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1- Crown Height Model (CHM)

2- Structure from Motion


http://dx.doi.org/10.52547/ifej.10.20.193
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.9.6
https://ifej.sanru.ac.ir/article-1-447-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.24237140.1401.10.20.9.6 ]

[ DOI: 10.52547/if€}.10.20.193 ]

e Byle g (5ls 2l )8 S5 Lo jnesns

¥ OB (i S 53 i3 S5 65l y ST 53 sl ) gyt 2U olisyl Jae (oL

oy ke 69y p oMb cud HY okt I odel Cawdy
g ol assl clo S>3 oS imgd ol 5 in)S
b ploxl s (B e 9 O i Sl JSdite oy
b S8 508 /Y Lyl F-Score b ks s S
ok s (Jgeme auds o glrodioti sleosly I oolaiul
390 05 sl 0988 B (1550 S (3l IS8T (4 sy 55
(A) )er g lage diej (pl 0 ‘sl 485 )5 avg
¥ oS diy by U b S djge SKix So o) (Ados
wislae sl puls oS Waly plogl g a5 b &8
o odliwl e iy winyoSl 5l a8 Gimghy ol p0 bl
3 9390 )3 S5 /A Lyl F-Score b siiuilys ol
oo S (63l KsT g 03,8 SSa 1y Sllas s ye
U5 oop 4 (V) ghlSen 5 o2 > (AdS ) )
P oalre dinde old dige o2y L odby oS
Sy Sy 098l Sz o 3 39290 (50 ST (gl
» by, Cunninghamia lanceolata 565 L gl eS
Bge 13,5 o3l Sy (Fye )9 polal & imgly (ol
s SS& 1y s SO oy Al i s b L
Sy b wix lrodhy I oslatul die; jd LS gk,
9 3 8 R G ol S i)l (4
2 e SlSye 5 SO i)l Gl (0) GlSen
Sl s 5l a8 i cpl p0 00,5 ealaiwl b S dsye
3 Gt €80 b 605 3390 il e 0dlatl JigealS’ lir (g9

o S Gl Kal jo ) slaosly 1 eolal
blo glsel Jisle & dog b Wlgie &5 Cosl sbhoged
i 3 SO o o b daodiniw cpl jl ens
b Ll S (ila)lSal 5 S5 1y ampe )3 39290 S
@ Oroen g otz ol Vbl dje 4 dog
Cpgpe ol Sy Gigw (B S5 il
Oz g Cuad o)) laodizds S 25 o el
b 2,8 58 byl 3,90 S e sl S 5 gl 2L
20,5 Cuosd

dpder oyl &5 29l g Lo 028 laggy cnl
S 3l o S il (gl Yane a5 e
B b 0,8 o 8 edlaiwl 5)50 Y 1 el CHM
skt Jols CHM 3 sgvge ks ys 5 wlszy Y
b Geios cpl S i)l g SSE ) ey (Jgeme
S pgbai I Jols CHM GUly (i (s B2
b S S o 130 O g5l S5T )3 sl b
5 gl Galises slagl by L33 5 gtie sy 28l

W yg 9 g
axlllas 590 dilaie

e Sl ik e s SR>
by sla ol b (o (oldlya> Cuxge a5l SHL oyl
Al Yo 9 @B YV g ax 0 Y8 Sldlss joye 39,95 9

