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2 Structure from Motion
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1 Crown Height Model
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! Digital Terrain Model
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! Autopilot
2 Ground Sample Distance
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3 Inverse Distance Weight
4 Local
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! Digital Surface Model
2 Agisoft PhotoScan


http://dx.doi.org/10.29252/jgit.7.3.213
https://jgit.kntu.ac.ir/article-1-750-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.213]

DTM s DSM (slaay Jolis 5l ay¥ oyl o

W) B

ol>

(%) K

(&

(4

S0 Olelbl (5 gUs (usigo — g Jy ol oy b

1A b @ pgaw o jlosh @ Eids Jlw

255 (5lwl 55 CHM oS 55, 03¥ (1550 (585

aS cenl bl oS- ol b (65w, LB CHM
A.Ia.cuu] GcLé.’:'J odss Les chda.n)me&Jg)l.\?u

¥ 'Lo. " \:;. t \'o=- =T'o{- fioj:&'
(DSM) o (098 Jowo ¥ &

&l

(CHM) b o5yl Joo 1o (DTM) cywn; gebanw (098 5 Joto 1l :F S5


http://dx.doi.org/10.29252/jgit.7.3.213
https://jgit.kntu.ac.ir/article-1-750-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.213]

voe @Sl ytio blEs pl jl oslaiwlb LS > 6395y j S g1 0

G2lguw oy < )S IS Lid jsaz0

0095 Cams ) 331 0 9 (HBly sladio Ao —F-¥
O™ S9)

S QLS00 0095 S jlofe dlone jolaien
b oolitul 0398 Can; (oges S yiegll alal

S gl 30 0995 o j yldio 9 59T g9 —V-F-Y
S0

A SO alaly) 0055 Gy gogas o yiegll ala,
0385 S ) e dwlos (gl LSy aew il
S g ooliinl (s (59,

AGB =0.3DBH*® (V)akas,
DBH 3 &0 (s S9,) 0953 AGB ()] yo aS
0395 Camm) 0,590 p (Gl el Cy0 A ply a8
Cs s 55 e L bl gLyl CHM jl esli il L
el 1 )] e (gl ) ]l 51 g B gl 5l
awglie Slow Sl bl jo s cuils shb>
oo il oo (5310 jelaiedy Coles jo 0l
E) ke g dinly poiieo plgpreds (H8ly 0095 Canns
8l G5l JEs it plsie 4y 0nds 35

dslad o 40 0395 G ) yldio 391 y3 —Y—5-Y
diged

ashd Cla ) o LB )0 0058 ey 3le e sl
OLis ;0 ST 8lg 0095 Sy ) Egozmo oDl Aigal
ki ] 0395 Cenj plgreas aiges aslad 2 )3 35290
sledazin CHM ;1 oolaiw! b G ol dlo
Sl ol glieul asgel ashad o s s ol
aslad )5 9250 0395 Cany (Bl e «(g5luJoe
=L slaasls g aily jate (lyicar aiged
gl onl jo al gile e Jis piie plsisa
LaSas oS )l>) o] cloasls (pp ala, L
bl ol 5l 7 o (ol )l Ol sy assls g b Sas
Blg 0395 S Jlade g ol polai I Jol>
o=l o aS Cwl 3@ ¥ ad giledae g (o
O3 595 0395 S Oliee 3l e Holaieds elans

PP

oo (5,1 paiged ogads —O-Y
ashd YA L Sllllas adlais jo L5 ,0 (5)ls paiges
Yo o Ve olal b ;Kuse jl plaie Jolsd L a5 g0
=k ol pslal Suljsesijsl 5l ooliul b 1o
Slahad 5l plaS 2 o o j0 (glwooly jalateds 0l
Jods 408 Sl 32 () p alllazr &)g0a diged
VY CM) Seligesi gl VU b LS S5
e bl ao e o Slidad Slails wads Ll> (GSD
Sl ookl s Loyl ggu 35150 Tl e slails (s
Ot Hlaiedny Getores WL asiie Sl GPS
Pl Sligesygl 5l eolakd 35150 385 Coxdse
Cpbge g QU)o ZU Conbge a5 32 (g5, 0ol
ool sl gy A iis 5 s o 5l plaS,e Sl
il g oylsss e 5l oslicnl b 5 labad slal o
A sgad Slabkd o0l glwosl s 5 5 ,Sojla]
Jebods 45 0l cuils s 4l A0 F Luaz ond (gl bl
Gl 8,8 L8 Al YY LT 5l alaS e 4o Lt
p3Y diges Oladad )5 05250 > )0 £la )l (6,505l
L aloll (rizmen 9 L5 )0 (0 9 So o 092
3o g Soslasl gl a S 0e s el p e o
om0 b alols oS oslail sl 5 ggm g and
ol B8 s S eslasil sl ol solitul (g5 e
S 5l ey o osliinl 93l g0 (2S5 has Sl S s
3y o] S5 ay by e bl ey o Sledl|
4 16,19 masged Sl Gy D asie Sealigeg5 9l
LU oyl s, glis,) 5 3a8s (g5 05kl jsliie
(At gaman blE 65, » gl Sy b bl
O3 Sgh ar gy pe oud (asie bl s g 03
el o glis)l g wo S 55l ooly CHM (5, »
Gl L5l aS conl 53 4y o3Y s gl sl b
Wl g 99-B e Oloy Il g lacusguze slx]
6 pS sl (gl 05 oo Slpiiny a5 WS ol Uas
GPS ;jl solicul Uy s, 35150 5 bogy o blis o]
CHM (55, = bogiine L5 050 By S3o63

