuristic
3 Optimum Features


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

ke = % [Sua + Svv Sun — Svv 2Suv]”
T = (kk;") =

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

1A liso ] @ plg2 6 laik @ mids Jlw

(V)aka,

(V)akas,

. (Sur + Syv)Sun + Svv)™)  ASuu + Svv)(Sun — Svv)*)  2((Sun + Svv)Sav)
S {Cuu = Svw)Sun + Svv)™)  ASun = Svv)(Sun = Svv)™)  2((Sun — Svv)Spv)

2(Suv (Sun + Svv))

-Q = [SHH SHV SVH SVV]T

(SunSin)  V2(SunSiw)  (SunSvv)
¢ =) \/E(SHVS;IH> 2(SuySiv? \/i<SHVSI;V>
(SvvShn) \/E(SVVS;IV) (SyvSyv)

A8 dgim U b s oo lis |y g yminy jlade
dile @La,:,al)gm asein toid pleil die) ol o

<SHVS;1V) . (SHVS;IV) . (S S* )
* (SyvSpy) ((SHH+SYV)(SHEH+SVV)*) HV=HY

[ St Dalocs ol S 0098 g
el dloes BB (F)akal) 51 50 2S5 0500

15] = JT(2,2)+T(3.3)= \/(|Shh_svv|2)+4<|shv|2)

T(1,1) (IShh+Swvl?)
Malal, 51 p .l lali 5o gy ,Slo # Cudle

__cos(21) sin(2p)+isin(271)
- 14+cos(2t)cos(2¢)

OO S Olie Ty Ggan 4z @ alal) cnl o
S o ol

Vataly 5lasoe i bdasl o 1ST jw il
ol oolgslp cadeT ¥ e ToT o o
S'=UTsU Q)alal,

Makal,

Al w4 wgded g ibyeeS slam il Jlal
a8 JEsl gl S5 a4 s waxr il
o [v’]QJJJJg;O S yg0 ub.ksa Cawdo (\’)4.]4;‘)

9 b y995 e pile  F Ul o ple S5 a0 oly

2(SHV(SHH - SVV)*) 4<SHVSISV>

(ke

(@)akas,

(Shp + swgiod G fle s5k8 Jol adlie 9o jlade
(S =Sy )Suu— 9 Syw)(Sun + Svv)")
((Syy + jlaaeo)ls ‘;._W Bas g4 4 Spy)Y)
sl bl g ok s 89— Svv)(Sun + Syv)”)

((Sup — oo g ol yog 8 S g5l
98 ST 3l S S Syy) (S — Svv)™)
Tokaw ol 69y »s a5 go (Double bounce) law

(F)akasl,

sebaie dn aS olanal)l cgoleiiay () Ceand o
03— oo)gT Jeads 4y conl oo C‘J?':.L.»‘ ol 5985

oelad sl yudi Y-V
5 59 5 Bl kb aly 5o aiSTysl cisls
sl il )b 5l uls oS Jlasl e sl 5l eolaul
S—an (e 9 P So-am Az gh) Ggpan (owdid
slaal o sl lade e oo cally oo (Toog
(Vatal, 51 JLESH o 55l 20,91 cwoas | calies

_ 1 [1 =p°
W=7, 7] Ve


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

...\S_DSO\_'Ju_&EJdbLlDOQS_'JMu:JJMQH

GI3gaio pwls ¢ 3L 3105 ¢ o | joaw 630w

Vi = ce, bl > 9 [Xi1, X2, s Xip ]

3l ads e 0 0gd so adtiee [Vig, Vig, ., Vip ]
Ot e 55 4 4z gl b L e g CoaBge (1S >
g ¢ Yiedml 00,5 a5 (93515 0,3 45 JaBgs
s aSbest o, Klaes (r Cabao (e
Al 4 ol oo ooly s (\Y)ala,
LYAlsgs oo

Mg Qld culpoCo 5 Cr bl il 5 Woakal, ol o
039 WSl S g o e Bola sl
) (S sle el Slid ol pe g Lt jal
g $g=b mebas LS lagd Cnnlion a5 il oo
3,105 (o 3 o o8l 3 Shos 2 Jlens Loy p0lie
aslas EDlaz 51 Sy o Cmal 5 ol o8l 4o
SIS o s |y ey

S oo Joe Jloixl o S &jgo 4 DI ey
JIo red s 00,50 )13 (Ver) o3game (o (Sl
5 hd e 50,9] Cwsds 5o 4S5 el LS
ojdlo s s 09 odley e Hlade (VY )alay,
Sty (VWabayl) b oS conl 90X &l SO 0 )5
OFadal, 50,8 ;o anis coumbee [YAl0LT

= b_e.bl.,a.: dde tSu rij Ala.g‘) O’l‘ o .)9...;‘54 J.»ol}

Cowds (VDadal) b gox iodad 0l j0 owgoen

...\.JL;o
1 V2p  p?
F(p) = ﬁpp* V2pt 1—pp* V2p| (V)
p? V2pr 1
T' = FTF* () )akay]
Lo il 5l e gla el )l gl Zenl 5l gy
Lol ag Sl gl (il 955 5 (smgien
Gl ol o Gl e g gilwaige
O S ) SoS ay Caales )3 5 Sl ou oolanl
St 655 el 0l 005 (eSS 0358 Can Sl
aslol o b cdle jo Gld cxex g (g5l
ol 00 03 5
G2l Py & OIS (e Jigr Y-
o B B9y VY Jlw o Sjlapl g S
Bl o gl |y oyl S Sl s ol
S5y 0 ;o Jame ol o [¥ALwssls @il 6 b
Lot ol smemmol b oo o3 b al slacls>
Sl polie cnl WS (o0 (6 S el (s Jolt
Gl i lad o Ak sae SO Sl
REOUIWWN-
ke a6l Sl 4 SIS (rexr g )
S 5l 25,5 b ez slad o ange Slyz piS

0O U ol o Sinlas o] 5 0% o 45 olas

D slyls dls a8 5,50 ,8.00,5 oo 5T 1ail o

Vit + 1) = w.Vi(t) + cyrp- (i (t) — X (1)) + ¢y (best(t) — X; (1)) OV)alal,
V() = sig(vy (D) = —=m (O F)alad,