4 (bl gl S9d e eSS B b by,
4 gl g 25 S BB b g (3 (smd (slacusdye
ol 3 (T4) 223 00 el |y B> Cusge 393 Cpg0
b oo S bl ) qamtn by sbyl oy lagz)sS)
LI jl g 99800 oolitul g sz > Syude slo Sy
bl (wlide wdali 9 (35 @ ye (o) sl o (dwej J358
syl g szu)ﬁll ol oer e ) b (MY) 2945 g0 00l
Syl SWl s ldllae dap)l 5yl )z e bl
loals 58wy y 390 Gk opl ) sy
4 Vg o &Sl s 4 Y (gyelyd 45 dad o
Ly o Ship hdoys 4 baye Gloje b g oy
O S5 (il Sl e > L (IS 4 S by
S5 i)l el (oo go3Sag (VY ol oAl s
alo> ‘_’j 51 a8 ol o0 Dol (gdasdus Jolfﬁ)gl dlsg 4 b
Slois ) (TF) 35 ol (o siir iy & o
sy j Jobs GLCHM (g5) » &SSp90 » SUI55
o 85 b1y 53 S5 il S8 g Jlae) Lo
Wy i oSl odlistal Jho lyis o S oo e (VL
sy oY ool 3l o gl CHM (g, 0 oo
S 8 g ol ord aBld o 4 By ST gl
Jol a0 5 b gy cul dgzg ol b (V) cawl 03905 Juol> 1,
Sl g B35 00 (AL LIIL 5 S5 slalad (gpSojlul 4l
5 Caad 8 lrodionie 4 glisl jad w4 olowd
4 olid (S5 culplly 29 b o> hjgel slagys
2 ol S gile)Kal ly sYb G S8 L slaesls
Ogioxe Sladyjp 4 d2gi b jieS Jloj gy Slaac )
29 oy 3l plom glasty) & pghailen .l (o0l e
0 od b olyed s gp Syl Jb 3 (ol
sl 29 JS255 5 Pl sl VU e S5 | ol
2529 foo Slosed 41 o slo il 9 Vb cdo b [ (2290
& &S Cuwl 0sis plonl (g33i0 Slallan 198 b die cpl ) 0
')9""5" b)lm‘ L(bu] )‘ u.’>):
iy d o plosl (V) e g (udl &S gladlllas )
g Jhuad 035 Sy 3 2290 550 S5 (gl il
o0l b e JadS5l Lo )3 phite Lolgh b cudls s S
89y » oMb cual Y odizvw j ol bli (Sle yl
R e e
o & by Sy 5l A Bas 3890 oyl s ool
9 Sopgw bawg &5 (650 GBS WS gl
oxizsia b jlgy dgee Sl dae S 5l et pbxil (YA) S
G5 dw Gl S gl il Gl Jgeme Ak
Pinus pinea L. 4 Quercus ilex L. Quercus suber L.
el ol b b Jluodl S o395 Ky 5 Sg3g0
ool Joco Al wis ol 3 &S g oyl 50 S el
Y D S A B e b aisly bl bl
5 a8 S SSE g i)l 1) aigS opl oy A
St @B b Sy Gigw IS &S Cul paseie o @l
OhSen 5 (2 & 03 (gl ) (pimen Lind (gl S
bl ol 5l eslazal b1y b s O (g5l Kl sy pbol (V)


http://dx.doi.org/10.52547/ifej.10.20.193
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.9.6
https://ifej.sanru.ac.ir/article-1-447-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.24237140.1401.10.20.9.6 ]

[ DOI: 10.52547/if€j.10.20.193 ]

AR

o Gl 53l 2l SIS Lo jrea

VFe ULM) 9 ).:.vl) AL b)lo.a.fl /n,m JL» ul):l L;LmJio L;wurwy

e )LS@ 2 g zU lise bawsio wld by (ool
5 &l Caglhe 4 dagi b (pizren ey S 4 dop
sladiss aby) Ll b ealp g adbie ool Glga
4.Lo>" )‘I wYL )Lw Ql L;IAJ; &9» O]}ﬁn sQ5L6.:La
L‘}g.] 5 oS U:lf).\.m Lg[m Li.o/“ ua>L» Lgl.md..}?f B
(Buxus hyrcana) slied 4 (g o Ndg390 0 Sl
(Carpinus betulus) ;,.. o (Parrotia persica) Lol
Slious L;Lmqbf Jawy J)L ‘;))l leE  Cound ..))5 o)LJBI

() Sloas s SasSius

Yo g atdo YA g an)d OV U aglh «+ adBd ¥V g a0 0)
(3 JS8) o 8,515 5,5 gl
S bl (S Sy 5 S Sk o
ol e b b oyt g 0, Sl o] aw I jze
lei';? Aj)l.f .k:«.w‘ ..\.AD).) )LP AJJUG.A 3)’0 035.\7@ )3
Sloipaldl gubais & g b g el a5l S
e Sagline; b ogbpe (As gblie s> 0f el
sobdy adlate cpl )3 (U3 (S15 (liee gde Cgune
solal & dogi bbb Se 4l YOA lawgis

(oSt S k) Al 3,90 ailate =) S5
Figure 1. Study area (Sisangan Forest Park)

el (698 Jlor 0950 duw 11 KD) ) 3929

ool oals S5V Jodx 3 Gilgn haascie I Sy
9 35> i dw Jho Clo plate 4 (lagh ol
SLnes (i adllas 3)90 adate ' idgy I (lselo]
b @l (pope dopd A g ok aoyd A gl
Culio Sliged g 0 odd -V S pn Sl
dalllas D50 od3gize ol sy 0 &S Cuwl odd Coge
&5 e Jhe usdge po 53 5 0ad ol Jle Gidy
D9 6430y guad

