[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

. . & &
QP s s (o
o -
J’U te ot ur 1A glwoj ¢ lg2 6 jlos cpiss Jlw
Vol.7, No.4, Winter 2020

‘o 2 Y4 —\ol
WA{/J} °

G bazmo 53 (o1le o bLG pl gussainb 6l SVM-CRF (145 8509, 431,

"ol sagenel T Ghee (o ke 4138

Ol el e e0ylem oRails ¢ iils cwidige 5 el pole o)l owlis IS
Ol ol s A olKiils BIS g 490 31 romiw Slalllas 35750 Loliwl =Y
Ol 0l 5 0315 ol FaralS pole 5 (2L led s lobinl =Y

VAN VNS wallan oy g, VWAV UYA wallas <l o 20l

RS

ol (B 5E 6ol g ad 08 ,5lF Wy, Jeld a5 el ead aBls Slr cnuay G plgie 4 (4 by alndS gleass b
Sy 3 (&S preds Guizmen g gl (35 Julos 5 425 jlateds olge s ki b 0 S pe 4 lojpd oS j5blen
e S SideSS g Gl ppsal 0 w3l Slatdiing )5 eolitul Guaman 5 gamgs Jlms slaue bl 5l s
Ailgs oo a5 Sl oulh (5550 3 Lromiw ooy sk jlade slml 4 poie « lse (Glad) o5 Sbs; 5 Laseis piacw w0 sad
gl ools acgarme sundals gl SVM-CRF (g5 0,504, a1yl dllie cpl 5l Bun 0gd 48,5 IS4y (gumdns 5 (gamgd sl Jow odgi sl
S3 ey el SVl (SIS Glos S0y, dhex 5l 092 g0 slas Sog, K08 4 Cans 3,509, (ol () anslie 5 pgai g o bl
acgezme 3l Allie ol jo oolainl 8,50 0,09, cold Sbj ) (gl .ol 0olaiwl SVM-CRF Lo aigs olaie 45 SA 5l dllas (] jo a5 el
A oolaul sl ool adgi gaman plaiBle gilosl g g0 gumdab jelaie 4 9 Ny jeb (glp a5 ISPRS a2 e osls
5 CRE g, 5l a5 Slidss Koo LS 50 041 00,5 Byee |)SVM-MRF 5,5, a5 g, iy allin oninyss LB Gudios mll opizmen
L SVM-CRF 5, 5,Slas 45 amo co olis 3o ol gl .l 00 05,51 by avslio (gl il )57 oolazul aslive ools degaze

ol e Al 00l degaze (g9, 48, IS 4 gamail oo Sog; ple oo AT LIS oo g oo 0 AR P IS Cds

b oSy (oo § ok (Bolad (b plae igaiail lad blis pl: laojly olS

*

VAAYALAENY ;i 05 GIS g 550 5l Gromins 35 0 ¢ i S ol8ils oSl ¢yl 5 100S” 4l oy o8
SYAYA4-YYAY- el
Email: h_aghighi@sbu.ac.ir


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

) polas gamaib slo g, [VV] s silanie
95 b b oS e oSy elsil @ Olsi o0
ostie b Gl 4 dlsly (gans Al g Al (gl
e ol e DNE g0 0 A aY] o s
3 eolazul cde 4y e a4 dtoly o adls sla b,
Ll ol LSy Slodbl (LS 0 eggie ledbl
30 bolse glo JuSy cumaids 0 (6,5 i O,08
cds bl cose 1 5 Wy (Keal slalase
5T AT AAAY ] Wgs o la oS sanail
Lulyy coie 4 atnly o il (slagig, 5o [T
Ole wiile oy b ismels ln o Syo &5
by Bolar o g (MRFY) GoS Le  bolas
-l LT 5 ST ,e (S 5 slaaseus plo g (CRF?)
Geils Jol> G365 Lo ol ol VO] ol
b DMLl Wy o 5 035y YLzl g BI,T a4y L
Gl IYY] ws gl Sl Sledlbl b1, JuSls
—ools ganaab a4 ouls plol Glddsd o,y
oS (6,508 oS 4 olgi oo MRF WS 4y o sla
0,5 delio ol piiie dlie cpl Baisg lawes
e g4l peexs bys Bolas glase [VA]
3 Bas aS el a azg b Iyy] el SoS ke Solas
dio ol 50 oad plonl Cladod Sy 4y aslol ;o 1Y

| 00 o)ti':‘
bla ol sonadl (gq, alide Olidoy 9SG
Ok 4 diwly gon dads gla by, S5 lad
abaii o o] e a5 ol onds plxil CRF 1 e
Sbalaas g ahaii oo bl 5 ol, S plyse o

Pod Jla u‘ga.cc\auam‘;:w obj..\mg_ii)o u]
@ by 3L V0 o YF VY] ol oty a5 L

30 Olgi oo AL Sy o o aad a3 |, CRFE iy,

' Markov Random Field
¥ Conditional Random Field

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

1A liso ] @ plg2 6 losk @ pids Juw

doddo —

@ Ozl @ pose aeaddle 5 (Sodgd ol
o a0 sleyelS 0 S sla gt
g et )3 G gawy Slpss g Cumex I
ailo b 3w ol loses [V cul sas Ll acs>
s (e 032l pl ) (Sae g (Sl (kS
O)lyg abez 5l Ly 63 o)l 55 b Glpe IV
oz lapd Glee S50 ilund g ol
H o 3 3ed0 DMLl & 5 el 5 Lais o
2 e Sopde lp b gogee g (Bl WS,
Sopde lp Jeol Gryaeln g ot 2B, N,
die) 50 ol Slidiss et Y] W ls Lyl
sodlo ;5 a5 a5 Ojgo 600 B)lse gl
S olesee eslaial (g9, yiin pliie 35505 2
Jod Ll ol b alsp slauSe 5 slojlsale yislas
aS sl Jlad ooz S lad 0 5 F o] el ooy
sl aex 4 el ) Glagul ) eslanal Ly
oo dandllas 0590 dilaie (B)lse 3l 5LS 5 90 Sl
5 <8y oley 5, S 5l SHleSS nl e S
pho s Aol abue ly Lol S
S Sz 1#] Sgdi oo oolaiwl odizin 3l s
Polse ale 92g s Lo ;0 9290 (B)lse
oMbl sl s lsmel buyls b 5 o
bly ol Solar coals (olse slonSe 51 gaman
Al sboad (50 bl alalid )3 5)lps olad
gl o gl sy o jlad B oS oS15
©9)lse alox Sl jlad eaizmin 5l aman Sledb
2 oleser oolaiw] G a5 |y Gudos ol aS el
5 A Y] il ools Ggw 2lgp pglas g jlad bla
Iy

b po Wl -Y-)

oolitul 35,05 b Slisdod iy p3l ol )
Ll gonail sy ond )l Jlial sla s
b aslie )0 oo Sog) cnl 1) sl ool ploxil (g 40


