Sz anngi g Loy alme
(YD) FYFV-YOF axan a)La..i) AGRVES

UltraCam-D Jlous psuai 53 &5 CU 255 il g et

Toldsle wal> 5" sm3e a5 S o8 anguans ) b Lo e

N S (g, 9laS Baals skl -
Ol oS (i olKSls ((Sls a5 Ol jas _pwclige 0 USCESls (g el S g )| ol S =Y
Q]J_{l 4;}‘}@3 4Q‘j€5 C)u:ﬁ}J 9 r)l:« .,\>-U 4&3&.&‘ )bT eml: 4&5).:‘ 9 C,..mg.)Ja?xA oSS UL‘)‘:tﬂa‘ -y

Ol eablp 2 bl 2 o8l (35 5LaS aaSLils (S (5553 (s pmtils -

AT Q07+ VITA 223l s 506

oS>

Gl 5 S Golad ¢ dome ks ST (slagn ;S Jlas! EB bl S b sy oyl

zb s &ols bl o e G S Jeole S L e lis o (Quercus brantii Lind)
e 5 LK Ve sgde Cles b Sl o 55 gead adsl 3500 Sl ey el el Cbu\ Ol s
o )bl gl Bala sy Gl Bl s gl Ve sl SR SUL
5SS ekl oty s b ;\MJCU Sl ooe3 ‘_g)bﬁ)LJ oy s As a Sl s 3l
(._:wjfﬂ (RMSE) Lo oSle i gl oS sl Ol ml LAl Jlesl jSde 5l (6,
Lo, V/FY dolee 5 2 Ol s CU Sl pns L;Lauij)ji_lsl_jwu.a B ]
sls OLas L;La(..:i)jﬁ\ B S Y e T oI PR S skal s LS ol s S Cmn
03 S b LSS jasis Sile o b Ol s 2 aseis gl S0 Gulas o, S C5s oS

el iy Sagn el s eslinad 54 L;La(._:wjﬁ|j§_1>4__.¢._ﬁ..dol:;'-)> O3 s

UltraCam-D sz ¢ 512l bshy (asnds 5 s )5S 1galS (slao 3

Email: m.gomroki92@gmail.com i s o dinn 5

AR



Yooyl ¥ al> ( JKiz aswgl 5 kg dlxe

5 eslial (e L;,j@.? s e

—o3l Ll 5 (L ET s oS il a5 slasd
DA ekl 3y 50 Ko el G Shs S
Sl Jds 4 s glaels 5,8
Skl s b mhe (SUl ey ie O Ll
Lesls 035 Sa0 5 Bl e 1SS
b LS)JTC"’.' 2 LGS e Ll
5l (Azizi et al., 2008) S ) bis, 40 Sledb
slsr Sl Se ol el 63 Fr das L)
s SNl sy Rl p el
=l sla Se .(Sohrabi, 2009) L Ok s~
Sl 3l a3l tem slaesls S0 b amslie 3
S e iy Vb S S8 Olg 0 il
cilse slaeyss 53 O 4 glaws 5 Vb il
(slane gl pwlide (gdman s Ol (Sl
5308 g ol 553 lin sl LS
Wl 53 (Zobeiti, 2007) Kls,pt oS wugs
oeoss Sl edelowsn ol pslal 4wz
Sl ) SK& Ol &8 UltraCam-D - 43,
g 33 Dl o UGl e /04) 550 sl
wrle galp MK Gble 3 | Ols (i
e Sl ok 2 .(Rafieyan et al., 2011) ...
glaesls Sl ol sl BB glaedidy o 5550 5
gl Lna 8555 5 s eped 4 mi g3
Jols 5 aupmn Sy s glaesls us
CU Ss C\JM\ Ll ol Sl glallax
Gl Slessna kb ol glhls Ol
e 53 5 S agza Loy JebS Ol oo sl
Gl sy ol el sesls & e e e
b s o pon 1) S Ol s 26 sle S5

‘sﬂﬁm_lfﬁﬁdslijwjd?lﬁc B

Y¥Y

-

LV RV-T
Ues (Quercus brantii Lind.) g1, byl &8
" b S e e S sl
.(Jazirehi and Ebrahimi Rostaghi, 2003) s ,S
e @l o3 Jib s b S
Salehi et al., ) Xlas § )3 o> sl 5
sl sl 5 cBlis gl b 655 8 (2008
wlrdan S Gl s 0 208 Ll b K
Lol s (b Condy 5 Ll b 5l oK s
e 53 ASuileu'T)'\ .(Salehi et al., 2008) —..l
2 el B O g 4 B e ST IS
Jazirehi and Ebrahimi ) o 4b g, GL'””’
Obs Slw pzem Ol s «(Rostaghi, 2003
AP mop 2o ol Jole S Olgsn |, S
2l b 6K Aamie AL @ns 53 ol
SaS Dl eas JxS 5 Sl gl iy
S zb o5l .(Salehi et al., 2008) =3
Gy el cladsles 3 ol gla e
S s Sl 5 K w355 sl
Gl S5y e Ot 2U K5 5 eap Ol
3 pp Bl s i S asil gl e
Hudak et al., 2012, Ke ) el Lol s, o
« 3L el 3l «and Quackenbursh, 2011
Ll oSl plaadse 5 elidl 5 cxls
Slagts, S s L ks gb ksl
Sboss 53 U s 5 paskll Gl gadane
ngjcp_- S)ls sy slyels 5 oslals JK..;-
S dgeme s e eged 4 S
o ol L;,j@.? el el 53 Sl
3 20k S Gla S la Ko 53 poe) o