o5 6 pSojlail £lis | 5 ond (sjlmool


http://dx.doi.org/10.29252/jgit.7.3.213
https://jgit.kntu.ac.ir/article-1-750-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.213]

o=l s (7)) JSh jo as wah anlie [0Sy
4S aes o lid bl cwl oals ools lis aslie
5| i o)lged e sloosls 3l oael s 4y glas )|

Ll CHM u.ul...u‘ » IR d.....ul.?m &Lm)‘
Sl gl )| oy abaly 0525 5 sylel (o 5l e
Libu—l O 4.‘44‘) CHM )| C)M 8[&4)1 9 OR) 0
sleJas miwjliel g objyl gl s gile Joe

e 00 ;..) (Y) JS» B ub w)‘).! ‘5!9“;)

S0 Olelbl (5 gUs (usigo — g Jy ol oy b

1A b @ pgaw o jlosh @ Eids Jlw

rolal 3l zmins sloosls jloslawl L s o
Sged oslaiul 50 LS 0 ZU Hhad sl lov e colgs
T 53 039 Cammmny ) ylimiio 3591 yy —V—F-Y
L 00g5 Sy e il dans ol 5o g5k Joe sl
a8l (il aiges azkad mlaw o S Jow 3l colaiul
Slacie dwle jgbateds e ioren 0h 3,9l p g
ol oddlie 05g5 Cayj Egorme | ¢ s28ly 0053 ey
O oolai ! dges dalad 12 15 dgzge L0 ST
Ol 93 0355 Cn3 3551 5 3l e sl G
ashd o (LS 0SS 00T G Egoe Hlade dan
Olgiedn 09 00l 0,91 p 0SS b o aS aigad
d_xlad C.Ia._..u ) QT oAl 0)51)‘3 )Lm 9 d.w‘s ).M
A (gilw Joe Jiws yuiie olaicds digad

P R VP UV PO SIS P W KOS
G PP RS QL.M.: ) JXM; JERE%

@ 25, ghe, -V-Y

)‘ ‘Ql_’b)é &l_o.:) .))5])_3 S8 9 oo s (5‘)4.
g_r‘.".’.)‘ (V) ‘*-]4-.")) (s 6&-'.’ Ul"-’)—"’ u—‘-i’L"" );‘?
oolaiwl adl gy (yurd o po 5 (V) abal)) (oo
Slaslin as o YO wloly ge,S ) b Joo o
g Coo dawls gl 0 0,0 YO 5 cil 33l
Ly, ool jo.cd )3 18 solatwl 5,50 o Jow cdo

RMSE, % = JMSE 100 (¥)ada,
y
Bias, = 21 4100 (Fyakad,
y

o g gl -Y

el 00l 03l 7l Jadl 4y 550 2 dslol yo
iolis 5o gl gilwdwe s -) =Y

L)) Ol il jylateas Ghmgiy ool 5
5 s 09 Cbls y gLyl g CHM 5l 7 5 e
L s)lol ,da 5l g0 ol ol da oyl o adasly gy o

Pre


http://dx.doi.org/10.29252/jgit.7.3.213
https://jgit.kntu.ac.ir/article-1-750-fa.html

voe @Sl ytio blEs pl jl oslaiwlb LS > 6395y j S g1 0

G2lguw oy < )S IS Lid jsaz0

=, Jae adgi a8

bl 351 Pl esdy Joe
. A
Ll oJgs = .
ik @) il
L,bLs .