Bgbi o 08 Sy )3 (SSL Sl Sl 6T ol
dsle )0 1) (ad Co s (359 caloz (pl O W 0

asld il addge loie 4 (VV)abal, Jgl akex

20 B S > Cuz 4 by Ml 09 oo
u_c[) a Lo u_“ )| oalawl oy.uso 0)-,1-’.>~5 ‘UUB"’ u-"


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

B 5o Lapl combse oy plaie 4 S5 4l
dwloeo (VO)akayly b o (slo )1 ST j0 g 0gd oo 285

D9 o

yi@®iff(x;(t + 1) < fF(7:(D)

. 1) =
yi(t+1) {xi(t + Dif f(t+ 1) > f(y:(D)

YV el YY s a5 wil oo SETHI oniseins
aloads cubls 05 D plad &0 4 P g Lslaasly
5 5,lEe YYeoFF e P il o LK sdgasms
RUU. PN V- BE O | FARESL B U oury E W] PR
O i 5l g kS ez Slom gl)] riaren
Seaal bl o L ool slp S8 &, ol
PPl lpg e ar g g, sbly )3 9 e
s vh gy sy 5o 5 e ve ST sl
5 SETHI ooz sl il )by oMol ol o
el 00 03,51 (V) Jgo

J=B Djgme () 0095 Camj 4 gy o ML
o adbaie ;o aS Gl gblie ooled gy T JS
Wil o 35> 50 WGS84 5 UTM 33N i 50
ST 580 05 Lasgs b ol 28,8 15 oolicil 90
S o s liae 4y g el 00t ool ol 6T >
Wawgy Bl Jold) (rroy Vb K23 0095 e
5 3Bl Loaiy) f2dn C3 )0 Gl g a3Ls
S &2l5 5l (Sl 0ald Lo )ESe  (5
2 357se Az 45T g5 an gl &5 T gy 0058
wwgi (g8 9 Gl 25 5395 poro) adlate
.[\”\]aio; ool el ool sols

2 Shape file
3 Petersson

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

1A liso ] @ plg2 6 laik @ mids Jlw

SalS st &jao b g eg ol o550l Jobo 5o
407 G e 4 by e DMl (Y V)bl pgo alo
u_..:ﬁyo cp...t)ji” )‘)ib U"Jﬁ‘ )O MLGA 0)5 (5.42...:

(10)elad,

2500 Syl 4l il e s b T() ala, ol o
oo dy (538 4y 0,5 Joled ¢ ol Dbl o5
Ol 1) Canl 00,5 )28 (1935 b 45 (SaBga 0 it
.J.DQLSA

slaizt ledbl (VVadal, SULL alax culys o
0,8 5, Shae o1 1o A5 0l o 09,5 sliael b Lo o
as S 15 50 o] Golaen Ly og )5 S L abal 5o
Crows 4y 558) 4 0,8 (hled Sl alea (nl 5 35800
1 055 sl bt aal ooty oy (2
DBl (o A CaBao 4 Jla]

oolawl 890 slaodls g axlllan 80 adlaio -
By y5ES (57 Ceond ;0 0l S allate
o OATA) (oldliir be 5 Js—b L
eldl i Cadge el sud adly ((3,5)Y YA
J555 59y 2 00B @z pe (o) pypal g adlate ()
adlie ol el oad ools s (V)USS o &)
cblis 1S aihie LS VYo 5l iy els
g ol ailaie ol L clodisS gloil ol on
() S5 ol oo o959 sublnl 25 «(5595
Siany o cilizes ISix cloelSiny) 5l 6 sl
b (gl ailate wilate (pl a3 oo LS |y il
VEO L VY e o el )| i 5 ] el
oy gl sl e bl s bagie paw YU e
GO w0088 Cong) Jlaie g e YO LB Oy dlaio
RGO B C I

Ly oad A3 olep plai cwolaiwl )90 5 glas

I Remningstorp


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

..Mwb_&?ebmobpﬁij)w

5394080 pwly ¢ (53ke 302> ¢ i | joaw 630w

1o

+Google
g

(I

Ol JS95 (595 3 0 & 0 (o) 3. 9ua () Adihain (o9 LSl i g (1) 1) SIS

(o

[ 62-0T-G20g uo J1r-Jenux 1B [ wouy papeojumo( ]

@ ] Koy yo lido (Mo (solSims! 51 (5 2 glai oY S
\'4

[T 216l2sz62 0T (10a ]


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

Ll =95 6y, » adbee LB e IS LB
Sy L ol bl avslie gl g 0dls pgad 55
Iyylewl ad,5 )8 oolaiul 8,50 (gine) 0095

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

1A gl @ pylg2 6,lais @ mids Jlw

SO, sl g oad Scdloy 185 5,50 dalaie 9
o bl ool .l oo awle ) 09¢5 L
oal ooy HLas (V) JSKS jo Job auby ;o pgad 59,

Sygo a4 byl 00gh Gy Sledbl a5 gblia oyl il

oz Wlasin 1) Jgus

L b P il o (gl yiol,ly
Yasy vasy Gie o )3ls 0 i)
B - O+ (FoRe)sls  diged &5
\YO--VFe- YF._f5- G elEa)ail sligy
<Ay < /YA (e oz )y sbinly 5o gl
-/aY QAR (o ) Doy 3] Ll 3 (239055,
\ 2 VYO @) 50 LSy sl
YE-FY YE-5Y (4235 o 2)39,8 a3l;

HV= s HH-VV= 0 18) Gl 0ulb 0015 (LIS i (595 32 okl gblo Jomo (Joly arly 55 (5 0s My g 1V IS0
(HH+VV= 1

slocdl> salad ) p j5taie 4 0l 0 500
A JBl e pile 5l 0als sl sla gl )b iodad
Gl yils g cl 0o oolawl wyas iodad 4y

Cwody Sz b8 anl )0 uil 555 § (owgden

ks, g, -F
S oS gt Sl Al l goleiiny b
Sl 3l aige s el gl il (IS 003
cdle 5o 0l e S SeS A (e M