.(Jazouli et al., 1994) .l a2 5a



UltraCam-D Jluzns pgal )0 co 0 gl Sog> jauseidd ¢ ansd

L;ﬁ‘hj c&:m j;’l.;ﬁ j35|.l>- LSL“('J'.',)}Q\ )\ oslaial
GAES 5 e §lp ad s 5 S
Sl bl cbalS L ey S a s
iclie 5 UltraCam-D  _lsa ,ilas (55, 5
S35 2 O3 g1 ey ki SE5 L 0T QLIS
aglie fpiomen 5 Le i) Olpea noslal ren
S 53 Ol 2B Il ey 3000 L s ol
s oS ke 5 Gl bl K e g

L by s 3l

o 230 dilaa

Slal bk palls IS o5 S s s ol
zb S oL s S Ve sl ol 4
b pdy bl mael el G5 dled s W5
Y5 5 amys OV 5l s dikie Ui Sl
BB FY 5 i3S TP 5 am,s OV b il YA 5 aids
5ot VY 5 s T s T B b
RO INCRTIPERCRT WAPFIT JRPUNS &
RS S g edd SR Ol s Coabge VIS
Ol 1) sl S SL s UltraCam-D ) s»
YYYY CL&J)\ bioga b )y 3,90 4o ,e das e
Lo Jld gz b lasls 5 Los mhaw 51 e
JOWPRER PRSP P R

3RS R

b 2lsp o ppad 51 G () 5o
Lor psdd e pl A eslaa] UltraCam-D
3 pA e sl b sl s b
5 Sy FUAXYIVY slal s sy a0k
L JeSiy VO oV sl s Sy UL g
ol o3 B el AS o0 W5 Olejea b

D g ekdags \YAV NEET YO 5 O35

Y¥Y

Makela and Pekkarinen, 2004, ) s5le o e
.(Holopainen et al., 2006
oo S S s s Slaes
50 sk Ga O 2L s asls
5 o Sl S 63,5 o VAL as Lyl o
Jels s Cis 4 S gba gb LS el
Image ) ol nspad (e S Sl
ke ((Scale analysis) oLie JQUT «(binarization
3 aikie (Valley - Following) (355 Gudas Sl
w5 Sduents 5 (Region growing) Ao, Jl=
(Ke and Quackenbursh, 2011) Ly oo @S
gl st s s CU o5 s 3 ke
4 oo b asiis 5 o O Cloe 5,51 5
Sl bl sl 055 g 4 o8 gl Olse
“ Ol s e K el 3 (26
S e s Slas 2, SISl eslinad 4 8558
NS5 paiii a by G fash (p g e
oS b (Jazouli et al., 1994) ol ol s al
S SSE Lol b ol kel 5l eslind
Gl 5 S Godas aile plagn; S i
Olys Zb jaseld 5 mad shen 5 4l
Pollock, ) I Gulas glagn S s b ne

1999, Quackenbush et al., 2000, Pouliot and
Bunting and ) 45 4> Shapnd (King, 2005

sles s s (Lucas, 2006, Lamar et al., 2005
3o 8l S i 5 S poe e Ko
Lol pslas sl Ol n S gt el
w5 S 5 el sy W S S
T IC LR K NS PP PRI
il 035 ey Sl S 1z LOT v sa
s 5 oSl ke 5 Sl oo s s e
L I S R BT



Yo)la..::s"dl?f Li.}/'. myswsfd.l?'bo

385010 3395080 1295150 1395220

3394940

o 5582") ?"36.375 55832IG 558400 55&‘3‘) 5585&
aA_Z85 dl_n.'l.h“)
?’ sad BNy ya A pa
clip
N

value Sclected trees N

High : 255 WL L =

Low : O S 60 30 o 60 Meters

C)“”l‘f- L;K‘?. 6‘)1.3 DL UltraCam-D Lﬁi‘}ﬁ Jijﬁaj S B a.,\..:aukx')‘ Qt?-)) C_A:&;)A\—\ Ji..:/
Figure 1. The location of selected trees on the UltraCam-D aerial image in the Forest Park of Yasooj

gb 8l cxbs Olgsa Ol 2L slao S
Erfanifard er ) 13 < S L 55 Ol s ) plis
ol g6 S G Slame imes al, 2007
oBaws (535 » S Slles plnil gl Ol s
S Sy 4z B L Ad o S Cboaad s
Pds 05 (SIS an s diae g)S N
e i il Sl s il S
Ol 51 G o 3L Ol cbda Ol s 51 S
RROSGL a3, 50 4l 3 eSO
3yse Ol ) fusﬁ 055 yeteis 3l da s
Tb S s So S kb s (YR ws e 50
S U )50 b 5 (o8 5500 sla k)
s A Sl mhae Sl sl e S
P bl b gl sl piames s (5 Sesll

JJJ..J&L.JJUZJL«J& a‘};wtﬁg}ﬁ-)}

YYY

sl 1, IMU 5 GPS (slaosls 31 oslizl | ok

.(Masumi, 2006)