b bsgye

Aoy o8 oo

oSy bla a bl sl

L3, Jow

bl i s o

{

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

Tob )3 0393Cum ) Sl die 5 (Slie (sl LT )3

i / N
[@"%ﬁ Sl pbel 1 S Egoe £ gaze
538y 0055 Sy oogicamr; (P e
SYolre lawgs axkad o LS 0SS 0 (&5l ke
" b ) JM] 2 OEES
* \ 4 AJ‘O'N. dalad
Y - /
2 bl gjle esly NS
gt o)l Joe 55 gl 53 035iCe Sl
S0 S v 5o odgiens

Lgas dzlad

[ DOI: 10.29252/jgit.7.3.213]

hlizs gk 30 0097 o § (3L oo 9 (s 0 g (ol Joo adgi w320 JSi

PPy



http://dx.doi.org/10.29252/jgit.7.3.213
https://jgit.kntu.ac.ir/article-1-750-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.213]

(e) s yo glas )l

S0 Olelbl (5 gUs (usigo — g Jy ol oy b

1A b @ pgaw o jlosh @ Eids Jlw

Sl [y

sy g5 )|

slezss! s plo

W Zb 098 I 5l g5 i)

o Lis jelomo (ygiw 98 (59 y Wylkio dlucl CHM I z youiwo $l45 ) 9 (Soro ) ool Sl o A5 ) duy Lo 17 STl
S| ow‘ o o LA G.hm J° )‘O‘s‘ﬂﬂ d)lni Y|

CHM 3l g yin gl )l g (o gL, S5l (2L5)1Y Jgur

o )l | ol | o Ba Olag po (1ilee j9dme | S Wilay o (u Sl Hgdxe Laigs
A Y AR Y- ol
¥ VA Yere A 5o
YA- Y A RN Y/AQ eS|
00 < AD Y4,0Y \AR loaisS Lo

Sy9—0 4 gy (gam s slools laS g, se
S 0095 £l s zl il Gadod pl o LS o
aims il 8 Glis 0358 Sy 951 A o
Jedo & L0 gl g s ol Shad LUl 5 ol
@ b balyd 55 g (LS8 (Ses sla S
Sl gbcaahd pac 5l (G 095 5 004 yuite Dl
e e Ay 39D o0 3y W0yl gl p3 &S
3383 gl Uas Slayo 5:Siloo (VL pp0lis 952

!l AT LB 0098 s
S 5 ee (2355 5)lore a4z gl 4 S0 B)b
5 ol L3 aS 55, o0 il 5 axils (g5 st

PrE

20 03 (595 099 S 3 §3lw e s -T-Y

S50 S mhaw
0355 T3 Ol 950 9 il e bl @l
3 g P glay sl oslasl b iz ,0 SO 0y (59,
LaaisS plas (sl sl 00l 1S3 () Jgaz ;5 CHM
bl JuB g oo, F 5l S 0,51 o)l Hlade
e Lo Slsy o (2 le j93mme (i el
ke b laaisS Lo 05,5 4y abogy o 0365 Cuwsy S5l
Sldios e 5 a1 51 ey 090 90,0 YY VY
A lie e o taS 5 (VEEY) il 5 (VV,09)


http://dx.doi.org/10.29252/jgit.7.3.213
https://jgit.kntu.ac.ir/article-1-750-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.213]

voe @Sl ytio blEs pl jl oslaiwlb LS > 6395y j S g1 0

G2lguw oy < )S IS Lid jsaz0

s bls | oSeal Sl (Judow sl bassS ol Sadl
Jeso s an Las gl cds ol o0 glis)l
O)ﬁ‘)_g 6Lia.’> k_)l_’.’).a )5;\_’2“ M)O5w‘ oéy«;

USRIV 3 f KV YU U [ JUPP X SO

o S Slaaiss Koo 5l i 655 (nl el
eSian i ol 35 on alidle oSy a3
S 4355 ol sl 0055 050 (sllas Slasye
WSSl S50 sl sy 3550 sloasS Koo |
Jlod s ) 09,5 S5 0 alie sladigS okl

CS 0 ST b 50 0098 S § Hlode (g3l e (b5, Y Jou

i ol | e (b ol ‘_,..s.,l..» 295 las Sl yo (koo j9dxe | LaigS
(Crand
A e VYo oYY sliess
YAY | ear V) T § oo
P R VEEY - L
IR YY VY . OFf lowisS s
XYY | -0 VEAY FA laaisS JS

b eyl Jow polie Ol sy aisls slo psis )
RS FCURYVIPUS BN it gl slaSas g diges axkad
53 c0dal Cawdds Sguas S, Je il lg 5o ol
‘E"L"’ u_i‘ u,.JLw‘ - Sl 0 L)’d)‘)f (()) Jj..\>