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

...Mwuﬁ?@mobpijbw

GI3gaio pwls ¢ 3L 3105 ¢ o | joaw 630w

00—y oo)5T (FIUS— 5o eoliion (g, sleiady,

Cn i a5 ola el )b gyl 5l eslatul b g wloow]
o) S s oyl 1) eogd 3 b Ssly lade

wleads zlhgwul 6,0l Sl jo OIS rex Shge

i=1, j=1

i

i=i+1

'l ab obxl (93, 7)

! |

P (pi)
1

F(p), Ulp)
1

5 olgS slagm sl gl
LY R R IRV ES (gD
(C'\T sl blie 5 35730

Sy sleosls

S g 5]

1

S e

et 5 il y595 Slom e gl el
(C T sllan blie ;3 05250 (slo Sy 12

i

Slooasls vl
Slagm il SoS @ (5% 2
wax s 4l T3 C

laoasls gl sl
Sl yile S8 4 (55 M

P9, gl dine sl el )y Sl
Sk A o S (e Sgn

1

6“&%35 A)L ‘gl)im‘ch

0395 L § (yuoSS
1

/7 Coo b))

ol 09y Slodnigy :F Yl

wotlae bl sl il yssS 5 (smgren sl Sle
31 00 Olakad 2l 5l gl londs 5!
Ly s 3 el 00 oliisl ol o 5,1 580 0
Ol 5 S 0093 5w0) (g JPERREY sl el s
odgdmo g 423 VA« b+ (o (Spdm 4 gyl
a0 FO L -F0 o 000 o=t lie Dl s
p Skl Condy sl il sl adlaie o sl (Sl
ol o8 b g el ot sty (M)alal) 3.
8 (), 51 48 J] g 5lo o b Capng
aslad o cwgden g il 955 mile Conl drlone

ssbas i o)lal 53 E oS sbjles Sg2ge nslad
L oSl ,o SETHI olgo odizei 51 (6 e Db plod
S by S8l e SCeS a4 S el
Pl a8, iz ) ol o3 sla bl
Sygmo La ol 65y 5 095 ild g e e
3 oleal (9,5 @z e e stiie 4y Zenl w8y
O g Sl 005 oolaz_wl” u*j > Jﬂ Sidle s

! PolSARpro
2 ArcGIS


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

e ol b ol ol iy ol
S5 o sla s olos U b5
Jsl ——aie 9 (SvvSvv ) LSuvShv ) SunShin))
(ISan = Sy LIShn +) sgdod il (kb
4 il 955 mile 55k pgd pate ol (Syy)?
) le 3 ac

. o . (SHvStiv)
S b8 pgs yate Cuus ‘(<(SHH+SVV)(SHH+5VV)*))

SR 1 5 b oy pais 43 (ool 555 et o
A ol a5 5l ol b polic ggane
5 80S(SunSiv) ey 33 5 b 8 me S a5 (3]

il o AIQ(Sin i)
o0 glyial e M sla el )l (Kwos ol5ee
23S LB (V) Jguzr 0 P gL il o 0098 Con
=l 4S5 b len canl ool ools lid yiodad 4l
S Ly 3L oo HY ki s o ol
aS ol yall ol oyl ls o S pafls gzl
ot jlaie o )ls 3529 HV ST, 50 Loyl 5o
99 g oo ool i L oSl 10 00gd Gy b 295

S u*"’)"l TP,

. s (SHVSHv) .
L.\.M : W 3 8 ‘ lJ
J R (((SHH+SVV)(SHH+5VV)*)) 5 | | FeOE

sl joaslo L sl j0 0098 ey L], (Swan
9 (lShvlz) )...A‘)L__: 30 QT d._]a.»‘) Q)g_.o )s} |8|

30 @Y pg 90 ;2 a5 510 04> (UShn — Sppl?)
el ol gt 50 5 2)ls 005 s b (Sien
b 0505080 Kby oS o 18 S92 ([Shn + Spul?)
Felln b (e e (e e
598 o eyl a cos 55 (IS — Sul?)
AS aes o lid 0955 Cansj b 63Vl Sion
S Sz g5 5l 4T Cosl gy 3550 aihate o] o
Sl g ooy o )] 50 B9 Gl g aile Jlod
ot 1 sl S gblie 50 00e s
Loy &3 48 g e (o (Prlawgd slapilsee
Fally ol i (bS50 oS 9 2l 5 s
Dl 005 oy L p5t (Saod %

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

1A liso ] @ plg2 6 laik @ mids Jlw

Fol oa3kh el ouls 2l ppeinl o kel 4Ly o
33 gded 9 (piln 995 Sla g Sl 5l (6 e M
iy e 5 Wiloals ZlFeul was yiodad 4l
Jol> slajiadad al  oled o 00¢5 oy b Loy
S J=8 (Simly i sl 428,518 ) 2 090
wlemmmwgtu])lmjﬂsxtﬁ
eSS Sz digy sl il b Ol jadaie
>y Dl e he (gileaigs 5l oy Cun
sl el )b lsall 5l am g casl ouls ool (6 ,ibs
Syl ¢ st g )T SYolre S8 4 g
U el 005 00 yres Silalad olod &l ooy
Sl cdl 0 Ol)d xex isa g, 0 Bun
ol 0355 G (N Sl yo (5eSile Hd (gl
300l 00 ueB 009 Cown) § () SWR0SIS
glil e M sLa el polie 0)3 52 ol
ek 3l day (gwgied g (il 5995 Sl Sle I sl
S sl el ol s anle il aly
o)l (pliwd 5 5l 9550 Lol S5 slass
Gy oS Helaie 4y dig slo el )b ¢ o] Ko
gl oo ol 00gs