RyE syl s
Sbesleal by 3550 dilete 3 UltraCam-D
» XY, Z 0,0, k) b axs s jetls
;> Leica Photogrammetry Suite | Ales los
ool L Ad ki mmal B A
e 3 odbag 33l dbk Vor Jl glae e
PR S8 g ol Osls Ol 5 Arcview )|J-é|p3
Sl bsk oot gl Ve s wld g
2 bl b S S 5 WSS bl
A AL Ol s 1) e 5 0 sl (S
119) ppa L5 sl ey SSE Ol bl
28 S ol LS Ul Sl eslisd 5 (e
208 b K sl ) sme Ol
Sk S ool s e 6,555 b6 K



UltraCam-D Jluzns pgal )0 co 0 gl Sog> jauseidd ¢ ansd

55 3l e .(Pouliot et al., 2002) A5 eslixal o
S eSS skt by Ol e
Al s s M O 2U 4 bs
ot S st b e oled S
S Lol LS glaldr 5 ol s g8 s
6‘55 b g Ol s gl eliaia Comlus (s
Sl jasis Gy A el il
3 s e d el (Y JS8) Ol gL
g odidlsl O S35 » oS AS &S s
EXG LS osle an e LS (glulis
20l B8 5 (3 o 5lte) BXR (G 315
e 4 (P U aaly) Lol Ly, « AEXGR La
Sy ale 3o 2b b ke wli0b

.(Meyer and Neto, 2008) s acul>es

ExG=(2xG)-R-B () el
ExR=(1.4xR)-G (¥) aal
AExGR= ExG-ExR () akyl,

AEXGR  alS  axle aulws 31w

OF oy TXF ooy o3Il L Jos b os Sko
S oeslizal s 4 &S il ar g UL s Jlesd
Al s Ses sad g5 2 ABXGR e la
O 3 Sas L (76 slaals jasets) ab o cnl 5o
Jlosl 51 g el Sslite 26 550 pond > o 5o
Olpea (B > opl 3 Jowe A an SL
Slaihe e ‘.bjdo Cewddy Ol U slads
woaryg by dd gilee,td (v 5 x) blE
o (S e S et e > S Sl
S gl sl 4 by LB sy

A gslalas

AR[A

» e A Sl 3 S e Sl

Matlab J‘J.ﬂff.
D s s S il sl b
Matlab R2014b )\J-é\pj 03 &S (oo b Slas
G2 5 s (V) JS) s g el s sl
j;'l.;.é (g 3 JLQ:J'\ slalex G Rl
ze ok 51Ol 5 XY G L b e S
sl K, a5 JS s55 » «Culvenor, 2002)
b ool 4 e S 2k Sl esliad b oedd i
ole b paal 5o Al b g ps plis
Ly sde 4w So e 4 ST glra g St
S haas o s a;\zwhﬁijﬂ‘)pjﬁ sl @
Spd e ey s oSy A 4 Ol Ulsea sue
oSl (g ASE i b ppal S5 2 e
Pouliot et ) L& Jles! ¥'xY o ey mlo b dlm ks
LS\J'.' U‘:}) L)"’A J2>u j;'l.;ﬁ U'i\ qu.G\ (al, 2002
Jasl 5l ol Ol s 26550 bl (g5luli
35 05 e e plad s ) el L ola
Ol s CUjJaU.L.iA._MBw Bl 5 (6350 slial
e aJJubni.A L;Lmj;'lﬂﬁ V.QJN;LA .k...aj_' Y
$3ses luly 53 a3 0LaIS gl el sy
ST gl (Wulder et al., 2000) i Jles! il
wiez py OL3l S ale b 5 sl dowe 2l
3L S5 shse la Akl s eals 5 Liledd
038

o Ceds 9 o 5 4 (Dilation) iols (Closing)

oy «(Erosion) (55,1 «(Opening)



Yooyl ¥ al> ( JKiz aswgl 5 kg dlxe

UltraCam-D , ya5
UltraCam_D image

v
I e sS h Jles! —

Apply Gaussian filter

zb o e
Delineation boundary crown

CU A3 SlusS asiS
Detection number crown

TS BT P W RES SASE a4 S, ppad ks
Separate red, green and blue bands Converting RGB image to gray image
AL sl ol alons e 2 e S e
Calculation vegetation index Apply maximum local filter
e A e Sl s Al 5 5350 OL3LS arlone
Apply maximum local filter Calculate horizontal and vertical gradient
S8 sl s dles!
Apply morphological filters

&)JJACU&:UA: obes C".)JJACU S bl s S S ez

View of mount tree crown Labeling regions and Border separating tree crowns

R R e e
Figure 2. The process of delineation and detection crown by Local maximum filtering algorithm

slab sl as fas Lab’ Sy glas il oo S gols 2,80 sl xSl
3 ppas gliyy polie S L Ll Lad K Matlab
Silee sl b rass Glaal 4 plaas ) sles