ROV I NP PP P BN S PRV JES T IPUR PN
o pad i (e Sy Jko 433l S (oS
l_>)_:‘).v s(?) J5~.\_> o 03— )JQ LgLQ:)M u,uLw‘);
D9 o )0 OA Uas uL_Ju]A u..f)l_.uo Qo0 g ‘/&A

30 () (59 0998 G ) (§ilw oo i -Y-Y
K05 dxksd
30 0990 (o) (59 0995 Camms ) (S5l oo jalaiedy
2 L')L‘;:})o S oés_'i Ca 3 Eﬁ“". o ‘4_;9_0_; R
C)z"""“" ‘_;Clm)‘ LgthM )‘ solarul b Agos dxlad
wls as 5l diges 4alad Loa CHM S|
(F) Jgaz ) o8 4 o5 0 uite iz (9 5, JoloS
oolaiwl b Jowo oy i el olul ol ooy (573

Agai axkad gebiw 53 0385 Cannnt § (3l o 4Bl (5310 Joo 00 3597wl :F Jgux

p-value o,lolt 3 lailiw! las b Jow 50 00l 819 5 piiio
oY Y SA AQ 55 ¥Yav- e 5| e
<o VO -Y2Y q,Y# “Y¥ Y4 wals
SAREA AR YANQ vy 58 Jsl Sas
oY YV oAl ~AFAA i Koo
.eNaY \ rOVY A3 - otp S
Fro



http://dx.doi.org/10.29252/jgit.7.3.213
https://jgit.kntu.ac.ir/article-1-750-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.213]

S0 Olelbl (5 gUs (usigo — g Jy ol oy b

1A b @ pgaw o jlosh @ Eids Jlw

Kigai ax qehans 33 0397 Camnt 3 (ol 458l B3l Jbo il Ny 4255 B Jgar

p-value Foylof | Olasyo pSibeo | Olrsgo ggoxe | g0l31 a0 Ol s 2o
YAYAY AAOYAN YOF-VYO) v e
oo ¥ VAYAY0 YOAavYy FA Yy Uas
FYTYA,44 YV fonres

Aigos axlad grlaw 53 0395 S j o (Gl e (b5, Jgur

polie Lol Hbxo
- OVFA O oo g2
SRR adl Bllad s o o

R4\ 14 PR PYSUREI & WP EN

oz Slayo (2ke jgdne

OA
s
VALV eSiles
YA (4505 lakd) Slomlice Slass

il S aibte juix b 098 0o ol aslllae
DTM col jolaie 4 s pa (55 4ised slogshs,
PR PERERUET X WD B AR Iy &=t =l
3591 seiiedy Jlhs adlaie 1o ladllhe ol (Sen
Sielw slodasio ;550 5 o> (535230
L aaley byl mghs cpl jo assls pleil Lo
W VA0 s Lz Ol e (0Kl j5done
otemten 5DV saled 05T 1) o g092 50
ol G 4 Comas Lagl Ghegis slacglis
OB 50 (09 S i wile (69150 4 Bl o0
L DTM o lw uioron g dafllas 0,50 ddlais
g ol 0,8 o Lil Y slaesls 5l eolatul
coly Gl ganly S s o ke g Jsa
A )| (g S0l 5 (5l IST LGB Glula g
Lol zuls sgue Joloe 51 (S Wil oo dllae ol a5
=30 L 5 Iy gleosls 1 eslaul yiores ol
s (65l 80T o I slasdizin 4 Cas a5
3 red Lol ool oggn ol )0 )l (e
B sl plal o )Ken 5 SLeS a5 ado

G900 dinny ol 10 a5 goaxie Gldllas 4 axgi b
3 Gledem |y Jame cds rals Julge ccunl a8 )3
Fzr g5 9 Ll 5,5 sz gl (it o)l
S8 Gl 0 aS Conl ot Jlnn Juloe 51 S
4 S glalas o) o ;o 0Bl v Hge Joo
oSS L e S Gl Kz )0 Gy 5 Ll S
T £l | aicy 5l eolaiul b caisls bl yuly
IV Juis 5 gileJae |y 00gh s oyl5ae CHM
G295 (nl (i o Dl jo (S0ls jgdome (e
&O)lg alox 5l 09 ;oS yl> iagh b anlis o
o=l an o byl s sgage el ol (Ko a5
ol ddlaie ogn IS A Glg o gl iBgh
30 Dgld oren g dsdlas 050 dadlaie 4y o