Ol w2595 (2152 s -0

Sl S d 0095 Sy Hloie adlin (pl o
Sload il a6 e Db Loyl il
slagiahs 4l )3 (Wil esS 9 (owgier slagm Sle
30 Ol e Jigd (gilwd gy SS 4 alise
OeodS jelate 4wl oad 00 e (5 0L Sl
oo ool GE} uw;) Y oles )| 0095 (WS
o 033 (:_9‘9 (_gl_QJ_miu ‘_g‘)_a @Lu:\.o.bs Cnl
Sl o\.\.o—‘ Cowdy uBl.’a.‘o d.'aL..A

u.u).tLA )‘ 0o C‘)M‘ (5)—""")314 ‘_gl_é).uo‘)l.t
0d—d oald uLmJ (Y) Jj..\_> e 6»;5..\.@..% 9 u,..ub)”.f

"RMSE


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

...\S_DSO._'JL’_&JdbLLDOQS_'ijM)H

GI3gaio pwls ¢ 3L 3105 ¢ o | joaw 630w

QNI IFVE SN IRV RS I A
lopsilSe Jds 4 gz 2B j5b 4 1) e
a5 ssboles ;503 (Bib sl aas oo Al (eangs
L HHHW (o Sicen 095 o0 osaline gl 5o
ol a8l malS L ay cand Pail 50 0098 e
iy oy e 5585 S5 58 Sl 4y allis
S Ty () yidin 395 CelilB @y azgi L P AL o
9 18] 1ol e (Firan (nlply ol Lol 4
ol i L aib b alae )0 P il jo eogh cann

L ol (Kot 1005 sa (o) o (595
oo 10505 (B) S a0 co yLid 0068 s
Lasl jo 0095 Comj b osd glyzeinl sla iyl o
A o Hlas |

P ool jo cod gl sla el by 5 009 C)
(it (e izeed ol oy L il 4 S
P oasl jo se2es BB jlade a5 0095 gy L HH-VV
Jsb Jddoar oy cnl el sl Gl B3I @ s
Sgi dy yomie a5 Wb oo L 4 Cos P jaily zoe

ROt J—cLu " S g 0l zae fiiu

S ylo 3l giadad ayly joy 51 B P 9 L &b 0 ol ZlyFuiwl b il )l g 0085 G ) (3 M Hlado :Y Jgue
g 9 (il 5955

30080 s § e Sl jlade

P J.;L: _:a.-"' Babad ‘—_'_1_.1:';'..'....;' QFLhJ.'q'.nl_:LI

i s 3| e
gl gl el il g 009

L ..L"L = B

bl 5l sacl E‘J’t""’d d"”f"‘ljl'{.
T'gC g #le bl (5 0 Py
et gl oS e

Y-

abs(HHTVT)

+FY -

arg(HHVT)

HUTTV

HH TV

HE+FV

194

252

Okl aly 5o 0098 ey L ond gl el (g e M
a8 38 il el dy Sl olgds
Sy g 00— C‘)M‘ ‘_g)_w))l.‘ 6L®ua>Lw O
odalin (¥) Joaz j0 Liwhd aoly s 5l as ooyl
Sy sloasls 4y b e sloyesie 050 oo
(V) Jguz 5o ihad by o 5l o ool 2l 5]

Sl sl Al o (Swan lagas (P) S0
@"ul—*“)“ﬁ—‘v—w—’ )bpmb)oohch‘M |

i g San e - eS a2
LW a3 5L asil o R=..\¢ L abs(HHVV)
d_ula )—)—AJ-) l_' R o..\_‘o] Cwdo P ~.\_|Lu o R:./\v


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

ain T g (P polie )3 0395 Sy 5 (552
03,5 (F)Jgoz ,0 poldoe oyl a5 ol ool sl
L C2.2) 5 T(2,2) o (Kot (n i ol 00
Olsd angly S oo b oS Jore 95 55 0095 Can
Ot (smad ool 038) 5las] s ls ax 0 4
15 3 0355 s L C@3)3 C(LD) slaasls
goyl o lias,0q D Slas Jlje sbls;
Gl el 4y B ol ggan 4z g bl polie
O o Hlg—ad (A) S .l ool
Lo P ol 5 o0 gl sl gy M (sla as s
e Ol ialad b et 5w ) 0095 S

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

1A liso ] @ plg2 6 laik @ mids Jlw

O Srad 30 (V) ISS 0l oo (S5 4z s
[ B PR Gl):':.’;_wl & s Dy sl i
A2 o lid el Ol s 5las | 00g8 S
—obe E5—oaxo) Trace(C) L SPANC Ll L lade
9 9bbi e oly90 5l Jue ((mils 5355 e Slo (5,ka8
G5 (gl sla il b sl @JL_J s L_gr.ﬂ 3
Ao i |y o3l i 5 szell Sy g il e

ol odile (B ol o iodad 4l s slas 9 L8
L T e g
Sy P Lasl g0 5o j0 iekad 4l et 5l o

slaasls o (Sed jlode o i ol ol
08 08 0.8 R=0.26
06 ¥ 06 0.6 .
; .. .,-':-. —
3 04— T, Los 2 04 S e
* 02 02, 02 ;,-—*W
00 200 400 00 200 400 00 200 400 00 200 400
AGB[tonslha] AGB[tonsiha] AGB[tons/ha) AGB[tonsiha]
04 . Re04s 02 R=0014 o, R=-052 14 R=0.
02 F 12
g ., g * — v, N L
T 015} & ¢, T 05 = 1 *
w Lo sl . =]
0.1 . ﬁ 0.1 —:1'&:‘7— £ 08"
N IR 1 KRN A
0 005l 4 :
0 200 400 0 200 400 0 200 400 0 200 400
AGB[tonstha) AGB[tonstha] AGB[tonstha] AGB[tons/ha]
! Re0S8 R0ST Re0.42
? g gy s 88Ty,
i 05} o1 7 % ‘: N
s . 05| i
I ¥ e
00 200 400 00 200 400 00 200 400
AGB[tonslha] AGB[tensiha] AGB[tons/ha)

L 0l 55 097 ot 3y Ghoded 43y e 51 Jod ook 2kt 50 ol ly (ot (oM 510905 18 JSLs


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

...\S..nSo._':u_&o@'bLlnobg_Ju_mg_jwbjbg_J&:

5392080 puly ¢ 53Le Su0> ¢ > | o 03w

R=0.26

R=0.68 3 R=062

R=0.17

ad .
0 200 400 0
AGB[tonsfha)