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

oo =l 3w b (gl 4 SVM-CRF (g 5 5-Sug ol l

U)o g i 6ol j49

5ol g5l o a4 azgi b aS ol S5 a 05Y
Sl oliiss 5ol 3 (e p (e S8,
55 g ol Gl Gl sl ange 950, S
e aaed @2, 1 o Gl )3 098 e ol
0 5550! Cawloads solawl jglaie cpay (SAT) w3
5 odlw Bl iluanee eyl Sy SA
slalad o gl Plaw J> 0 i)l
Sl ol olw soly g s W ol )5 seocins
5 og pd pbul o), 4 SYM-CRF alus >
85 opiige sslitl Sloj i w3,sS cal 35k
S gl Sy asile 0l S gz glad
b &5 (Blae 6l izeen o LG 5 poas
b 5l g (I ate sl B Bl S 005
Oley 5o (e de lp BB el o 0e)S
OSae 0l (55lwand 0y 0 ewl satin g Sgame
obelFanle b iy, 4k 4 Cawd el
Slge ples LYY o ¥Y] Wil coms )| )l caalS
olawi oy iion a5 Cewl oul el 398 0 jeSde
ol b saisS oslatwl SA g, 51 CRF ¢ MRF &¥lie
@ pladl as aijls sezg i (6,50 OYlhe s4>g
Sl Jo sl il sloghs) nlo 5l ool
oty plo bSA (bg) awlis b g CRE 9 MRF
Jdo 0 SA ez ,o [¥F 5 YY] Wilos 5 (g 5luaige
5 o Slo> jo oliag ¢ Global Cls> (0,8 lauy
oo bl CRF g MRF flw  J> 0 o1 oI5

ohgy Y
el oSl bl pl g5 5 (S @ 425 b
vy eledl g9l wdlite o515 plaiel slacs pSaiges
sl BlE pl ganail 5 gangide ol
~aib Y] Wl et 4 Slido b slaares;
@lp oS cl JBL L 650k sla oy, abox 5l o

¥ Simulated Annealing

11

S olksed ©oge g ol LA (Lah) YL gl
3l gyl jshie 4 (5glnnss 9 (S ools 9o
5 sed 0,5 oslanul (OBIAY) o ) i poay SO
o 4 bl ganaib ¢y CRF g, 5 o, Sen
Ive]l WS oolann] ol 9 Cmey WS
Gl jshaie a4y CRE Gl (L Ses 5 (o (rioren
Lo S50 ool> ué g ool WS g0 4 o Sy
Olgie 4 oy o CRF 51IVY] wio S ooliul oasST,
mail cds gl Bas by Ailnom Ghe) e
oolawl 50 Wosls (gany sy sal> o 5l s (g0
Sty s S5 b owizen [YR 5 YAl 555
Iy amaab cds lg o CRE L pile (5 ,050L
w55 b ohles 5 e L) e jo 0ls (A58
o5 35523, CRF L CRF) ol (sl JSo 5,5,
|, RF-CRF _3g, cds ¢ &s,S 3, |, RF-CRF
GLM-CRF s,Sis, 50 b (5,05 sLil (gonail (ol
k8 Sladss o a5 GLM-CRF (separate) o (full)
YO Y] Q0,5 duolie isg 00,5 1>l 5 (3,xe 355
Iy

S 2 e slasiaid O3 mle (o)
5 ,lod bl gowasd 51, CRF ¢ MRF alo>
Oty GRS izmed g b (LA e gl
maib op e Glysar | SVM allis cpl Bares
So,Sug, s ke I MRE L oS 5 (6l sun
K alez 5l olsp polai ¢ bl pl ganaads ;o ml,
5 00l S22 ool S50 (om0 5 S035
w I el 005 By coias ras aSE
s 0550y B el ol dlie Gl o s (pen
polas g jlod blapl sonaids slp 1, SVM-CRF
St Ko b1 ol QL 5 e e
Loolides ple o a8, )5 a4 il 5ol
oS s e asliio 00ls dcgozxe

' Object based image analysis
" Random Forest


https://fa.wikipedia.org/wiki/%D8%A7%D9%84%DA%AF%D9%88%D8%B1%DB%8C%D8%AA%D9%85%E2%80%8C%D9%87%D8%A7%DB%8C_%D9%81%D8%B1%D8%A7%D8%A7%D8%A8%D8%AA%DA%A9%D8%A7%D8%B1%DB%8C
https://fa.wikipedia.org/wiki/%D8%A7%D9%84%DA%AF%D9%88%D8%B1%DB%8C%D8%AA%D9%85%E2%80%8C%D9%87%D8%A7%DB%8C_%D9%81%D8%B1%D8%A7%D8%A7%D8%A8%D8%AA%DA%A9%D8%A7%D8%B1%DB%8C
https://fa.wikipedia.org/wiki/%D8%A8%D9%87%DB%8C%D9%86%D9%87%E2%80%8C%D8%B3%D8%A7%D8%B2%DB%8C_\(%D8%B1%DB%8C%D8%A7%D8%B6%DB%8C%D8%A7%D8%AA\)
https://fa.wikipedia.org/wiki/%D8%A8%D9%87%DB%8C%D9%86%D9%87%E2%80%8C%D8%B3%D8%A7%D8%B2%DB%8C_\(%D8%B1%DB%8C%D8%A7%D8%B6%DB%8C%D8%A7%D8%AA\)
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D8%A7%D8%AF%DB%8C%D8%A7%D9%86_%DA%A9%D8%A7%D9%87%D8%B4%DB%8C
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D8%A7%D8%AF%DB%8C%D8%A7%D9%86_%DA%A9%D8%A7%D9%87%D8%B4%DB%8C
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D8%A7%D8%AF%DB%8C%D8%A7%D9%86_%DA%A9%D8%A7%D9%87%D8%B4%DB%8C
http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

o bg, ol 5o 1 sl oas olwl S Syo oyl
Glaylo 3l S 2 (S oy sl eolazul 5 ogdle
Sgdise ol 33 JuSy Ol laaless (Shy
Ohee dobss cnl o lSn 5l Se DA 5 V0l
3Btz ) o bl es el Bolay b s
il ganaal jghateas SVM-CRF (poi 0,504,
Oleilo 35d5 by ol oM & 50 xcd
B ol ooliinl cpiile g cj0 o8 gl L LS
il slaty; oo L) gy ol 2B ole
et gl 4 dslal o 1A L0 S anslas ouls ploxl
Oyl eizes g 3pb e alby CRE (2,

! 00 o»))s] (\) Jiw o 5)‘)“.».: Ls,d.?u ‘5)&.’.5)

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

1A liso ] @ plg2 6 losk @ pids Juw

ool Gialejl g (bgel Al e 50 5 (e 650
oig0l godls ;o dszge JliSlu (yijgel > 6 jo
(gl g0 00) ywedt (5 S0l sla el il g olulil
Gy, oddaslis lsle Lill a0 o
sobolen [YF] s0i o gilwosly ciulesT slaosls
Elyl a4 gandaal sla by, b o)lil ME oS
g akey ey S b Lo Sy ) e Sy
P90 el (sogde b i 4y s (gunadl
slagty, 4 Gl kil nidyyme aex I oS
losgy cnl DVFL 0,5 0 Lol (e 4y aly (soailo
S potde lusl dile i PemelS a5 Gus ol L