JS2) G Gy o, S e o, SIS
s e 40l 2 Matlab R2014b 15310 5 53 S (

JA&JU.\JJLLA\" jaﬁ‘d)bﬁwcd}w\
)-’;—1}-5 Lﬁu‘j)ﬂbu.n ASafC,.w\J:JG.A)jJ J.alS
Ky oles e palis 5 Sl 55douel allge ol
_ . i i r\_l:e\ g.M' W OL'Z;'-JJ Cb r.a.‘.‘>v.w4." B 5 vy
Sb sl o K dolae 2w slie 5 503 _ .
Wang and L sdialyl Jue b G Gk
4 RGB S, slas 5l slas Hui Fu (2010)

9 ))J\MUJ'.:J. 4.0.!}0 L}Jn\ BE J—qum“ Lﬁ«uﬁ) ﬁ)LS.A
oles s ,islie 55,5 SOy Jolas Ol Cute pslie

Yt7



UltraCam-D Jluzns pgal )0 co 0 gl Sog> jauseidd ¢ ansd

Sy s X slase op Sl s
mo 3 5 el Wb S e Olssa oy OF 55
Ao 5o & Sl woax S Lo D (G5l
4 by b Log odd Sy e S
Wang and Hui ) . g3lulis cotys o glaals
.(Fu, 2010

0 23 A g (S (153 SR g iy J1 o
Matlab i 3|

il B aw by ab Gl d IS, sk
Jets b eslial bas e Gloend <) 3 dy
aolsl S 5l ealial b ad o Sl =Y ekl
Lol bug oldd S ady Sdypmd T
RS - T I .(Wang et al., 2004)
5> sl dhols Lo ) eslinad L e > (g
i b Sy o ol bl Aol s
Shls & alafosy 358 ars ol o 8
Ll e o alol lade gl Lzes Vs
b e s e Gl .(Wang et al., 2004)
Gl o, SIS eslinal b0l s iy
Sl geas gl 5 s 503 GlaNL 4
d=5l i) EXG alS Lastls dn e (Lpd e
AEXGR Lol ol 5 (e b a3l 50) EXR (o
ol e 54 A=Y=Y isn s ol Ly, oS
tsle (S wle Sl ot 2B pla ) skies,
.(Meyer and Neto, 2008) &

YYv

“ L*a*b* ‘_SL..QJ L J«ﬁb— ﬁ}a@ .3)‘) szl\:..:;
Wang and ) L& LS g xS ulde b gl
4 S e b sl s (Hui Fu, 2010
Sladlls @ by e sde 4 WSy a & SOl gl
Olgea sde & bt 34 odls Cus b 5a 5 L
bﬁ}.,m“ S 2 cdalsl B )j..JL;o o3l C,.M.u R WA
A 03 i S50 Ses (g S ol
jﬂﬁé W}MJLQ.G\ L§>j'“-°}gb| LSLI.H.:\JJJ
by e gl Gl O5snl (S5 P50 e
Wang and ) . Jlesl 5 sad (g5, » Ol s cb
Ly Ok 5 s 3l e (Hui Fu, 2010
Ol 7U 4 by 0 (S35 sla il
DWW o ylats Sy A CU} L Lg)\ﬁg.,.w:;ﬁ
SISz Sl g 285 L e by
ol e 51 WOl P olulas 5 Ol s
Jsle s s wl s Loy Ol s gl edd asia
Cundly Olgea C s CU A3 0 S Leia
SOl e OO bl Lo oy K el 55 e
03 s ZU B aS gy shbay (d g a5 lle S o
Tl Dk e 255 Wl 0y opl S
93 55 eddck w5 6 s gk (goas i)
3 RS 5 ales e Bl 5 (9350 sl
Larsen, ) Ad aesloes uly 53 8 55 OF ol
ol RS G p e kb 1 0y e (1997
ols oS~
DL Lﬁd}l.w
S gl

@sde a3l 0Ll S sl s s
Ao ale (g4 5 B glial
9 2 )‘)S.LA Qli)‘; LS")]DT )‘.LSJ

S3y g oddk i oy (S350 g B gl



Yooyl ¥ al> ( JKiz aswgl 5 kg dlxe

UltraCam-D ,, 523
UltraCam-D image

C\: A3 Sl yaseis
Detection number crown

b o o
Delineation boundary crown

l

oo e sl

Creating an appropriate template

A 4
Cad Dol S 58T apalons

Calculating the template gradient
entropy

ol ppas 5 Shead 0Ll S s 5T alis
Lads Ol aseis Sy
Comparison of template gradient

entropy and base image for detection the
location of crowns

el @ Gadal o i b gladl (g5lulu

Separate crowns with the most matching
template

IA

v
Lab slas 4 RGB slas s
Converting RGB image to Lab image

A 4

SAS psal wlab iy has
Converting Lab image to gray image
v
5 o gee Slialys 53 Jose )-Qw-‘ Jles!
L

Calculate the horizontal and vertical
sobel filter

v
O3anl (K559 58050 A Jlas!
Apply erosion morphological filter

¥

A b5 s 5 s S

v

C})JJACU‘\.L;J\JA.? oles

View of mount tree crown

S

Labeling regions and Border
separating tree crowns

SN Gees 00, S s C s U e g e e T IS
Figure 3. The process of delineation and detection crown by Template matching algorithm