1 . rR=03g %

200 400 o
AGB[tons/ha]

R=0.30

arg(HHWV)

T

o0 "
0 200 400 0
AGB[tonsrha]

R=0.61

200 400 “o0 200 400 ] 200 400

AGB[tons/ha] AGB[tons/ha]

R=0.75 6 . R=0.46

SPAN

0 200 400 0
AGB[tonsiha]

AGB[tonsiha]

200 400 0 200 400

AGB[tons/ha] AGB[tons/ha]

P ol 30 0085 o3 s hrlad 43y et 31 o o 2]yl (6 yolly (o (oSkamrd 10903 15 JSC

S ylo 51 idad asly ot 51 o P gL il 50 eud ! y5uiw] (sl ol )y 9 0095 o § (e (Soiumunod Hliio Y Jgur

wgded g il y995

90995 Com ) (e (S Hlade | 9 0085 ot ) (et (Swnod oo g MN Cb’"M‘ el
P s 35 00 g1yl sl yioyly | L asly 30 ouh gl linginlyty | | U7 T sriensd Sl
' ’ oebd al i LT
“IFA -[$5 abs(C(1,3))
o/A+ NN arg(C(1,3))
VA - [PY 9]

- IAO N4y C(2,2)/T(1,1)

- IA§ — /%) C(2,2)/C(3.3)

- VY -0 T(2,2)

s -/£4 T(1,1)

-1V - 10+ C@3,3)

“IY -0 C(1,1)

-/ -0 C(2.2)

JAid </fY Trace(C)

1>



http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

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

1A liso ] @ plg2 6 laik @ mids Jlw

L 5P (slauil 3o 0095 o) 9 (600 M (L AS LS (s (S slodlo ¢ ik S13l 4 T 9 9 polio :F Jgur

L i ) T .
(e 30 o ol @ [ 38 i ) T ) ) sl asls
[EE ] s oD
Ll Lt 5 i 5y
P ol Pail i
VFe -Ta TF A abs{CrI, 31
T, R W 44 arg (TN
VY A =¥ -7y E
Y - L EE r Ci2, 2Ty 1)
Ve _ra y - Oy 2003, 30
-"'INI:II I'Ilhf _\:'A : A '.l' l'I'I ® = Ao TI:‘::I
3T _w, oY VF il il
Fa vy A - C'rj.lj-'
" _ry , o Crl.d}
TEATY . LT - B Cra
a¥ . VYT _ya Trace(C)

Oemized el 0uls QLBIY 9 ) i 5 4G 4Gy
s ¥ a0 S g e G Solas slaclr ol
R R e R R e R
Bae b ol oo Gl Ve o 55 oy 56Xl
gl 0355 Sy o Slape (S perins
9y ol 3 el oad a3 S I 55 (gie g 00D
e g 6 e M el S B> Kl jao jlade
Sty O3S Sl oM Sl ol Sl S
L () (O V)adal, Gabs < Jg) al po o el 0053
Swd 43 ST a5 0,5 o 4y Loy pe CunBoe (n e
azb,F L5 0 0,8 Sl Cpadse ok Cansl 03,5
Jol a0 50 (VY) atal) p9d Crand g 355 s
2 TS sbeylly pols 8L s 8 pe S
g 9lo Sy al> o 58 50 03 Ce o (1Y) bl
S Cadse LV F) 5 (V1) Ll o opols 1,5 L
Slp 4, )0 IS sla el 09b o0 Jol> 0,
3 Ehd (e Gher Ghg) 4 byl gy Sl

el 0 o0ls Ll (B) Jguz 4o (5 ,0b Il

51 oolitul s o Lal Y-¥ idu 5o W3 a5 jebijlen
Sleyite adgh ay jomie ol gla il aly
sla s, 5l eolainl 4y 5L ol ply gl oo salizes
a6 rou D sl el yly Ol g (s5leaig
sladlw jo iz giluaiys by, ol oo
DP9 (53l SRy Lol 4Dl drgi 5
DBl (o Gilwainte o () 5l S oS e
byl gl Cuz calio (235 lyie 4 &S
Gilwaigs by, onlpls IVAl el sas oLsl aig

el 00 ool Gudios cpl j3 SIS res hed
e SeS 4 (650 D sl el )y Sl 1o
aSSlan azgi b qspan axgi g oly90 sl sl )b
agly g cwl oo Zl e ul (e Dby el V)
A So—an A es Al g 4z )0 Ve oplaila ol
ahy Job S oo lay jusd 4z 0 VA ojlall
e R by Ao (Hlwaige slp &S 6L
o300l amil e VXAV A 595 e ool &3
Slocal o Ldynl (59 9 0ol QBT Comax


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

...tSJSQ_.Ju_&JdbLLDb)PwJM)H

GI3gaio pwls ¢ 3L 3105 ¢ o | joaw 630w

0 S
0 200 400
AGB[tons/ha]
08
R=0.51
08
% 04} | et ”“
02 Fed 8
o
0 - .
0 200 400

C(2,2)IC(3,3)

=

0

R=051
0 0
200 400 0 200 400 0 200 400
AGB[tons/ha] AGB[tonsiha) AGB[tons/ha]
. R=0.46 0 Reoss 4 R=063
12
g
g 05 ;'.‘ .. = 1 wde
Py P . : *
4 *e
200 400 0 200 400 0 200 400
AGB[tons/ha] AGB[tonslha) AGB[tons/ha]
2
L R=061 R=0.42
# EEEE AR 4
L Z | g
o %
Pty I o S A 4
P st A
. Dv
0
200 400 0 200 400
AGB[tons/ha] AGB[tonslha)

L ol 50 005 Comnj b Gadad auly puii 31 o 00l &l pouiw! (6 yiol sy o (SKomsod Hlogwd 1Y &

E
N..
o
Q
00 200 400
AGB[tonslha]
=y

T(2.2)

c{3.3)

abs

R=0.68

200 400
AGB[tons/ha]