O bilyy g peal 0 0gge sldl g9, 5l Ty pgal

ey Ioprpa ol By

g glsy

SVM ik

s Jenel Ly
STM

wliiigg 2,509, Ll Slyrlegeis) 55

1EP


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

oo =l 3w b (gl 4 SVM-CRF (g 5 5-Sug ol l

U)o g i 6ol j49

B30 (s e lrosls 592 b S (gamans slaosls
(e 30 3l it 50 (Siliados [YA] WS o Joe
oolaiwl 45 yiaS Lol 0uls plxil CRF Jaw 5l oslasl 5
Sl oals aisloyy Jlad gl bl sl CRE )
YY) 0S o Gy s 4500l |, CRF 5,4
Sy adl ST 6= (NE) S 5
Ol 6wy bawg Y g,0pl 51 il Yy = Wndnen
ol e S (1) bxal s spie el
el X (55, by (555 51 6.l & ol b
S (Kilod Zols Iy Eolas ol st
Py l%, Vi, W #= 1) = iRy Gk
Sl ww~n o le S cwsxs POlx, vy, wen)
S olas aiis liea G o g W a5 ol L
I¥Al sy (Vakal, &0 4 oles o |, CRF

1

PYIY) = 7

3ol a8l s (e (Slo 0y 9 i yglone
Wl a5 cunli o) aluwes Nj el X sloools don
90 2 Olpss gy ol 5l aBl peal S 4 by
oolaiwl Jaw jo 1) soges 5 ore sogpie Sledb
s arS slr Son Cape S Ceogas (nl oS
olple .l a0l o laools Soss  Ldo
IR oo Jiol amle Jlss 4 CRF
X sloools den conlive a4 byiey sbbcwsp
a5l gm slales Jodly 5 Sy oty o
S rep Jlo Olie ar Nsd alge s alide sloogd
ozl 51 Lty IS S5 5 &yl 5
oS Glp |y cemzp (ridete AYI) Sl
labsy o 3l olgin eJlcnl b L] wioj rass
a4 azgi b Gudzd ol j0 0,5 colaiwl 55 SVM wle
Olas 0ols dcgeme e 5oy p Vo] anlllas aSyl
- glesdadds i b awslie ;0 SVM by, oS ol
Sl arnle (gl SVM wo0gy 5lIS ass, I8

s oolil Koy

exp(Ties Ai (%, i) + Ties Tien; L= y1y5) )

e

b Bolad plane -)-Y
s @il gross (CRF) by olas (lage s,
"o wgme Gl Jao Sy 5 e0g oSl ol
drey 5 Al 38 etle Sol 3 o 855
Sl a5 wiS e palp 1) (e porde 55l ue
Oogy AYY] el sl sl g Sl e T Lol
Cazr s bl S oolgls 4y MRF asle CRF
dod 4 bgiin seges Do 4 a5 ol la
5 &, Lag b sl 6l CRF ool X Slamline
O ALy Sy Sz jolate 4 5 ) Sen
S g kg b ol LAYV a8 ae oSS
Ao S oolatwl pead (6,188 iz v yolaie 4 CRF
I¥Al wop 4y gamsgs sloosls sl 1, CRF

SR 9 SIS s p jelate 4 uixen CRE

(1)aba

awlze Jlso 4 CRF 598 o0 cdalin a5 jsb Lo
BUZ(X) akal, pl 0 Sl PYIX) Ga Jli!
@ Jomily polia o] S8 @y &5 el gan i
FolAixy) Sle wedie bod Jlxs
ool & atunly (Sl g ol ¥ Sl Jusly
Sokjxyny) ole 5 a8 o awlxe )
bowzy bl (Sslz 5 ool T bely iy
Jnilis [YA] a5 o aslons 1) (onS 5 (sloosl)
Vi ez d 0,5 aSl Jleixl Ai(X Y1) Sy
S oo dwbne B X Ao 4 4zl L], all ails
Jolof oo locmap (ols Jouily o5 J>)s
90 2 JBS Sy 4 azg LS e iy )
Al pwws pgal Oledbl sl 4y by
Sz 5l (b s (%5, y)) (helas ity

' Association potential
¥ Interaction potential


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

Up
JRes— e
. P
Left . Right
.
Front

L]
Down

(= ()

CRF (o5l itann 1Y S

0,8 abadi oad cols lid (V) JSS o a5 jabylen
bl Glye 4 (3570 JuS9) (win Sy90 S5y 50
oS Sob SO s yo Bl ol ol ses
g oo 8,5 la o Xeule YO olul b IS
L -Y

oo ©oloiiy 0,505, o0,8ee oLl 4 s ()
Gl oolaiul 5,90 00ls acgaza V-V izw o 05lo
@il 4 VY o 0w ee B | b))
GBS (pl jo ead (Bye CRE 5 i 550,
Lal gam g0 byl & Y-V isn j0 g aslsy
e 00t sanaib

axflloo 090 adlaio —V-Y

@ 2l pobad g lad BlEyl I Gdod cnl 5o
el e el lawg ead alilds Sl
A S e 3 USPRST) 30 5l howiw 5 (5 il 8
Slee o aools opl o eolatul WJT Kialg
uLD.M B as \)9....460 & g f&S.?bo ool A< goo
dalllas u;‘ C"L”' 1A el ous oolamul '.Q.J )‘ GQL‘)
alie (e plo @S b olee Sgem 4 )
Sl 5,8 lhwg ool acgeme (pl oS

¥ International Society for Photogrammetry and

Remote Sensing
¥ Benchmark

1EE

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

1A liso ] @ plg2 6 losk @ pids Juw

Syl et bl Gogy Sl oy edile
- sleday JBU L ganaib gla g, sy oS Cl
-l Al S > 6l 124Y Jlo 3 SVM ]
Blos o jliions s a3 e s ply
EKIPNVANTR S VU S A e
g a2 lid Oy gleoslo b o955 50 g9 o,Sles
W eS|y clie g B30 slayull 9> 4
s 5 oS ol o jekaie py [FY 5 FY Y]
A g e AdlSas gundal gl a5 LIBSVM
ol oals solul wnl 39z ge L ade Ojge
~blie - 3,805, 2 b LIBSVM oSl
LEF] ol 00,8 S |, adlS i samaib "y
Slp oW Koolasd (28 L o)l el yo &8ly o
Lol SVM anails K(K — 1)/2 slass 4 (gonaib
N 50 595 L Losls plaSye (sl g 09d o
S5 STy Sl 5 il o 5 Kgha ganeils
o) oolawl (adas) oals » g;iLéﬁ W S ] (_g‘)g
a5 CB )5 wales |y o cools ;2 aS (5 ebas 104
w3l s 1151 sl ansls 1) LT slaws oy i
Olee a4 oal edls WIS 4 a5 sz sl
P Sledgi slp g oo 4 ndy ol cnz
5 0¥y Gt 4y LIBSVM 5,505, 5550 0
LEF] osle i anslyo o Ko

sleosls 5l gadss pl 0 aSul 4 axgi b ioren
IS gl & oalpls el oo ool o
&ly o JuSs S s )5 colan! ZJM.Sg @
o Bl o515 4y o o5l a5 Canl g0 e SO
a b Sy ojlail o e [FO] conl anly adlase
o b g hid (JuSy pa )0 oS 0gd Ll (59
JuSs o sl 1 LFP] asl amsls sspg abais
D10 0525 (V) JSK&) Gy 9 Oy (A