Table 1. Characteristics of flight operations

ilor Slles
Ao )5 )5 oolial )90 (gl (nl 3 oS ool
gF 3 eln ol (ARYUSS) g 9n ke peslé
2 28 WAL ply S5 &S Canl jlgg dgae (sladlpy
9> ol 00D cuad Mg ol 59y 2 & (Sloizmis
9 o 3o )3 okl > polal c bl b LuSHRe ¥
op) dlwgdy ord cuildy pglat a8 ya skl Lol
ol il polay Bl e JuwSy OFVYXYSFA sz
b o o sy cal 1 Ly i) 45 5

N dasuie
YRS ST A S pngas &b
406> £0 Gl ypgal ploj So
JuSa Y¥ID 038 (532 adlaite Corluvo
Ab¥ ok &b gl S dlass
el o gl
o (Bl Yo solal S S8
doyd A ol o258 Sligen
Lo p> A kel Job Slisyen
o 5l Y/BY (GSD) (sieej (5l ytigas abuolds



http://dx.doi.org/10.52547/ifej.10.20.193
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.9.6
https://ifej.sanru.ac.ir/article-1-447-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.24237140.1401.10.20.9.6 ]

[ DOI: 10.52547/if€}.10.20.193 ]

e Bile 5 g5l 2lays S LS jnae

Ah'e OB (i S 53 i3 S5 65l y ST 53 sl ) gyt 2U olisyl Jae (oL

g v

( ER
|
El

!
)

s
__u.‘
-
=

=

/

dalllas 590 ddlaio Calisee (glaciomd jl odd Cuily y polad sl & =Y gy ¥ pouls Juo by I -V IS
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Figure 3. A: Digital surface model of the study area, B: Orthomosaic UAV images

1- Digital Surface Model (DSM)
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Figure 4. A: Digital surface model (DTM), B: Tree canopy height model (CHM)
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1- Digital Terrain Model (DTM)
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Figure 5. General work process algorithm
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Table 3. Algorithm results

Coy g b
293 5 Liosas aly p (gdasie Glalllas aLBiS and jd
4 LfJLi} S 298 dloj ol 53 ol B S plonil S
oyl (ggy 2 0dd cual Cuodd ol (slaodioniw o Wadlay
pore slob) 53 b dulie 13 Cljeed cpl sl 0
Sy 35N 5 g Ged ol J @ (el S
SSoill eyl 0 SO g5l il asye (0 Slglyd 5y 8
bo 55 Limgd ol 0 (YY) 5,0 ba)] 2l lusle o £lis))
15 S ol ol 5 lalSill (sl gl
ol b o, opl 950 edlatwl CHM  (slaosly
5 s pobad 208 Jaie I cwl ond Sl Y
Y ply g Lf”d‘ o (oL pzmen g SFM 5,65
(S Sy g Sy dod G (B 5 B
2 &Sl s 4 din des s S o a8l pa8 iy
33 sodly cunl gy BB yo; pdaw L& 5 (glaw
ity DTM céle jghite 4 (g (o ©laja b g
S g ol dpo & (9)de (B9 lyie 4 Blgn B )l
S dSKe )l plel rizmen 9 JymS (il 4inej )3 e

s oSl ol - Jgao

F-Score ol (65w, K oy P r FN FP TP S sl Lges lalad
<I8Y Y-Iv¥ I5¥ -1 \¥g Y5 AD WY Sliads HlraSid ade b digei dalad
QNG ov/sa NG NG A A A Y& 0155 s ale b diges aslab
-Jof oa/sv -/o¥ S Yo A} v 2y iS5 Agos aslad
ke +[5Y £0/00 <[5 <[5 vy A WY yea Egome

P Sl £65 09 oS wiored g dlied (slajbbaslis
ly ol 55 (oo g IFF USK3) 3,5 o)Ll digas el oyl
kS o b |y 3 lge cpl 45 Canl 0 plos] _la gy

2 sl Slee o Jaiz )3 39290 guls 4 25 |
Al gy bt dlieud (glayly aSis ade b diges dalad

et oo olite 4 o @l (a8 g BV ) Glgiee oS


http://dx.doi.org/10.52547/ifej.10.20.193
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.9.6
https://ifej.sanru.ac.ir/article-1-447-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.24237140.1401.10.20.9.6 ]

[ DOI: 10.52547/if€}.10.20.193 ]