0 200 400
AGB[tonstha]
6 . R=0.46
= o1 .
= o) = .
=4 Q < I
N N g5 & B
o o 2t gt
o (5] s B
e
0 0 [+]
0 200 400 200 400 0 200 400
AGB[tons/ha] AGB[tonsiha] AGB[tonsiha]

0 200 400
AGB[tonstha]

P ol 30 0357 ot 3 s heled 43ly e 51 ity o 2l il (510 yalyy (ot (oSkunrod 10903 1A S

Olg—ie a g llno a_blaie YO ;0 052350 slnools
sl el )l polie .o soliwl —o3g0] (slaosls
Sl B sla i hd 4l ;o alize (5% Db

Job o900 an o] Gledlbl aS Cgllas adlats £9

Gl al o0ls bgi ools Cond (o g 0090 S

51 00l oo oolitl Caomd ()l ;8 0395 o) (e


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

03¢5 Cmnny Lo Jol> C*’L" Lo g i 00) (yuelS
S D sla el )b .28 )5 18 w0590 (e
oa ool Las (F) Jgaz o ead bl ol aige

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

1A liso ] @ plg2 6 laik @ mids Jlw

2l gl (ol 5 (S 8 55 sprsa sla Sy
8l ool QLR Ay (e D byl )y 5 o>
03¢ Cnm ) o..\_ul.o..jl; ‘r[).»..f ua_Ua.o adhio VY

6542l Sl 35 S5 xor g by 4 B il disgy il s 438 ISy 55 5la ol B Jgaz

ol
\ et & jlatdl
L !
T | Gew | v 53 o 5ke
T Cragls IAESEFART Srakaiiy fab

it ol (2l ke 6 5500 )M o el P Jgu

vl zalsly et 32} @ e 31 T wglinyaalsls
[CETLEEIEJHT - (azryd w4} T
) . e Al Az fdz 0 e Al
L..'uLj L il
L il 5 P il Puaily P iy 50
bs(C(11)) FRALATEY 20 -1
?ﬁ:TY:‘T.I"- Tachhch - oy ihy J
T —FEATA ATV, Il
LA Foir argiCihzl) i AT Tivs)
FYATY Y FY LR Cir.r) Woaeh Y eulth =Tt et s arg(Cl)
SF. AP I AL ¥l Ci ) Ci x)
F T Trace(C) PoaARAT L NY [ TTAF FleTh Cirrx)
VVF S AF Y —AAASY |4 Bl TF Cira) T
o TR T —F AT Bk Cir.alT00)
SYALAF o
LET R TR L ey Cira)Cir )

Sy Jol> aBgs b i aS adl aslsl bul b >l pe
olast (slise 0 o)1 3B 85 jsho o iy Lo
Lo all (s g Sl 45 D jg0 S5 (e
oz g Aoy 4 0ol SLRl At (e M
polie g ool oolaiwl 0083 Cas ) et g S
aslaio YT (gl m oo zlmiwl 00gi sy lawgio
o=t dmglie (e 0355 Sy b (IS ogllae

L
03) (r—edV 0355 S )loged (V1) 5 (VslaJss
by s 5l Jd oot glizinl sla il et
ools 5l ead Zliminl 008 ) e 1, a8

oS ol 4 Bas b al o )LiI M8 a5 b yles
9 03— C‘)Z’”"“" 0095 Sy (yum uL_uJA u-’)-A.QS
5 Bas ol Jlade 1ol ool aid )3 i o i)
slo )l ail Jo3 Jolpe l yeS ad> oy
e Olsie 4 0yd T (sl eads Sl (g e D
Cepadgo 5 Al po 16 0)8 o1 (e My slo el
L5o,d Q] CxBgn (i Olaie 4 0yd Q] 4 bgye
QT)_; oa)l_c u_w‘ 00— u)f)_la.»)e 4_1.‘>).A U]
a5 5l B ol e (2 5SS ol Copsdys
By (p i) (IS Soeden (n e pleie 4 D)3
o=l g cwlons a8 F ke 10 (0,8 K luer (yuo


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

...\S_DSO\_'Ju_&EJdbLlDOQS_'JMu:JJMQH

GI3gaio pwls ¢ 3L 3105 ¢ o | joaw 630w

% b 03) (eSS 0098 Cany Hlhe (o g S,
LU ke 4l s o o a0 S R 4L il
Y ot as P asl ;o9 0o,0f jlafe 4 g oo
oD 0095 Canany 10 gl Ll ALElS Dgugy ds o
sl s 5l o (2lFeal la el 5l ead o3
Pyl slaasl )0 (o) 009 Cumy con p iulad
Sl o oals HLas (YY) 9 (VY) slo i o

200

-
@
=]

Estimated AGB
-
o
=]

(1]
=]
T

23 o L P g L slaa sl jo o) slo
L asl ,s RMSE= YY/fftons/ha s R=+/V¥ Jo_ie
Cewds P &b ;o RMSE= YY/Aotons/ha ¢ R=+/4Y,

ol 0de]
SV 4 IS 58 iy 5 Gilad aly s 3l e
g o0 gl il gla el )b 6l (See slagpulad
10395 o3 b 1o 2l () (Sad olin 5o

Ly g oomss,F olsail Loyl los 5l aige slo el b

R=0.74
SE=37.44 tons/ha

. - .

I
0 50 100

1
150

I |
200 250 300

In-Situ AGB

0395 G 5 e 3 ikl gl yoadd 51 Job oo ksl (5L ol 1 o 035m0 0395 S 3 1905 18 S
L Wb o o) srosls 3l ouis ! psinw!

300

250

Estimated AGB
- - N
=] o (=]
=] =] =]

[
=]

R=0.93
RMSE=22.85 to,

3 1
0 50 100

I
150

. 1
200 250 300

In-Situ AGB

0095 Comn ) o 3 (piwdad 4l i 31 o 0ol &l poiuw] (o piol b 31 ol 00) masti 0095 s § I 505 1Yo S
P il jo S gosls 31 ouds gl yoiwl


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

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

1A liso ] @ plg2 6 laik @ mids Jlw

60
40+
29 * 1 1 | |
0 50 100 150 200 250 300
In-Situ AGB

0095 Comn ) s 2 pidad arly pdd 51 amy ool 5wl (Gl yol )y 3 o0 005 (s 0095 Camnn 50909 1) SIS
L &by ey sosls 3l ouds ! ymiwl