Solwli= 5 ol ol 8w 5l s (2004
Db )s U sdspasiiie Comlows iy 51 0T JolS
D9y e Al )p\tf' s cljs Lo g
oo dSles g (REnel glads sl asis
S 0le o oy o3l &S sl ol b zb s
e Aol s (Culvenor, 2002) ol XY S e
Gl o5 S s gy O3 U ads

el 0l 0305 u,:.ilm ¥ Jﬁ.« BERe-pes

YYA

Il L S e 0z SOl ealiad b s

S 53 0k 20 5 oluldar 4 e il VXV
Shaelsl s sl e s e 4 Sl 4 5>
Jol> la o Sle 5350 0 eslatal dbls oS )8
“r S s Gl B nl sl
& aols Matlab sle s o3l s b ek 5o
Shls oS (n 7S5 Sl s Rb s Sy

Wang et al., ) 35 o i 25 oo & 55



UltraCam-D Jluzns pgal )0 co 0 gl Sog> jauseidd ¢ ansd

UltraCam-D ,, 523
UltraCam-D image

'

Gl 5 e s 2 Sl 3l
Separate red, green and blue bands

!

A sl el

Calculation vegetation index

CU A3 SlusS asiS

b e e

A

Detection number crown

) A

Delineation boundary
\ﬁ“ﬂwn

A
A5 slawd sl sl oS nSihs 0 oy

(Y‘XY' a)_?gli_ a_)\JuD QL‘I}’_}J CU

Average window- Detection number
crown (window size 3*3)

A 4
Aol A.}i‘)“‘;

Conversion distance

;

W Sl
Watershed segmentation

T8 e e Sl S eSils 0 2y
(\/XV "j’.L.‘f_. a_)\JuD OL‘I}’_)J

Average window- Delineation
boundary crown (window size 7*7)

A 4
Aol s

Conversion distance

\4

2 Sl
Watershed segmentation

&
|

T GU a3 sl o~ Lo
View of mount tree crown

v

Gl 5 (8 S

gl s
Labeling regions and Border
separating tree crowns

4 g (G @) S gy 53 U a5 s e Y IS
Figure 4. The process of delineation and detection crown by Watershed segmentation algorithm

5ok S8 5 Son kb Sl G b
oo 3 Lol edsisles () slaal slaw
i base glaesls 5 ad ol bl pene
vyt 70 Sl SIS0 oS 5 s
5 S Gl e sl Sl b, S

Ytq

Bosls Julows 59,
Comlos ol w0313 05,5 a3l Laesls s shaien,
LB oS b cols Oles L Ok 2L
RS S 2 et e ) S SO5S s
R N B A Ldel s 4 528 55



Yooyl ¥ al> ( JKiz aswgl 5 kg dlxe

A sl 5510l

S n oSt slaan, S bu s edd gluli

Condly o s slaal sl b Jlaes bl

T o

O 6 Y gladsixr) b w sl glad i 5l oo
O Lils) b LS b 5 IS Lo 5 LS oLt
3 43> .(Paine and Kiser, 2012) &% 4l V U
Lokt 2b colon el sl Laesls Jebos
~0031 2l 50 SPSS 19 i3l 5 5l eslinal

Jaj d)\)@.&n /00 ) clﬁ.w B aJ\.eru\ LSL“

A
/% Y(Pi— 00)2
RMSE=Y" %100

(F) el

-a)'\.b'\ ))j.ﬁ QL’:;.-‘)) JS )‘.L'J cdjﬁ ALJ\) L

l{@;‘-)éﬁﬁ,}w ol ))}Tﬁ)\.ks.a cnla.djj
wial.:ﬁ O; L' C,;'-Jéjh Co-los v”éb )‘.\.S.a P;
5[4 w‘)ﬁ))}.ﬁ OL’:;.-‘)) CLQJ C,}LM.A L;'j\j)\.kj.d

NGV P WP EY JZ_LLQ.'

1
o E=O =2 Ry ©) o)
1
0202:"’29 > pigx P, ) o
1~ U2
K= V) adal
1-6, 7

'a)'\.u\)‘)jﬁol:;.-))JS)\McvUoh{\))))
bt sle dsdr L3 bjhe 51 2 fseme
03 Wos 31 G a psee Plig L O Jsix)

el 0l 03l J:o-'"lAJ K

@Lb
)j.E.'.Am. .:JJCM“M{ L ej; c._l W}_, )L,J @L;J'
s s, Lok CU ol pend Sl anslis
Jad= 5> ol olienls sl ) Jsd>= s )jS.l.a

O e gla gy bl JJ}U cu Y

\Y

S S o3 STl L eslinul 4y Sy
Slalllas 53 Gl bk 0t s 0l b (sle a3
sl 3 Sl g e slea olpds b Sl
Ol 2B ol osbie s 4 Sl Gl
S aslie Gl el iy Sl sdaloasa,
Lo a S b ys b ool S S eilul gla ks,
.(Erfanifard et al., 2007)
skalowsay 03l 05,5 4w wﬁtf aslie gl
o 0gasl SOl gb el s sl
ol alaly opl 5o dd eslimal 6 LSS Wbl
Laesls 035 Bslas dile 0051 cal ploil Sl 5 e
ol 0o Olewn 5 beesls Doy Jley
son Sl 23S U5 e Laesls a5 S04,
Slr 5 D5 el = B3 8 5alS 051 51 05 dle
S laesls a5 80555 (wboly O3 Olees )2
53 .(Wulder et al., 2000) L sslical o5 O e
el O (Ho) sl (55 b bl Ll
53 5 3 s bilamar (Sl n Sl oS
35 e Bl &S ol O HD) a5t 55 Ll
2013 32y (6ol pme OMa Leamer pl Sl ey S
S L g oslize Sle 5 A s, adsl Lo S
Sl oop Slp oSk amlis slad el
- e o3linel Ll Sls sl bSOl S Sl
Slp st b sl o S 2s
Ghas 33 gl ol ol i O35 550
s oy b aeglie 53 ad ol bl 5 LS5
Aosd (G s Olgea Oty 2U e
¥ oaaly b RMSE) Uax Slayye 80k pdns
Jezen (Pouliot er al., 2002) 545 o avslos
o L3 S el S 233 L el
S el Sl b Sl 5 S| Gk
Bl Gole o b Dop e S b owl