Vaa

o Gle g 53l 2l SIS Lo e

=l b o S5 ddb suiles a5 (slaiges dalad
aax oyl Koo wiges dalad g0 @ ol |y (g icams
2 &Y gal 5 glite sadisS 335 wind pl bV
doul cely yol opl a8 sl 0355 Gy o pas 51 5L &Bly
S9y 2 EP A 93980 eyl > il slacdly
dw jd sl £oT g oS 5 )b Lale B o oSl s
ol o 03l iles £ S 3 0l Cubld gy diges dslad
) lmosiomin ()3 S gl K] ) o
» boxisw ol S)h K bl 4 (S by
slaoxzgio b alio 3 syt S esel sbaJSis
s g 51 ol L 5l o815 a5 Jyano
S 3 ) cwl Jgame slagymyes sloosly Iyt
i sbodly el bl laodizmius opl 4l > 4 3)lg0
B L) DTM aY glge aoly 4 x5l 1) oSl
B e @l S col Jolo nl &5 38 g VL
Fr s g i)l el Shy ool pzmen (W)
€8> iall el 9 995 00 ©gSl ) )3 0dng) (sladisS
(V) ohlSer g (b & Slaiss zls (V) 35,5 0 o
S sz 31 eolawl b (Y) oh)Sen 5 o izmen g
5 il il gols 3, ASE el ol asly pll
G Cans duoyd IVE g ML g bl S8
b B 3l as des o lis |y (o 5L cds ol Guiss
2,8 0,Ll bl bawgs I osimiw ) edlil 4 lgs o )]
Ol edizmius Je (gl o edlaiwl oS I Gl By
i el diin 053,509y cnl oo ol ) Caesd
Sl Sl odliul & Cuid 1) 5385 5 Fodlw by 4
LS o Lo it Slles pols s o a8l oduzey
}I&{)ﬁa)ﬂa;d9)ﬁm4§%w|gé):m.(\f)
Ol Slllas & (Sh00 13 (S SN g sld ol
i Jao Gilojl 3 (aler sl ySul j5d ok 2l
2 () 328 0l 9 Jgeme slagmyes wbe) badkey
Oomed )13 (6505 G ¢l slrosiomis b dwslio
@ g ol Pl Hluws byl LfLM)b ool g oS K
Ok & 0,8 alsul 1) byl GYsase g e s,
Sbasl o 1y logdll Juwsly Climas cpl a8 Conl JYs
ol dinej 5> JUb (ljyidie g ol sele gel Jl
Loy o (piley Gldlae b SO bLe

A RA uLuuA) 9 )uL\ /Y' a)l.o.‘f: /W.b.) JLM ul)" Lglle.io L;»ufh}g

2,5 oylil (YANAND) & ol o o iaghy opl dlos
Syl g oy 3390 gl 93 (nl 2 S (plakisS
G5 s 2 @l g Sy (g 1) Sl W8S 15
295 311y Yl cdy pols 3 b duglde (0 ol S5
O b dwlie 13 Sy Jigw GlS) e LS
N S SN RSN BN
Shb wolite 2S)9 SRy M 4 Sxoore
2 s obyl el ole ron g diwn (g3axe Sy
Dgd o B K Lacuds § byl S gile,Sal
od W8S )5 wyp 3y90 gk cnl & SUSy
ol ol @ls 4 dagi b s Sy e o5
i &S glaigesdalad 3 a5 23)5 o dasMo i
odd (o3l KT elaanl sl cunl yid dlies b3y
ol @l 20580
B 4 G g6 iz 5 e ol
Al saly (o5 g geplite (2 avpe ;3 39290 (L5
2 Ly Ay ol jla5 g ge slied () (einen
U Ay el U eed g 0dg L edgime S
2l hs LSS Loys ojlul sl ond gl LS
dou yd o3l Qlesl jd &S Cal oo Jole olious L3 )
g ol ISH s (e dinti m2)sS (gl Sl
@l Wil Solsy gl s Bbd I ol 4
i &S jshilen .l pogllhs SSE 5 (g5l S
b dwslio 0 oS5 (yldle b dged dabad ] asuin
asad pl g3 )b pans s (Ko dged dshad g
@ 909 (Ao sl o s )0 ZU 48 aSLl > & diges
auy ojlul & by glaygell wbs 4 0B sl
Sl Conddy @l cpl qeedes e Aludn i yeSl
Ol ale g (S e b K90 Slidad > (yioren
(gaSudio 0gioe g ol b l.m&l.'i SWiged Ql}tﬁ @)
P s ol el ags Jole pl g 9 o5 JSB) 3l
OBl 1) oy oSl €8 g 2gd e () S (g5l
LSRN GRS W O P P G G N P S
I kbse WSy b oeis copte MK slrdcgosme
b anglio ) (csibo )l > oSy (o) (il 1S3
Byl (gt sl OMSLe 005 o e g (y5Nen 3ble
ol P s S5 a8 @ asg b og Lwly ey (YY)
2l Vb ggS g Sy ite WU p (Sue plgh
wasuie ¥ o> s jl & jelailen ¢(gjlu,IS051 ol