300~

250

Estimated AGB
= o
a =1
=) =3

=
(=3
=]

<
=

R=0.95

!
100

QCD
&
=]

.
150

L .
200 250 300

In-Situ AGB

0357 oy 3 o 3 Silad iy yoadd 51 hny ook il (5l oyl 31 oo 03 conhd 0397 Camn 3 513905 Y JSC
P il o (s ool 3l ouis gyl

ol 039 b g od 03] (e 0395 Ce jlade
Sl sl ol oo 8 aslie e ool
9o oolhas ailaie YY 50 S92 50 slo JuSy polis
byl g 0395 ) 2 (Kimod Glie 285
el e 5 il Gl cle ol s ead gl sl
s Gy Sl by dlie o iliB 4 e LR
5 U STyl ool L 5 o b 4,
Lol o cosizmiw bawgs (28 )0 5 Jlo)l sbo il
Oty do 0 ¥ Jlase 4 P ail o g a0 f Jlade 4
Sy (e S50t (o y 2 00| Slanios (gl 2l
4o g 100 3blie j0 (s Cun; o al)b b ooy

B9 o0 St gl Bblic o3y

& 325 A -7
o aisTy il bl p 0355 Comy e jslate &
slaiatad 4ol ;o oad lzul sla il 60y
WD oo CBl 0 g Jloyl odiouiw lawgi &5 saduie
Sy sl el )l adlie (ol )3 098 oo ooliul
gt g mils 995 (SLa e il 5l oo gl Sl
logiadad 4ol (oled ;0 0095 Lo (e S
Sl e sl )0 457 & 90 pay diel Cessy (Sees
b )3 JLE e pls S8 4y (qwgied g il y955
Lo el )l g g W gl a s ol
iy GeoBS Sl il aly )0 0ol gl 5l
Ol ez b gy SeS 4y il ool 0o
b Ogee S5 g g 0l Sl e eyl


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

GI3gaio pwls ¢ 3L 3105 ¢ o | joaw 630w

C. O. Stockle, J. R. Williams, N. J.
Rosenberg, and C. A. Jones, "A method for
estimating the direct and climatic effects of
rising atmospheric carbon dioxide on
growth and vyield of crops: Part I—
Modification of the EPIC model for climate
change analysis,” Agricultural Systems,
vol. 38, pp. 225-238, 1992.

R. Houghton, F. Hall, and S. J. Goetz,
"Importance of biomass in the global
carbon cycle,” Journal of Geophysical
Research: Biogeosciences, vol. 114, 2009.

H. Klinge, W. Rodrigues, E. Brunig ,and E.
Fittkau, "Biomass and structure in a
central Amazonian rain forest," in Tropical
ecological systems, ed: Springer, 1975, pp.
115-122.

G. Foody, "Remote sensing of tropical
forest  environments: towards  the
monitoring of environmental resources for
sustainable development,” International
journal of remote sensing, vol. 24, pp.
4035-4046, 2003.

D. Lu, "Aboveground biomass estimation
using Landsat TM data in the Brazilian
Amazon," International Journal of Remote
Sensing, vol. 26, pp. 2509-2525 ,2005.

R. Nelson, W. Krabill, and J. Tonelli,
"Estimating forest biomass and volume
using airborne laser data," Remote sensing
of environment, vol. 24, pp. 247-267, 1988.

S. A. Sader, R. B. Waide, W. T. Lawrence,
and A. T. Joyce, "Tropical forest biomass
and successional age class relationships to
a vegetation index derived from Landsat
TM data," Remote Sensing of Environment,
vol. 28, pp. 143IN1159-156I1N2198, 1989.

J. R. Santos, C. C. Freitas, L. S. Araujo, L.
V. Dutra, J. C. Mura, F. F. Gama, et al,,
"Airborne P-band SAR applied to the
aboveground biomass studies in the
Brazilian tropical rainforest,” Remote
Sensing of Environment, vol. 87, pp. 482-
493, 2003.

&l

[9] M. Steininger, "Satellite estimation of

tropical secondary forest above-ground

biomass: data from Brazil and Bolivia,"

International Journal of Remote Sensing,
vol. 21, pp. 1139-1157, 2000.

[10]D. Zheng, J. Rademacher, J. Chen, T.
Crow, M. Bresee, J. Le Moine. "Estimating
aboveground biomass using Landsat 7
ETM+ data across a managed landscape in
northern Wisconsin, USA," Remote sensing
of environment, vol. 93, pp. 402-411, 2004.

[11]JM. Rahman, E. Csaplovics, and B. Koch,
"Satellite estimation of forest carbon using
regression models," International Journal
of Remote Sensing, vol. 29, pp. 6917-6936,
2008.

[12]M. Schlerf, "Determination of structural
and chemical forest attributes using
hyperspectral remote sensing data—case
studies in  Norway spruce forests,"
Geography/Geosciences. sl: University of
Trier, 2006.

[13]H. Balzter, C. S. Rowland, and P. Saich,
"Forest canopy height and carbon
estimation at Monks Wood National Nature
Reserve, UK, using dual-wavelength SAR
interferometry,”  Remote  Sensing  of
Environment, vol. 108, pp. 224-239, 2007.

[14]M. C. Dobson, F. T. Ulaby, T. LeToan, A.
Beaudoin, E. S. Kasischke, and N.
Christensen,  "Dependence of radar
backscatter on coniferous forest biomass,"
IEEE Transactions on Geoscience and
remote Sensing, vol. 30, pp. 412-415, 1992.

[15]K. Ranson and G. Sun, "Mapping biomass
of a northern forest using multifrequency
SAR data,” |IEEE Transactions on
Geoscience and Remote Sensing, vol. 32,
pp. 388-396, 1994,

[16]M. Santoro, J. Askne, G. Smith, and J. E.
Fransson, "Stem volume retrieval in boreal
forests from ERS-1/2 interferometry,”
Remote Sensing of Environment, vol. 81,
pp. 19-35, 2002.