S5 o Ll b K sl
3 = 3=80 CHM el jglaieas DTM (g5lusl
iz el mlS gy p IS Jelse G et
g sl )| zlzanl 5l ol mls ail 5 a8 Jow ol
S o Dy 5 5B 0395 e (53 S
S5 adilaie £gi 4y azgi b DTM (5Ll slo b,

Prs


http://dx.doi.org/10.29252/jgit.7.3.213
https://jgit.kntu.ac.ir/article-1-750-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.213]

voe @Sl ytio blEs pl jl oslaiwlb LS > 6395y j S g1 0

G2lguw oy < )S IS Lid jsaz0

ol (dgad dxlad mha § C5 0SS mhaw) L3 B,
B ) Og->g0 QU})Q»SJ 0095 Cany ) )-,{OLEA Egoin
0395 G Hlaie g dlwly puxie lsicds diges asxkad
CHM )‘ C)M QSLQ‘S")'“'A )| oolazul la 0 0)3]);.
5 il Jos JRie e flaicdy diges axlad (o
2l and acule + PA Jocs ol (Staod o)ljee
Ine 5l (S beaw 55 adoles culys U)
099 Olomad o dn oS Col las 5l 550 00
5 el o dls o3l Joe 85— sl puie

AY) Jguz) el (g3l Joe Coms ouisS ool

leosiziw 4 Cuud HlaoY slesdisiw i
DV]ws 5 oSt JIS)

30 03 Sl digad dslad olal (K0 8, b 5l
4 azg Lol aS canl (50,50 (duej 510 15ke]
LSNP TUS P RSV T BCH L R IPUPESS BRI
P9 sl 9l oo diged aalad mhaw )3 (g3l Joe
S5 ol dn 0e3 Bains [0 ), 5 Ll S ol
LVV] wis 5 o Ll

20 (05 59 0985 Lo 3l Joe s —F-Y
g,y 5 eolaiwl L (o, il sladasin 8,9l o
airej o Lactla) op funor jl (oS0 (S 5
90 5l =S 5 adly yo cldla, ol cwl (gle Joe

Do

- .
b C T

A A /.//

%Sy, :

= ;3: .o )_.', " y=0.5311x + 17.667
" o A 4. Q

é Y B s R? = 0.6889

aﬁ = . Yoo ¥oo [ Ao

(LS ;o (5) diges dalad jo  o28ly 0005

Aiges axlad mlaw jo ool 339 31 0085 G 3 Jslio 3 00 (6 S0 3I05] 0085 oy 3 yl0g0d ¥ JSis

=5 P a3 6085 Camn ) (3l e 4L (531 Joo 00l 8591y calps Y Joua

p-VaIue O)Loit Q)‘AjLﬁM" ‘5'-19.5 W 0)5.‘-)9 )‘-\&o Lb)ai.w
-Nasy )XY Yors Yre-f s 5| oot
e Y04 Y ) Yav o 3,5 0355 Cema

Ol cdges dslad gy b auglie o a5 (1) J9ux)
e 3 S oylee ol S aglas ol 65 Jo
< | WS edla, o ml 5 o

(&

o..\_&ouLw W) C‘)M‘ FIRYP9N u,..ul.')‘j 4y G’L“’
(ol bl s ,0 A4 L aloles cpl o9 Ll so

5 Pl o3l e el oy ((A) Jsox)
WDg— o Y Llas g_)Lqu.a ‘_;-&:Lw )9;\—7.“


http://dx.doi.org/10.29252/jgit.7.3.213
https://jgit.kntu.ac.ir/article-1-750-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.213]

S0 Olelbl (5 gUs (usigo — g Jy ol oy b

1A b @ pgaw o jlosh @ Eids Jlw

S 5 b 30 0098 o (3l jue 4Bl (553l Jho Gl b pils Hlg 4 55 A Jgur

YYeY

V4. 9¥Y,. Y

\id

p-value Foylol | Olayo pufiloo | ©layyo ggomo | 99051 45,0 Oy gt
BYOAYY FYYASA FYYASYAY \ Joe
<epeee \