http://dx.doi.org/10.52547/ifej.10.20.193
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.9.6
https://ifej.sanru.ac.ir/article-1-447-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.24237140.1401.10.20.9.6 ]

[ DOI: 10.52547/if€j.10.20.193 ]

o Gle g 53k 2l IS Lo jasma

Voo OB (i S 53 i3 S5 65l y ST 53 sl ) gyt 2U olisyl Jae (oL

FN . )
‘ FPO TP'

B FRE AN

ade b aiges Olaad o (gl il ki3 )3 2 z oo Hasis ale b dgod Olaad o by KT sy i gl =5 ISs
oS 5 g olabad o (65l IKST b33 g g b o) by
Figure 6. A and B: Detected trees of sample plots with dieback dominance of boxwood, C and D: Detected trees of
sample plots with dominance of live trees, E and F: Detected trees of mixed sample plots

3 b bl pen 4 e Cls 4 odisu
i)l con 3 Solel QLB Ly 5ol glosie
slosioiw diej cpl o &S D9 g0 ol s SO
055 U g 03)5 3955 lolay 55y 3 wal BB Jgone
oS Lol |y Jo b gl
g 4ja oS Ao I ol sblie p ogde (2 ()
9 Oalate sla wlio ;o ploul el ¢ iy A518 sl
50 b Sldllas 5l Sy 0 &S johailen )y i ulee e
s e JSi> w515 Ll b el ok ol
s o bgpa cslls (T0) e G 35
pre mle JI (S 38 gl blE el jslaie 4 GPS

5 oas bl Y Soof (slaotind oSl BYs ),
5 3k sboaiie bl wius bl ) 2 cuas JB
Y gae glzel g by e Jolpe sla Sy
dgdze Iy gyl 058 0,8 oyl 51 (gye0 5 iomine
Jds 4 Y Ko oS slrodiziuw cpl p 0gMe .l 038
3008 ogdle 9 Jgame gloodiomin 4 Cuns &5 (6 53L 1))
SFSHn bl @ glisl (o> jshate 4 ) ()
g5 gdlae 59y p Ygeme LB (ren a4 alll
Gy 0dixiw Joo I (86 (S Wb oo cuad Sy
Diigy oS Conlune 45 398 0 el g 00y yials' ) 5lg
ol Gln g 393 opl &5 b il Sl Sl


http://dx.doi.org/10.52547/ifej.10.20.193
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.9.6
https://ifej.sanru.ac.ir/article-1-447-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.24237140.1401.10.20.9.6 ]

[ DOI: 10.52547/if€}.10.20.193 ]

Y-

o Gle 5 53 2l IS Lo pasa

Ko il s Bl 4 ey b IS be
)'I odlazw! ‘Cj Lgld.}}f £ (e g uw JLMU
Sl s ol il bliasl Ll 65l T 050
bl S o odlitnl 3y Sy Lasis jl obe, K]
L dl)b “_',LJ&)U&L» 4 d>g L \19‘”‘" fﬁ O Ot‘.&)b
B0 S Ll 5l el ya olail 4 S wius asly Sy
oSl ol (g loso 4l 4 dogi b dgus oo 03l yauseis
Soolind glolid douyd palas Clbild &S Cond (glogud 4
PLY Jio C)?-l L_JLMU 9 Yu L5|439§ E95 (el g ))JJ
las sbol el wab o Golite slagl JSb sbul cels
buwg o gl il CHM (55) o (doxe dindey o595l
o St Jyms (g o cslaols 5 SFM 255
ol 53 0ad BLI g5l 20ly 518 gy )90 Candd )]
igej 9y Sty seshes 3] ol Ll )yl csimgy
g w3 Ll S p )l g 55 ST (g5l S]
Sglate glajlisle & a3 b ol coleo 5 Ll 51 1) L
2 3 48T el ol imen 9 A8 oo e (S
ke glajly ) byl 03905 ljae ()l )3 £las,] o]
b 23,5 3yl sk ol 5l dpedS o g gl b
Ao il ) e s g a3 5l g ylows Slsn