' One-against-one
¥ Voxel


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

oo =l 3w b (gl 4 SVM-CRF (g 5 5-Sug ol l

U)o g i 6ol j49

b S59-)-Y-¥

S Sy 5l e Ny o Sy o
A o ol 1y ot SOl alak e Slastie 45 ol
YO olaw a8 F Ojgo Dladod aw,p wlel p
48,5 JLa oo Sl bl ol 5l abis e lp S
e S Sy 09,8 aw yo |y Ll Gl ge o5 wd
i Gie )bl la SRy ) B
& 45 ol I pga I i oS 5 o
Ole dlie e (Baimsy ey Giod )3 Joals
2 A Sjee 4 b Shy opl [N el sas
el o0 03,51 (V) o

e o Sy dnle gl a5 Ceul ST 4 05y
e (Sleor S ciyyai @ 5l ohy polie
O (Slaod dw jl dlie cpl 0 09 ahis o Bl b
Oeizmes o b glad b wlgiul 9 05 S5
0)S 55 blre o) oS S5 @y (ngh (Solunan
5 side bgi L sl sl o (G LSl ol L
oo 50 IVA] ai ool gy oais B yme o)) Kan
53 o3y molie (e wya Gla Sy b 9T
Gonaib 53, » SO ceSe (Kleos odguze
a5 ab ools s g g eud oy S )l
53 )l algiul 5l i 505 L plp 6586 S
Jod spl bl WSy a4 aze L oalie ol
Loy a5 e V0 eled alols (8 Point/m?)
dg gl G plyie @ g eslinnl 53 oo ol
RO I I NP R ) IV RPN IS S I IV S
Ohes g (e bawg odd (Byme il Gub al> s
@ Sleos osgaze S Bl ples 4 a5 b
o3y dcgezme 3l Wog caSe g wlgiwl 0,5 S
iy e slrosgame (F) JSa [¥V] wias i
olis 1) esgases 5l g5 g J5ls sl blis g oo

.AQQ‘SA

¥ Eigen values

1 EO

CewsS slo 45 OGPF) ;50 31 Giomis 5 5 20l S3553
b 5l e 0+ glis)l Lawgie b g3dheo Yo oA Lo
53 ahis A oS15 o Slee g a4z ,0 FO s 4l e
5 el o oy (B points/m*) mpe o e
QO Glei oo 0old dcgazma pl j0 39250 slrosls Koo
39 il A SlSe SSE @08 b Jlusns pgbas
9 S0y 38 Ogle g o8 e Ak WL Y
5 DSMY) gl o5, Joo loosls (prizeesn
555 ol ptaljl ailaie o sl V5t | Slie
S adlaie ¢ 5ains ) o addllas 3,90 dilaie [FV]
ool QLI (Saly 0 S0 4 bgpe o5 Sl
ddlhio dw Juls 4 (MISS 5o u_ﬂ YR
olsie & (NUSS 50 K 0,5 sleosgams) alej]
olse Sglite SlaMS b gz e ool acgerne
S Ggd sloesls p odle [FAlAEL oo (et
NS 4t o NS il 4y 5 g5 4y pladl ISPRS
s gy b aslllas 8590 dilaie SN ibg sla
S5 508 L Tls sbvaids ol .ol 03,8 5y
laJae Gojpel pshaie a5 2ls nolal alie Sl
oolainl Calizee wladon b cds LSy b)) 5
gobe oW Glb b gk wgdoe
5 &350 S gl b plalS pletsle s LB s
Jolis oan Cbtl ijeel aml sl il
ol o Ll ol 51 akais V- VOV

Gomdw bl pl guloaddb -V-Y

-kl 5o fae (Shy slon (B V-T-Y 25 e
i gl ol o0 03,0 oy bl )l gy
el 00 00,91 Y-V jisu 0 (gowdw bl
SUM- (golpiing o,Sus, amalie & T-Y-T s
- e 43la, CRF y i sbas,Sus, ;500 L CRF

Dgls

' Digital Surface Model
¥ Mosaic Orthophoto
¥ Reference map


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139 ]

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

1A gl @ pylg2 olais @ mids Jlw

(1)) The Vaihingen test area
(0) sy (golas g ooz JULS! b (Foy,U b ylosisbos Jolis ) adibaie () (oylolT o Siunly oiilojT adlaie 1¥ JSUo
] K268 g oz GLails b HgSms Sl ¥ aillais () 3 s 5o b oo ablol o yo b ylois b Jold ¥ dilaie

Gz ol 0 ooliiwl dy90 G S9N Joux

sl Shy | Gl Shy | slr oy polie » e slo Sy
)‘.\.:J ).»9.@4 u.!.i‘o 9 4;‘5:-..»‘ 40;
g, | Green (A1) o35 Jlaio (2255 ab,
R Red (A2) o329 e (055550 (magd
e NIR (A3) o35 slaie (255 )52 Cmoges
s S NDVI oy )-3~>L5-° Egone MHA A
- - Anisotropy A=A/
- - Planarity Az —23)/NM
) ; Sphericity A3/
- - Linearity M=)/
- - Change of Curvature A /(M +H2A +23)
| - ’
¢ —14 *
. a % b

a= % 3 h = Max(Elevation)

odgumo 75 9 (490 0l b 9 Jxo 00guxo xpdgi oy ¥ JSC

1%


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

oo =l 3w b (gl 4 SVM-CRF (g 5 5-Sug ol l

U)o g i 6ol j49

SIS cenz 2 ISPRS Lawgs (tws &jg0 4 9 oS
ol S5 pY izmen [¥V] ws solitul g oas
Ll sy Yo) (o0l ools acgeme JuSis slp
2 oxile B blis soy Vo) cislesl g (LIS 52
A oolaiwl (Bolal sl 9,50, 51 (LS
Sad bl ol eols dcgeme blas sloxs (V) Jgo=
A3 oo i IS SIS w4 |y dalllas o, 90 dalais

GO dw bl ol guds adlb s -V-Y-Y
oy conile 3 bl S3g oy S5 5l
o3b ;0 polie den U ol bl aylo y polie oj5le
0,50y, 4 dxgr b Wiy, dalol o 05,5 1,5 (0,1)
GBL L s u50b) andid p (e oS (Guiod
5 izl sleesls dcgeme olml a4 LS el
5o Ken g e dlie slen 1 g iolol
opb 4 aS Sl gl pis Gl gy el

NS TS s 0010 e goxo b slass Y Jgus

oW

KWK slass

55 8 i g

Y'Yy \AAARS

oleizlu

YAy | ofvyy

oS gL plalS

ANASIERAZ IR

0

YWYQ | YABA-

oesile

VEE | V040

Eyoe

Voo AARYIYAR

sie b Jobe syl gl BB S ol
ol SA 5le aigy lyal b a8 el o5gs VYAAVA FA
o Lol ol gys 2l LalS VYYAYY ) -+ 4 sas

ol 00 03,51 (V) Jgaz o (F) IS
@ (WSS 55 G55l Slets IS g, a4z )5
2 S el Ol Ll el ssalS Ojse
3 el Wlgi ge a5 09l o 0nyd 3 (PSS
gy 5 FYL G55 L gl I can 8
5 byl goae polie all o, ol
S5 50 653l s a5 ey sl oal (V) Jgar
Sleess Galple ol G55 w2 e}
~or Jlesl g ool A 1SS 50 sals Jleel sla oS
"0 WP e 00D SIS ez p pgal Sy g 090
o usl SYM-CRF ool aigy 3,5 45 24
odal () 9 (F) Jolo= ;0 SVM-CRF o,505, b3,

g bl 4yl (ganailo jlaie 4 SVM o ,6S s
) ab 485 54 ey Jlasl oy obxl
2l banlis 5 b3l lp 58 SYM anail
(Gl o0l 03,51 (®) 5 (F) Jghoz= 0 o Sug,
Sl 4 el s Jlaiz! oy a5 SVM > >
CRE i )s8l v 695,5 sl 5 (Sly iy
Oylzald) WS 2l @Sl cal g ead ool
S5l Al e a5 wes e olid Iy ol ()UK
Gl sl oIS oS o Jlezsl az b o bl
Oylrgls ((Madkaly, o Aj(xy) Sle) o)
&3 Syge 4 |) SVM-CRE (g (bg, (B) S5