Uas

£1YY29,44

Yy

Egome

5 5 gl )0 0098 o 3l Je (21551 Jgux

).ldl.b'.o

Ll e

< FAAA

< FYEAY adl gollad pd o o

A4 U Sl o eSiloo jpime

YAV

=

ol

YA (905 Sladad) Slaalive slaws

Sygmo y9=iS s )0 )L Gyl sl B )
2 aiey (b 5o (e Ao (58U g 085 e
Sl (e Olgie 4 Wlgy b ogy 458,55 & 90 )]
Oz 0,5 118 solaiul o jg0 alie ol o g
algl U og Loe SluwnsS slaalate bl oSGl
J=e 95 1y o Sl L g GBS s 1
Sb 534S jehailen Lol oS (qw)y p ool calisee
J= =l 59 e Sl U1 51 (0 DTM 5L
Oy L we) el (5058, Joe st el Lo gy
A GlirsS 3blie ;o lagh ol )0 oad eoliu
5 99— waly> JSiw b )l (o)) Olpss Lo
pY aS 6 K0 ST oyl |y 0g s Ul 4y 5L
ol jo S o515 oliee CdlBo wed lo !
Qb PpSlye Ko dahis a5 j0d> 0 .cwl DTM
OLSel il (i psloai (55, 5l ey el
sLaosls syo8 s 4 ] (s Joo LS5
2 335 sloosls 392 pae (rizren g 5l 9 )90

ol Sl (g s Al e
ool wl ol o3lasl b diged Slalad 5l asdllas ol yo
50 Sl ojlasl L asged wlakad oS 50 ot

0 Az g Lo al> e y0 ax ool il glaogas
@l 256 ol g5 5 2ls slad cils  al> e
Sl ppeal a5 4SS pla axgi Lol mlis jo
3l s gamaw slosls sl oslaiul b iagh,
o=l 3l Sladllae L anlie )0 (28,5 & j50 pglas
pll JlaoY sleoduzw jloslawl Ly aS e
slorosiow jl oslaiwl o)l Jams bl wiloads
SIS s (rizmon g SYL LG oS15 L oY
Alidn e g |y (g Jow gilusl cds bl
(ol 092 go loniziw (pl j0 45 (6,1350S i
5035 (5,505 da el )b 5l (B azgi L) b
DSM DTM IS jsbay 08 o oS5 LB 1, LT
Qg oo Al oniziw (ol 5l eslawlly a5 CHM
So—te ) (g bt 5 o)l (@Y s
azg L cws opl l ol iegh mls ol podle
adbie SS9 Cundg g S LSle g5 @
o=l 5o a5 )50 (sladlaie WS ks Col So
) A 3blie o5 & a5 332 e sy
aSog oyl Gl cpl LY g loem 1 (6 5weS ST

FPA


http://dx.doi.org/10.29252/jgit.7.3.213
https://jgit.kntu.ac.ir/article-1-750-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.213]

voe @Sl ytio blEs pl jl oslaiwlb LS > 6395y j S g1 0

G2lguw oy < )S IS Lid jsaz0

& S i - F

-00ld dcgasms leslatuwl aS ols lis adlas oyl ls
SaSS 5l oolawl g Lol gy jloa i a5l slo
0355 Zemuy )51 5 Gialy 50 SFM (g3lussamans
5 sleygl (6l bl gslas 55 (e s,
)‘ oolaul Le )L..) ‘5..,).,4.4 laal st.: Lol el WL».A
(3B ooy =S bly a5 yeaa S L slaosls
Sl is Slidog g ablite jlg, asiads 51 oolaul
O ) Grigred Sl YL gl s a4 o,
G:Lu Ay CJG_M; ‘)P Oyg—n 6L®G]a_w
Sged a1 (55 Sl

S ol Gy il asg b (A5 b o
bz slacila, g, o ol 3508 it
Ages dxkad (3 05 slacdla, dlox 5 5o 5 L]
Oy §95 0395 St (e 9 9Blios (o5 5 g
35500 LS o GlaSl> | K S ol sy
9o L asline jo Cuilyy oS 5 Cila ) ] 00ges
a Y ams lid 0g5 5l 6 o Sles Koo il
Kz gg 4 azg b wilg oo gl cpl a5 el 573
NI JECORRN I FEL gy il,

~ T

[1] F. Xu, Z. Gao, X. Jiang, W. Shang, J. Ning,
D. Song and J. Ai, “A UAV and S2A data-
based estimation of the initial biomass of
green algae in the South Yellow Sea”,
Marine pollution bulletin, vol.128, pp. 408-
414, 2018.

[2] Z. Zhou, Y. Yang and B. Chen, “Estimating
Spartina alterniflora fractional vegetation
cover and aboveground biomass in a coastal
wetland using SPOT6 satellite and UAV
data”, Aquatic Botany, vol.144, pp. 38-45,
2018.