VFe uLA-MA) 9 )ub AR a)‘.«i' /ﬁ,m.) JL» ulﬁl L;lth\io L:»ufh}g

Cawl digoj cpl ) b Glaass @ zlisl 5 Cowl Coxlad
g phatel g gy cpl ims LB S (S (V)
a8 ehilan sVl oS5 L blie 55 ol o lizeb
Al 555 €5 o 9 S5 > e Yl o515 b 3blis
SosisS g5 il Sum i b by ob
GUlF Slge ppal culS 5 anosSal (B
LOYNY) s 5 sbcos 1) o) buws (gl
odiziaw (gl slaloglsr b awlis o Ladley 5l oyle;
uf:..mlf el Jole R g ol d)::.of oles shb ey
Ol 5l malse dSy90 53 D9 0 by o adlate
bt ool (S oS bl S ] By i )
S e 3 ol Ko S e inlS L
3151 18) s Cagione s 5355 13 5l o
S ol GEjlay @0)8 eslaiwl 38 YL #8105 L bls
b jglad cubsy plin > (izren (V2] Conl )loj
o o ] e Jale 5] (55 Wl 3 kil
P &S oled Alyus uimed g il o clale 5w ol
(F) LS oo B ] 3T 56l jlgp Slles plo]
dox ) (il Jolge 4 (g cnl Cutge (e cnlpl
bogase  dilire (b S gyl o Lulys
b (i g8l 5 Y iz 5 bglie (slaJSin

()

10.

11.

12.

&
Balsi, M., S. Esposito, P. Fallavollita and C. Nardinocchi. 2018. Single-tree detection in high-density
LiDAR data from UAV-based survey. European Journal of Remote Sensing, 51(1): 679-692.
Chen, S., D. Liang, B. Ying, W. Zhu, G. Zhou andY. Wang. 2021. Assessment of an improved individual
tree detection method based on local-maximum algorithm from unmanned aerial vehicle RGB imagery in
overlapping canopy mountain forests. International Journal of Remote Sensing, 42(1): 106-125.
Chen, W., X. Hu, Y. Hong and M. Yang. 2018. Airborne LiDAR remote sensing for individual tree forest
inventory using trunk detection-aided mean shift clustering techniques. Remote Sensing, 10(7): 1078.
Dandois, J., M. Olano and E. Ellis. 2015. Optimal altitude, overlap, and weather conditions for computer
vision UAV estimates of forest structure. Remote Sensing, 7(10): 13895-13920.
Donmez, C., O. Villi, S. Berberoglu and A. Cilek. 2021. Computer vision-based citrus tree detection in a
cultivated environment using UAV imagery. Computers and Electronics in Agriculture, 187: 106273.
Fareed, N. and K. Rehman. 2020. Integration of remote sensing and GIS to extract plantation rows from a
drone-based image point cloud digital surface model. ISPRS International Journal of Geo-Information,
9(3): 151.
Frank, B., F. Mauro and H. Temesgen. 2020. Model-based estimation of forest inventory attributes using
lidar: A comparison of the area-based and semi-individual tree crown approaches. Remote Sensing, 12(16):
2525.
Gonzalez-Ferreiro, E., U. Diéguez-Aranda, L. Barreiro-Fernandez, S. Bujan, M. Barbosa, J.C. Suarez and
D. Miranda. 2013. A mixed pixel-and region-based approach for using airborne laser scanning data for
individual tree crown delineation in Pinus radiata D. Don plantations. International journal of remote
sensing, 34(21): 7671-7690.
Hao, Y., F.R.A. Widagdo, X. Liu, Y. Quan, L. Dong and F. Li. 2020. Individual tree diameter estimation in
small-scale forest inventory using UAV laser scanning. Remote Sensing, 13(1): 24.
Hoseinpour, A., J. Oladi, H. abkari and M.R. serajian. 2019. Recognizing Plant Tension in Plantations by
use of UAVs Visible Light Detector. (Case Study: Nekazalemrood Forestry Plan). Ecology of Iranian
Forest, 7(13): 20-28.
Karjalainen, T., L. Korhonen, P. Packalen and M. Maltamo. 2019. The transferability of airborne laser
scanning based tree-level models between different inventory areas. Canadian Journal of Forest Research,
49(3): 228-236.
Kargar, M., Y. Babaei and A.E. Bonyad. 2021. Evaluate the accuracy of Unmanned aerial vehicles (UAV)
data on the survey of dieback Buxus hyrcana (Case study: Sisangan forest Park-Mazandaran). Journal of
RS and GIS for Natural Resources, 12(2): 21-24 (In Persian).