X RN
Jlade SVM-CRF 02,680l (29,5 aScnl & a9 b
SA sledige S8 @ 1wl abd o gl (65,
i 5o bl oy Bl S (55, 55 o 55 snm
SVM-CRF 25,5 )+ 1,5 olaws dipde 28,5

1V


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

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

1A liso ] @ plg2 6 losk @ pids Juw

Bl pfolaT joser ol (gl o FTag lo
SVM

¢—$—¢

4y abadi 2lay Lozl

9] boliar aballi el L2 dbBS s NIE
S e
 sue | ghalat ool 'ID{P(xJ"IJ':":‘ Kernel Delta Function

ayluns

v v T

b ol oy i3Sy

Spectral b g5, Spetial Liss g3,

i aplad g

v ¥ %
(L 4y alai 3o Lozl

Kernel Delta Funection
agosr (E) adgl I (g5
dasr SISa g3, oty plalbs 60 N .
Sl [T 0t e g

I Yes #

(E9) duaar |7 5509 For s AL
No ‘L

T=Tyxa

No E2—Ey
P o) v
Yes T = Tp asls byl

SVM-CRF (golipig 955435 (S 210903 10 JSC

<8

YRk AN
Vv/vasH
AREN
Vva b
AR
ARV L
) B
Y Y
T - Vevaalk
Vrve F
VEYOAL
VEY.
Vrre ; g ? o — VFTAA . . . .
y ¥ ¥ ¥ o 3 v A q ) Y v ¥ 2 # y A q )
J555 elass J55 slaws

0256 53 4155 () o5 B Jol 51,55 () SA b, b SM-CRF g (5551 (63loaints 2955 15 JSab

1A


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

oo =l 3w b (gl 4 SVM-CRF (g 5 5-Sug ol l

U)o g i 6ol j49

SA 2955 Ve BT syl ;S5 g SYM-CRF 29,5 1) 41,55 « il alaits yl JS' 55,50 ¥ Jgu

SIS | Akl pl (635

YYYOAQ N F

YYYOVYYY

s
A4 AR YN
A
q

YYYOVYY -

S| abdi pl 55
\ VYOAVA A
\ VEYOAY Y
Y VEYOASYF
¥ VYYOR0, Y
5 VFYOAVAY

\-. YYYOAY VA

plo 3l i S el 0 SVM-CRF g, <ds
shls SVM-MRF g, ol 51 G el o,
SVM & Cawd g 009 SVM-CRF wlice Lol
by @l l wesee plis ) (g cmlio o Sloe
sdel (B)Jgaz ;0 &S LIS Cupo g S5 Cds polie
oL Jguzr (ul &5 jsbiles 3900 0l S8 ol
L w5 4 SYM-MRF 4 SYM-CRF g, 23
sbied 5 S B iy LIS AAA 5 AQSH
LI polie oppion hls < AY 5 < AF L iy a
83 L SYM g, a5 bogyye 58 B0 poas 45, Lol

el < YA LIS oo g ADYY IS
SVM-MRF 5 SVM-CRF s, 55 calio o,Slas
Slas asb oyl (og lusyie canle 5l (oL ilgs oo
adl oS o oolatul abi o slaaslues Sledb
So ol A eaSads Sds b ol e
) seS &8 (398 by 99 pp oS Cewl sl
Wlgi oo dlue (pl aims o lis SVM a4y cons
olyod &y 09250 jgel (ladigad o Slas I b
sl b g MRE o Slues Sledbl 5l oolatul
Wlg oo (Slawr ledbl 1,5 .aslb CRF Ssl
Ll 5l spdosl col g o8 bul> 1) by
Wl &5 awyge S 4 calple DAL oss alees
MRF (s, 99 2 & 5})‘ i 4 bgyye oS,
b oan | Gligdss ;o b ol b g 00433l CRF 4

® Edge preserving

1Eq

1535 4L SVM-CRF 5,55 5.y duuglio ~¥— Y-V
oo,

olee & il 50l slaghy, 3 Slee (23
g D98 SUSS pl Ty o] el o651 051!
bl slohy, 5l S s atrin |y 6 Sol s
O 8 0 oud cvalive Oyl dwslie wadl g0
a5l aS cal g, 90 cpl Gl ) sael caws
cds J S cas Ll o] b el acule
s W oLl (s 57 )5 cds oansads
o9 99 dumliie (sl oy, o pdghie 51 (S 0T
02ld dsgame (59; y by 90 o sl sanail
aisl ool bl Jolal &jge 4 a5 conl LS
Rlo o 2ds b))y hisel Gogy ol 31 [oY]
4 alsl o [vY] el sas solatul o Slidss
S @l b ol alio 55, Gobod @mls Sl
Ll 00 4.»_’>|~))a Ao U”‘ o W) rﬁl.?u‘ g.)L‘LJ.?u
&l SVM-CRF (golpiiy o il 5l Jol> gl
Ll saal (®) 3 (F) slogo ;o WSz ,»
Lé gdzs SYUM-MRF s Slas gy avslie sl
Jgaz cnl )3 LBl L s dlie cpl QB oy
W o yLis (F)Joaz a5 jsblen [¥V] 0t 00,6

' Overall accuracy

¥ Producer’s accuracy
¥ User's accuracy

¥ Kappa coefficient


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

D55 JI3 ey p e Hlad bl ol sleools

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

1A liso ] @ plg2 6 losk @ pids Juw

9 35 €8 p (S uiudib la iy (U, o Jgu
A[¥\]) SYM-MRF 5,559, 9 SUM-CRF SVM (sbavs ;%595 (gl o0icS ol s

<8 e
¢ ol L LS
7" e R o o) owole
Sk J1 oS EW)
. Ly Y s s Ly
v IXVELY 7 IXVELY 72 IXVELY 7 IXVELY 7 IXVELY 7