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

[17]M. Santoro, C. C. Schmullius, L. Eriksson,
and S. Hese, "The SIBERIA and SIBERIA-II
projects: an overview," in International
Symposium on Remote Sensing, 2003, pp.
247-256.

[18]C. Thiel, P .Drezet, C. Weise, S. Quegan,
and C. Schmullius, "Radar remote sensing
for the delineation of forest cover maps and
the detection of deforestation," Forestry,
vol. 79, pp. 589-597, 2006.

[19]A. Beaudoin, T. Le Toan, S. Goze, E. Nezry,
A. Lopes, E. Mougin, et al., "Retrieval of
forest biomass from SAR data”
International Journal of Remote Sensing,
vol. 15, pp. 2777-2796, 1994.

[20]P. S. Bharadwaj, S. Kumar, S. Kushwaha,
and W. Bijker, "Polarimetric scattering
model for estimation of above ground
biomass of multilayer vegetation using
ALOS-PALSAR quad-pol data,” Physics
and Chemistry of the Earth, Parts A/B/C,
vol. 83, pp. 187-195, 2015.

[21]D. Lu, Q. Chen, G. Wang, L. Liu, G. Li, and
E. Moran, "A survey of remote sensing-
based aboveground biomass estimation
methods in forest ecosystems,"
International Journal of Digital Earth, vol.
9, pp. 63-105, 2016.

[22JM. Neumann, L. Ferro-Famil, and A.
Reigber, "Estimation of forest structure,
ground, and canopy layer characteristics
from multibaseline polarimetric
interferometric SAR data,” IEEE
Transactions on Geoscience and Remote
Sensing, vol. 48, pp. 1086-1104, 2010.

[23]E. J. Rignot, R. Zimmermann, and J. J. van
Zyl, "Spaceborne applications of P band
imaging radars for measuring forest
biomass," IEEE  Transactions  on
Geoscience and Remote Sensing, vol. 33,
pp. 1162-1169, 1995.

[24]S. S. Saatchi and M. Moghaddam,
"Estimation of crown and stem water
content and biomass of boreal forest using
polarimetric ~ SAR  imagery,” IEEE
Transactions on Geoscience and Remote
Sensing, vol. 38, pp. 697-709, 2000.

Po

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

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

[25]M. A. Tanase, R. Panciera, K. Lowell, S.
Tian, J. M. Hacker, and J. P. Walker,
"Airborne multi-temporal L-band
polarimetric SAR data for biomass
estimation in semi-arid forests,” Remote
Sensing of Environment ,vol. 145, pp. 93-
104, 2014.

[26]H. Balzter, "Forest mapping and
monitoring with interferometric synthetic
aperture radar (InSAR),” Progress in
Physical Geography, vol. 25, pp. 159-177,
2001.

[27]S. Ustin, vol. 4: Remote sensing for natural
resource management and environmental
monitoring, 2004.

[28]J. Kennedy and R. C. Eberhart, "A discrete
binary version of the particle swarm
algorithm,” in  Systems, Man, and
Cybernetics, 1997. Computational
Cybernetics and Simulation., 1997 IEEE
International Conference on, 1997, pp.
4104-4108.

[29]J.-S. Lee and E. Pottier, Polarimetric radar
imaging: from basics to applications: CRC
press, 2009.

[30]K. Tragl, "Polarimetric radar
backscattering from reciprocal random
targets," IEEE Transactions on Geoscience
and Remote Sensing, vol. 28, pp. 856-864,
1990.

[31JH. Petersson, "Biomassafunktioner for
tradfaktorer av tall, gran och bjork i
Sverige," 1401-1204, 1999.

[32]L. M. Ulander, A. Gustavsson, P. Dubois-
Fernandez, X. Dupuis, J. E. Fransson, J.
Holmgren, et al”,.BIOSAR 2010-A SAR
campaign in support to the BIOMASS
mission," in Geoscience and Remote
Sensing Symposium (IGARSS), 2011 IEEE
International, 2011, pp. 1528-1531.


http://dx.doi.org/10.29252/jgit.7.4.1
https://jgit.kntu.ac.ir/article-1-760-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-29 ]

[ DOI: 10.29252/jgit.7.4.1]

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

Improvement of Biomass Estimation in Forest Areas based on
Polarimetric Parameters Optimization of SETHI airborne Data using
Particle Swarm Optimization Method

Samira Hosseini "1, Hamid Ebadi?, Yaser Maghsoudi?®

1- PhD student of photogrammetry, Faculty of geodesy and geomatic, K.N.Toosi University of technology
2- Associate Professor at photogrammetry and remote sensing department, K.N.Toosi University of technology
3- Assisstant Professor at photogrammetry and remote sensing department, K.N.Toosi University of technology

Abstract

Estimation of forest biomass has received much attention in recent decades. Airborne and spaceborne (SAR)
have a great potential to quantify biomass and structural diversity because of its penetration capability.
Polarizations are important elements in SAR systems due to sensitivity of them to backscattering mechanisms
and can be useful to estimate biomass. Full Polarimetric Synthetic Aperture Radar (SAR) data used in this
research was acquired by SETHI over Remningstorp, a boreal forest in south of Sweden. A new method based
on Polarimetric indicators from covariance and coherency matrixes by changing the polarization basis using
transformation matrix in the boreal forests at L and P-band is presented. The presented method showed its
capability to improve forest biomass estimation. The correlation between biomass and extracted Polarimetric
indicators is investigated before and after changing polarization basis. Particle swarm optimization in binary
version is used to select optimum Polarimetric indicators and afterward biomass is estimated based on these
optimum parameters. Results indicated that maximum correlation between biomass and Polarimetric
indicators was in HV and HH-VV polarizations before changing polarization basis. After changing the
polarization bases, the results show significantly higher correlation of biomass with the extracted polarization
variables. The results have been improved approximately about 6% and 2% in L and P band respectively, after
extraction of optimum parameters by particle swarm optimization and using linear regression model for
estimation of forest biomass.

Key words: Biomass Estimation, Backscatter, Particle Swarm Optimization, Polarimetry, Transformation
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