http://dx.doi.org/10.52547/ifej.10.20.193
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.9.6
https://ifej.sanru.ac.ir/article-1-447-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.24237140.1401.10.20.9.6 ]

[ DOI: 10.52547/if€}.10.20.193 ]

e Bile 5 533 0layd ) Lo jdae

vy OB (i S 53 i3 S5 65l y ST 53 sl ) gyt 2U olisyl Jae (oL

13. Koh, L.P. and S.A. Wich. 2012. Dawn of drone ecology: low-cost autonomous aerial vehicles for
conservation. Tropical Conservation Science, 5(2): 121-132.

14. La, H.P.,, Y.D. Eo, A. Chang and C. Kim. 2015. Extraction of individual tree crown using hyperspectral
image and LiDAR data. KSCE Journal of Civil Engineering, 19(4): 1078-1087.

15.Lim, Y.S,, P.H. La, J.S. Park, M.H. Lee, M.W. Pyeon and J.I. Kim. 2015. Calculation of tree height and
canopy crown from drone images using segmentation. Journal of the Korean Society of Surveying,
Geodesy, Photogrammetry and Cartography, 33(6): 605-613.

16. Lisein, J., M. Pierrot-Deseilligny, S. Bonnet and P. Lejeune. 2013. A photogrammetric workflow for the
creation of a forest canopy height model from small unmanned aerial system imagery. Forests, 4(4): 922-
944.

17. Moe, K.T., T. Owari, N, Furuya and T. Hiroshima. 2020. Comparing individual tree height information
derived from field surveys, LIDAR and UAV-DAP for high-value timber species in Northern Japan.
Forests, 11(2): 223.

18. Mohan, M., C. Silva, C. Klauberg, P. Jat, G. Catts, A. Cardil and M. Dia. 2017. Individual tree detection
from unmanned aerial vehicle (UAV) derived canopy height model in an open canopy mixed conifer forest.
Forests, 8(9): 340.

19. Naveed, F., B. Hu, J. Wang and G.B. Hall. 2019. Individual tree crown delineation using multispectral
LiDAR data. Sensors, 19(24): 5421.

20. Nevalainen, O., E. Honkavaara, S. Tuominen, N. Viljanen, T. Hakala, X. Yu and A. Tommaselli. 2017.
Individual tree detection and classification with UAV-based photogrammetric point clouds and
hyperspectral imaging. Remote Sensing, 9(3): 185.

21. Panagiotidis, D., A. Abdollahnejad, P. Surovy and V. Chiteculo. 2017. Determining tree height and crown
diameter from high-resolution UAV imagery. International Journal of Remote Sensing, 38(8-10): 2392-
2410.

22. Pourahmad, M., J. Oladi and A. Fallah. 2018. Detection of Tree Species in Mixed Broad-Leaved Stands
of Caspian Forests Using UAV Images (Case study: Darabkola Forest). Ecology of Iranian Forest, 6(11):

61-75.

23. Puttock, A.K., A.M. Cunliffe, K. Anderson and R.E. Brazier. 2015. Aerial photography collected with a
multirotor drone reveals impact of Eurasian beaver reintroduction on ecosystem structure. Journal of
Unmanned Vehicle Systems, 3(3): 123-130.

24. Silva, C.A., AT. Hudak, L.A. Vierling, E.L. Loudermilk, J.J. O’Brien, J.K. Hiers and A. Khosravipour.
2016. Imputation of individual Longleaf Pine (Pinus palustris Mill.) Tree attributes from field and LiDAR
data. Canadian journal of Remote Sensing, 42(5): 554-573.

25. Stateras, D. and D. Kalivas. 2020. Assessment of olive tree canopy characteristics and yield forecast model
using high resolution UAV imagery. Agriculture, 10(9): 385.

26. Silva, C., C. Klauberg, A. Hudak, L. Vierling, W. Jaafar, M. Mohan and S. Saatchi. 2017. Predicting stem
total and assortment volumes in an industrial Pinus taeda L. forest plantation using airborne laser scanning
data and random forest. Forests, 8(7): 254.

27. Sumnall, M. J., R.A. Hill and S.A. Hinsley. 2016. Comparison of small-footprint discrete return and full
waveform airborne LiDAR data for estimating multiple forest variables. Remote Sensing of Environment,
173: 214-223.