[3] S. Manfreda, M. F. McCabe, P. E. Miller, R.
Lucas, V. Pajuelo Madrigal, G. Mallinis, ...
and J. Millerova, “On the Use of
Unmanned Aerial Systems for

Environmental ~ Monitoring”. Remote
Sensing, vol.10, pp. 641, 2018.

Pra

M) alies Joe Coslad pae b 51590 5l o
I¥) 5 Y-

aslad ol () 4 90l oo ] Sldllas ol by
S50, 0895 sy 390 o Loyl Slass g diges
aibaie 5l el ol yo olay o5 S5lon )] rizpen
gy Rl R R RTIL S T
gLl o=l Dlilg )l ppgal jshaieds slgy las )]
Al 55,5 CHM 5 DSM DTM s (s, 3ls
Ot ez 9 DTM calw sla i) )0 gl
6,190 51 (S b 0098 Sy 5 £l 0551 )0 g,
S92 Ol S35 2 e ST Dligios plosl o5 o
Jdo gy ol o A cl S p Y el
9 Rolal Ayl Holaieds (Lidgh (Slaazog SgneS
i 5l 29,5 (2L Jae 288 e 0l
A G 5 g 380 (B Sl Sumdge eend
ol wl piewl JUg aiile gl b Lz (g lo
5 @l d9—p Sl (Sl iz o)l i
plosl jotaioan a5 05l oo oyl el Glie 2al38l
g oo ety O)lge (nl S35 2L (iR sl

&=l

[4] M. Ruwaimana, B. Satyanarayana, V. Otero,
A. M. Muslim, M. Syafiq, S. Ibrahim, D.
Raymaekers, N. Koedam and F. Dahdouh-
Guebas, “the advantages of using drones
over space-borne imagery in the mapping of
mangrove forests”, PloS one, vol.13,
€0200288, 2018.

[5] S. Jiang and W. Jiang, “Efficient structure
from motion for obliqgue UAV images based
on maximal spanning tree expansion”,
ISPRS Journal of Photogrammetry and
Remote Sensing, vol.132, pp. 140-161, 2017.

[6] N. Micheletti, J. H. Chandler and S. N. Lane,
Structure from motion (SFM)
photogrammetry. Loughborough University:
British Society for Geomorphology, 2015.

[7] J. D. Stevenson, S. O’Young and L. Rolland,
“Enhancing the visibility of small unmanned


http://dx.doi.org/10.29252/jgit.7.3.213
https://jgit.kntu.ac.ir/article-1-750-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.213]

aerial vehicles”, Procedia Manufacturing,
vol.3, pp. 944-951, 2015.

[8] J. Guerra-Hernandez, E. Gonzalez-Ferreiro,
V. J. Monleén, S. P. Faias, M. Tomé and R.
A. Diaz-Varela, “Use of Multi-Temporal
UAV-Derived Imagery for Estimating
Individual Tree Growth in Pinus pinea
Stands”, Forests, vol.8, pp. 300, 2017.

[9] D. Panagiotidis, A. Abdollahnejad, P. Surovy
and V. Chiteculo, “Determining tree height
and crown diameter from high-resolution
UAV imagery”, International journal of
remote sensing, vol.38, pp. 2392-2410,
2017.

[10] W. Li, Z. Niu, H. Chen, D. Li, M. Wu and W.
Zhao, “Remote estimation of canopy height
and aboveground biomass of maize using
high-resolution stereo images from a low-
cost unmanned aerial vehicle system”,
Ecological indicators, vol.67, pp. 637-648,
2016.

[11] D. J. Kachamba, H. O. @rka, T. Gobakken,
T. Eid and W. Mwase, “Biomass estimation
using 3D data from unmanned aerial vehicle

imagery in a tropical woodland”, Remote
Sensing, vol.8, pp. 968, 2016.

[12] S. Puliti, H. O. @rka, T. Gobakken and E.
Neesset, “Inventory of small forest areas
using an unmanned aerial system”. Remote
Sensing, vol.7, pp. 9632-9654, 2015.

[13] R. Jing, Z. Gong, W. Zhao, R. Pu and L.
Deng, “Above-bottom biomass retrieval of
aquatic plants with regression models and
SfM data acquired by a UAV platform-A
case study in Wild Duck Lake Wetland,
Beijing, China”, ISPRS Journal of
Photogrammetry and Remote Sensing,
vol.134, pp. 122-134, 2017.