UltraCam-D Jluzns pgal )0 co 0 gl Sog> jauseidd ¢ ansd

(e ik Sl a1 bl (S s
- e SOl B Sl s a5 ST Gulas
gl Sl 50la 25 se SO 5 0050

el sl G Sde gl s, 3l ol Ol s

L] 4?}4 L' &;-w‘ a.m&\)\ OL’Z}‘-)) CL' g:,;-LM.A
a.ujs.é Ql&w\

ole Dls &S 5 S Ol Ols e (Sig o=r/ve

cF='/OY‘) Y d}.l:- BE
eslital 3550 gla B9y o> Ot CU Colos

L§L“u-:’)) J.AL.:: (OL:;.-JJ Cb g:,;-LM.A Bl n )jk.\.AAJ

Dbt 53 26 Comlos nd 2550 o5 el =) Ui

Table 1. Descriptive statistics of five methods of determining the crown area

4 3 (Sl S Gl oo gk sl S S
Watershed segmentation Template matching Maximum local filter Ground Visual
slaws
100 100 100 100 100
Number
Sl
30.75 31.16 32.18 33.42 30.54 o
Average
Las O3l il
17.70 17.62 17.72 17.52 17.71 o7 >
Standard deviation
Table 3. Results of One-Way Analysis of variance
Sl e o F Slay o Sle FESIRESN Sla o g seree
Significant level Average of squares  degrees of freedom  Sum of squares
e S -
0.70 0.53 168.030 4 672.121 25 o
Between groups
oy S ¢
311.879 495 154380017 25 032
Within groups
499 155052.138 <
Total
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Table 3. Error matrix to analyze the maximum number of peaks obtained by Local maximum filtering
algorithm with the maximum number of base observed among 100 trees inventory

oL sl a3 slass
2 g yoms
Single Number of crown Total
tree 1 2 3 4 5 6 7 8 9 10
1 7 1 1 2 11
2 2 5 2 1 10
3 1 5 1 1 8
4 1 1 14 1 17
5 4 8 12
6 2 1 1 7 11
7 1 1 5 7
8 1 1 2 1 1 6 1 13
9 1 1 4 6
10 2 3 5
Cae 10 11 16 16 15 8 7 8 5 44 100
Total

ol slows Slas s A ‘e.,\n‘;,w;;m 5 slaws iSTas T 4 Sle — A
L sl - b S Gl o, S a5 okl VRN la= 50T gl et o 5L =¥ s
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Table 4. Error matrix to analyze the maximum number of peaks obtained by Template matching
algorithm with the maximum number of base observed among 100 trees inventory

oL sl ad sl
. <
Single Number of crown Total
tree 1 2 3 4 5 6 7 8 9 10
1 8 2 1 11
2 8 1 1 10
3 1 2 4 1 8
4 1 15 1 17
5 1 1 1 12
6 1 1 9 11
7 1 6 7
8 1 3 9 13
9 1 5 6
10 1 4 5
Cage 9 12 10 21 11 12 6 10 5 4 100
Total
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Table 5. Error matrix to analyze the maximum number of peaks obtained by Watershed segmentation
algorithm with the maximum number of base observed among 100 trees inventory

oL oslass ad sl
: e
Single Number of crown Total
tree 1 2 3 4 5 6 7 8 9 10
1 9 1 1 11
2 7 1 2 10
3 1 2 4 1 8
4 1 5 9 1 1 17
5 3 8 1 12
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Continued table 5.

a3 sl

[€anast
Single Number of crown Total
tree 1 2 3 4 5 6 7 8 9 10

6 1 2 2 6 11

7 1 1 5 7

8 2 1 9 1 13

9 2 1 1 2 6

10 1 1 1 1 1 5
Case 11 15 17 13 11 9 8 9 5 2 100
Total

Slosasy @b L Ot ZU cole o
e (Wang et al., 2004, Larsen et al., 2011)
s

e L
Yosladsds s eddesls ol sl gla s Sl
A Sl b, S s sl gl 0L
oen ab e Gled 5 S Gels (e
S 03 0y Sl b LSS S35 jaiis
pais sl S Gl ), SIS sl Ol
el Ol 55 033 05 S b LSS IS5
Gasn opl e el sy lagn, SIS
STCY S S A P RS W o
S el ¢l (Quackenbush et al., 2000)
A s S b Ol s gleey S sl
3 Golae

s S Olebl sl 555 e sl alg o
3 e w03 5P Sl Sragn nl ) el

Sesls 53, » Slal bl ol s b o
UltraCam— $\ﬁ j:'JL‘*aJ 3 Ls\a)b,hl.n )}))‘ui?r_:\_\.ﬂ
9 e JSs L;La(..:i)jﬁ\ 555 sl eslazal L D