28. Surovy, P., N. Almeida Ribeiro and D. Panagiotidis. 2018. Estimation of positions and heights from UAV-
sensed imagery in tree plantations in agrosilvopastoral systems. International journal of remote sensing,
39(14): 4786-4800.

29. Tomastik, J., M. Mokro§, S. Salon, F. Chudy and D. Tunak. 2017. Accuracy of photogrammetric UAV-
based point clouds under conditions of partially-open forest canopy. Forests, 8(5): 151.

30. Wallace, L., A. Lucieer and C.S. Watson. 2014. Evaluating tree detection and segmentation routines on
very high-resolution UAV LiDAR data. IEEE Transactions on Geoscience and Remote Sensing, 52(12):
7619-7628.

31. Westoby, M.J., J. Brasington, N.F. Glasser, M.J. Hambrey and J.M. Reynolds. 2012. ‘Structure-from-
Motion’photogrammetry: A low-cost, effective tool for geoscience applications. Geomorphology, 179:
300-314.

32. Zarco-Tejada, P.J., R. Diaz-Varela, V. Angileri and P. Loudjani. 2014. Tree height quantification using
very high-resolution imagery acquired from an unmanned aerial vehicle (UAV) and automatic 3D photo-
reconstruction methods. European journal of agronomy, 55: 89-99.

33. Zhang, J., J. Hu, J. Lian, Z. Fan, X. Ouyang and W. Ye. 2016. Seeing the forest from drones: Testing the
potential of lightweight drones as a tool for long-term forest monitoring. Biological Conservation, 198: 60-
69.

34. Zhou, J., C. Proisy, X. Descombes, G. Le Maire, Y. Nouvellon, J.L. Stape and P. Couteron. 2013. Mapping
local density of young Eucalyptus plantations by individual tree detection in high spatial resolution satellite
images. Forest Ecology and Management, 301: 129-141.


http://dx.doi.org/10.52547/ifej.10.20.193
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.20.9.6
https://ifej.sanru.ac.ir/article-1-447-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-04-22 ]

[ DOR: 20.1001.1.24237140.1401.10.20.9.6 ]

[ DOI: 10.52547/if€}.10.20.193 ]

Ecology of Iranian Forests, Vol. 10. No. 20, Autumn and Winter 2023 ..... ... ..ot 203

Evaluation Crown Height Model Extracted from the UAV in Individual Tree
Detection in Sisangan Forest Park

Mohammad Reza Kargar?!, Farhad Khabazi? and Aref Hesabi?®

1- M.Sc. Master of Remote Sensing, General Department of Natural Resources and Watershed Management of Fars
Province, Shiraz, I.R. Iran, (Corresponding author: mk9110@gmail.com)
2- PhD Student in Forest Science and Engineering, Tarbiat Modares University Faculty of Natural Resources and
Marine Sciences, Noor, Mazandaran, I.R. Iran
3- PhD Student in Forest Science and Engineering, Tarbiat Modares University Faculty of Natural Resources and
Marine Sciences, Noor, Mazandaran, I.R. Iran
Received: 3 November, 2021 Accepted: 1 May, 2022

Extended Abstract

Introduction and Objective: Advances in the field of UAVs and sensors, has provided access
to high-resolution images and 3D data of them can be used to monitor of forests and evaluate
the characteristics of trees. In this study, low-cost UAV sensors and algorithms SFM images
have been used to extract the crown height model. then Local Maxima algorithm was used to
detect trees.

Material and Methods: Current research was conducted in the Sisangan Forest Park that
located in 30 km east of Nowshahr. Based on the Orthomosaic of drone images, six sample
plots with 30 to 30 m dimensional were designed.

Results: A total of 209 trees were recorded as ground reference, which allowed the algorithm to
accurately detect 139 of them with the F-Score of 0.63. Applied algorithm detected 88 points
by mistake, and lost 72 trees. Our r findings showed that the less variety of species and the
crown of the trees are symmetrical and in a crown diameter range, the performance of the
detection algorithm is better. Also, by using LiDAR sensors, better results may be achieved.
generally, the results of this investigation indicated that the in open- canopy forests with the
tangier and Also, the trees are symmetrical trees, the acceptable outcome might be access.
Conclusion: Overall, the local Maxima algorithm did not detect single-trees. These results
therefore need to be interpreted with caution in broadleaves forests.

Keywords: Crown Height Model, Local Maxima, Remote Sensing, Sisangan, SFM
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