[14] D. A. Zimble, D. L. Evans, G. C. Carlson, R.
C. Parker, S. C. Grado and P. D. Gerard,
“characterizing vertical forest structure
using small-footprint airborne LiDAR”,
Remote sensing of Environment, vol.87, pp.
171-182, 2003.

[15] Y. Seul, P. Hien, J. Soo, M. Hee and M.
Wook, “Calculation of tree height and

Pro

S0 Olelbl (5 gUs (usigo — g Jy ol oy b

1A b @ pgaw o jlosh @ Eids Jlw

canopy crown from drone images using
segmentation”, Journal of the Korean
Society of Surveying, Geodesy,
Photogrammetry and Cartography, vol.33,
pp. 605-613, 2015.

[16] V. Luoma, N. Saarinen, M. A. Wulder, J. C.
White, M. Vastaranta, M. Holopainen and J.
Hyyppd, “Assessing precision in
conventional  field  measurements  of
individual tree attributes”, Forests, vol.8,
pp. 38, 2017.

[17] T. Gobakken, O. M. Bollandsas and E.
Neesset, “Comparing biophysical forest
characteristics estimated from
photogrammetric matching of aerial images
and airborne laser scanning data”,
Scandinavian Journal of Forest Research,
vol.30, pp. 73-86, 2015.

[18] G. V. Laurin, N. Puletti, Q. Chen, P.
Corona, D. Papale and R. Valentini, “Above
ground biomass and tree species richness
estimation with airborne lidar in tropical
Ghana forests”, International Journal of
Applied Earth Observation and
Geoinformation, vol.52, pp. 371-379, 2016.

[19] E. W. Mauya, L. T. Ene, O. M. Bollandsés,
T. Gobakken, E. Nasset, R. E. Malimbwi
and E. Zahabu, “Modelling aboveground
forest biomass using airborne laser scanner
data in the miombo woodlands of
Tanzania”, Carbon balance and
management, vol.10, pp. 28, 2015.

[20] G. W. Frazer, S. Magnussen, M. A. Wulder
and K. O. Niemann, “Simulated impact of
sample plot size and co-registration error on
the accuracy and uncertainty of LiDAR-
derived estimates of forest stand biomass”,
Remote Sensing of Environment, vol.115, pp.
636-649, 2011.

[21] E. H. Hansen, T. Gobakken, O. M.
Bollandsas, E. Zahabu and E. Nasset,
“Modeling aboveground biomass in dense
tropical submontane rainforest using
airborne laser scanner data”, Remote
Sensing, vol.7, pp. 788-807, 2015.


http://dx.doi.org/10.29252/jgit.7.3.213
https://jgit.kntu.ac.ir/article-1-750-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2025-10-22 ]

[ DOI: 10.29252/jgit.7.3.213]

Journal of Geospatial Information Technology
Vol.7, No.3, Autumn 2019

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

Estimation of Tree Biomass at Individual tree, Sample plot and
Hybrid Level using Drone Images

Mohammad Reza Kargar!, Hamzeh Sohrabi?*

1-  MSc Student of Forest Sciences and Engineering, Faculty of Natural Resources, Tarbiat Modares University
2-  Associate Professor of Forest Sciences and Engineering, Faculty of Natural Resources, Tarbiat Modares University

Abstract

Two-dimensional image conversion algorithms to 3D data create the hope that the structural properties of trees can be
extracted through these images. In this study, the accuracy of biomass estimation in tree, plot, and hybrid levels using UAVs
images was investigated. In 34.8 ha of Sisangan Forest Park, using a quadcopter, 854 images from an altitude of 100 meters
above ground were acquired. SFM algorithm was applied to produce 3D data and the height of the trees was extracted. 28
samples with 3030 m dimension were collected and the height and the diameter at the breast height were measured and the
biomass was calculated based on a general allometric equation. In order to estimate the biomass at plot-level, the height
metrics were extracted from the point cloud. For tree-level, the biomass of each tree was modeled based on the height value
derived from CHM for each tree. In hybrid-level, sum of estimated biomass of trees in tree-level was used as the predictor in
modeling. The accuracy and precision of the estimates were evaluated using relative bias (rBias), relative root mean square
error (rRMSE), and adjusted r square (r2). rRMSE for biomass estimation in Buxus hyrcana, Carpinus betulus, Parottia
persica, and other species were 17.56, 7.11, 14.67 and 22.73 percent, respectively. For plot level and hybrid level, rRMSE
were 58 and 47 percent, respectively. Based on the result, the most precise approach for biomass estimation is hybrid level
and the precision of the estimate is appropriate for overall assessment of forest stands, not for management planning.
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