Yoy

B3

—>
5ot Glp e s 5 S Gl

2 Ss p Slal Bk Qs 26 et
) &ls bl oo b Ol awslie 5 UltraCam-D
el i el el B B
Gla b (¢ So3lkl STyl g,y sl el
Sl Slalllas 3 1l bk 0l s 0ol b
o a pimmen 5ol o b 3
Erfanifard et al., ) ol Kiass o 28 eslizal
o3l Ol geas (2007, Gougeon and Leckie, 2006
0l s 26 ol s Slglie slis 5 p e
Ul @l 4 ey b3S 3 el s
gl cols 5ke o 8 bSS bty o
Ol S0 gla i, daw g sdelwsay Ol s
Sl Hsdome dalos mlS L3I0 35y (5ol sne
w8 e ol bl s slp et Sla
S R Gl S e A Sl
(,_:Jn)jil\ 3 4SS das e LS 4o s LSJ"‘J(":“‘"L
Ol s 72U Coline ol Sl b Sluped
Rl 03 ol min 5 Sde gty K 4

Sl b Glipands @S 5 S L



Yooyl ¥ al> ( JKiz aswgl 5 kg dlxe

References

- Azizi, Z., A. Najafi & H. Sohrabi, 2008.
Forest canopy density estimating, using
satellite images, The International Archives
of the Photogrammetry, Remote Sensing and
Spatial Information Sciences, XXXVII: Part
BS.

- Bunting, P. & R.M. Lucas, 2006. The
delineation of tree crowns in Australian
mixed species forests using hyperspectral
Compact Airborne Spectrographic Imager
(CASI) data, Remote Sensing of
Environment, 101(2): 230-248.

- Culvenor, D.S., 2002. TIDA: an algorithm for
the delineation of tree crowns in high spatial
resolution remotely sensed imagery,
Computers and Geosciences, 28(1): 33-44.

- Erfanifard, Y., M. Zobeiri, J. Feghhi & M.
Namiranian, 2007. Estimation of crown
cover on aerial photographs using shadow
index (Case study: Zagros forests, Iran),
Iranian Journal of Forest and Poplar
Research, 15(3):278-288, (In Persian).

- Gougeon, F.A. & D.G. Leckie, 2006. The
individual tree crown approach applied to
IKONOS images of a coniferous plantation
area, Photogrammetric Engineering and
Remote Sensing, 72(11):1287-1297.

- Holopainen, J., S. Helama & M. Timonen,
2006. Plant phonological data and tree-rings
as paleoclimate indicators in south-west
Finland since AD 1750, International
Journal of Biometeorology, 51:61-72.

- Hudak, A.T., EK. Strand, L.A.Vierling, J.C.
Byrne, J.U. Eitel, S.N. Martinuzzi & M.J.
Falkowski, 2012. Quantifying above ground
forest carbon pools and fluxes from repeat
LIDAR surveys, Remote Sensing of
Environment, 123:25-40.

- Jazirehi, M.H. & M. Ebrahimi Rostaghi, 2003.
Silviculture in Zagros, Tehran University
Press, Teharn, 560 p. (In Persian).

- Jazouli, R., D.L.Verbyla & D.L. Murphy,
1994. Evaluation of spot pancromatic digital
imagery for updating road locations in a
harvested forest area, Photogrammetry
Engineering & Remote Sensing,
60(12):1449-1452.

- Ke, Y. & L.J. Quackenbursh, 2011. A
comparison of three methods for automatic
tree crown detection and delineation from
high spatial resolution imagery,
International Journal of Remote Sensing,
32(13):3625-3647.

- Lamar, W.R., J.B. Mcgraw & T.A. Warner,
2005. Multitemporal censusing of a
population of eastern hemlock (Tsuga
canadensis L.) from remotely sensed
imagery using an automated segmentation
and reconciliation procedure, Remote
Sensing of Environment, 94(1): 133-143.

- Larsen, M., 1997. Crown modeling to find
tree top positions in aerial photographs. In
proceedings of the 3rd International
Airborne Remote Sensing Conference and
Exhibition, Copenhagen, Denmark (Ann
Arbor, MI: ERIM International). pp. 428-
435.

- Larsen, M., E.M. Eriksson, X. Descombes, G.
Perrin, T. Brandtberg & F.A. Gougeon,
2011. Comparison of six i ndividual tree
crown detection algorithms evaluated under
varying forest conditions, International
Journal of Remote Sensing, 32(20): 5827—
5852.

- Makela, H. & A. Pekkarinen, 2004.
Estimation of forest stand volumes by
Landsat TM imagery and stand-level field
inventory data, Forest Ecology and
Management, 196(2): 245-255.

- Masumi, M., 2006. Geometric calibration of
the digital aerial camera UltraCam-D,
Scientific -Research Quarterly of
Geographical Data (Sepehr), 55:25-32, (In
Persian).

- Meyer, G.E. & J.C. Neto, 2008. Verification
of color vegetation indices for automated
crop imaging applications, Computers and
electronics in agriculture, 6(3):282-293.