SVM | AdO- | 4.8 | .08 | aT)f

Yo

NE L AAY | Mao | AVSR | Yo FA | FASS

SVM-MRF | 9-4Y | AY,++ | aYAY | avs-

Yo

YL YAYA | AYYA | AFN- [ VESE | sVrY

SVM-CRF | 4Y,3A | AAOY | QEVE | avas

YEAY | A-\Y | AYAE | AESS | VYOV | sret

.([¥7]) SVM-MRF

95 B | L ey o

SVM ADY ) - YA
SVM-MRF | AA-A - AY
SVM-CRF | A4,-# - Af

@ b G Gl o S, 5l Jol> mls alie b
sdal (F) Jgaz ;0 a5 ) Kep g juews Slido
SVM- o )55l oS 5 a5 085 amsis olgf oo o
Com AF LIS g5 5 AeF IS 3o L CRF
aseis sl RF-CRF 3 GLM-CRF 5,555, 58 4
N il 515 s jlad blas ol 5l gyes (2)lse
Sl 4 g 00y Jliml 63,55, SVM 1,5 [YY
L Al R g05

ouly gyl Ludl (gurgs (b3, -Y-Y

5 SYM-CRF SVM uudil >g,5 (F) JS5
bug oals &Ll SVM-MRF  >4,5 (puzes
dwglio jolate & wla8l L 1) oo g e
Sy Jds « Iry] s o il ool g
O ygo 4 Ghmdn Lo g5 dasiaib i X

S| 00 oa)ﬂ X)Y) Glaitw amas (0 (gda 9o

1&o

Al gl ey o o5 Sl alex
Syge Sowe sbaodls g5, Jlad blE ol 5160
90 4 (lg¥ oo el 00l plomil ( Baims () o dxlllas
e 9 o Lawg a5 CRE 5 (e Gofiod
I, CRF Loyl [YF o V1] o5 o,lal w8 & g0
S5 b % 5k g GLMY 0S5, S5 L L S
aibie Gxed B)lse pais slp RE 550,
@l B Jsor wop 5 4 pldl Seals
Slp o0t GBS b amlie o ) gl olidss
oS el L olS 5 ooy g sl (WIS 4

X | %

' Generalized Linear model


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139 ]

’ =l 63w odub (514 SYM-CRF (g5 5, Sug ol

UlSes g Hisdc 0318

Looad )l JS& 4w 52 50 Gedle (I aiies sty by gody sbasd gra awlic
bl b S sl a4 cod G5pS <ds ooz slo ld= saisSaol (V)G o calize
a4 ab son] Glidss (o NG~ PR VR PR W Ao 2 WBgd oo odalie a5 5 sblen ol (B)

Bgd axgi yln laopile gl el asii 4 g0l calid (V) 5 (V) (V) IS

N30 (995 aaib 8 5l g wib (2-V)

542
5.41995 5.41995
54199 5.4199
5.41985

5.41985

54198 5.4198

5.41975 5.41975 -
4.9706 4.9708 4.971 4.9712 4.9714 4.9716 4.9718 4.972 4.9722 4.9724 4.9706 4.9708 4971 4.
x10°
<
5.42
541995
5.4199
5.41985
54198 5.4198 .
541975 — = e e 5.41975 = =
4.9706 49708 4.971 4.9712 49714 49716 4.9718 4972 4.9722 49724 4.9708 4.9708 4.971 49712 4.9714 49716 4.9718 4.972 4.9722 4.9724
x10% x10%
° T

o =5y

85 B ipsh. [
RETIN —

oS gyl b S
LB ]

ol |

©y90 43 9 ISPRS Lawgi a5 axlllas g0 dilaie 53 S92 g0 b WS aidis () royledT (Soudlg adlae LG pl 1V JSs

2l =955 () SYM-CRF by, bt pl (g )5 (&) SYM by bLES pl (o9 55 (©) el o0l (65105 Gz 33 (§ yus yroanedty
A¥]) gseis slosaly (o) SVM-MRF jbg, blis

161


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

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

1A liso ] @ plg2 6 losk @ pids Juw

LY¥ 91\ RF-CRF g GLM-CRF (b3, 90 9 SVM-CRF (golgguinn 599y g0 bs dumwlio :# Jgu>

E-K) o
L, L LS
ol Lo EWwl L gl R
o~

. Jo5 s g3 s g3 s &S oy
v oS 00S oS L,[S
SVM-CRF | AFVE | a¥AZ | VENY | A-)) | AVAT | AFSS | A%:5 | - AF
GLM-CRE | Ad%+ | A¥Y- | $YA- | Y- | Qeoe [ OY,e- | YOV~ -
RE-CRF | VY« | - | Fa8- | YYa- | v y- | $\ve | A-s- .V

5 ol s sl s 5L (92 (s sl
WS So o Jbe Heb )l 052y (pols s
te Ol oo k8 g 04l el odys Z 0 bl
Sl s S Bbl 5 5 easlial, edls
ey okl Bl e e g plensle ) IS
S0 woilv oo il a5 pladizs (5 35250
Ol aomis a5 S oo Sl Feals sln |y Lanee
SVM-CRF g, 5| J—ol> cBs o o o |,
asaab gy e s AP IS cds oS alasde
SO Gl snail (ol S 5l lis SVM-CRF
YL clBs aizmen o)l (6 0 cdorn aore
LS Ay 4 saiSudsi g nlS s gla el
oald 15 Cwl oo 03,91 (F) Jgoz ;0 IS
SO YL S5 6l,m SVM-CRF LS o s
&l= SVM-CRF ¢l S8 LB el (5,08 4o
gl dcgemma ;0 Sg>ge bl slows a5 Slap b
3 Sgliin oM cluan bl 25145 LK |y
et Jleil sl dls (w3550 alall (IS
ool wales alp Sl 3550 alads DI
L ganainh &8s )95 (WS sl p bl (e
SVM g, a4y S SVM-CRF i, 5l oolaiul
S5 290 2l 45 el 03,5 gy 28lS s

gy dwlem 18, 5b Kos sldl Lais awo o

1P

G5l g Sy -F

035> 30 ol Gl oW aLidS ams g0 o
slse soaizin slaosls I (54 Ll 2l
ol Aol 5l Ban bl ek 43 el oads plox
sl SVM-CRF 5ia3 108 5 (pygi 0,539, @1, Gakos
r oo O &y e ) bl ganail
5 0 S gl L gl (lisle ok LB
il laghg; gl 4 arg bcal 009 (dle
S35 St sbedl glyFal oje> )3 43815 4y s
Gl By )a8 g sz Wiz laesls
CRE unail by, constde 5 (e & aaly
2 oode CRE g, (6,5, Ba Lown ol
ol s 4 G (pl ganai S8 8l
o &bl ppdl Sy 4 S Feals Sy
s 5y Aol ca 09 ladluen L) 3G
Slr SYM-CRE Jue (Byme @ (lsicen Gebod
5 SRS odzm wzme Sl sl gl sl
solie p (S (s GBS Ry 65 A Geiren
OLlws 5 sdie Lagi a5 oaSe o505 )3 0%
Iev] o5 o lol s 3yme

apadb S SVM-CRF a5 s a0 oo lid muls
2 L el ooy (el Glolaze sl o>
So N (59 Glaos blas Sledb| wdidl oyl

“laoe 0 48 il oa (b 5l )8 oo T 1


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

ceog=l 53w b (gl 4 SVM-CRF jug5 5 3 Sug ol l

[1]

[2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]

UlyBos g i 6ol j49

M. Akhavan Abdollahian, M. Taghvaei, H.
Varesi, “Determining Vulnerable
Applications and Criteria for Spatial
Locating With Emphasis on Unnatural
Crises with AHP Method (Case Study:
Sabzevar)”. Geores. 32(1), 121-136, 2017.