- Paine, D.P. & J.D. Kiser, 2012. Aerial
photography and image interpretation (3rd
ed.), John Wiley & Sons, Inc., 629 p.

- Pollock, R.J., 1999. Individual tree
recognition based on a synthetic tree crown
image model. In Hill, D.A. and D.G. Leckie
(Ed.). Proceedings of the International
Forum on Automated Interpretation of High
Spatial Resolution Digital Imagery for
Forestry, Victoria, BC, Canada (Victoria,
Canada: Pacific Forestry Centre, Canadian
Forest Service). pp. 25-34.

- Pouliot, D.A. & D.J. King, 2005. Approaches
for optimal automated individual tree crown
detection in regenerating coniferous forests,
Canadian Journal of Remote Sensing, 31(3):
255-267.

- Pouliot, D.A., D.J. King, F.W. Bell & D.G.
Pitt, 2002. Automated tree crown detection
and delineation in high-resolution digital



forest

of

coniferous
Sensing

camera imagery of
regeneration, Remote
Environment, 82(2): 322-334.

- Quackenbush, L.J., P.F. Hopkins & G.J. Kinn,

2000. Using template correlation to identify
individual trees in high resolution imagery.
In Proceedings of the 2000 ASPRS Annual
Conference, Washington, DC (Bethesda,
MD: American Society for Photogrammetry
and Remote Sensing).

- Rafieyan, O., A.A. Darvishsefat, S. Babaii &

A. Matajii, 2011. Evaluation of pixel-based
and object-based classification methods for
tree idenstification using aerial images (Case
study: a forestation in Camestan-Nur),
Iranian Journal of Forest, 3(1): 35-47. (In
Persian)

- Salehi, A., E. Wilhelmsson & U. Soderberg,

2008. Land cover changes in a forested
watershed, southern Zagros, Iran, Land
Degradation & Development, 19(5): 542-
553.

- Sohrabi, H., 2009. Application of visual and

numerical interpretation of aerial images in
forest inventory. Ph.D. thesis. Faculty of

UltraCam-D Jluzns pgal )0 co 0 gl Sog> jauseidd ¢ ansd

YO0

Natural Resources. University of Tarbiat
Modares. Nur, Iran, 99 p. (In Persian)
Wang, L., P. Gong & G.S. Biging, 2004.

Individual tree-crown delineation and
treetop detection in high-spatial-resolution
aerial imagery, Photogrammetric

Engineering and Remote Sensing, 70(3):
351-357.

Wang, X. & X.H. Hui Fu, 2010. A Color-
texture Segmentation Method to Extract
Tree Image in Complex Scene. International
Conference on Machine Vision and Human-
machine Interface. Kaifeng, China, pp. 621-
625.

Wulder, M., K.O. Niemann & D.G.
Goodenough, 2000. Local Maximum
Filtering for the extraction of tree locations
and basal area from high spatial resolution
imagery, Remote Sensing of Environment,
73(1):103-114.

Zobeiri, M., 2007. Forest inventory:
measurement of tree and forest, 2nd Ed,
Tehran University Press, Tehran, 424 p. (In
Persian)



Forest Research and Development, Vol. 2, No. 3, 2016

Automated tree crown delineation and detection in UltraCam-D Digital image

A. Salehi!, M. Gomroki*?, Z. Azizi®, H. Sadeghian*
1- Assistant Professor, Faculty of Agriculture, University of Yasooj, Yasooj, LR. Iran.
2- MSc. Student of photogrammetry, Faculty of Civil Engineering, University of Tafresh, Tafresh, LR. Iran.
3- Assistant Prof., Faculty of Environment and Energy, Tehran Science and Research Branch, Islamic
Azad University, Tehran, L.R. Iran.
4- Ph.D. Student of forestry, Faculty of Agriculture, University of Khoramabad, Khoramabad, L.R. Iran.

Received: 19.10.2016 Accepted: 13.12.2016

Abstract

This study aimed to evaluate the results of applying Local maximum filtering, Template matching and
Watershed segmentation algorithms on aerial image of UltraCam-D to delineate and detect
automatically the single tree crowns of Persian Oak (Quercus brantii Lind) in comparison with the
results of visual interpretation techniques and the filed measurement method of crown covers. After
preprocessing of image, in a terrain with an area of 10 ha inside Yasooj forest park, 100 trees of
Persian oak were selected randomly. The crown area of the selected trees was determined and
calculated using visual interpretation and was accepted as the control data. Using the field inventory,
the areas of the tree crowns were measured and the numbers of sprouts in each coppice form were
counted. Using the field inventory, the areas of crowns of trees were measured and the numbers of
sprouts in each coppice form were counted and recorded. Moreover, to delineate and recognize the
crown of trees automatically, using programming, the Local maximum filtering, Template matching
and Watershed segmentation algorithms, were applied on the mentioned image. The results showed
that the accuracy of Watershed segmentation algorithm is better than the method of field measurement
and it was 2.41 percent of the control method. Total accuracy and kappa coefficient obtained by error
matrix algorithms for each algorithms of Local maximum filtering, Watershed segmentation and
Template matching showed that Template matching algorithm was more accurate to detection crowns,
or in other words, to detect single base or coppice trees than other algorithms used in this study.

Keywords: Delineation and detection algorithm, Iranian Oak, UltraCam-D image.
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