H. Olfat, A. Rajabifard, F.M. Qureshi, S.A.
Daneshpour, “Facilitating Urban
Management Through Local SDI case
study: the Municipality of Tehran”, In
GSDI 11 World Conference , Rotterdam,
The Netherlands, 2009.

M.E. Hodgson, J.R. Jensen, J.A. Tullis,
K.D. Riordan, and C.M. Archer,
“Synergistic Use of Lidar and Color Aerial
Photography for Mapping Urban Parcel
Imperviousness”, American Society for
Photogrammetry and Remote Sensing,
2003.

G. Zhou, C. Song, J. Simmers, and P.
Cheng, “Urban 3D GIS from LiDAR and
digital aerial images”, Computers &
Geosciences 30.4: 345-353, 2004.

G. Maximilien, J. Digne, R. Chaine, and G.
Monnier, “Fine scale image registration in
large-scale urban LIDAR point sets”,
Computer Vision and Image Understanding
157: 90-102, 2017.

M.J. Starek, Light Detection and Ranging
(LIDAR), Encyclopedia of Estuaries: 383-
384, 2016.

P.M. Dare, “Shadow analysis in high-
resolution satellite imagery of urban
areas”, Photogrammetric Engineering &
Remote Sensing 71.2: 169-177, 2005.

D. Poli and C. Ivano, “3D modeling of
large urban areas with stereo VHR satellite
imagery: lessons learned”, Natural hazards

68.1: 53-78, 2013.

B. Hojabri, F. Samadzadegan, H. Arefi,
“Building Reconstruction Based on the
Data Fusion of Lidar Point Cloud and

1 O

&l
Aerial Imagery”, JGST, 2014; 3(4):103-
130.

[10]L. Guo, N. Chehata, C. Mallet, S. Boukir,
“Relevance of airborne lidar and
multispectral image data for urban scene
classification using Random Forests”,
ISPRS Journal of Photogrammetry and
Remote Sensing, 66 (1), 56-66, 2011.

[11]J. Niemeyer, F. Rottensteiner, U. Soergel,
“Contextual classification of LiDAR data
and building object detection in urban
area”. ISPRS J. Photogramm. Remote
Sens, 87, 152-165. [CrossRef], 2014.

[12]N.E. Ashmawy, A. Shaker, W. Yan, “PIXEL
VS OBJECT-BASED IMAGE
CLASSIFICATION TECHNIQUES FOR
LIDAR INTENSITY DATA”, International
Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences,
Volume XXXVIII-5/W12, 2011ISPRS
Calgary 2011 Workshop, 29-31 August
2011, Calgary, Canada.

[13]Y.4. Hussin, V.P. Atmopawiro, “SUB-
PIXEL AND MAXIMUM LIKELIHOOD
CLASSIFICATION OF LANDSAT ETM+
IMAGES FOR DETECTING ILLEGAL
LOGGING AND MAPPING TROPICAL
RAIN FOREST COVER TYPES IN BERAU,
EAST  KALIMANTAN, INDONESIA”,
International Society for Photogrammetry
and Remote Sensing (ISPRS), 182-191,
2004.

[14]K. L.K. Rajendran, S.P.M. Bane, P.P.
Vilachos, ‘“Dot-Tracking Methodology for
Background Oriented Schliern (BOS)”,
arXiv preprint arXiv:1812.10870, 28 Dec
2018 - arxiv.org.

[15]4. Balke, P. Kohli, C. Rother, “Markov
random fields for vision and image
processing”, 463 pages, 2011.

[16]P.M. Mather, “Computer Processing of
Remotely-Sensed Images: An


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

Introduction”, 3rd Edition, 2005.

[17]R.G. Congalton, “A review of assessing the
accuracy of classifications of remotely

sensed data”, Remote sensing of
environment 37.1: 35-46, 1991.

[18]H. Aghighi, J. Trinder, Y. Tarabalka, S.
Lim, “Dynamic Block-Based Parameter
Estimation for MRF Classification of High-
Resolution  Images”, Geoscience and
Remote Sensing Letters, 11(10), 1687-1691,
2014.

[191M. Weinmann, B. Jutzi, C. Mallet, “Sematic
3D scene interpretation: A framework
combining optimal neighborhood size
selection with relevant features”, In
Proceeding of the Annals of the
Photogrammetry, Remote Sensing and
Spatial Information Sciences, Zurich,
Switzerland, 2, 181-188, 5-7 September
2014,

[20]S. Paisitkriangkrai, J. Sherrah, P. Janney,
A. Hengel, “Effective semantic pixel
labelling with convolutional networks and
conditional random fields”, In Proceedings
of the Conference on Computer Vision and
Pattern Recognition Workshops (CVPR),
Boston, MA, USA, 36-43, 7-12 June 2015.

[21]L.C. Chen, G. Papandreou, I. Kokkinos,
K.L. Murphy, A.L. Yuille, “Semantic image
segmentation with deep convolutional nets
and fully connected crfs”, In Proceedings
of the 3rd International Conference on
Learning Representations (ICLR2015), San
Diego, CA, USA, 7-9 May 2015.

[22]S. Chen, “Markov models for image
labeling, Mathematical Problems in
Engineering”, 44(1), 2011.

[23]J. Niemeyer, F. Rottensteiner, U. Soergel,
“Conditional random fields for lidar point
cloud classification in complex urban
areas, ISPRS annals of the
photogrammetry”, remote sensing and
spatial information sciences, 1(3), 263-268,
2012.

[24]J. Niemeyer, L.D. Wegner, C. Mallet, F.
Rottensteiner, U. Soergel, “Conditional

1 &1

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

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

Random Fields for Urban Scene
Classication with Full Waveform LiDAR
Data”, Springer, Berlin, Heidelberg, 2011.

[25]J. Niemeyer, C. Mallet, F. Rottensteiner, U.
Soergel, “CONDITIONAL  RANDOM
FIELDS FOR THE CLASSIFICATION OF
LIDAR POINT CLOUDS”, International
Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences,
Volume XXXVIII-4/W19, ISPRS Hannover
2011 Workshop, Hannover, Germany, 14-
17 June 2011.

[26]W.L. Lu, K.P. Murphy, J.J. Little, A.
Sheffer, and H. Fu, “A hybrid conditional
random field for estimating the underlying
ground surface from airborne lidar data”,
IEEE Transactions on Geoscience and
Remote Sensing 47.8: 2913-2922, 20009.

[271X. Han, H. Wang, J. Lu, C. Zhao, “Road
detection based on the fusion of Lidar and
image data”, International Journal of
Advanced Robotic Systems, 14(6), 2017.

[28]Z. Huang, F. Xu, H. Nie, “Object-based
Conditional Random Fields for Road
Extraction from Remote Sensing Image”,
IOP  Conference Series: Earth and
Environmental Science, 2014.

[29]X. Pan, L. Gao, A. Marinoni, B. Zhang, F.
Yang, P. Gamba, “Semantic Labeling of
High Resolution Aerial Imagery and LiDAR
Data with Fine Segmentation Network”,
Remote Sens, 10, 743, 2018.

[30]J. Niemeyer, F. Rottensteiner, U. Soergel,
“Conditional random fields for lidar point
cloud classification in complex urban
areas”, ISPRS annals of the
photogrammetry, Urban Remote Sensing
Event (JURSE), 2013 Joint, Conference
Location: Sao Paulo, Brazil, 2013.

[31]F. Aghighi, O.M. Ebadati E., H. Aghighi,
“Classification of LiDAR cloud points by
using Markov Random Field and machine
learning techniques”, Iranian Journal of
Remote Sencing & GIS, ISSN 2008-5966,
2(34), 60-41, 2017.

[32]U. B. Gewali, S.T. Monteiro, “A Tutorial


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

ceog=l 53w b (gl 4 SVM-CRF jug5 5 3 Sug ol l

UlyBos g i 6ol j49

on Modeling and Inference in Undirected
Graphical Models for Hyperspectral Image

Analysis”, International Journal of remote
Sensing, volume: abs/1801.08268, 2018.

[33]V. Jain J.F. Murray, F. Roth, S. Turaga, V.
Zhigulin, K.L. Briggman, M.N.
Helmstaedter, W. Denk, H. Sebastian
Seung, “Supervised Learning of Image
Restoration with Convolutional Networks”,
2007 IEEE 11th International Conference
on Computer Vision, 2007.

[34]S. Laible, Y.N. Khan, A. Zell, “Terrain
Classification With Conditional Random
Fields on fields on fused 3d lidar and
camera data”, Conference: Conference:
Mobile Robots (ECMR), 2013 European
Conference on, 2013.

[35]E. Grilli, F. Menna, F. Remondino, “a
Review of Point Clouds Segmentation and
Classification Algorithms”, ISPRS-
International Archives of the
Photogrammetry, Remote Sensing and
Spatial Information Sciences, 339-344,
2017.

[36]J.M.D. Balakrishnan, “Significance of
classification techniques in prediction of
learning disabilities ”’, arXiv preprint arXiv:
1011.0628, 2010.

[37]J. Lafferty, A. McCallum, F.C.N. Pereira,
“Conditional Random Fields: Probabilistic
Models for Segmenting and Labeling
Sequence Data”, Department of Computer
& Information Science, 2001.

[38]S. Kumar, M. Hebert, “Discriminative
random fields: A discriminative framework
for contextual interaction in classification ”,
2003.

[39]4. Nguyen, B. Le, “3D point cloud
segmentation. A  survey”,  Robotics,
Automation and Mechatronics (RAM), 2013
6th IEEE Conference on, 2013.

[40]T. Hoberg, F. Rottensteiner, C. Heipke,
“CONTEXT MODELS FOR CRF-BASED
CLASSIFICATION OF MULTITEMPORAL
REMOTE SENSING DATA”, ISPRS Annals
of the Photogrammetry, Remote Sensing

106

and Spatial Information Sciences, Volume
1-7, 2010.

[41]1B.E. Boser, ILM. Guyon, V.N. Vapnik, “A
training algorithm for optimal margin
classifiers”, Proceeding of the 5th Annual
ACM  Workshop on  Computational
Learning Theory, 1839 - 44 self, 1992,

[42]Y. Pao, “Adaptive pattern recognition and
neural networks”, 1989.

[43]1C.C. Chang, C.J. Lin, “LIBSVM: a library
for support vector machines”, ACM
Transactions on Intelligent Systems and
Technology (TIST), 2(3), 27, 2011.

[44]1L.P. Knerr, G. Dreyfus, “Single-layer
learning revisited: a stepwise procedure for
building and training a neural network”,
J.Fogelman, editor, Neurocomputing:
Algorithms, Architecture and application.
Spring-Verlag, 1990.

[45]C. Wellington and A. Stentz, ‘“Learning
predictions of the load-bearing surface for
autonomous rough-terrain navigation in
vegetation”, Field and Service Robotics,
Springer Berlin Heidelberg, 2003.

[46]H. Hu, D. Munoz, J.A. Bagnell, M. Hebert,
“Efficient 3-d  scene analysis from
streaming data”, Robotics and Automation
(ICRA), 2013 IEEE International
Conference on. IEEE, 2013.

[47IM. Cramer, “The DGPF-test on digital
airborne camera evaluation—overview and
test design”, Photogrammetrie-
Fernerkundung-Geoinformation, 2, 73-82,

2010.

[48]V. Spreckels, L.S. YREK , LS.
SCHLIENKAMP, Herne, “DGPF-Project:
Evaluation of Digital Photogrammetric
Camera Systems—Stereoplotting”,
Photogrammetrie-Fernerkundung-
Geoinformation, 2, 117-130, 2010.

[49]R. Abdolla, “Evaluation of spatial analysis
application ~ for  urban  emergency
management”, SpringerPlus, 5:2081, 2016.

[50]M. Azadbakht, C. Fraser, K. Khoshelham,
"Improved Urban Scene Classification


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

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

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

Using Full-Waveform Lidar",
Photogrammetric Engineering & Remote
Sensing, 82(12), 973-980, 2016.

[51]C. Mallet, F. Bretar, M. Roux, U. Soergel,
C. Heipke, “Relevance assessment of full-
waveform lidar data for urban area
classification”,  ISPRS  Journal  of
Photogrammetry and Remote Sensing,
66(6), S71-S84, 2011.

[52]S. Arekhi, M. Adibnejad, “Efficiency
assessment of the of Support Vector
Machines for land use classification using
Landsat ETM+ data (Case study: llam
Dam Catchment)”, Iranian journal of
range and desert research, 18(44), P.
420:440, 2011.

[53]1G.M. Foody, “Thematic map comparison”,
Photogrammetric Engineering & Remote
Sensing, 70(5), 627-633, 2004.

1697


http://dx.doi.org/10.29252/jgit.7.4.139
https://jgit.kntu.ac.ir/article-1-767-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-06-27 ]

[ DOI: 10.29252/jgit.7.4.139]

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

Conditional Random Fields for Airborne Lidar Point Cloud
Classification in Urban Area

Farzaneh Aghighi !, Hossein Aghighi 2, Omid Mahdi Ebadati®

1- Ms.c of Decision Science and Knowledge Engineering in Department of Management, Kharazmi University of Tehran.
2- Assisstant professor in Department of Research Center of Remote Sensing and GIS, Shahid Beheshti University of Tehran.
3- Assisstant professor in Department of Mathematics and Computer Science, Kharazmi University of Tehran.

Abstract

Over the past decades, urban growth has been known as a worldwide phenomenon that includes widening process and
expanding pattern. While the cities are changing rapidly, their quantitative analysis as well as decision making in urban
planning can benefit from two-dimensional (2D) and three-dimensional (3D) digital models. The recent developments in
imaging and non-imaging sensor technologies, such as airborne Light Detection and Ranging (LiDAR) system, lead to a
huge amount of remotely sensed data which can be employed to produce 2D/3D models. Although much of the previous
researches have investigated on the performance improvement of the traditional data analyzing techniques, recently, more
recent attention has focused on using probabilistic graphical models. However, less attention has paid to Conditional
Random Field (CRF) method for the classification of the LiDAR point cloud dataset. Moreover, most researchers
investigating CRF have utilized cameras or LIiDAR point cloud; therefore, this paper adopted CRF model to employ both
data sources. The methods were evaluated using ISPRS benchmark datasets for Vaihingen dataset on urban
classification and 3D building reconstruction. The evaluation of this research shows that the performance of CRF model
with an overall accuracy of 89.06% and kappa value of 0.84 is higher than other techniques to classify the employed LiDAR
point cloud dataset.
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